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Abstract
Introduction: The global disease burden of major depressive
disorder urgently requires prevention in high-risk individuals, such as recently discovered insomnia subtypes. Previous
studies targeting insomnia with fully automated eHealth interventions to prevent depression are inconclusive: dropout
was high and likely biased, and depressive symptoms in untreated participants on average improved rather than worsened. Objective: This randomized controlled trial aimed to
efficiently prevent the worsening of depressive symptoms
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by selecting insomnia subtypes at high risk of depression for
internet-based circadian rhythm support (CRS), cognitive
behavioral therapy for insomnia (CBT-I), or their combination (CBT-I+CRS), with online therapist guidance to promote
adherence. Methods: Participants with an insomnia disorder
subtype conveying an increased risk of depression (n = 132)
were randomized to no treatment (NT), CRS, CBT-I, or CBTI+CRS. The Inventory of Depressive Symptomatology – Self
Report (IDS-SR) was self-administered at baseline and at four
follow-ups spanning 1 year. Results: Without treatment, depressive symptoms indeed worsened (d = 0.28, p = 0.041) in
high-risk insomnia, but not in a reference group with lowrisk insomnia. Therapist-guided CBT-I and CBT-I+CRS reduced IDS-SR ratings across all follow-up assessments (respectively, d = –0.80, p = 0.001; d = –0.95, p < 0.001). Only
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CBT-I+CRS reduced the 1-year incidence of clinically meaningful worsening (p = 0.002). Dropout during therapist-guided interventions was very low (8%) compared to previous
automated interventions (57–62%). Conclusions: The findings tentatively suggest that the efficiency of populationwide preventive strategies could benefit from the possibility
to select insomnia subtypes at high risk of developing depression for therapist-guided digital CBT-I+CRS. This treatment may provide effective long-term prevention of worsening of depressive symptoms. Trial registration: the Netherlands Trial Register (NL7359).
© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Since major depressive disorder (MDD) is a highly
prevalent disorder with a poor prognosis [1, 2], prevention is essential to combat its global burden [3–5]. Preventive strategies would most efficiently be evaluated and
implemented in people at risk [6]. A particularly high risk
of MDD has recently been found in people with specific
types of insomnia disorder (ID) [7] (see online suppl. material for details; for all online suppl. material, see www.
karger.com/doi/10.1159/000520282). In brief, insomnia
subtypes can be distinguished based on their multivariate
profile of stable traits of affect and personality. Interestingly, while subtypes do not differ with respect to sleep
complaints, their lifetime risk of MDD varies from 8% in
the least vulnerable ID subtypes up to as much as 54% in
the most vulnerable ID subtypes [7]. This discovery opens
up the exciting possibility to select high-risk insomniacs
for efficient intervention trials aiming to prevent MDD.
The recommended intervention for insomnia, cognitive behavioral therapy for insomnia (CBT-I) [8], improves both sleep and mood [9, 10]. Moreover, CBT-I
holds promise for scalable implementation because it is
also effective when provided digitally [10]. Two studies
reported a reduction of depressive symptoms in people
with insomnia following fully automated digital CBT-I
[11–13]. However, it is difficult to interpret the findings
in light of the usefulness of digital CBT-I to prevent worsening of depressive symptoms, because the untreated
control group also showed a significant decrease rather
than worsening of depressive symptoms. The studies thus
demonstrated CBT-I to enhance pending relief of depressive symptoms in people with insomnia rather than prevention of their worsening. A further difficulty with interpreting the findings of these studies on insomnia is the
very high dropout rate. Three out of 5 participants did not
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complete the 6-week intervention [11, 13] and 4 out of 5
were lost to follow-up at 18 months [12]. Among people
seeking help for insomnia, those that additionally suffer
from more severe symptoms of depression seem more
likely to drop out of treatment with CBT targeting insomnia [14, 15]. In sum, it remains to be investigated whether treatment of insomnia could prevent worsening of depressive symptoms.
The current study aimed to better evaluate the potential of insomnia treatment to prevent worsening of depressive symptoms in the year to follow. Firstly, since prevention would be most efficient in people with the highest
risk of developing MDD [6], we selected “high-risk insomniacs,” i.e., people with a subtype of ID shown to have
a strongly increased probability of lifetime MDD [7], yet
without a current diagnosis of MDD. Second, in order to
prevent the high dropout rates reported with fully automated digital interventions, while maintaining scalability
and cost-benefits relative to face-to-face interventions,
we added therapist guidance to the digital interventions.
Third, we evaluated whether effects of CBT-I on mood
could be strengthened by adding circadian rhythm support (CRS). CRS aims to strengthen the circadian rhythm
by means of scheduled bright light exposure, physical activity, and body warming [16–18]. CRS has previously
been named chronobiological treatment (CT), but is renamed here to avoid a similar abbreviation as is common
for cognitive therapy. Few studies have investigated CRS
specifically in ID, with mixed results [19]. One study
showed no immediate effect of CRS on sleep, although the
addition of CRS to CBT-I helped to maintain improvements induced by CBTI [20]. Several studies showed beneficial effects of CRS on depressive symptoms [21, 22].
In case clinically meaningful effects can be demonstrated, offering therapist-guided digital interventions
specifically to selected high-risk insomniacs would provide an efficient and scalable contribution to combatting
the global disease burden of MDD through prevention.
Materials and Methods
Study Design Overview
The study protocol of this randomized controlled trial (RCT)
has been previously published [23]. In brief, high-risk insomniacs
were randomized to one of four groups: no treatment (NT, passive
control), or 6 weeks of digital therapist-guided CRS (active control), CBT-I, or combined CBT-I+CRS. Figure 1 shows a flow diagram of the study. Assessment of outcome measures (see below)
took place at baseline (T0) and during four follow-up assessments
at week 7 (T1), week 26 (T2), week 39 (T3), and week 52 (T4). This
RCT was part of a larger multimodal investigation including, for
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4,482 Assessed for eligibility

