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Abstract

Background: Psychotic experiences, social functioning and general psychopathology are important targets for early
intervention in individuals with Ultra-High-Risk state (UHR) and a first-episode psychosis (FEP). Acceptance and
Commitment Therapy (ACT) is a promising, next-generation Cognitive Behavioural Therapy (CBT) that aims to
modify these targets, but evidence on sustainable change and its underlying mechanisms in individuals’ daily lives
remains limited. The aim of the INTERACT study is to investigate the efficacy of a novel ecological momentary
intervention, Acceptance and Commitment Therapy in Daily Life (ACT-DL) in a multi-centre randomised controlled
trial of individuals with UHR or FEP.

Methods/design: In a multi-centre randomised controlled trial, individuals aged 16–65 years with UHR or FEP will be
randomly allocated to ACT-DL in addition to treatment as usual (TAU) as the experimental condition or a control
condition of TAU only, which will include – for the entire study period – access to routine mental health care and, where
applicable, CBT for psychosis (CBTp). Outcomes will be assessed at baseline (i.e. before randomisation), post-intervention
(i.e. after the 8-week intervention period), and 6-month and 12-month follow-ups (i.e. 6 and 12months after completing
the intervention period) by blinded assessors. The primary outcome will be distress associated with psychotic experiences,
while secondary outcomes will include (momentary) psychotic experiences, social functioning and psychopathology.
Process measures to assess putative mechanisms of change will include psychological flexibility, stress sensitivity and
reward experiences. In addition, acceptability, treatment adherence and treatment fidelity of ACT-DL will be assessed.

Discussion: The current study is the first to test the efficacy of ACT-DL in individuals with UHR and FEP. If this trial
demonstrates the efficacy of ACT-DL, it has the potential to significantly advance the treatment of people with UHR and
FEP and, more generally, provides initial support for implementing mHealth interventions in mental health services.

Trial registration: Netherlands Trial Register, ID: NTR4252. Registered on 26 September 2013.
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Background
The state of Ultra-High-Risk (UHR) (also known as an At-
Risk Mental State (ARMS) or High-Risk (HR) state) [1, 2] is
associated with an increased risk of developing a first-
episode psychosis (FEP), with meta-analytic evidence sug-
gesting that conversion to FEP is most likely to occur
within 2 years (risk estimate, 29%; 95% CI, 23–36) and to
plateau from the third year after presentation to mental
health services (risk estimate, 36% after 3 years, approxi-
mately 35% after 10 years) [3, 4]. This has been taken to
suggest that the UHR state is temporally and phenomeno-
logically continuous with FEP [5], together reflecting the
early stages of psychotic disorder [1, 2, 5–7]. Further, social
functioning of UHR individuals, who do neither convert to
psychosis nor remit, has been reported to be lower than in
healthy controls and remarkably similar to those who con-
vert to psychosis [8]. It has been argued that providing an
avenue for help in individuals with UHR is important to re-
duce distress associated with psychotic experiences and im-
paired functioning to prevent deterioration and persistence
prior to the onset of full-blown psychotic symptoms [9].
While sustained periods of remission occur after the first
onset of a psychotic disorder [10], persisting psychotic
symptoms are associated with significant levels of distress
[11, 12] and poor long-term functioning and social out-
comes have been reported for the majority of FEP individ-
uals [10, 13], who face a marked mortality gap compared
with the general population [14].
A number of psychological mechanisms have been

proposed by current aetiological models that may con-
tribute across different phenomenological and temporal
stages to the development of psychosis [15–20]. One
mechanism that has been repeatedly suggested to play
an important role is behavioural sensitisation, which has
been posited to amplify the stress response in individuals
with increased genetic and/or socio-environmental risk,
such that they experience a greater response to even
minor stressors and daily hassles, which, in turn, con-
tributes to pushing them along a pathway to psychosis
over time [21]. At the behavioural level, the most com-
monly used marker of this underlying process of behav-
ioural sensitisation is stress sensitivity, characterised by
stronger negative emotional reactions to minor stressors
in daily life [22, 23]. Previous research suggests that
emotional reactivity to minor stressful events, activities,
and social situations is increased in individuals with
UHR [23, 24] and FEP [23]. At the same time, it has
been shown that deficits in reward experience are linked
to motivational impairments in psychosis [25, 26].
Developing and evaluating interventions that directly

