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Abstract

Background. Excessive worry is a common phenomenon. Our research group has previously
developed an online intervention for excessive worry based on operant principles of extinction
(IbET; internet-based extinction therapy) and tested it against a waiting-list. The aim of this
study was to evaluate IbET against an active control comparator (CTRL).
Methods. A 10-week parallel participant blind randomised controlled trial with health-eco-
nomical evaluation and mediation analyses. Participants (N = 311) were randomised (ratio
4.5:4.5:1) to IbET, to CTRL (an internet-based stress-management training program) or to
waiting-list. The nation-wide trial included self-referred adults with excessive worry. The pri-
mary outcome was change in worry assessed with the Penn State Worry Questionnaire from
baseline to 10 weeks.
Results. IbET had greater reductions in worry compared to CTRL [−3.6 point difference,
(95% CI −2.4 to −4.9)] and also a significantly larger degree of treatment responders [63%
v. 51%; risk ratio = 1.24 (95% CI 1.01–1.53)]. Both IbET and CTRL made large reductions
in worry compared to waiting-list and effects were sustained up to 1 year. Treatment credibil-
ity, therapist attention, compliance and working alliance were equal between IbET and CTRL.
Data attrition was 4% at the primary endpoint. The effects of IbET were mediated by the
hypothesized causal mechanism (reduced thought suppression) but not by competing media-
tors. Health-economical evaluation indicated that IbET had a 99% chance of being cost-effect-
ive compared to CTRL given societal willingness to pay of 1000€.
Conclusions. IbET is more effective than active comparator to treat excessive worry.
Replication and extensions to real-world setting are warranted.

Introduction

Many clinicians meet patients with excessive worry in everyday practice. Worry is the core
symptom of generalized anxiety disorder (GAD), which accounts for 50% of all primary
care visits by patients with an anxiety disorder (Wittchen & Hoyer, 2001). Additionally,
4–6% of primary care patients present with subthreshold symptoms of GAD (Haller,
Cramer, Lauche, Gass, & Dobos, 2014; Wittchen & Hoyer, 2001). This warrants attention
as GAD and subthreshold GAD lead to equal levels of distress and psychosocial impairment
(Haller et al., 2014). Other mental health conditions such as obsessive-compulsive disorder
(OCD), social anxiety disorder (SAD), insomnia and panic disorder (PD) also include exces-
sive worry in the symptom presentation (American Psychiatric Association, 2013) and, as in
the case of GAD, there is a large additional subclinical population further contributing to the
societal burden (Batelaan et al., 2007; Cuijpers & Smit, 2004; de Bruijn, Beun, de Graaf, ten
Have, & Denys, 2010; Fehm, Beesdo, Jacobi, & Fiedler, 2008; Sarsour, Kalsekar, Swindle,
Foley, & Walsh, 2011). Recent research has also shown that worry might be a causal mechan-
ism of persecutory delusions (Freeman et al., 2015). Altogether, worry-related problems add
up to a considerable challenge for healthcare.

Psychological treatments, and especially different forms of disorder-specific cognitive
behaviour therapy (CBT), have been shown to be effective for a range of different mental
health conditions (Hofmann & Smits, 2008); unfortunately, it is difficult to implement and
scale these disorder-specific treatments to meet the increasing need in healthcare. One possible
solution to this problem may be to develop scalable treatments that target specific psychopatho-
logical processes shared by a number of different mental health conditions (Craske, 2012).
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This strategy has been endorsed by the National Institute of
Mental Health (NIMH) initiative Research Domain Criteria
(RDoC) as a way to improve diagnostics and treatment of psychi-
atric disorders (Cuthbert & Insel, 2013; Insel & Gogtay, 2014). Our
research group recently developed and evaluated a novel online
intervention which uses principles of operant conditioning to tar-
get worry. More specifically, the treatment (IbET; internet-based
extinction therapy) hypothesises that worry is maintained by
excessive use of comforting thoughts, and the main intervention
in this treatment is therefore exposure to the feared catastrophic
thoughts using operant blocking techniques. IbET targets worry
irrespective of principal diagnosis, and the online format, with
limited therapist resource use, also removes many logistical bar-
riers for both the patient and the healthcare provider
(Andersson & Titov, 2014). Although IbET has been shown to
be superior to a waiting-list with large controlled effect sizes in a
randomised trial (Andersson et al., 2017), this treatment has not
yet been tested against an active comparator controlling for non-
specific treatment factors such as therapist attention, number of
completed modules, treatment credibility or therapeutic alliance
(Gold et al., 2017; Mulder, Murray, & Rucklidge, 2017).
Consequently, the aim of the present trial was to test IbET against
a credible comparator in a rigorously designed trial. We hypothe-
sised that IbET would be more effective and cost-effective than
both active comparator and a waiting-list in reducing worry. We
also performed a mediation analysis to investigate whether IbET
achieves its effects through the hypothesised pathway by decreas-
ing thought suppression

