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Sammendrag

Bakgrunn: Det er gkende enighet om at insomnisymptomer blant pasienter med tvangslidelse
(OCD) er vanlig. Denne randomiserte kontrollerte studien undersgkte effektene av Bergen 4-
dagers behandling (B4DT) pa insomni i en gruppe behandlingsresistente OCD-pasienter og
om D-Cykloserin forsterker effekten av behandlingen.

Metode: Pasientene som ble inkludert (N = 163) hadde enten ikke respondert eller fatt
tilbakefall etter tidligere behandling basert pa eksponering for OCD. De ble allokert til tre
grupper som mottok enten placebo, 100 mg eller 250 mg D-Cykloserin (DCS).

Resultater: Det fremkom en liten, men robust effekt av behandlingen pa insomnisymptomer
(d = 0.37), opprettholdt ved 3-maneders oppfglging (d = 0.38), og noe redusert ved 12-
maneders oppfalging (d = 0.23). Det var ingen signifikante forskjeller mellom gruppene som
mottok DCS eller placebo. Insomni pavirket heller ikke utfallet av OCD-behandlingen.

Diskusjon: Studien indikerte at OCD-behandling pavirker insomnisymptomer positivt.
Verken komorbid insomni eller DCS modererte behandlingsresultatet. Pasienter med OCD og
komorbid insomni bgr vurderes for spesifikk insomnibehandling.



Abstract

Background: There is a growing consensus concerning the large prevalence of insomnia
symptoms among patients with obsessive-compulsive disorder (OCD). This randomized
controlled study explored the effects of the Bergen 4-day treatment (B4DT) on sleep
difficulties in a sample of difficult-to-treat OCD and whether D-Cycloserine (DCS)
augmented the effect of treatment.

Methods: Patients included (N = 163) had either not responded or relapsed following OCD
treatment. They were allocated to three groups receiving either a placebo, 100 mg or 250 mg
of DCS.

Results: There was a small, but robust effect of the treatment on insomnia symptoms (d =
0.37), withheld at the 3-month follow-up (d = 0.38), and slightly reduced at the 12-month
follow-up (d = 0.23). No significant differences between the groups receiving DCS or
placebo were found. Additionally, insomnia did not affect OCD-treatment outcome.

Discussion: This study showed that OCD treatment is associated with improvement in
insomnia symptoms. Comorbid insomnia and DCS did not moderate treatment outcome.
Patients with OCD and comorbid insomnia should be considered for specific insomnia
treatment.
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Introduction

Insomnia is a condition comprised of night- and day-time symptoms affecting well-
being and quality of life. Night-time symptoms include early morning wakening, disturbed
sleep maintenance and delayed sleep onset, with day-time functioning characterized by
fatigue, cognitive impairment and low mood (Riemann et al., 2022). The disorder is
recognized in both the Diagnostic and Statistical Manual of the American Psychiatric
Association, 5th revision (DSM-5, 2022), and the International Classification of Diseases,
11th revision (ICD-11, 2023), with as many as 10% of the general population fulfilling the
criteria for chronic insomnia (Riemann et al., 2022). Estimates for the US show that insomnia
has societal costs of around 150 billion dollars a year (Reynolds & Ebben, 2017). In clinical
populations its prevalence is even higher, being a clinically significant feature of most mental
disorders with 70-80% of patients showing insomnia in the acute phase of their mental illness
(Palagini et al., 2022). As this link is seen across virtually all psychiatric conditions a
transdiagnostic model has been suggested, showing how sleep disturbances have a negative
impact on a range of neurobiological systems, which may in turn increase the development of
mental illness (Harvey et al., 2011).

Patients with obsessive-compulsive disorder (OCD) are not exempt from comorbidity
with insomnia. This debilitating condition, characterized by intrusive thoughts and
compulsions, has a lifetime prevalence of 1-1.5% (Fawcett et al., 2020). While the link
between OCD and sleep difficulties has seen relatively little research in comparison to other
conditions, there is a growing literature which has shown a consistent link between sleep
disturbance and OCD (Cox et al., 2020). Patients with OCD show both increases in
subjectively reported sleep difficulties and objective measures like disturbances in circadian
rhythms, sleep effectiveness, and total sleep time (Nota et al., 2015). One Swedish
population-based cohort study reported a 7-fold increase in insomnia among patients with
OCD compared to the general population (Sevilla-Cermefio et al., 2020). The causal
mechanism behind this link may be explained by the transdiagnostic model. Sleep
disturbances and its negative impact on various neurobiological systems lead to deficits in
multiple cognitive domains (Harvey et al., 2011). One such effect is a decrease in cognitive
control, shown in patients with sleep disturbances, which in turn may lead to an increase of
OCD-symptoms as the obsessions “grow’ without cognitive control (Cox et al., 2018). This

relationship is seen as bidirectional in nature as studies have found a unique connection



between the “obsessions” domain of OCD, especially the so-called unacceptable obsessive
thoughts and sleep disturbances (Timpano et al., 2014). Thus, the unacceptable obsessive
thoughts may contribute to increased sleep disturbances as they keep arousal too high, while
sleep disturbances weaken cognitive control so the obsessive thoughts increase.