modify these putative mechanisms in daily life to reduce
the intensity of psychotic experiences at an early stage is
a promising strategy for preventing transition to, and
improving outcomes of, psychosis [23, 27–29]. Building

on recent advances in the field of mobile Health
(mHealth) interventions [30], we have recently proposed
an ecological interventionist causal model approach for
targeting psychological mechanisms in daily life [29].
This approach draws on ecological momentary interven-
tions (EMIs) (as proposed by our own group [28, 29]
and others [31]), which deliver real-time psychological
interventions in daily life, thereby, enabling individuals
to access interventions that are tailored to what a person
needs in a given moment and context, with the goal of
producing changes in mechanisms that lead to sustain-
able change in intended outcomes under real-world con-
ditions [29].
While the initial evidence suggests that psychological

interventions such as Cognitive Behavioural Therapy
(CBT) may be efficacious in reducing transition rates in
individuals with UHR, there is still only a small number
of methodologically robust studies to investigate this
issue, and evidence on sustainable change in relation to
distress associated with symptoms, social functioning as
well as the above-mentioned psychological mechanisms
remains very limited [32–34]. Recently, there has been
increasing interest in Acceptance and Commitment
Therapy (ACT), which is a next-generation CBT target-
ing the relationship of individuals with their feelings and
thoughts rather than their content, with the overarching
goal of enhancing individuals’ psychological flexibility
[35, 36]. ACT aims to train individuals in core psycho-
logical processes of acceptance (e.g. of unpleasant,
stressful feelings and thoughts), non-judgemental con-
tact with the present moment, values, committed action,
self as context, and cognitive defusion [35, 37–39].
While ACT components targeting acceptance are likely
to be effective in attenuating stress sensitivity, ACT
components targeting commitment (values, committed
action) are likely to enhance reward-related motivated
action. There is good evidence on the feasibility and ac-
ceptability of ACT in people with psychosis [40, 41]. Ini-
tial evidence further suggests that ACT may reduce
hospital re-admission rates, psychotic and affective
symptoms, social impairment, and distress associated
with hallucinations in this population [42–45]. While
some studies have reported an effect of ACT on
hypothesised mechanisms (such as experiential avoid-
ance or belief flexibility about symptoms) [39, 40, 44], a
recent RCT in people with persisting psychotic symp-
toms did not find an effect on targeted mechanisms,
calling for improved investigation of psychological pro-
cesses underlying change in distress and other outcomes
[45]. Further, our understanding of whether, and if so
how, therapeutic effects translate into individuals’ daily
lives remains very limited.
Delivering ACT and evaluating its effects on putative

mechanisms in daily life based on principles of EMIs is,
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therefore, both timely and eminently important. Ac-
ceptance and Commitment Therapy in Daily Life
(ACT-DL) has recently been developed for enhancing
the therapeutic effects of ACT under real-world condi-
tions [28–30, 46]. ACT may be particularly amenable to
be implemented as an EMI, as it emphasises the con-
text in which a behavior occurs as well as the function
of this behavior in a given context [46]. In a recently
completed pilot study to evaluate the acceptability and
clinical feasibility of ACT-DL in a heterogeneous clin-
ical sample of patients with mental disorder, very good
completion rates, use of exercises, and positive user ex-
perience were found [47], but there is no robust, trial-
based evidence on its effects in the early stages of
psychosis.
Against this background, the aim of the current study

is to investigate the efficacy of ACT-DL in a multi-
centre randomised controlled trial of patients with UHR
or FEP (INTERACT). The manualised ACT-DL inter-
vention will be administered to UHR and FEP patients
in addition to treatment as usual (TAU) (experimental
condition) and compared to a control condition of TAU
only, which will be standard mental health care includ-
ing Cognitive Behavioural Therapy for psychosis (CBTp)
where applicable. Specifically, the study aims to:

1. Test the efficacy of ACT-DL on reducing distress
associated with psychotic experiences at post-
intervention, 6-month and 12-month follow-ups
(primary outcome)