Method

Trial design

This study was a superiority trial conducted at the Karolinska
Institutet, Sweden, between December 2015 and May 2017.
Ninety percent of the participants were randomly assigned to
10 weeks of IbET (n = 140) or to an active control comparator
(CTRL, n = 140) which consisted of an internet-based stress-
management program. Ten percent of the participants (n = 31)
were randomised to a waiting-list condition in order to replicate
previous findings (Andersson et al., 2017) and to control for
spontaneous improvements. The primary endpoint was set to
10 weeks (i.e. directly post-treatment). Long-term follow-ups
were also conducted at 4- and 12-months post-treatment.
Participants randomised to the waiting-list were offered active
treatment after the initial 10 weeks (IbET or CTRL; data is not
reported here). The regional ethical review board in Stockholm
approved the protocol (registration ID: 2015/1698-31/1) and the
trial was registered at ClinicalTrials.gov registration ID:
NCT02638792. The study is reported in accordance with the
CONSORT statement for nonpharmacological treatments.
Further details about the study methods below are shown in the
online supplement.

Participants

Eligible participants were individuals with access to the internet,
aged 18 or over, with excessive worry defined as a score >56 on
the Penn State Worry Questionnaire (Meyer, Miller, Metzger, &
Borkovec, 1990). Exclusion criteria were: (a) substance depend-
ence in the last 6 months; (b) post-traumatic stress disorder, bipo-
lar disorder or psychosis; (c) severe comorbid psychiatric disorder

that could jeopardize treatment participation (e.g. axis II border-
line personality disorder with self-harm); (d) moderate-to-severe
depression (defined as a score >25 on the Montgomery Åsberg
Depression Rating Scale – Self report; Svanborg and Asberg,
2001); (e) psychotropic medication changes within 2 months
prior to enrolment and (f) completed CBT for worry within
the last 2 years. Participants who were taking psychotropic medi-
cation with stable dose for at least 2 months prior to enrolment
were asked to keep their dose stable during the 10-week trial per-
iod. Parallel psychological treatment was not allowed during the
trial period. After description of the study to the subjects, written
informed consent was obtained.

Recruitment and determination of eligibility

Residents in all of Sweden could register for the study. Flyers were
distributed to psychiatrists and general practitioners throughout
Sweden with information about the study and the trial was also
advertised in national newspapers and social media. Applicants
registered their interest on the study’s secure website and com-
pleted an online screening consisting of the PSWQ, the
MADRS-S, Alcohol Use Disorders Identification Test (Saunders,
Aasland, Babor, de la Fuente, and Grant, 1993), Drug User
Disorders Identification Test (Berman, Bergman, Palmstierna,
and Schlyter, 2005) and general background information.
Applicants who scored ⩽56 on the PSWQ or >25 on the
MADRS-S were excluded from the study. Potentially eligible par-
ticipants underwent a structured diagnostic interview (using the
Mini-International Neuropsychiatric Interview; MINI; Sheehan
et al., 1998) with a clinical psychologist or with a trained student
in the final semester of a 5-year clinical psychology programme.
The interviews were conducted over the telephone, which is a reli-
able administration format for structured psychiatric assessments
(Rohde, Lewinsohn, & Seeley, 1997). All assessors had received
extensive training in structured diagnostic interviews [in total
20 60-min examinations on real patients or actors using the
MINI (all difficult cases with multiple diagnoses) and at least
four months full-time internship]. To ensure the reliability of
the diagnostic procedure and eligibility criteria, the principal
investigator reviewed each case (and in some cases telephoned
participants for additional assessment) and made the final deci-
sion on enrolment.

Interventions

General description of the two active treatments
The two active treatments (IbET and CTRL) were delivered via a
secure online platform using a two-factor authentication to guar-
antee participant confidentiality. The treatment was divided in
eight modules (book chapters) spanning over 10 weeks. In
order to progress to the next module, the participant had to com-
plete a number of homework assignments such as reading text
material, answering a quiz at the end of each module, filling
out worksheets and report treatment progression to the therapist.
Each participant had contact with an identified therapist through-
out the entire treatment using a built-in messaging system in the
online platform.