661 Eligable to participate

3,821 Excluded
↓ 600 not interested
↓ 271 age <18 or >70
↓ 177 night work or rotating shift work
↓ 234 light sensitvity, e.g. triggering
migraine
↓ 100 severe neurological or psychiatric
disorder
↓ 294 antidepressant medication
↓ 579 current diagnosis of MDD/bipolar
disorder/schizophrenia/addiction
↓ 424 sleep disorder other than insomnia
↓ 837 not meeting insomnia criteria
↓ 159 insomnia subtype 4 or 5
↓ 146 MRI contraindications
524 No informed consent

137 Informed consent
5 Study dropout
132 Randomized

35 NT

34 CRS
• 31 completed treatment
• 3 partially completed treatment

31 CBT-I
• 29 completed treatment
• 2 study drop-out

Completed post-assessments
• 35 at 7 weeks (1 partial)
• 35 at 6 months
• 34 at 9 months
• 35 at 12 months

Completed post-assessments
• 34 at 7 weeks
• 31 at 6 months
• 33 at 9 months
• 33 at 12 months

Completed post-assessments
• 29 at 7 weeks
• 29 at 6 months
• 29 at 9 months
• 29 at 12 months

35 intention-to-treat analyses

Completed post-assessments
• 32 at 7 weeks
• 30 at 6 months
• 29 at 9 months (1 partial)
• 31 at 12 months
• 1 study dropout at 6 months

• 1 study dropout at 6 months

34 intention-to-treat analyses

32 CBT-I+CRS
• 29 completed treatment
• 3 partially completed treatment

31 intention-to-treat analyses

32 intention-to-treat analyses

Fig. 1. CONSORT flow diagram. Exclusion criteria were asked sequentially as listed. If an exclusion criterion was

met, individuals automatically received a message that they were not eligible to participate, and further exclusion
criteria (↓) were not queried. NT, no treatment; CRS, circadian rhythm support; CBT-I, cognitive behavioral
therapy for insomnia; CBT-I+CRS, combined cognitive behavioral therapy for insomnia with circadian rhythm
support.

example, sleep EEG, MRI, and ambulatory monitoring [23]. Online
supplementary Table S2 provides a checklist for methodological
recommendations for clinical trials according to Guidi et al. [24].
Participants
The inclusion criteria were: (1) meeting the criteria of ID according to the 5th edition of the Diagnostic and Statistical Manual
of Mental Disorders (DMS-5) [25], and the International Classification of Sleep Disorders, 3rd edition (ICSD-3) [26]; (2) an Insomnia Severity Index (ISI) score ≥10 [27, 28]; (3) an insomnia type at
high risk of depression (type 1, 2, or 3) based on the Insomnia Type