2. Test the efficacy of ACT-DL on reducing (moment-
ary) psychotic experiences, psychopathology, and
improving social functioning (secondary outcomes),
as well as on reducing stress sensitivity and enhan-
cing reward experience and psychological flexibility
(process measures to assess mechanisms of change)
at post-intervention, 6-month, and 12-month
follow-ups

3. Examine, consistent with established credibility
criteria [48], the effects of ACT-DL in UHR com-
pared with FEP individuals in a priori planned sub-
group analyses

4. Assess the acceptability, treatment adherence and
treatment fidelity of ACT-DL in UHR and FEP
patients

Methods/design
Study design
In a multi-centre randomised controlled trial, individ-
uals aged 16–65 years with UHR or FEP will be
randomly allocated to ACT-DL in addition to TAU as
the experimental condition or a control condition of
TAU only, which will include routine mental health
care and, where applicable, CBTp. Participants will be

recruited from mental health services in the
Netherlands and Flanders, Belgium. Outcomes will be
assessed at baseline (i.e. before randomisation), post-
intervention (i.e. after the 8-week intervention period),
and 6-month and 12-month follow-ups (i.e. 6 and 12
months after completing the intervention period) by
blinded assessors (see Figs. 1 and 2, and Additional file
1 in Supplementary information). Randomisation will
be conducted by an independent researcher through a
computer-generated sequence. All outcomes will be
assessed and all statistical analyses will be conducted
blind to treatment allocation.

Participants
The study will aim to recruit 150 participants with UHR or
FEP from secondary mental health services at clinical sites
of five centres: (1) Amsterdam (Academic Medical Centre,
Arkin Basis GGZ), (2) The Hague (Parnassia/PsyQ), (3)
Maastricht/Eindhoven (Mondriaan, Virenze, GGZE) (all in
the Netherlands), (4) Flemish-Brabant (Leuven (UPC KU
Leuven), Antwerp (VDIP), Diest (Sint-Annendael), Mortsel
(PCM)), and (5) East/West Flanders (Brugge (OLV), Melle
(Karus), Sint Niklaas (VDIP)) (all in Belgium). Individuals
receiving care from these secondary mental health services
will be approached by a clinician of these services, who will
provide initial information about the study. Individuals,
who are interested to take part in the study, will be asked
for their consent to be approached by a member of the re-
search team to learn more about the study. If the potential
participant agrees, they will be fully informed about the
study in a face-to-face session or on the phone by a re-
searcher and, after 1 week, asked for written informed con-
sent. Full eligibility assessment will be conducted by the
researcher once participants have provided written in-
formed consent, which can be withdrawn at any time with-
out any negative consequences for participants. Participants
will be rewarded financially for complete participation, and
travel expenses will be fully reimbursed.

Inclusion criteria
The inclusion criteria are as follows: (1) aged 16–65
years; (2) an UHR (without prior use of antipsychotic
medication) or FEP (onset within last 3 years) as assessed
by the Comprehensive Assessment of At Risk Mental
State (CAARMS) [1] and Nottingham Onset Schedule
(NOS) [49]; (3) sufficient command of the Dutch lan-
guage to follow instructions for assessment of outcomes
and receiving the intervention; and (4) ability to provide
written informed consent.

Exclusion criteria
The exclusion criteria are as follows: (1) a primary
diagnosis of alcohol/substance abuse and dependence,
assessed with the Mini-International Neuropsychiatric
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Interview (MINI) [50]; and (2) severe endocrine, car-
diovascular or brain disease.

Interventions
Control condition: treatment as usual (TAU)
Participants allocated to the treatment as usual (TAU)
control condition will continue to receive all the treat-
ment they received prior to the start of the study. This
will include good standard care delivered according to
local and national service guidelines and protocols by
their general practitioner, psychiatrist and other mem-
bers of the mental health care team. Standard mental
health care will include CBTp at some sites, which will
be assessed together with other service contacts using a
service-use checklist to monitor variation in the delivery

of mental health services and allow for planned sub-
group analysis.