Internet-based extinction therapy
The IbET treatment is based on a model where excessive worry is
explained as an operant process consisting of the interplay
between two types of cognitions: catastrophic thoughts and
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comforting thoughts (Andersson et al., 2017; Wadström, 2015).
Catastrophic thoughts are defined as intrusive and anxiety pro-
voking thoughts about uncertain future or past events e.g. ‘did I
come across as a complete idiot during the meeting?’, or ‘what
if my son is hit by a car?!’. Comforting thoughts are defined as
thoughts with the primary function of relieving the discomfort
evoked by the catastrophic thoughts e.g. ‘no, you looked great at
the meeting!’, or ‘no, he will be fine!’. Comforting thoughts
have a short-term rewarding function offering temporary relief
and thereby reinforcing the catastrophic thoughts. Through this
reinforcement, the worrier gets stuck moving back and forth
between catastrophic- and comforting thoughts (catastrophic
thought → comforting thought → temporary relief → new cata-
strophic thought and so on). In the IbET treatment, the patient
is instructed to use competing responses incompatible with think-
ing comforting thoughts, thereby extinguishing the reinforcement
of the catastrophic thought.

Active control comparator
The CTRL treatment was designed to (a) be perceived as equally
credible as IbET, (b) promote structured behaviour change with
the purpose of reducing worry and (c) to be equal to IbET in abil-
ity to establish therapeutic alliance and amount of therapist atten-
tion provided. The CTRL treatment consisted of an internet-based
stress-management intervention where the main treatment com-
ponent is applied relaxation which is a recommended treatment
for worry/GAD according to NICE guidelines (National
Institute for Health & Care Excellence, 2011). In the CTRL treat-
ment, the patient was introduced to a coping model of worry
where the main aim is to take control over the worry through
relaxation techniques. Thus, a fundamental difference compared
with the IbET treatment was that the CTRL treatment specifically
instructed the patients to use relaxation exercises as a strict means
of coping with worry and as a self-regulation strategy, which is
theoretically the opposite to IbET. The CTRL treatment also
incorporated regular relaxation practise on a daily basis. There
were no content or instructions regarding extinction-based tech-
niques in the CTRL treatment.

Waiting-list
Participants randomised to the waiting-list were informed that
they would receive delayed treatment and were given an emer-
gency number in case of acute worsening of symptoms. None
of the data collected from the waiting-list participants were used
after the primary endpoint (10 weeks).

Power calculation

The power calculation to test differences between IbET and CTRL
was based on the previous trial by our research group (Andersson
et al., 2017) and other trials testing stress management techniques
(Hedman et al., 2014a; Ljotsson et al., 2011). Given 90% power
(two-sided alpha test), the study was powered to detect a small
between-group effect size (d = 0.4) rendering a sample size of
140 participants (accounting for ∼5% data attrition) in each active
treatment group. The power calculation between IbET and
waiting-list was based on the lower bound of 95% confidence
intervals obtained from our previous trial (d = 1.0) (Andersson
et al., 2017) and in the present trial rendering a sample size of
31 participants. There were no interim analyses or rules for stop-
ping in the current study.

Randomisation and masking

Participants were randomised, using simple randomisation with
no constraints, by an independent party (using www.random.
org) on a 4.5:4.5:1 ratio (140 participants to IbET, 140 participants
to CTRL, 31 participants to waiting-list). Participants who
received IbET/CTRL were also randomised to one of 10 thera-
pists. To control for therapist effects, all therapists treated an
equal number of participants in the two active treatment condi-
tions (14 in each group; in total 28 participants per therapist).
In order to control for performance bias, participants were
blinded to the two active treatment conditions i.e. participants
were informed that they would receive one of two internet-based
treatments that had previously been shown to be effective. There
was no detailed information about the IbET/CTRL treatment
components nor the trial superiority hypothesis. All participants
were randomised after formal inclusion in the study in order to
ensure allocation concealment. Treatment started within 48 h
after randomisation and participants received information how
to log into the secure online platform immediately after random-
isation. As in all studies of psychological therapies, the treating
therapists were not blinded to treatment. Participants randomised
to waiting-list were told that they would receive one of the two
internet-based treatments after 10 weeks i.e., participants rando-
mised to waiting-list were not blinded to allocation.