Questionnaire [7]; and (4) age between 18 and 70 years. The first
exclusion criterion was: (a) a current diagnosis of a depressive disorder, first self-reported during screening, and subsequently confirmed with the Composite International Diagnostic Interview Short Form (CIDI-SF) assessed at baseline. Other exclusion criteria were: (b) current treatment with antidepressant medication; (c)
current CBT-I treatment; (d) a severe sleep disorder other than
insomnia (i.e., sleep apnea, restless legs syndrome, periodic limb
movement disorder); (e) a current diagnosis of any other severe
neurological or psychiatric disorder; and (f) night work or rotating
shift-work. See Leerssen et al. [23] for more details.
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To ensure generalizability along the guidelines for practical (or
pragmatic) clinical trials [29], the use of sleep medication was allowed and monitored, and no cut-off for depressive symptom severity on the Inventory of Depressive Symptomatology – Self Report (IDS-SR) was applied. Online supplementary Table S3 provides a detailed overview of psychotropic medications used and
summarizes results of ancillary analyses investigating possible iatrogenic effects. Common depression questionnaire cut-offs overclassify comorbid MDD in insomnia patients in general [30], and
especially so in high-risk insomnia subtypes who score high on
traits like negative affect [7]. Absence of MDD at baseline was
therefore verified with the CIDI structured interview.
Participants were recruited between November 2018 and September 2019 through the Netherlands Sleep Registry (www.sleepregistry.org), media advertisements, and flyers. Of the 4,482 people that visited the website for an online eligibility screening, 137
participants fulfilled all criteria, but 5 withdrew before randomization, resulting in 132 participants.
While the RCT included only participants with high-risk insomnia, T0-T4 assessments were performed in parallel in 30 people with untreated insomnia of a subtype without increased risk of
depression (67% female, age = 52.6 years, SD = 10.9). This parallel
group allowed for a validation of the expected increased risk in
subtype-selected RCT participants.
The study was approved by the Medical Ethics Committee of
the VU University Medical Centre (NL63139.029.17) and preregistered, including primary outcomes, at the Netherlands Trial Register (NL7359). All participants provided written informed consent.
Randomization
Simple randomization was applied until at least 2 participants
were randomized to each of the four conditions. Subsequent participants were assigned using scripted covariate-adaptive randomization [31], balancing groups with respect to age, sex, insomnia subtype, baseline severity of insomnia and depressive symptoms, use of sleep medication, suspected sleep complaints other
than insomnia (i.e., mild restless legs syndrome and mild sleep
apnea), time of year, and group size. Randomization was automated and performed in R [32] by an independent researcher not
involved in any of the assessments, interventions, or analyses
(T.F.B.).
Interventions
The online supplementary material provides details on the
digital interventions. Guided by a trained therapist, participants
had 6 weeks to complete five sessions of either CRS (i-Cycle)
[20], CBT-I (i-Sleep) [33–35], or their combination. Next to the
inactive NT condition, CRS may be considered as an active control condition requiring the same amount of time and attention
as CBT-I: in a previous study [20] stand-alone CRS had no effect
on sleep. Only in combination with CBT-I did CRS support better maintenance of effects that were initially achieved by CBT-I
[20].
Outcome measures
All outcome measures were self-reported or assessed by blinded interviewers. Respecting the importance of incremental validity, our primary and secondary outcome measures were carefully
selected and in line with the CLIPROM criteria [24, 36–38]. The
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preregistered primary outcome was the change, relative to baseline, in severity of depressive symptoms integrated over four follow-ups spanning 1 year. The severity of depressive symptoms
was assessed at baseline (T0) and follow-up assessments in week
7 (T1), week 26 (T2), week 39 (T3), and week 52 (T4) using the
IDS-SR [39]. IDS-SR ranges indicate no (0–13), mild (14–31),
moderate (22–30), severe (31–38), and very severe (39–84) depression [40]. However, we did not use these cut-offs given the
lack of validity for use in insomnia patients [30]. Instead, to evaluate the presence of clinically meaningful worsening or improvement on our primary outcome measure at any of the follow-ups,
we calculated the Reliable Change Index (RCI) using the baseline
IDS-SR score standard deviation and a test-retest reliability of 0.87
[41, 42].
A secondary depression outcome was the 12-month incidence
of a diagnosis of MDD according to the Composite International
Diagnostic Interview - Short Form (CIDI-SF) [43] assessed T4 by
trained blinded interviewers.
Secondary outcomes on sleep included: the ISI [28] assessed at
T0, T1, T2, T3, and T4; and subjective sleep assessed with the Consensus Sleep Diary [44] at T0 (9 nights), T1 (7 nights), and T4 (7
nights). Sleep diary-derived sleep variables included: sleep efficiency (SE, 0–100%, which is the ratio of total sleep time relative
to time in bed; TIB), total sleep time (TST), sleep onset latency (i.e.,
minutes to fall asleep), and wake after sleep onset (WASO; i.e.,
minutes awake after sleep onset including time attempting to sleep
after final awakening). TIB indicated the time period between closing the eyes to falling asleep, and final awakening when no further
attempt to sleep was made [45]. Negative TST and SE values, which
can occur when participants overestimate their WASO beyond
limits set by TIB, were set to zero.
Side effects were assessed in two ways. First, participants were
instructed to report any mild or serious adverse events, serious adverse reactions, and other problems by email. Second, 12-monthretrospective common complaints were assessed both at baseline
for reference and at the 12-month follow-up using a validated
questionnaire [46].
Sample Size Calculation
Group sizes of n = 26 participants completing all five assessments would be sufficient to detect an effect of at least d = 0.5, with
a power of 0.8 and a significance threshold of α = 0.05 (two-sided)
[47]. Expecting dropout and loss to follow-up, a total of 132 participants were included and contributed to intention-to-treat analysis. Dropout and loss to follow-up were less than expected, resulting in 124 participants that fully completed the interventions, and
120 participants that completed each of the five assessments. See
the study protocol for more details [23].
Statistical Analyses
To evaluate how interventions affected IDS-SR-assessed depressive symptom severity throughout the following year, mixed
effects regression analysis with two levels (5 assessments nested
within subjects) estimated group differences in the change from
baseline (T0) to the integrated four follow-up assessments (T1,
T2, T3, and T4). Regressors included dummy coded variables indicating the intervention group, time (0 for T0, 1 for T1-T4), and
the interaction effects of interest (CRS*time, CBT-I*time, and
CBT-I+CRS*time). Intention-to-treat analysis (including all 132
participants), and per-protocol analysis (including 124 partici-
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Table 1. Demographic and clinical characteristics at baseline
p valuec