Experimental condition: ACT-DL + TAU
Participants allocated to the experimental condition will
receive ACT-DL with trained clinicians within an 8-
week period in addition to TAU, which will consist of all
the treatment that they received prior to the start of the
study and include all the input from their general practi-
tioner, psychiatrist, and other members of the mental
health care team that they would receive if they did not
participate in the study, with the exception of manua-
lised CBTp. The intervention can be discontinued by
participants at any time upon request without any nega-
tive consequences.

Fig. 1 Anticipated study flowchart
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The manualised ACT-DL intervention consists of eight
ACT training sessions (including one session for psychoe-
ducation) administered face-to-face by a trained clinician
(i.e. psychologists having received a 5-day training in
ACT-DL and receiving fortnightly supervision sessions for
the purposes of the trial), each for around 45–60min, and
an ACT-based EMI, which participants will receive follow-
ing randomisation to the experimental condition [46],
over an 8-week intervention period. The latter will be ad-
ministered through a smartphone-based app (i.e. the Psy-
Mate™ app) to allow participants to apply the skills that
they have been trained into their daily lives [28–30]. The
first six face-to-face ACT sessions are based on a modified
version of ACT for people with psychosis [35, 43, 44, 51]
and aim to enhance participants’ psychological flexibility
by training them in six core components: creative hope-
lessness, acceptance, cognitive defusion, self as context
and contact with the present moment, values, and com-
mitted action [46, 52]. In the last session, all six compo-
nents will be integrated and reviewed.
The ACT-based EMI will train participants in applying

the ACT techniques and skills from the sessions to their
daily life through exercises and metaphors focussing on
the six ACT components without involvement of the
trained clinician on at least three consecutive days per
week following (from session 2) each face-to-face ses-
sion. On each of these days, participants receive prompts
on the app at eight semi-random moments, asking them
to complete a brief questionnaire on their current mood,
psychotic experiences and activities, with the goal of in-
creasing awareness of their current psychological state.
Participants are then offered either an ACT exercise or
metaphor training them in the ACT component covered
in the face-to-face session. After participants are trained
in each ACT component separately, the EMI is extended
to cover the full range of components in order to train
participants to flexibly adopt ACT skills and techniques
depending on the context. In addition, participants are
asked to apply skills and techniques in situations when
they are most needed (e.g. at times of distress associated
with psychotic experiences, during challenging activities
or situations). After completion of the intervention
period, participants will no longer have access to the
app. Please see Steinhart et al. [46] for a more detailed
account of the ACT-DL intervention.

Outcomes
Following written informed consent and full eligibility
assessment, all eligible patients will be assessed on all
outcomes before randomisation (‘baseline’), after the 8-
week intervention period (‘post-intervention’), and after
a 6-month and 12-month follow-up periods (‘follow-up’)
by blinded assessors (see Fig. 1). Secondary outcomes
and process measures using the Experience Sampling

Fig. 2 Standard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) Figure
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Method (ESM) will be assessed at baseline, post-
intervention, and 6-month follow-up.

Primary outcomes
The primary outcome of the study is distress associated
with psychotic experiences measured with the mean dis-
tress score of the CAARMS positive symptom subscale
(range 0–100) [1]. The CAARMS is a semi-structured
interview, which is sensitive to change [33] and shows a
high reliability [53].

Secondary outcomes
The secondary outcomes of the study are global and so-
cial functioning, (momentary) psychotic experiences,
and psychopathology. Measures to assesses secondary
outcomes will include the Global Assessment of Func-
tioning (GAF) [54] scale, the Social and Occupational
Functioning Assessment Scale (SOFAS) [55], and the So-
cial Functioning Scale (SFS) [56] to assess global and so-
cial functioning. In addition, the Experience Sampling
Method (ESM), a structured, random time-sampling
diary technique will be used to measure activities and
social contacts ten times per day over a period of six
consecutive days using an established ESM data collec-
tion protocol on a smartphone-based app (the PsyMate™
app) [22–24, 57–60] in order to assess momentary social
functioning [61]. Secondary outcome measures will fur-
ther include the Brief Psychiatric Rating Scale (BPRS)
[62] and the Brief Negative Symptom Scale (BNSS) [63]
to cover the full range of psychotic experiences and psy-
chopathology as well as the CAARMS and Positive and
Negative Syndrome Scale (PANSS) [64] for a-priori
planned subgroup analyses in UHR and FEP partici-
pants. Also, psychopathology will be assessed in daily life
with ESM (including momentary psychotic experiences
and momentary negative affect).