Assessment points and outcomes

Participants were assessed with the primary outcome measure at
baseline, weekly during treatment and after 10 weeks (primary
endpoint). Long-term follow-up was also conducted 4- and
12-months post-treatment (the waiting-list was excluded from
long-term follow-up after crossover).

The primary outcome was the PSWQ, which is regarded as the
gold standard in assessment of worry severity (Meyer et al., 1990).
Responder status was defined as ⩾9 points reduction on the
PSWQ from baseline to post-treatment (Stanley et al., 2009).
Cognitive avoidance was measured using the Cognitive
Avoidance Questionnaire (CAQ; Sexton and Dugas, 2008).
Depressive symptoms were assessed using the MADRS-S
(Svanborg & Asberg, 2001). Intolerance of uncertainty symptoms
was assessed using the Intolerance of Uncertainty Scale (IUS;
Buhr and Dugas, 2002). Quality of life was assessed using the
Brunnsviken Brief Quality of life Questionnaire (BBQ; Lindner
et al., 2016). The number of adverse events was assessed week
3, 8 and at post-treatment using a self-report questionnaire
which has been used in a previous trial with similar results to
face-to-face interviews (Andersson et al., 2015). Participants
were encouraged to notify the study personnel if there were any
deviations in the study protocol regarding the change (or start)
of pharmacological or psychological treatments during treatment.
If the clinician was notified of any deviations of medication
changes during treatment, this was documented in the digital
case report form. All participants were systematically asked at
post-treatment if they had made any changes in medication or
sought other psychological treatment during the 10-week period.
All secondary outcomes (i.e. CAQ, MADRS-S, IUS and BBQ)
were assessed at baseline, post-treatment and at 4- and
12-month follow-up. The non-specific factors treatment credibil-
ity and therapeutic alliance were measured using the Treatment
Credibility scale (Borkovec & Nau, 1972; week 3) and the
Working Alliance Inventory (Tracey & Kokotovic, 1989; week
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5) respectively. Therapist time per patient and amount of mes-
sages were logged by the online platform.

In order to investigate mediators of treatment response, parti-
cipants were assessed weekly using the thought suppression sub-
scale of the CAQ, the self-regulation subscale of the
Multidimensional Assessment of Interoceptive Awareness
(MAIA; Mehling et al., 2012) and the Patient Health
Questionnaire-2 (PHQ-2; Arroll et al., 2010) which measures
depressive symptoms. Theoretically, a decrease in thought sup-
pression should mediate the treatment effects between IbET and
CTRL (the main focus in IbET is to reduce thought suppression
through operant extinction techniques) but not self-regulation
(which is rather the main treatment component in the CTRL
group), nor depressive symptoms. Thus, the hypothesised medi-
ator of effect was change in thought suppression and the compet-
ing control mediators were changes in self-regulation and
depressive symptoms.

In addition to efficacy and mediation analyses, we conducted a
cost-effectiveness analysis of the IbET intervention using the
Trimbos/iMTA questionnaire for Costs associated with
Psychiatric illness (TIC-P; Hakkaart-van Roijen and Donker,
2002) at baseline, post-treatment and at 4- and 12-month
follow-up. This self-rated questionnaire assesses monthly health-
care visits, medication consumption, sick-leave, work- and house-
hold cutback. The primary health economical outcome used
responder status measured using the PSWQ. The secondary out-
come was based on quality of life using the EuroQol questionnaire
(EQ-5D; Rabin and Charro, 2001).

Statistical analyses

Primary analyses were conducted according to the
intention-to-treat principle. The effect of group (IbET v. waiting-
list, CTRL v. waiting-list, IbET v. CTRL), time (baseline to week
10 using all weekly measures) and group × time interaction effects
were analysed using linear mixed models with maximum likeli-
hood estimations and random intercepts. Per protocol analyses
were also conducted only including participants completing all
treatment modules. Post-hoc tests on between-group differences
were conducted on therapist time, treatment credibility, working
alliance (controlling for symptom change) and on all outcome
measures at post-treatment using linear regression analysis.
Treatment sustainability was tested by repeating the mixed effects
regression model testing the effect of time on outcome from post-
treatment to 4- and 12-month follow-up for each treatment
group. χ2 analyses with risk ratios (RR) were used to test
between-group differences in responder rates at post-treatment.