Evidence for cognitive behavioral therapy (CBT) on concomitant sleep disturbances is
inconclusive. Although one review showed a moderate effect size (d = 0.53) on sleep
difficulties for treatment of anxiety disorders across 19 studies, this was based on a small
number of studies and few reported the effect on concomitant sleep difficulty (Belleville et
al., 2010). A newer, single study showed a modest effect on global sleep quality and sleep
latency following CBT for patients with generalized anxiety disorder and panic disorder, but
no effect on other sleep indices (Ramsawh et al., 2016). The authors of these studies pointed
to a lack of research on the effect of treatment on comorbid sleep difficulty despite its high

prevalence.

CBT treatment comes in different variations such as individual therapy, group
sessions, and exposure-based treatments. One such concentrated treatment, the Bergen 4-day
treatment (B4DT) is based on a combination of group therapy and individually tailored
exposure training. B4DT has proven effective in multiple studies, with remission rates up to
90% at post-treatment, 70% at 3-month follow-up, with the change maintained at 1 and 4-
year follow-up (Hansen et al., 2018; Hansen et al., 2019; Kvale et al., 2018). Some recent
studies have tried to explore the B4DT’s effect on concomitant sleep difficulty. The first
looked at a relatively small (N = 36) sample of which 70% had comorbid sleep difficulties
indicating clinically significant insomnia as measured with the Bergen Insomnia Scale (BIS;
Nordahl et al., 2018). The patients reported small (d = 0.26) reductions in insomnia at post-
treatment and moderate reductions (d = 0.55) at follow-up. Patients with higher levels of
sleep difficulties showed the largest reductions in OCD-symptoms. A newer randomized
control study (RCT) employing the BADT (N=48) showed a moderate (d = 0.53)
improvement in insomnia symptoms at 3-month follow-up, compared with waiting-list and
unguided self-help (Hagen et al., 2021). This effect, however, had no association with OCD-
treatment outcome, so their conclusion was that insomnia symptoms were reduced following
OCD treatment regardless of the treatment's effect on OCD symptoms. These preliminary

findings indicated that sleep difficulties do not impair OCD-treatment and that concentrated



exposure therapy for OCD shows promise in reducing insomnia symptoms for patients with

OCD with comorbid sleep difficulties. However, both studies had relatively small samples.

There have been efforts to test medications which may augment and facilitate
extinction learning and extinction-related brain activation (Schade & Paulus, 2016). One such
medication is DCS which works by influencing glutamatergic neurotransmission, specifically
targeting N-methyl-D-aspartate (NMDA) receptors. Originally administered in larger doses
as a treatment for tuberculosis, DCS has in more recent years undergone a lot of testing as a
supplement medication to CBT treatment of anxiety disorders. This is because the NMDA
receptors play a central role in long term potentiation and have been shown to bolster
synaptic plasticity and learning (Schade & Paulus, 2016). The study presented here is based
on data first published in Kvale et al. (2020) studying the effects of the BADT on treatment-
resistant OCD and whether the effects were augmented by D-Cycloserine (DCS).

A range of studies have since been conducted on the combination of DCS and forms
of CBT involving extinction learning on different anxiety disorders. A meta-analysis showed
a large and robust effect in animal studies (on extinction learning specifically) and a smaller
yet significant effect in human studies on CBT augmented by DCS (Norberg et al., 2008).
More recent meta-analyses have reported mixed results, one showing a small effect from pre-
to post-treatment, not withheld at follow-up (Mataix-Cols et al., 2017), and the newest study
finding effect sizes close to zero (Burkner et al., 2017). This last meta-analysis also pointed
out how more recent and high-quality studies showed smaller effects of DCS on treatment.
Lastly, the Kvale et al., (2020) study, with a large sample size (N = 163) showed no effect on

treatment outcomes from DCS as compared to placebo controls.