Process measures
Process measures to assess putative mechanisms of
change will include ESM measures of minor stressors,
negative affect, pleasantness of events, and positive affect
to assess stress sensitivity (operationalised as an increase
in negative affect in response to minor stressors) and re-
ward experience (operationalised as an increase in posi-
tive affect in response to pleasant events) at baseline,
post-intervention, and 6-month (and – for non-ESM
measures – 12-month) follow-up [22–24, 57–60]. Psy-
chological flexibility operationalised as the six core ACT
competences (see above) will be measured using the Ac-
ceptance and Action Questionnaire [65, 66], the Five
Facet Mindfulness Questionnaire [67], the Flexibility
Index Test [68], and the ESM. Cognitive flexibility will
be measured using the PSYRATS to assess belief flexibil-
ity [69], the beads task to assess reasoning bias [70], and

experimental Experience Sampling Methodology (eESM)
task for measuring liberal acceptance bias [71]. In
addition, the Temporal Experience of Pleasure Scale
(TEPS) [72] will be used to assess anticipatory and con-
summatory pleasure and, more broadly, reward experi-
ence. The therapeutic alliance will be assessed using the
Working Alliance Inventory [73, 74] and will involve
clinician and patient ratings. In addition, the app-based
EMI of ACT-DL will provide detailed process measures
of mood, psychotic experiences and activities in the ex-
perimental condition.

Acceptability, treatment adherence and treatment fidelity
Acceptability of ACT-DL will be assessed at post-
intervention through a questionnaire asking participants
to evaluate ease of use, accessibility and comprehensive-
ness of various components of the intervention. The
app-based EMI of ACT-DL will further provide detailed
data on treatment adherence to ACT-DL (e.g. number
of exercises completed per week). Treatment fidelity will
be rated based on a random selection of audio tapes of
three training sessions recorded by clinicians delivering
ACT-DL using an ACT-DL adherence checklist covering
all core ACT and EMI components [46].

Other measures
Other measures will assess socio-demographic charac-
teristics, alcohol/substance use (Composite International
Diagnostic Interview [75], MINI [50]), current and past
medication use, and IQ (Dutch Adult Reading Test [76])
as potential confounders that may be associated with
primary and secondary outcomes. Service use will be
assessed using a therapy classification checklist. Also,
personality (Eysenck Personality Questionnaire [77]),
trait anxiety (State-Trait Anxiety Inventory [78]), depres-
sion (Beck Depression Inventory-II [79]), psychotic expe-
riences (Prodromal Questionnaire Long Version [80]),
attachment (Psychosis Attachment Measure [81]), and
childhood trauma (Childhood Trauma Questionnaire
[82]) will be assessed.

Sample size
Previous studies suggest that third-wave CBT [40, 83, 84],
including ACT [40, 44], may yield reductions in psychotic
experiences of moderate to large effect size. Consistent
with previous research [44], the power calculation is based
on the primary outcome of a reduction in distress associ-
ated with psychotic experiences of moderate effect size
(i.e. in line with Gaudiano and Herbert [44]) measured
with the CAARMS. Power simulation in R indicates that a
sample size of n = 150 participants (75 experimental, 75
control condition) will be sufficient to test our primary hy-
pothesis of the effect of condition (ACT-DL + TAU vs.
TAU) on distress associated with psychotic experiences at
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all three time points (i.e. post-intervention, 6-month and
12-month follow-ups), which will be tested using an
omnibus test of no difference between the two conditions
at all three time points against the two-sided alternative
hypothesis that there is a difference at one (or more) of
the three follow-up time points, while controlling for base-
line distress associated with psychotic experiences. Specif-
ically, we expect an attrition rate of 31%, resulting in a loss
to follow-up of 23 individuals per condition on average.
Hence, we will recruit a total sample of n = 150 partici-
pants (75 per arm) at baseline to the study, which allows
for a 31% attrition rate and leaves n = 104 participants to
detect a medium effect size of d = 0.5 at (at least) one of
the post-intervention and follow-up time points, with a
power of 0.92 when testing at alpha = 0.05. Power simula-
tion further indicates that a sample of 150 participants,
will be sufficient to detect a large effect size (Cohen’s d =
0.8) at p < 0.05 for the difference in the effect of condition
on distress associated with psychotic experiences between
FEP and UHR with a power of 0.75 at post-intervention
and follow-up in a-priori planned subgroup analysis, while
allowing, again, for a 31% attrition rate (notably, given the
power calculation expected this attrition rate to be con-
stant at all three time points and not to increase – as is ex-
pected – over time (see Fig. 1), power was under-
estimated for this secondary analysis). Hence, this sample
size will allow us to test the secondary hypothesis whether
there is a clinically meaningful difference (of large effect
size) between FEP and UHR that would be relevant to be
considered in the implementation of ACT-DL in routine
care for these patient groups.