The mediation analyses were conducted according to the
Preacher and Hayes (2008) framework using a mixed-effects
regression model. In the mediation analysis, we investigated if
group (IbET v. CTRL) interacted with time (week 0–10) on the
mediators (as the hypothesized mediator for the IbET was
thought suppression whereas neither self-regulation nor depres-
sive symptoms should theoretically mediate the treatment effects)
and also if the mediators interacted with the weekly outcome on
the PSWQ throughout the treatment period. The statistical sig-
nificance of the mediated effect (the ab product or indirect effect)
was investigated by constructing 95% confidence intervals around
the mediated effect based on 5000 bootstrapped resamples. All
competing mediators were analysed in the model simultaneously.

We also conducted a cost-effectiveness analysis based on both
specific symptoms (treatment responder) and a generic outcome

(quality adjusted life years; QALYs). Incremental cost-
effectiveness ratios (ICERs) were estimated using linear regression
with 5000 bootstrap replications and plotted in cost-effectiveness
planes.

Results

Figure 1 shows the participant flow through the trial and Table 1
presents baseline characteristics of the 311 included participants.
Data attrition was low at post-treatment (primary endpoint; 4%)
and at follow-up (9% at 4- and 12-months) and was equally dis-
tributed across the groups. As displayed in Table 1, three quarters
of the participants represented a wide spectrum of psychiatric dis-
orders marked by excessive worry while about a quarter did not
fulfil the criteria for any of the psychiatric disorders.

Primary outcome

Results are displayed in Table 2, online Supplementary eTables 3
and 4 and Fig. 2. Both IbET and CTRL were significantly more
effective in reducing worry compared with waiting-list ( ps <
0.001) and between-group effect sizes were in the large and
expected range at post-treatment (IbET v. waiting-list: d = 1.34,
95% CI 1.00–1.66 || CTRL v. waiting-list: d = 0.98, 95% CI
0.68–1.28). Importantly, IbET was superior to CTRL ( p < 0.001)
with a significant between-group effect-size at post-treatment
(d = 0.38, 95% CI 0.09–0.67). Per protocol analysis of participants
who completed all modules (∼30% in both groups) showed that
IbET was superior to CTRL ( p < 0.001) but with a considerably
larger between-group effect size at post-treatment (d = 0.79, 95%
CI 0.34–1.24). Both the IbET ( p = 0.003) and the CTRL ( p <
0.001) groups improved significantly from post-treatment to 4-
and 12-month follow-up. Detailed subgroup analyses are shown
in online Supplementary eFigs. 1–3.

Responder rates

There were 85 (63%) responders in the IbET group, 69 (51%) in
the CTRL group and 4 (13%) in the waiting-list condition respect-
ively at post-treatment. Both IbET [risk ratio (RR) = 4.76, 95% CI
1.90–11.96] and the CTRL group (RR = 3.83, 95% CI 1.52–9.69)
had significantly larger proportions of responders compared to
waiting-list and the IbET group had significantly more responders
than CTRL (RR = 1.24, 95% CI 1.01–1.53).

Secondary outcomes

IbET was superior to waiting-list in reducing cognitive avoidance
( p = 0.001), intolerance of uncertainty ( p < 0.001), depressive
symptoms ( p < 0.001) and also increased quality of life ( p =
0.022). The CTRL group had similar improvements on cognitive
avoidance ( p = 0.026), depressive symptoms ( p = 0.001) and
intolerance of uncertainty ( p = 0.012) but not on quality of life
compared to the waiting-list ( p = 0.112). IbET was superior to
CTRL on cognitive avoidance ( p = 0.006) and intolerance of
uncertainty ( p = 0.016) but not on depression nor quality of life
( ps = 0.113–0.306). Improvements were sustained for both IbET
and CTRL on depression and quality of life ( ps = 0.180–0.512)
at the 4- and 12-month follow-up. Both IbET and CTRL had
further reductions on intolerance of uncertainty and cognitive
avoidance ( ps = 0.001–<0.001) from post-treatment to the 4- and
12-month follow-up.
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Fig. 1. Trial profile. IbET, internet-based extinction therapy; CTRL, control condition (active comparator); PSWQ, Penn State Worry Questionnaire; MADRS-S,
Montgomery Asberg Depression Rating Scale – Self report; CBT, cognitive behaviour therapy.
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Table 1. Socio-demographic and clinical characteristics of the sample