With regards to D-Cycloserine’s effects on insomnia, the findings are limited, but
indicative. The first study showcasing the psychiatric effects of DCS reported the most
pronounced effect on patients suffering from insomnia with the report stating: “such patients
no longer experienced difficulty in falling asleep; they awakened well rested and with a
general feeling of relaxation” (Crane, 1961, p. 54). In a RCT study looking at PTSD-
treatment augmented with DCS, a significant improvement in sleep functioning was found,
which increased over time at follow-up (Difede et al., 2014). This was measured as part of
the PTSD-assessment and the authors highlighted the need for more specific sleep-
assessment in DCS research. These preliminary findings are to the best of our knowledge the
only experimental research on insomnia and DCS. Others have pointed out further theoretical
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rationale for using DCS for insomnia treatment. They discussed an evolutionary model of
sleep, wherein sleep difficulties can be seen as adaptive fear responses from our earlier
history in unsafe environments, upheld as an evolutionary mismatch in safer modern
surroundings (Perogamvros et al., 2020). The authors then suggested fear extinction therapy

as most relevant for insomnia conditions, facilitated by DCS.

In light of the literature presented, we present a RCT study with difficult to treat OCD
receiving the B4DT. Two groups received 100 mg and 250 mg of DCS respectively,
controlled against a placebo group. Assessments were made at pre-treatment, post-treatment,
3-month and 12-month follow-up. The primary outcome measure was the Bergen Insomnia
scale. We first hypothesized that BADT would improve insomnia symptoms as measured by
the BIS. Secondly, the study explored whether there are differences in the insomnia symptom
reduction in the groups receiving DCS relative to the participants in the placebo group. Lastly,
we investigated whether clinically significant insomnia would impair the treatment of OCD

or impact the treatment's effect on depressive symptoms.



Methods

Fifteen specialized adult OCD teams, established by Norwegian health authorities
across the country, participated in the study, with nine of these teams’ recruiting participants.
Management, data collection, therapist training, and treatment organization were centralized
at the Bergen site (Kvale et al., 2018 & Launes et al., 2019 offer detailed information on the
clinical training process). The study involved eight group leaders and 64 therapists. The study
received approval from regional committees for medical and health research in Norway
(reference number: 2013/195), and written consent was obtained from all participants.

Design and Procedures

Across four consecutive days, concentrated exposure and response prevention (ERP)
treatment was administered to participants in groups of three to six patients, each with an
assigned therapist. The second and third day were dedicated to exposure treatment. During
the two exposure days, participants were given DCS, with dosages of either 100 mg and 250
mg or placebo due to the lack of clear optimal dosage guidelines (Mataix-Cols et al., 2019;
Birkner et al., 2017). The study employed a 3-group, placebo-controlled, triple-masked
design, stratifying participants based on antidepressant use, due to findings of impairment on
treatment response (Andersson et al., 2015). Randomization occurred within each stratum,
assigning 100 mg, 250 mg DCS, or placebo in a 2:2:1 ratio among a sample of 163 patients.
Randomization, performed in blocks of five via an online tool, remained concealed from
independent assessors, therapists, and patients. The distribution among groups was as
follows: 67 (41.1%) in the 250 mg group, 65 (39.9%) in the 100 mg group, and 31 (19.0%) in
the placebo group. The study's announcement was facilitated through the Norwegian OCD
association's and OCD teams' websites, along with diverse media outlets. Recruitment
spanned from January 2016 to August 2017.

Patients included in the study met criteria for OCD according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5, 2022). For inclusion, the Yale-Brown
Obsessive Compulsive Scale (Y-BOCS; Goodman et al., 1989) and the Mini International
Neuropsychiatric Interview (MINI; Sheehan et al., 1998) were used for screening. All
patients who received a preliminary OCD diagnosis according to the MINI, also had a SCID-
5 diagnostic interview (First et al., 2015). These interviews were conducted by trained

independent assessors. Also, 20% of the taped interviews were rated by a second assessor.



Diagnostic agreement was high with an obtained kappa coefficient of 0.92. Y-BOCS
interviews underwent the same procedure with a high interrater reliability of total score with

an intraclass correlation coefficient of 0.94.

Included patients were adult outpatients, fluent in Norwegian, who had not responded
to ERP treatment earlier or had experienced a relapse after responding to ERP treatment. The
definition of responding to ERP was minimum 35% reduction with a post-treatment Y-BOCS
score of maximum 15. The definition of relapse was minimum 35% increase from post-
treatment Y-BOCS score; a Y-BOCS score of 16 >, in addition to a Clinical Global
Impression (CGI) improvement score of 6 > (i.e. “much worse”). The definition of non-
responders was less than 35% reduction in OCD symptoms and a Y-BOCS score of 16 or
more. To be able to participate, a minimum of 4 weeks since the end of last treatment was
needed (Kvaale et al., 2020).