Randomisation and blinding
Participants will be randomised at a 50:50 ratio to the
experimental or control condition at the level of the in-
dividual participant by an independent researcher
through a computer-generated sequence following in-
formed consent, full eligibility assessment, and assess-
ment of all outcome measures. Block randomisation
will be carried out in blocks of six participants, with
stratification for the five centres (Amsterdam, The
Hague, Maastricht/Eindhoven, Flemish-Brabant, East/
West Flanders) and two groups of UHR and FEP
(expecting a 50:50 ratio of UHR and FEP to be included
in the sample). The researchers will be blind to the al-
location of participants to the experimental and control
group of the study. There will be a contact person for
any questions regarding the procedure that is not in-
volved in any testing to allow researchers to be blind
towards the allocation of participants when assessing
outcomes. Any breaks in blindness will be documented
and another researcher will be allocated to complete
the next set of assessments where possible.

Assessment of safety
We will monitor and record any serious adverse events
throughout the entire study period. These are any serious
untoward incidents that result in death, persistent or sig-
nificant disability or incapacity, require (extension of) hos-
pitalisation or are life-threatening. Serious adverse events
are not expected to occur as a result of the intervention.
All serious adverse events will be reported to the accre-
dited Medical Ethics Review Committees (MERC). If there
are concerns about unexpectedly high rates of serious ad-
verse events, this will be investigated further in interim
analyses and if this yields any safety or ethical concerns
the Trial Management Committee will terminate the trial
prematurely.

Statistical analysis
The investigators will access the final trial dataset to test
the primary hypothesis of a reduction in distress associ-
ated with psychotic experiences measured with the
CAARMS using a linear regression model with distress
at all three time points (i.e. post-intervention, 6-month
and 12-month follow-ups) as the dependent variable and
distress at baseline, condition (ACT-DL + TAU vs.
TAU), time (as a three-level factor), centre (as a five-
level factor), the baseline × time interaction, and the
condition × time interaction as independent variables,
according to the intention-to-treat principle. Within-
subject clustering of repeated measures will be taken
into account by allowing residuals within subjects to be
correlated with a completely unstructured variance-
covariance matrix.
The model will be fitted using restricted maximum

likelihood estimation using Stata 15 [85]. This will allow
for the use of all available data under the assumption
that data is missing at random and if all variables associ-
ated with missing values are included in the model [86,
87]. Hence, bias due to attrition over time, due to differ-
ence between groups, or as a function of baseline dis-
tress is already mitigated by the model. Potential bias
due to missing outcomes will be assessed in descriptive
analyses of baseline characteristics stratified by missing
data for the primary outcome and condition as follows:
(a) experimental condition with no missing primary out-
come at post-intervention time point, (b) experimental
condition with missing primary outcome at post-
intervention time point, (c) control condition with no
missing primary outcome at post-intervention time
point, and (d) control condition with missing primary
outcome at post-intervention time point [88, 89].
The main effect of condition will be tested via an