Mean (SD) or n (%)

Age, years
Female
Education in years
Occupation (multiple categories allowed)
Student
Employed
Unemployed
Retired
Alcohol consumption per week
0 units of alcohol
1–14 units of alcohol
15–21 units of alcohol
Smokers
Psychiatric comorbiditiesa
Sleep medication users
Mild sleep apnea
Mild restless leg syndrome
Insomnia subtypes
Subtype 1
Subtype 2
Subtype 3
Insomnia duration in years
Insomnia severity (ISI)
Sleep quality (PSQI)
Depressive symptoms severity (IDS-SR)
Lifetime MDD/dysthymia diagnosisb
Anxiety (BAI)

NT
(n = 35)

CRS
(n = 34)

CBT-I
(n = 31)

CBT-I + CRS
(n = 32)

47.9 (12.2)
25 (71.4%)
16.1 (3.4)

49.2 (13.5)
25 (73.5%)
16.8 (2.8)

47.4 (13.3)
23 (74.2%)
16.5 (2.8)

47.9 (12.8)
24 (75%)
17.2 (3.1)

0.950
0.993
0.505

2 (5.7%)
21 (60%)
12 (34.3%)
2 (5.7%)

2 (5.9%)
26 (76.5%)
4 (11.8%)
6 (17.6%)

1 (3.2%)
24 (77.4%)
2 (6.5%)
4 (12.9%)

6 (18.8%)
23 (71.9%)
3 (9.4%)
4 (12.5%)

0.175
0.385
0.013
0.489
0.488

12 (34.3%)
21 (60.0%)
2 (5.7%)
2 (5.7%)
2 (5.7%)
7 (20.0%)
2 (5.7%)
3 (8.6%)

8 (23.5%)
23 (67.6%)
3 (8.8%)
3 (8.8%)
3 (8.8%)
7 (20.6%)
2 (5.9%)
5 (14.7%)

5 (16.1%)
25 (80.6%)
1 (3.2%)
1 (3.2%)
5 (16.1%)
5 (16.1%)
1 (3.2%)
5 (16.1%)

5 (15.6%)
24 (75.0%)
3 (9.4%)
1 (3.1%)
1 (3.1%)
6 (18.8%)
1 (3.1%)
4 (12.5%)

10 (28.6%)
17 (48.6%)
8 (22.9%)
10.8 (10.7)
16.0 (4.2)
10.2 (3.4)
19.4 (6.2)
20 (57.1%)
7.9 (4.7)

6 (17.6%)
21 (61.8%)
7 (20.6%)
9.8 (11.8)
15.8 (3.5)
10.6 (3.2)
19.1 (7.9)
19 (55.9%)
8.6 (7.0)

8 (25.8%)
18 (58.1%)
5 (16.1%)
8.4 (10.1)
16.4 (4.1)
10.9 (3.3)
19.5 (8.2)
18 (58.1.0%)
7.6 (5.8)

7 (21.9%)
18 (56.3%)
7 (21.9%)
9.8 (11.4)
15.9 (3.5)
10.8 (3.4)
18.7 (7.5)
17 (53.1%)
8.0 (5.4)

0.805
0.288
0.980
0.999
0.798
0.925

0.867
0.937
0.839
0.967
0.981
0.916

NT, no treatment; CRS, circadian rhythm support; CBT-I, cognitive behavioral therapy for insomnia; CBT-I+CRS,
cognitive behavioral therapy for insomnia combined with circadian rhythm support; ISI, Insomnia Severity Index;
PSQI, Pittsburgh Sleep Quality Index; IDS-SR, Inventory of Depressive Symptomatology - Short Form; BAI, Becks
Anxiety Inventory. a Self reported; comorbid anxiety disorder (n = 1), post-traumatic stress disorder (n = 3), attention
deficit hyperactivity disorder (n = 3), autism (n = 1), burn-out (n = 3), other (n = 1). b According to the Composite
International Diagnostic Interview – Short Form (CIDI-SF). c Group differences were tested with ANOVA tests for
continuous variables, and Fisher Exact tests for categorical variables.

pants that fully completed the interventions) were conducted. Ancillary models evaluated group differences in the change from
baseline (T0) to each follow-up (T1-T4) separately. Fisher’s exact
tests evaluated group differences in the presence of RCI-indicated
clinically meaningful worsening or improvement of IDS-SR
scores at any of the follow-ups, as well as in CIDI-diagnoses of
incident MDD during the 12-month follow-up. Sleep diary variables were evaluated using mixed models with 3 levels (multiple
nights nested within assessments at T0, T1, and T4 nested within
subjects).
Between-group Cohen’s d effect sizes were computed by dividing the group difference in change over time (from baseline to
follow-up) by the pooled standard deviations at baseline [48].
Two-sided p values below 0.05 were considered significant. Data
were analyzed using R (version 3.6.1) [32].