Patients with the following were excluded: ongoing substance abuse with or without
dependence; psychosis or bipolar disorder; active suicidal ideation or plans; not receiving a
stable dosage of antidepressants for at least 12 weeks or unwilling to receive a stable dosage
during the four consecutive intervention days; not willing to abstain from anxiety-reducing
substances during the exposure; intellectual disability; or had to travel more than one hour by
train or car. Related to the DCS exclusion criteria were the following: pregnancy or

breastfeeding, kidney impairment, porphyria, hypersensitivity to DCS and epilepsy.
Participants

Table 1 shows a summary of the pre-treatment characteristics of the sample. The
mean age was 35 years and 72% were female. A total of 71% qualified for self-reported
insomnia, while only 12% was diagnosed with insomnia or hypersomnia. The mean age of
OCD onset was 19 years old, and the mean duration for OCD was 16 years. Following their
last treatment, 62% were defined as having relapsed, while 38% were non-responders. There
were no significant differences between the three groups apart from previous pre-treatment

Y-BOCS scores, where the 250 mg group’s mean score was lower than the two other groups.
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Table 1

Pre-treatment Characteristics of the Sample (M(SD)/ %)

Characteristics Total 250 mg 100 mg Placebo
Insomnia
BIS, self-reported 70.8% 63.9% 75.0% 75.9%
Insomnia, diagnosed 8.6% 5.8% 6.2% 19.4%
Hypersomnia, diagnosed 4.3% 4.5% 3.1% 6.5%
Insomnia/hypersomnia  12.0% 9.0% 9.2% 25.8%
Demographics
Age 34.60 (10.87) 34.82(11.75) 35.38 (11.42) 32.42(7.06)
Female gender 71.8% 67.2% 75.4% 74.2%
OCD onset years 18.70(9.92) 19.21 (10.29) 19.12(10.70) 16.79 (7.22)
OCD duration years 16.17 (10.17) 15.89 (9.56) 16.58 (10.87) 15.93 (10.26)
OCD in family 42.1% 41.3% 41.9% 44.4%
Employment
Work 34.4% 33.3% 38.5% 30.0%
Student 20.2% 27.3% 12.3% 23.3%
Disability 44.2% 39.4% 49.2% 46.7%
Single 47.5% 48.5% 43.1% 55.2%
Comorbid disorder 69.3% 68.7% 72.3% 64.5%
Psychotropic medication  46.6% 37.3% 55.4% 48.4%
SSRIs 31.9% 32.8% 33.8% 25.8%
Last treatment
Y-BOCS pre 26.83 (5.00) 25.61(4.79) 27.69(4.99) 27.61(5.07)
Y-BOCS post 14.14 (6.05) 14.51(6.63) 13.52(5.48) 14.69 (5.98)
Non-responder 38.7% 43.3% 35.4% 35.5%
Relapse 61.3% 56.7% 64.6% 64.5%
Current treatment
Y-BOCS pre 25.16 (4.13) 24.68(3.93) 25.52(4.15) 25.42 (4.54)
PHQ-9 pre 11.96 (5.92) 11.40(6.21) 12.75(6.18) 11.43 (4.51)

Note. BIS, Bergen Insomnia Scale; OCD, Obsessive Compulsive Disorder; SSRIs, Selective
Serotonin Reuptake Inhibitors; Y-BOCS, Yale-Brown Obsessive Compulsive Scale, PHQ-9,

Personal Health Questionnaire-9; Pre, pre-treatment; Post, post-treatment.

Adherence and Competence

Video recordings were made for each group session and therapist meeting. Trained

therapists, serving as observers and evaluators, ensured protocol adherence during all group

sessions. Notably, no instances of protocol deviation were reported across any of the groups.

Additionally, independent concentrated ERP experts, who did not partake in the sessions,

assessed video recordings for both adherence and competency using a 3-point scale. The

evaluation revealed that the vast majority of treatment groups, with the exception of one,

exhibited good adherence and competence.
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D-Cycloserine

On each of the two days of exposure it was administered one capsule of DCS with the
respective 100 mg or 250 mg or one capsule of placebo. Both the DCS and placebo came in
identical capsules produced by a research pharmacy. A letter containing information about
DCS accompanied with a telephone number to address questions or to report adverse events.
In some cases, when the exposure is short and does not result in a reduction in anxiety, there
have been indications that DCS might potentiate negative experiences (Hofmann, 2014). In
order to reduce the risk of this happening, the capsule was not taken before lunchtime on the
second day, when the patient was familiar with the procedure. Assessors were questioned
post-treatment to guess which dosage of medication the participants had obtained, and
provide an estimation of how certain they were. There was no correspondence between the
actual group and guesses made by the assessors (x4 = 2.62; p = .62). Certainty was rated on a
scale from 0 to 10 with a mean score of 4.0 and a standard deviation of 3.0. All patients
completed the same questionnaire, with the same results in the form of no correspondence
between the actual group and their guessing (x% = 2.45; p = .65). Patients’ certainty had a
mean of 0.3 with a standard deviation of 0.9.