omnibus test of no difference between the two condi-
tions at all three time points (Wald-type test with df = 3
and alpha = .05). Should the omnibus test be statistically
significant, then the three time-specific contrasts will be
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examined to determine at which time points significant
differences are present (each tested at alpha = .05). Sec-
ondary hypotheses and analyses of process measures to
assess putative mechanisms of change will be tested fol-
lowing the same steps. Given that block randomisation
will be carried out in blocks of six participants, with
stratification for centre and group, all analyses will in-
clude centre and group as covariate, even though there
is little reason to expect noteworthy clustering of out-
comes by centre.
In addition, multilevel mediation analysis will be used

to test indirect effects of condition on primary outcomes
(distress associated with psychotic experiences) and sec-
ondary outcomes (psychotic experiences, psychopath-
ology, social functioning) via pathways through putative
mechanisms of change (psychological flexibility, stress
sensitivity, reward experience). Multilevel mediation
models will be fitted in MPlus, Version 7 [90], to control
for within-subject clustering of multiple time points [91,
92], using the MLR estimator, which allows for the use
of all available data under the assumption that data is
missing at random (if all variables associated with miss-
ing values are included in the model). In a two-level
model, multiple time points (level 1) will be treated as
nested within subjects (level 2). The total effect of condi-
tion (level 2) on primary/secondary outcomes (level 1)
will be apportioned into direct and indirect (or, syn-
onymously, mediating) effects through putative mecha-
nisms of change (level 1) using the product of
coefficients strategy. This strategy quantifies the point
estimate of the indirect effect as the product of the coef-
ficient of independent variable on mediator variable
(path a) and the coefficient of mediator variable on
dependent variable (path b). We will use statistical soft-
ware by Selig and Preacher [93] for computing Monte
Carlo confidence intervals and assessing the statistical
significance of indirect effects, given their advantages
over rival methods in the context of multilevel mediation
models [93, 94].
For analysis involving ESM variables, multiple ESM

observations (level 1) will be treated as nested within
time points (baseline, post-intervention, 6-month
follow-ups) (level 2) and time points as nested within
subjects (level 3). Consistent with established credibil-
ity criteria [48], we will further test the effects of
ACT-DL in UHR compared with FEP individuals in
a-priori planned subgroup analyses. For subgroup
analyses comparing UHR and FEP, data on the group
variable (UHR, FEP) will be measured prior to ran-
domisation (to address the criterion that the subgroup
characteristic is measured at baseline) to investigate
whether there is a difference in the reduction in dis-
tress associated with psychotic experiences measured
with the CAARMS of large effect size between UHR

and FEP participants (to address the criterion that the
expected difference/effect size is specified a priori)
given that only a large effect size would be relevant
for implementation of ACT-DL in routine care. It will
further be examined whether this effect is (a) consist-
ent across (primary and secondary) outcomes and (b)
supported by indirect evidence on putative mecha-
nisms of change (psychological flexibility, stress
sensitivity, reward experience). In more exploratory
sensitivity analyses, we will compare ACT-DL + TAU,
CBTp + TAU and TAU only to investigate whether
the reduction in distress associated with psychotic ex-
periences measured with the CAARMS will be greater
for CBTp + TAU than TAU only as well as for ACT-
DL than CBTp.