Variable IbET (N = 140) CTRL (N = 140) WL (N = 31)

Gender

Women 113 (81%) 111 (79%) 24 (77%)

Men 27 (19%) 29 (21%) 7 (23%)

Age

Mean age (S.D.) 44 (16) 43 (14) 46 (13)

Min-max 19-87 21-79 26-70

Highest education

Primary school 2 (1%) 5 (4%) –

Secondary school 43 (31%) 43 (31%) 7 (23%)

College/university 77 (55%) 76 (54%) 18 (59%)

Other education 10 (7%) 10 (7%) 4 (13%)

Doctorate 8 (7%) 10 (7%) 2 (6%)

Occupational status

Working 96 (69%) 106 (76%) 23 (74%)

Student 20 (14%) 12 (9%) 1 (3%)

Retired 17 (12%) 13 (9%) 4 (13%)

Parental leave 2 (1%) 2 (1%) 1 (3%)

Unemployed 5 (4%) 7 (5%) 2 (6%)

Excessive worry

Mean length in years (S.D.) 22.29 (17.95) 22.67 (17.30) 21.71 (15.68)

Min-max 0–75 1–64 2–60

Psychiatric diagnoses according to the MINI

Current depressive episode 11 (8%) 18 (13%) 4 (13%)

Previous depressive episodes 79 (56%) 86 (61%) 18 (58%)

PD 13 (9%) 12 (9%) 1 (3%)

Agoraphobia 7 (5%) 8 (6%) 1 (3%)

SAD 22 (16%) 20 (14%) 5 (16%)

OCD 10 (7%) 6 (4%) 5 (16%)

Bulimia/binge eating disorder 3 (2%) 2 (1%) 1 (3%)

GAD 90 (64%) 89 (64%) 22 (71%)

Number of current diagnoses

No diagnosis 34 (24%) 35 (25%) 6 (20%)

One diagnosis 74 (53%) 71 (51%) 15 (48%)

Two diagnoses 17 (12%) 21 (15%) 8 (26%)

Three or more diagnoses 15 (11%) 13 (9%) 2 (7%)

Previous psychological treatments

CBT 56 (40%) 48 (34%) 11 (36%)

Psychodynamic therapy 16 (11%) 18 (13%) 3 (10%)

Other psychotherapy 45 (32%) 61 (44%) 15 (48%)

Current medication

Antidepressants 25 (18%) 18 (13%) 4 (13%)

Sedatives/hypnotics 23 (16%) 18 (13%) 4 (13%)

Neuroleptics 3 (2%) 4 (3%) –

Thyroxine 6 (4%) 7 (5%) 1 (3%)

IbET, internet-based extinction therapy; CTRL, control condition (active comparator); WL, waiting-list; PD, panic disorder; SAD, social anxiety disorder; OCD, obsessive-compulsive disorder;
GAD, generalized anxiety disorder; CBT, cognitive behaviour therapy.
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Control for non-specific factors

There were no significant differences between IbET and CTRL in
terms of completed modules, therapist time spent per participant,
number of sent or received messages, treatment credibility, nor
working alliance ( p = 0.073–0.694) (online Supplementary
eTable 5). Participants in the IbET group completed on average
5.89 (S.D. = 2.20) modules out of eight and the corresponding fig-
ure in the CTRL group was 6.03 (S.D. = 2.02). The treating thera-
pists spent on average 130 (S.D. = 89) minutes per participant in
the IbET group and 113 (S.D. = 72) minutes per participant in
the CTRL condition. Thus, the superior improvements in IbET
compared to the active comparator could not be attributed to sys-
tematic differences in non-specific factors.

Adverse events and protocol deviations

There were six protocol deviations associated with changes in
antidepressants or antipsychotics during the acute treatment

period (four deviations in the IbET group and two in the
CTRL group). Results remained the same after repeating the
main analyses excluding these participants in the outcome ana-
lyses. No serious adverse events were reported (online
Supplementary eTable 7).

Mediation analysis

As hypothesized, the thought suppression subscale on the CAQ
significantly mediated the effect in the IbET group compared
with CTRL [43% proportion mediated effect controlling for
the competing mediators, ab point estimate = −0.11, (95% CI
−0.06 to −0.17), p < 0.001]. As expected, neither the self-
regulation subscale on the MAIA [estimate = 0.01, (95% CI
−0.03 to 0.05), p = 0.64], nor depressive symptoms, assessed
using the PHQ-2 [estimate =−0.01, (95% CI −0.04 to 0.02), p
= 0.50], mediated the treatment effects (online Supplementary
eTable 6).