Measures

The Bergen Insomnia Scale (BIS; Pallesen et al., 2008) was the primary outcome
measure. The scale is based on the clinical criteria for insomnia outlined in the DSM-IV-TR.
The first three items: difficulties with sleep onset, maintenance, and early morning wakening;
correspond with criteria A (nocturnal symptoms) in DSM-1V, regarding difficulty initiating
and maintaining sleep through the night. The last three items: not feeling adequately rested,;
experiencing daytime impairment, and feeling dissatisfied with sleep; correspond with
criteria B. These two groups of items have been found to factor together in a clinical sample
(Pallesen et al., 2008). The range of the total score of BIS goes from 0 to 42, where a greater
score indicates more symptoms of insomnia. To qualify as clinically significant, one must
score 3 or more on one of the items from 1-4 and 3 or more on item 5 or 6. The scale has
shown good psychometric properties (Pallesen et al., 2008). Cronbach’s alpha for the total

score was .82.

The Yale-Brown Obsessive-Compulsive Scale (Y-BOCS; Goodman et al., 1989a) is a

clinical interview used to assess severity of obsessive-compulsive symptoms. It consists of
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five items that measure obsessive symptoms on a Likert-scale from 0 (no symptoms) to 4
(severe symptoms), and likewise five items that measure compulsive symptoms from 0 to 4.
The Y-BOCS total score is the sum of the ten items with a range from 0 to 40. A higher score
indicates more severe symptoms of OCD. Y-BOCS has documented solid psychometric
qualities (Goodman et al., 1989a; 1989b; Abramowitz et al., 2010). Cronbach’s alpha for the

total score was .73.

The Patient Health Questionnaire-9 (PHQ-9; Kroenke et al., 2001) is a self-report
questionnaire consisting of nine items related to diagnosing depression in DSM-IV. PHQ-9
measures symptoms during the last two weeks on a Likert-scale from 0 (not at all) to 3
(almost every day). The total score ranges from 0 to 27, where a score from 5 to 9 is
categorized as mild depressive symptoms; 10-14 as moderate; 15-19 as moderately severe
and > 19 as severe (Kroenke et al., 2001). Cronbach’s alpha for the total score was .86

Statistical Analysis

In order to investigate the effect across time in self-reported insomnia (i.e., the effect
of B4DT) and whether there were differences in self-reported insomnia between the treatment
conditions, a repeated split plot ANOVA was conducted. BIS was the dependent variable and
condition (i.e. 250 mg, 100 mg and placebo) was the grouping variable. A repeated split plot
ANOVA with the dependent variables Y-BOCS and PHQ-9 was also used to examine the
general effect of BADT on symptoms of OCD and depression. Effect sizes were calculated
with pooled standard deviations.

To test if insomnia moderated treatment outcome, changes in Y-BOCS, BIS, and
PHQ-9 were separately compared over time (pre-treatment, post-treatment, 3-month follow-
up and 12-month follow-up) for patients who according to BIS qualified for insomnia vs.
patients who did not. A repeated split plot ANOVA was also used for this purpose. The same
procedure was also conducted for patients with no diagnosed insomnia vs. patients with
diagnosed insomnia (n = 14) and hypersomnia (n = 7), which were merged together to one

variable (n = 20, where one person was diagnosed with both conditions).

Missing items were imputed using the Expectation-Maximization method; 6.4%
missing values for BIS. Data was missing completely at random, x? = 257.42, df =278, p =
.81. Missing values were not replaced if patients had missing values for all items of a

measure (n = 9), hence the total sample size was 154.
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Results

At 1-year follow-up, the total Y-BOCS score for all three conditions was significantly

reduced with a large effect size of d = 2.17. The total PHQ-9 score for all three conditions

was also significantly reduced with a small to moderate effect size d = 0.41. Symptoms of

insomnia were also significantly reduced at 1-year follow-up with a small effect size d =

0.23. There was no significant interaction effect between time and condition on self-reported

insomnia (p = .87), thus DCS did not augment treatment. A summary of changes in

symptoms of insomnia, OCD, and depression is shown in Table 2.