Participants
The RCT included 132 people with ID (73% female)
with a mean age of 48.1 years (SD = 12.8, range 21–69),
experiencing insomnia for 9.7 years on average (SD =
10.9). At baseline, participants had a mean ISI score of
16.0 (SD = 3.8), indicating clinical insomnia of moderate
severity [28], and a mean IDS-SR score of 19.3 (SD = 7.4),
indicating mild depressive symptoms [39]. None of the
participants had a CIDI diagnosis of MDD at baseline.
There were no significant between-group baseline differences in age, sex, insomnia duration, and sleep medica-
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Table 2. Participants characterized in view of the staging model of depression
No current or past MDD

Low-risk NT
High-risk NT
High-risk CRS
High-risk CBT-I
High-risk CBT-I+CRS

No current MDD

Current MDD

stage 0: no sign

stage 1: prodromal

stage 3: residual phase

stage 2: first episode

stage 4: nth episode

IDS-SR ≤ 13

IDS-SR > 13

history of MDD

new-onset MDD

recurrent MDD

baseline

12 months

baseline

12 months

baseline

12 months

baseline

12 months baseline

12 months

15 (50.0%)
4 (11.4%)
5 (14.7%)
4 (12.9%)
4 (12.5%)

15 (50.0%)
4 (11.4%)
5 (15.2%)
3 (10.3%)
4 (12.9%)

2 (6.7%)
12 (34.3%)
10 (29.4%)
9 (29.0%)
11 (34.4%)

2 (6.7%)
11 (31.4%)
10 (30.3%)
7 (24.1%)
11 (35.5%)

13 (43.3%)
19 (54.3%)
19 (55.9%)
18 (58.1%)
17 (53.1%)

11 (36.7%)
16 (45.7%)
14 (42.4%)
14 (48.3%)
14 (45.2%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

0 (0.0%)
1 (2.9%)
0 (0.0%)
2 (6.9%)
0 (0.0%)

2 (6.7%)
3 (8.6%)
4 (12.1%)
3 (10.3%)
2 (6.5%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

Participants can be characterized in view of the staging model of depression according to their CIDI-assessed history of MDD and baseline IDS-SR [49,
50]. The table shows the number and percentage of participants in each stage for each treatment condition both at baseline and at 12-month follow-up.
For comparison, staging of the low-risk reference group is also shown. NT, no treatment; CRS, circadian rhythm support; CBT-I, cognitive behavioral therapy
for insomnia; CBT-I+CRS, cognitive behavioral therapy for insomnia combined with circadian rhythm support; MDD, major depressive disorder; IDS-SR,
Inventory of Depressive Symptomatology – Self-Report.