Table 2. Treatment outcome mean scores, by group

IbET (n = 140) CTRL (n = 140) WL (n = 31)

Variable m S.D. m S.D. m S.D.

PSWQ

Pre-treatment 65.46 6.93 65.20 7.54 66.74 6.33

Post-treatment 52.99 11.49 55.93 10.71 65.00 8.45

4 FUP 50.92 11.26 52.48 10.91

12 FUP 50.55 10.96 52.61 11.48

CAQ

Pre-treatment 68.85 20.02 68.04 19.97 68.77 17.87

Post-treatment 59.19 18.88 64.41 20.50 70.90 21.12

4 FUP 53.78 18.81 53.94 19.25

12 FUP 54.16 17.11 57.91 21.70

MADRS-S

Pre-treatment 14.76 6.50 14.33 6.30 16.03 6.00

Post-treatment 10.30 6.37 10.89 7.22 16.23 6.86

4 FUP 9.75 6.66 9.39 6.08

12 FUP 9.68 6.13 10.29 7.13

IUS

Pre-treatment 77.38 21.75 75.48 19.93 77.55 20.03

Post-treatment 63.22 20.60 66.12 22.22 76.57 21.55

4 FUP 61.16 19.88 61.16 21.61

12 FUP 59.19 20.41 60.75 21.75

BBQ

Pre-treatment 45.92 20.57 43.81 21.71 42.42 18.59

Post-treatment 54.17 20.40 49.84 21.61 43.07 20.58

4 FUP 54.14 22.71 53.47 23.02

12 FUP 53.43 21.43 50.98 22.54

IbET, internet-based extinction therapy; CTRL, control condition (active comparator); WL, waiting-list; PSWQ, Penn State Worry Questionnaire; CAQ, Cognitive Avoidance Questionnaire;
MADRS-S, Montgomery Asberg Depression Rating Scale – Self report; IUS, Intolerance of Uncertainty Scale; BBQ, Brunnsviken Brief Quality of life Questionnaire; 4 FUP, 4-month follow-up; 12
FUP, 12-month follow-up.
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Cost-effectiveness analysis

Cost-effectiveness planes are shown in Fig. 3. The average ICER
between IbET and CTRL was −550€ which means that each
improved case of excessive worry was associated with a societal
earning of 550€. The corresponding ICER estimating QALYs
was 7300€ (online Supplementary eTable 8).

Discussion

The results of this trial showed that a novel scalable internet-based
psychological intervention (IbET) can be effective and cost-
effective in reducing excessive worry compared with an active
control comparator (CTRL). Importantly, the IbET and CTRL
groups did not differ on non-specific factors such as therapist
attention, number of completed modules, treatment credibility
or therapeutic alliance. From a clinical perspective, we believe
that the findings of this study are important for several reasons.
First, the trial suggests that clinicians may use IbET for a range
of patients where excessive worry is the primary concern but
who do not suffer from serious disorders such as
moderate-to-severe depression and post-traumatic stress disorder.
This may be of particular importance for clinicians in primary
care where a substantial proportion of patients present with sub-
threshold anxiety- and depressive disorders, but still experience
significant functional impairments (Batelaan et al., 2007; de
Bruijn et al., 2010; Sarsour et al., 2011). Second, using the internet
to deliver and scale up treatments means that a wider population
can be reached. Third, as indicated in the health economical
evaluation, IbET is a potentially cost-effective treatment. An
important next step is to investigate whether the results from
this trial are generalizable to the ‘real world’ setting. Although
there is evidence that internet-delivered treatments are efficacious
when implemented in regular care (Hedman et al., 2013, 2014b),
there may be several therapist and patient characteristics that
affect the outcomes when tested in real-world practice
(Gibbons, Wiltsey Stirman, DeRubeis, Newman, & Beck, 2013;
Holmqvist, Philips, & Barkham, 2015; Kazdin, 2008).