Table 2
Changes in Insomnia, Symptoms of OCD, and Depression
Measure  Pre Post 3mFU 12m FU F p 12m  time * group
d p
BIS
250mg 16.15 12.92 12.23 13.85 0.26
(8.28)  (10.60) (8.59) (9.69)
100mg 19.45 14.97 15.29 16.65 0.26
(10.62) (10.60) (10.43) (10.98)
Placebo 18.27 15.07 16.00 17.12 0.11
(9.71)  (11.92) (9.48) (10.78)
Total 17.92 14.17 14.21 15.63 12.70 <001 0.23 .87
(9.64)  (10.84) (9.64) (10.48)
Y-BOCS
250mg 26.60 11.75 13.23 14.63 2.01
(4.04)  (5.44) (7.58) (7.38)
100 mg 27.24 11.78 13.25 14.19 2.31
(3.67) (5.75)  (6.63) (7.09)
Placebo 27.20 14.27 16.10 14.30 2.14
(3.83) (7.16)  (7.23) (7.62)
Total 26.98 12.28 13.83 14.38 246.16 <.001 2.17 .28
(3.83) (6.00) (7.18) (7.26)
PHQ-9
250mg 11.47 7.12 6.54 8.61 0.48
(6.04) (6.02) (5.55) (5.93)
100 mg 12.77 8.78 9.17 10.27 0.41
(5.90) (6.12)  (6.29) (6.32)
Placebo 11.44 7.60 8.48 10.00 0.24
(5.70)  (5.56) (4.21) (6.07)
Total 12.01 7.91 7.99 9.56 33.73 <001 041 .63
(5.70)  (6.01) (5.77) (6.13)

Note. BIS, Bergen Insomnia Scale; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; PHQ-9,
Patient Health Questionnaire-9. Pre, pre-treatment; Post, post-treatment; 3m FU, 3-month follow-up;
12m FU, 12-month follow-up. N = 163
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Before treatment there were 109 patients (70%) with self-reported insomnia (total N =
154). After one year it was reduced with 26% to 81 (52%) (see Figure 1), with an effect size

of d = 0.36.

Figure 1

Changes in Self-reported Clinical Insomnia (BIS)
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Note. Clinical Insomnia measure according to BIS, Bergen Insomnia Scale; 3-mo Follow-up,

3-months follow-up; 12-mo Follow-up, 12-month follow-up; N = 154.

There was no significant interaction effect between self-reported insomnia and

changes in symptoms of OCD or depression (see Table 3). Similar results were obtained for

patients with diagnosed insomnia/hypersomnia as there was no significant group*time
interaction on Y-BOCS (p =.49), PHQ-9 (p = .95), or BIS (p =.31). However, there was a

significant interaction effect between self-reported insomnia and changes in BIS-scores

across time (p = .02). Patients with self-reported insomnia had a reduction in insomnia

symptoms, while patients without insomnia showed no change.
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Table 3

Test of Moderation Effects of Self-Reported Insomnia (BIS) on Treatment Outcome

Measure Pre Post 3m FU 12m FU 12m time™*
group
M (SD) F p d p
BIS
Insomnia 22.26 17.80 17.34 19.05 0.36
(7.63) (10.52) (9.33) (10.16)
No insomnia 7.41 5.40 6.64 7.34 0.01
(4.50) (5.04) (5.14) (5.42)
Total 17.92 14.17 14.21 15.63 9.21 <.001 0.23 .02
(9.64) (10.84) (9.64) (10.48)
Y-BOCS
Insomnia 27.17 12.32 13.52 14.67 2.33
(3.20) (5.92) (6.94) (6.88)
No Insomnia  26.53 11.63 14.25 14.00 2.34
(3.20) (5.88) (7.57) (6.88)
Total 26.99 12.12 13.73 14.48 22224 <.001 2.16 .61
(3.75) (5.89) (7.11) (7.27)
PHQ-9
Insomnia 13.46 8.74 9.12 11.01 0.42
(5.59) (6.30) (5.96) (6.18)
No Insomnia  8.49 5.46 5.20 6.07 0.60
(3.99) (4.11) (4.03) (4.13)
Total 12.00 7.78 7.97 9.56 30.89 <.001 042 19
(5.64) (5.92) (5.74) (6.08)

Note. BIS, Bergen Insomnia Scale; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; PHQ-9,
Patient Health Questionnaire-9; Pre, Pre-treatment; Post, Post-treatment; 3m FU, 3-month follow-up;

12m FU, 12-months follow-up. N = 154,
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Discussion

This study aimed to investigate the effects of concentrated exposure and response
prevention treatment on insomnia symptoms, explore the potential augmentation by DCS,
and examine how clinical insomnia might moderate the treatment effect. A significant effect
of the B4DT on insomnia symptoms was found. No difference between the groups was
discovered, showing no augmentation from DCS. Furthermore, clinically insomnia did not

moderate OCD-treatment outcomes.