tion usage, nor were there baseline differences in the severity of symptoms of insomnia or depressive symptoms
(all p > 0.867). Table 1 summarizes demographic and
clinical characteristics, and Table 2 summarizes the characterization of participants in view of the staging model
of depression [49, 50]. At baseline, 12.9% could be considered to be in stage 0 (no current or past MDD, IDS-SR
≤13); 31.8% in stage 1 (possible prodromal depression
(see Benasi et al. [51] for a critical review) without current
or past MDD, IDS-SR >13); and 55.3% in stage 3 (residual depression without current MDD, with history of
MDD in the past). It should be noted that the discrimination between stage 0 and stage 1 based on an IDS-SR cutoff remains to be validated for use in ID [30].
To validate the expected increased risk in subtype-selected RCT participants, all outcome measures were assessed in parallel in a reference group of 30 people with a
subtype of ID without increased risk of depression (67%
female, age = 52.6, SD = 10.9), experiencing insomnia for
10.2 years on average (SD = 10.3). At baseline, ISI was 14.4
(SD = 3.6), IDS-SR was 11.4 (SD = 5.6), and none of them
had a CIDI diagnosis of MDD (see online suppl. material:
Supplementary Background for details).
Adherence and Missing Data
Of the 132 RCT participants, all (100%) completed the
baseline assessments, 130 (98%) completed the assessments at T1; 125 (95%) at T2; 125 (95%) at T3, and 128
(97%) at T4 (Fig. 1). Of the 97 participants randomized to
one of the active conditions, 89 (91.8%) completed the
intervention fully; 6 (6.2%) partially (range 1–4 of the 5
6
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sessions) and remained available for follow-up assessments; and only 2 (2.1%) dropped out during intervention and were lost to follow-up. None of the 35 participants randomized to NT were lost to follow-up (0%). As
compared to NT, none of the interventions resulted in a
significantly higher dropout during the treatment period
(Fisher’s exact test, all p > 0.232) or subsequent loss to
follow-up (Fisher’s exact test, all p > 0.115).
Depressive Symptoms Increase without Sleep
Intervention
Table 3 shows group means and intervention effects
for depressive symptom severity (IDS-SR). Mixed models
evaluated whether depressive symptoms increased without treatment. Confirming the high risk of the included
insomnia subtypes, depressive symptom severity during
follow-up (T1-T4) increased relative to baseline in the NT
group (2.1 [95% CI 0.1 to 4.0] IDS-SR point increase, d =
0.28, p = 0.041). In contrast, depressive symptom severity
during follow-up (T1-T4) did not significantly differ
from baseline in the low-risk reference group (–0.2 [95%
CI –1.7 to 1.4] IDS-SR points, d = –0.03, p = 0.830).
Interventions Prevent Increasing Depressive Symptom
Severity
Relative to the increase in the NT group, depressive
symptom severity decreased significantly during T1-T4
after CBT-I (–5.6 [95% CI –8.8 to –2.4] IDS-SR points, d
= –0.80, p = 0.001), and after CBT-I+CRS (–6.3 [95% CI
–9.4 to –3.1], d = –0.95, p < 0.001), but not after CRS (d =
–0.24, p = 0.199; see Table 3; online suppl. Table S5;
Leerssen et al.

Table 3. IDS-SR depression severity and incidence of clinically meaningful worsening or improvement at any of the follow-ups
Intervention effect, p valueb

Mean (SD) or n (%) for each group

Depression severity
pre
post (across all 4 follow-ups)

NT

CRS

CBT-I

CBT-I+CRS

Overall

CRS
vs. NT

CBT-I
vs. NT

CBT-I+CRS
vs. NT

19.4 (6.2)
21.4 (7.6)

19.1 (7.9)
19.4 (9.1)

19.5 (8.2)
15.6 (9.9)

18.7 (7.5)
14.0 (7.7)

0.001

0.199

0.001

<0.001

15 (44%)
6 (18%)

13 (38%)
9 (26%)

8 (28%)
15 (52%)

3 (9%)
17 (53%)

0.008
0.004

0.806
0.560

0.200
0.007

0.002
0.004

a

Clinically meaningful change
Clinically meaningful worsening
Clinically meaningful improvement

Significance of intervention effects overall and for between-group contrasts. NT, no treatment; CRS, circadian rhythm support; CBT-I,
cognitive behavioral therapy for insomnia; CBT-I+CRS, cognitive behavioral therapy for insomnia combined with circadian rhythm support.
a
Clinically meaningful change at any of the follow-ups based on the Reliable Change Index (RCI) using the baseline standard deviation and
a test-retest reliability of 0.87, including participants completing ≥1 follow-up. b Tested with linear-mixed models for depression severity
and Fisher Exact tests for clinical change.

Intervention
NT
CRS
Depressive symptom severity, IDS score

Fig. 2). The decrease observed in the CBT-I and CBTI+CRS groups did not differ (d = –0.10, p = 0.679; see online suppl. Table S6).
The online supplementary material shows ancillary
analyses on individual follow-up timepoints, adapted
IDS-SR scores excluding sleep items, models including
covariates, and per-protocol analyses (online suppl. Table
S5–S7).

CBT−I

CBT−I + CRS

22
20
18

Clinically Meaningful Worsening and Improvement
Figure 3 shows the percentage of participants experiencing an RCI-based clinically meaningful worsening or
improvement of depressive symptoms in each treatment
condition at every follow-up, suggesting the best all-year
prevention by CBT-I+CRS. Indeed, clinically meaningful
worsening of depressive symptoms occurred at least once
during the 1-year follow-up in 44% of the participants in
the NT condition, versus 38%, 28%, and 9% of the participants in, respectively, the CRS, CBT-I, and CBTI+CRS conditions (Fisher’s exact test, p = 0.008). Between-group comparisons (Table 3) showed that only
CBT-I+CRS differed from NT (p = 0.002), as well as from
CRS (p = 0.009) – an active control condition.
A clinically meaningful improvement of depressive
symptoms occurred at least once during the 1-year follow-up in 18% of the participants in the NT condition,
versus 26%, 52%, and 53% of the participants in, respectively, the CRS, CBT-I, and CBT-I+CRS conditions (p =
0.004). Between-group comparisons (Table 3) showed
that CBT-I+CRS differed from NT (p = 0.004), as well as
from CRS (p = 0.043) – an active control condition. CBT-