As a novel element, the treatment used in this study (IbET)
targets a specific psychological process (excessive worry) common
in several psychiatric disorders, instead of treating the disorder as

a whole. The participants in this trial represented a range of dif-
ferent psychiatric disorders and one-quarter of the sample did not
fulfil the criteria of any psychiatric condition but nonetheless
experienced excessive worry only. This focus on precision-based
interventions for specific processes has been highlighted by the
NIMH (Cuthbert & Insel, 2013; Insel & Gogtay, 2014) and is
part of a scientific shift towards process- rather than
diagnosis-oriented interventions. Thus, the present trial repre-
sents a clear step forward in the understanding and treatment
of psychiatric disorders (Holmes et al., 2018). With that being
said, GAD was clearly the most common diagnosis in the present
sample, which probably reflects that worry is a core symptom of
this disorder. Our subgroup analyses (shown in the online supple-
ment) however indicated that this treatment is effective also for a
wider spectrum of symptom profiles and not just for the GAD
population.

Another important feature in the current study and in line
with recent recommendations from NIMH (Insel & Gogtay,
2014) was to include a mediation analysis. As hypothesized, a
decrease in thought suppression (which is the main principle of
the IbET treatment but not in the active comparator) mediated
the treatment effects between IbET and CTRL while the compet-
ing non-relevant mediators (self-regulation and depressive symp-
toms) did not. Although these analyses were correlational (i.e. not
causal) by nature, the results from the mediation analyses in the
present study provide further support for the proposed mechan-
isms in the IbET treatment. In future studies we aim to link the
completion of specific modules to subsequent changes in the
mediators in a panel data analysis, in order to better understand
the mechanisms of change in the IbET treatment. A next step
could also be to make a qualitative in-depth analysis of treatment
adherence as, judging from the large effect sizes observed in this
trial, completing all modules does not seem to be necessary for
substantial improvements to occur. Another important target
for future research is to investigate whether intervening in
worry processes can have a cascade effect and affect the expres-
sion of other psychiatric symptoms, as indicated by a previous
trial (Freeman et al., 2015).

It is important to stress that the active comparator used in this
trial was also highly efficacious in reducing worry symptoms com-
pared to the waiting-list group. This is not surprising given that
the interventions included in the CTRL treatment consisted
mainly of relaxation exercises, which are recommended interven-
tion strategies by the NICE guidelines (2011) to tackle worry and
GAD. A recommendation for future studies is therefore to analyse
moderators and/or moderated mediators of treatment response
and investigate who would benefit most from which treatment.

The strengths of this study were the randomised design, weekly
measurements, the control for non-specific treatment factors, the
low attrition rates and the high statistical power. Additionally, the
firm structure of the internet-format with standardised written
texts significantly reduces the risk of therapy drift. Major limita-
tions were that participants were self-referred and that we
excluded participants with severe disorders such as
moderate-to-severe depression, substance dependence, self-harm
and post-traumatic stress disorder. This may affect the external
validity of the results, which may not be generalizable to the
whole population with excessive worry. On the other hand, the
advantage of IbET is that it is an accessible and scalable interven-
tion that may target populations who would not otherwise receive
care. Moreover, only 9% of the applicants were excluded due to
high depressive symptoms and only a fraction (1.6%) was

Fig. 2. Change on primary outcome (Penn State Worry Questionnaire) during the
treatment phase. IbET, internet-based extinction therapy; CTRL, control condition
(active comparator); WL, waiting-list. The graph shows adjusted mean values and
95% confidence intervals for each group.
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excluded due to the other exclusion criteria. We therefore view the
impact on the generalizability of the results as fairly limited, but
future research should investigate whether the IbET treatment is
also effective for patients with a broader range of disorders.
Also, as in most trials of psychological disorders, we did not
use a structured diagnostic assessment of personality disorders
and it is therefore still unclear how well IbET works for this par-
ticular patient group. Additionally, the therapists were not blinded
to the study hypothesis. A final limitation of the current study was
the use of a self-administered outcome measurement. A
meta-analysis has shown that effect sizes based on self-report
measures for worry are lower than clinician-rated instruments
(Cuijpers et al., 2014). Consequently, it is possible that the
between-group effect sizes in this study were underestimated.

Despite these limitations, we regard the results in this trial as
clinically and scientifically relevant. We conclude that IbET is
an effective and cost-effective treatment for people with excessive

worry but without severe psychiatric problems. Replication and
further extension of study results to real-world settings is
warranted.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291720000781
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willingness to pay (WTP) of 1000€ for one extra responder case, the probability of IbET being cost-effective compared to CTRL rises to 99%. The upper right cost-
effectiveness plane compares IbET v. waiting list using responder status as outcome. Here, 90% of the dots are located in the northeast quadrant indicating that
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