The first hypothesis was confirmed, adding to the small, but growing literature on the
effects on concomitant insomnia for the B4DT specifically and CBT for anxiety disorders
more generally. The effect size at 3-month follow-up in this study (d = 0.38) was slightly
weaker compared to the moderate ones found (d = 0.55; 0.53) at 6-month and 3-month
follow-up in earlier studies on the BADT (Hagen et al., 2021; Nordahl et al., 2018) and even
smaller (d = 0.23) at the 1-year follow-up. The smaller effect size could be attributed to the
larger sample size in the present study and the sample comprising participants with difficult-
to-treat OCD. Still, a robust effect was found and one possible mechanism behind this could
be the bidirectional model concerning the relationship between OCD and insomnia (Cox et
al., 2018). As the participants received concentrated exposure and response prevention
treatment, they learned techniques to deal with their OCD, which in turn may lessen the
rumination and negative activation often found in insomnia. Then the higher sleep quality
could increase cognitive control, further strengthening the response prevention and OCD-
symptom reduction (Timpano et al., 2014). This effect of the B4DT on concomitant sleep

difficulties might further bolster the OCD-symptom reduction over time.

It is worth noting that the greatest effect on insomnia symptoms was found from pre-
to post-treatment (d = 0.37) and from pre- to 3-month follow-up (d = 0.38), with a smaller
effect at 1-year follow-up (d = 0.23). This contrasts with the Hagen et al. (2021) study, where
the opposite was observed. They attributed this to a longer onset of insomnia improvement
following the B4DT. If the relationship between OCD and insomnia is bi-directional, one
would expect the remission of OCD at post-treatment to give immediate reductions in
insomnia, as the obsessive and compulsive thoughts no longer keep the patients activated and
awake. In addition to the effect found on BIS scores, this effect corresponded to a substantial
reduction of clinically indicated insomnia on the BIS, from 70% at pre-treatment to 52% at
the 1-year follow-up.
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The high prevalence of self-reported insomnia (70%) at pre-treatment added to the
growing consensus in the literature of a consistent link between OCD and insomnia (Cox et
al., 2020). However, as seen in the pre-treatment characteristics only 14 of the participants
qualified for comorbid insomnia and 7 for hypersomnia as per the SCID-5, as opposed to the
109 with clinically indicated insomnia according to the BIS. A similar difference was found
in the Nordahl et al. (2021) study, 81% with clinically indicated insomnia on the BIS opposed
to 19% with comorbid insomnia on the clinical interview. This large discrepancy in both
studies is interesting as both measures are based on the DSM diagnostic criteria (the 4«
version for BIS and the 5« for SCID-5). The authors of the BIS point out the main differences
between their scale and the DSM-5 insomnia diagnosis, namely that the BIS does not
differentiate between primary insomnia and insomnia explained by coexisting mental
conditions (Pallesen et al., 2008).

While using the DSM-5 diagnostic criteria, insomnia explained by other mental
illnesses should not be coded as comorbid insomnia (DSM-5, 2022). This means that sleep
difficulties presumed by the assessor to be explained by OCD, would not get labeled as
comorbid insomnia. This might entail that a large proportion of the insomnia is linked to the
OCD while the ones diagnosed with comorbid insomnia were considered to have a more
separate sleep condition. Another potential reason for the discrepancy is the items in the BIS
which only correspond to the last month, while the DSM-V requires the presence of insomnia
symptoms over a period of at least three months. As the discrepancy was present in two
studies it might be something to consider for future revisions of the BIS, as the clinical cut-
off scores could be seen as too low. For future research one could also consider employing

physiological measures as a supplement.

The second hypothesis explored augmentation of DCS and showed no effect in
comparison with the placebo group. This is in line with the newest review in the literature
showing next to zero effect size on DCS (Burkner et al., 2017). The authors pointed out that
the newer, high-quality studies report smaller or no-effects of DCS on anxiety disorders.
Thus, the present study, with a large sample size and robust controls, could be expected to
show a smaller or non-significant effect. Additionally, the Kvale et al. (2020) study, based on
the same data as this study, found no effect on OCD-symptoms between the groups. If there
exists a bi-directional relationship between OCD and insomnia, no differential effect on OCD
might warrant no effect of DCS on insomnia. As mentioned, there exists only one controlled
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study looking at the effects of DCS on sleep, and they only studied it as part of the PTSD
assessment (Difede et al., 2014). They found a significant effect but highlighted the need for
specific sleep assessment and larger samples. As this study on OCD found no effect,
improvement of insomnia symptoms augmented by DCS seems less likely to be a promising

route.