I also differed from NT (p = 0.007), but not from CRS
(p = 0.067).
Attesting to the importance of repeated assessments,
the CIDI assessed at T4 as a secondary outcome was not
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Fig. 2. Mean depressive symptom severity scores for each treat-

ment condition at T0, T1, T2, T3, and T4. Error bars represent the
standard error. NT, no treatment; CRS, circadian rhythm support;
CBT-I, cognitive behavioral therapy for insomnia; CBT-I+CRS,
combined cognitive behavioral therapy for insomnia with circadian rhythm support.
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Cumulative percentage of participants

%
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70
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30
20
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0

0

7 26 39 52
Low risk NT

0

7 26 39 52
High risk NT

0

7 26 39 52
High risk CRS

0

7 26 39 52 0 7 26 39 52
High risk CBT-I
High risk CBT-I+CRS

Fig. 3. RCI-based clinically meaningful worsening and improvement of depressive symptom severity at individ-

ual follow-ups. The cumulative percentages of participants with reliable worsening (red), improvement (green),
or no reliable change (grey) of depression severity at each follow-up (week 7, 26, 39, and 52) for a low-risk insomnia reference control group (leftmost bars) and all conditions for high-risk insomnia. NT, no treatment; CRS,
circadian rhythm support; CBT-I, cognitive behavioral therapy for insomnia; CBT-I+CRS, combined cognitive
behavioral therapy for insomnia with circadian rhythm support.

sufficiently sensitive [52] to retrospectively detect these
episodes of clinically meaningful increased severity of depressive symptoms that the RCI identified to have occurred over the year. The CIDI detected MDD in 4/35
(11.4%) of the participants in the NT condition, versus
4/33 (12.1%), 5/29 (17.2%), and 2/31 (6.5%) in the CRS,
CBT-I, and CBT-I+CRS conditions, respectively. The
numbers were too small to lead to statistically significant
group differences (Fisher’s exact test, p = 0.650).
Secondary Sleep Outcomes
Insomnia Severity
Compared to the NT group, insomnia symptoms became significantly less severe from baseline to T1-T4 after
CBT-I (–3.9 [95% CI –6.0 to –1.9] ISI-points, d = –0.98,
p < 0.001) and CBTI-I+CRS (–3.0 [95% CI –5.0 to –1.0]
ISI-points, d = –0.79, p = 0.003) but not after CRS (see
online suppl. Table S5). The supplement shows ancillary
analyses on individual follow-up timepoints (see online
suppl. material: Supplementary Results; Table S5; Fig.
S1).
Sleep Diary Variables
Compared to the NT group, sleep efficiency increased
from baseline to T1-T4 after CBT-I (5.5% [95% CI 0.8 to
10.2], d = 0.42, p = 0.023) and CBT-I+CRS (6.7% [95% CI
8
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2.0 to 11.4], d = 0.50, p = 0.005; see online suppl. Table
S5). Likewise, compared to the NT group, WASO decreased from baseline to T1-T4 after CBT-I (–26.6 min
[95% CI –49.2 to –4.0], d = –0.46, p = 0.021) and CBTI+CRS (–31.4 min [95% CI –53.8 to –8.9], d = –0.53, p =
0.006). CRS did not improve sleep efficiency or WASO.
None of the interventions altered sleep onset latency or
total sleep time. The supplement shows ancillary analyses
on individual follow-up timepoints (see online suppl. material: Supplementary Results; Table S5; Fig. S2–S5).
Side Effects
None of the participants reported adversities. Furthermore, active inquiry about complaints indicated no timeby-treatment effects (online suppl. Table S4).
Discussion

The current study addressed two crucial requirements
to facilitate the feasibility and efficiency of preventing
worsening of depressive symptoms [3–5]. First, preventive strategies would most efficiently be evaluated and implemented if the target group can be selected for having
an increased risk [6]. Second, the strategy should have
significant and clinically meaningful preventive effects in
Leerssen et al.