We found non-significant differences in OCD outcome as measured by the Y-BOCS
between the group with clinical indications of insomnia and the one without. The same was
found for depressive symptoms as measured by the PHQ-9. Likewise we found non-
significant differences between the group with diagnosed comorbid insomnia and the one
without. This is in accordance with other studies showing no impairment of insomnia on
OCD treatment (Hagen et al., 2021; Nordahl et al., 2018). This implicates that insomnia
should not be considered an exclusion criterion for OCD-treatment, nor as impairing the
treatment. This is in contrast to an earlier review by Cox et al. (2018) showing that sleep
disturbance did limit OCD treatment response in some samples. Why the results are different
in these newer studies is unclear, but one reason why sleep difficulties did not impair
treatment might be the intensive format of the B4DT. It could still be an issue in more

traditional long-term treatment.

There are some important limitations of this study that should be considered. Firstly,
the sleep assessment employed for the three hypotheses, while psychometrically well tested,
is still only a subjective, self-report measure of insomnia symptoms. It can only give
indications about clinical insomnia, while the full clinical interview found a different
prevalence of clinical insomnia in the sample. Furthermore, objective metrics, such as
measures of circadian rhythms and sleep effectiveness would provide a more complete
picture of the participants' sleep quality (Nota et al., 2015). The RCT-design and large sample
size make the testing of DCS augmentation robust, but the effects of the treatment itself are
not controlled in this study. Comparing a treatment group to a control group would increase
the robustness of the results. For this wait list or no-care controls are often employed, but the
newest Cochrane review of control interventions suggests that usual-care controls give more
reliable results (Faltinsen et al., 2023). This is like the control groups used in the Hagen et al.

(2021) study, with findings akin to ours, only a larger effect size.

The sample had a clear skewness in gender, composed mostly of women (71%). A
certain skewness is to be expected however, as the prevalence of OCD worldwide is larger
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among women (1.5%) than men (1.0 %) (Fawcett et al., 2020). Lastly one could also consider
whether the dosing procedure chosen for this study is optimal. A recent review of the DCS
literature relates the decline in effect in DCS research to suboptimal dosing regimens
(Rosenfield et al., 2019). They investigated most studies on DCS and showed how the studies
who administer more doses (up to 9) and 60 minutes prior to treatment had the largest effect.
While something to consider for future research, it would not be feasible in the present study
due to the concentrated treatment over two sessions of exposure. Treatment with more
exposure sessions and thus DCS doses might see an effect. Alternatively, as patients are
supposed to keep up the exposure on their own, one could try giving them DCS for their own
exposure sessions following the B4DT. This is somewhat risky however, as DCS can have

adverse effects if anxiety is not reduced following the exposure (Hofmann, 2014).

The results of this study are promising regarding improving concomitant insomnia
with OCD-treatment, while showing less promise in augmenting this treatment with DCS.
Future research should focus on doing controlled studies specifically targeting insomnia with
more comprehensive measures of sleep difficulty, while considering different dosing
procedures with DCS. While reduced, the symptom severity of sleep difficulties for this
sample remains high. Testing specific treatment for their insomnia is prudent, with CBT-I
treatment now recommended as first-line treatment for insomnia, with systematic reviews
showing a strong effect size on the Insomnia Severity Index (ISI) (d = 0.98) at post-treatment
and moderate (d = 0.64) at the 3-month follow-up (van Straten et al., 2018; van der Zweerde
et al., 2019). This form of CBT is employed both individually and in group settings. It
typically involves elements of sleep deprivation, stimulus control and sleep hygiene. This
combined with the small to moderate effects CBT-treatment has on concomitant sleep
difficulties seems a more promising path forward than DCS augmentation (Belleville et al.,
2010). If the bi-directional model holds, this treatment might in turn bolster the OCD-
treatment for this group. While this study adds to the link between OCD and insomnia, more
longitudinal studies could also be considered to investigate their unique relationship. One
possible route would be examining whether symptom severity of insomnia predicts OCD

treatment outcome or vice-versa.

In conclusion, this randomized clinical trial found no potentiation of DCS for
symptoms of insomnia following response prevention and concentrated exposure treatment

for OCD. A weak improvement on insomnia symptoms following treatment were found for
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all groups, strongest at post-treatment. Insomnia symptoms did not moderate treatment
outcome. Future research should test the effect of specific insomnia treatment for patients

with OCD and comorbid insomnia.
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