the target group. Our RCT in people with insomnia selected for an increased risk of depression indicate that
therapist-guided digital CBT-I, especially in combination
with CRS, prevents the worsening of depressive symptoms during the year to follow.
Previous studies on the possibility to prevent depression by treating the major risk factor of insomnia were
inconclusive. First, depressive symptoms decreased as
well in the control groups [11–13]. These studies thus included people with insomnia that were, on average, heading towards spontaneous improvement of depressive
symptoms anyway. The studies demonstrated CBT-I to
enhance pending relief of depressive symptoms rather
than prevention of their worsening. Second, the studies
reported a very high dropout rate, possibly biased to have
occurred especially among the more depressed participants. Our study successfully solved these issues by selecting insomnia subtypes with the highest risk of MDD [7]
and by preventing dropout through therapist guidance.
By repeatedly assessing depressive symptoms at four
follow-ups spanning a year, we indeed showed that untreated high-risk insomniacs experienced significant and
clinically meaningful worsening of depressive symptoms.
In an untreated low-risk reference group, depressive
symptom severity during follow-up did not differ significantly from baseline. The demonstrated possibility to select participants at increased risk fulfills a first requirement for efficient evaluation and implementation of
strategies aiming for the prevention of depression.
The next requirement is to demonstrate that this target group responds favorably to an intervention that
ideally is scalable. In contrast to previous fully automated digital approaches [11–13], the current study is
the first to demonstrate that therapist-guided CBT-I,
especially in combination with CRS, can specifically
prevent worsening of depressive symptoms during a
1-year follow-up in high-risk insomniacs (Fig. 2, 3).
The post-treatment (at T1) effect of guided digital CBTI on depressive symptom severity (Cohen's d = –1.11)
compares favorably to meta-analyzed effects of previous digital CBT interventions addressing either insomnia symptoms (Hedges' g = –0.35 [53]) or depressive
symptoms (d = –0.57 [54]; see online suppl. material:
Supplementary Discussion for details). The demonstrated effectiveness in the target group of high-risk insomniacs fulfills the second requirement for efficient
evaluation and implementation of strategies aiming to
prevent worsening of depressive symptoms.
Our study evaluated whether effects of CBT-I on depressive symptoms can be enhanced by adding CRS. A

previous study found no sleep-improving effect of standalone CRS [20]. Adding CRS to CBT-I moreover did not
boost the effects of CBT-I immediately after treatment.
However, effects did emerge at later follow-up, indicating
that the addition of CRS resulted in a better maintenance
of beneficial effects initially achieved by CBT-I. Also in
the current study, stand-alone CRS did not significantly
improve either sleep or depressive symptoms, in line with
the only meta-analysis on one of the CRS interventions
(physical activity) specifically in insomnia patients [19].
However, as observed before [20], also in our study the
addition of CRS to CBT-I appeared to better maintain or
even boost late effects of CBT-I on sleep diary variables
(online suppl. Fig. S2–S5), as well as on depressive symptoms (Fig. 1). In fact, only CBT-I combined with CRS reduced the 1-year incidence of clinically meaningful worsening of depression. The usefulness of combined or sequential treatment was proposed already more than 20
years ago [55]. Relevant for insomnia and depression, Pigeon et al. [56] recently demonstrated in people with
posttraumatic stress disorder (PTSD) that the sequential
delivery of CBT-I and routine cognitive processing therapy (CPT) improved insomnia, depression, and PTSD
symptoms significantly better than stand-alone CPT did.
In addition to validating the vulnerability of a targetable group, and optimizing the long-term intervention
effectiveness in this group, other strengths of our study
are the adherence to interventions and the limited dropout and loss to follow-up. Previous studies using fully automated digital CBT-I were difficult to interpret because
of high dropout [11–13], which may have occurred especially in patients with more severe depressive symptoms
[14, 15]. Therapy guidance enhances adherence by additional explanation, motivation, and support [57]. Next to
the high adherence and limited dropout from intervention, our loss to follow-up assessments was also very low.
Factors other than therapist guidance during the intervention must be involved, because loss to follow-up was
equally low in the NT group, who never received therapist
guidance. A probable reason is that this RCT was part of
a larger multimodal investigation including, for example,
sleep EEG, MRI, and ambulatory monitoring [23]. Consequently, participants of all four groups received a considerable and equal amount of attention from researchers.
Limitations of the present study need to be considered. First, although we observed half as many CIDI diagnoses of MDD in the CBT-I+CRS group compared to
the NT, CBT-I, and CRS groups (n = 2 versus 4, 5, and 4;
6.5% versus 11.4%, 17.2%, and 12.1%, respectively), the
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numbers were too small for statistical tests to demonstrate significant group differences. In hindsight, the
CIDI may not have been the best choice for a secondary
outcome measure to assess a clinical diagnosis of MDD
or to assess changes over time. A recent meta-analysis
showed that the CIDI has less sensitivity to changes in
symptom severity and classifies MDD only half as often
as the MINI structured interview [52]. Insensitivity may
have precluded sufficient statistical power to detect the
group-by-time interaction effects that were so evident in
the primary outcome measure – whether analyzed with
linear mixed effect models or with the RCI. A related limitation is the duration of the follow-up period, which
spanned 1 year only. Future studies could increase sensitivity by extending the follow-up period to multiple
years. A limitation with respect to the interpretation of
our findings on adherence and dropout is that this RCT
was part of a larger multimodal investigation [23]. This
embedding may have contributed to the adherence of the
participants.
Our findings are particularly relevant in light of the
notion that prevention is essential to combat the global
burden and cost of MDD [3–5]. Therapist-guided digital
CBT-I, especially in combination with CRS, for people
with insomnia selected for a particularly high risk of developing depression, appears to be a promising and feasible approach. CBT-I+CRS may be considered by healthcare institutes and government prevention programs as
an effective scalable intervention to prevent the worsening of depressive symptoms.
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