Research governance
Maastricht University is the study sponsor. The trial has
received a favourable ethical opinion from the MERC at
Maastricht University Medical Centre (MUMC), the
Netherlands (reference: NL46439.068.13) and the Univer-
sity Clinic Leuven, Belgium (reference: B322201629214).
Any amendments to the study protocol will be submitted
to the MERC for approval and then communicated to the
sponsor, funder, and centres. The protocol will also be up-
dated in the clinical trial registry. Any deviations from the
study protocol will be fully documented using a breach re-
port form. The principal investigator (PI) will have overall
responsibility for the trial and will be supported by a dedi-
cated research coordinator in the day-to-day management
of the trial. The PI will lead the trial coordinating centre
and, together with the research coordinator, liaise closely
with the site coordinators on recruitment and consent
procedures. The Trial Management Committee will meet
on a monthly basis and consist of all investigators, the re-
search coordinator and site coordinators. It will be chaired
by the PI and manage the day-to-day running of the study,
audit the trial conduct, and oversee preparation of reports
to the MERC. The PI will permit audits, monitoring and
MERC review. Data monitoring and auditing of RCTs ap-
proved by MERC at MUMC is conducted by the Clinical
Trial Center Maastricht, which is independent from the
study sponsor (i.e. Maastricht University). The handling of
the data complies with the Dutch and Belgian Personal
Data Protection Act. If a participant decides to withdraw
their consent, all data from that participant will be
destroyed. This trial does not involve collecting biological
specimens for storage. Data will be handled confidentially
and coded using a number indicating the order of entry.
All materials will be securely stored in line with the Euro-
pean General Data Protection Regulation (GDPR), with
personnel data stored separately from the number-coded
data. We will closely liaise with service user researchers
on dissemination activities throughout the trial.
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Discussion
Psychotic experiences (in particular, distress associated
with these), social functioning, and psychopathology are
important targets for early intervention in individuals
with UHR and FEP [9–13]. ACT is a promising, next-
generation CBT for reducing distress associated with
psychotic experiences, social functioning and psycho-
pathology, but evidence on sustainable change in indi-
viduals’ daily lives, and investigations of the putative
mechanisms underlying such change in distress and
other outcomes, remains limited [32, 33]. Acceptance
and Commitment Therapy in Daily Life (ACT-DL) has
recently been developed for enhancing the therapeutic
effects of ACT and achieving sustainable change in indi-
viduals’ daily life [28–30, 46]. The current study is the
first to test the efficacy of ACT-DL in a multi-centre
randomised controlled trial of patients with UHR or FEP
and includes a detailed investigation of process measures
of putative mechanisms of change, acceptability, treat-
ment adherence and treatment fidelity. If this trial dem-
onstrates the efficacy of ACT-DL, this has the potential
to significantly advance the treatment of people with
UHR and FEP and, more generally, provides initial sup-
port for implementing mHealth interventions in early
intervention services. Findings on putative mechanisms
of change will, at the same time, allow us to assess im-
portant criteria for establishing causality under real-
world conditions [29]. Potential implementation of
ACT-DL in early intervention services will be informed
by detailed data on its acceptability, treatment adherence
and treatment fidelity.

Trial status
This trial is ongoing. The trial started recruitment in
November 2016 and recruitment and outcome assess-
ment will continue until June 2020. The results will be
published in peer-reviewed journals in 2020.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-019-3912-4.

Additional file 1. Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) 2013 Checklist.

Acknowledgements
We thank all research coordinators (Silke Apers, Nele Volbragt, Wendy
Beuken) and research assistants (Dieuwke Siegmann, Davinia Verhoeven,
Anna de Zwart, Iris de Wit, Lore Depraetere, Tessa Biesemans, Lotte Hendriks)
past and present who are involved in the INTERACT trial. We are also
indebted to all individuals who participated in the study and were essential
for its successful completion.

Sponsor
The primary sponsor of this study is Maastricht University (PO Box 616, 6200
MD Maastricht).

Role of sponsors and funders
The study sponsor and funders played no part in study design, collection,
management, analysis, and interpretation of data, writing of the report, and
the decision to submit the report for publication.

Authors’ contributions
IMG is the Principal Investigator of the ERC Consolidator Award for the study.
UR is the PI of the NWO VENI grant and drafted the manuscript. IMG, UR, AK,
HS, TV, MvN, WV, TB, ZK, MvdG, and LdH contributed to the design of the
study protocol. IMG and UR have managerial responsibility of the
coordinating centre for the successful completion of the study. WV is the
trial statistician. TB provides the supervision for trial therapists. AK, HS, TV,
MvN, EvA, PQ, HD, RvW, MM, TvA, MvdG, LdH, UR, and IMG are involved in
the recruitment of participants and data collection. All authors were involved
in writing and have approved the manuscript.

Funding
This work was supported by an ERC Consolidator Grant (ERC-2012-StG,
project 309767—INTERACT) to IMG as well as a NWO VENI Grant (no. 451–
13-022) and DFG Heisenberg professorship (no. 389624707) to UR.

Availability of data and materials
The datasets generated during and/or analysed during the current study are
not publicly available but are available from the corresponding author on
reasonable request. The full protocol and statistical code will also be made
available upon reasonable request.

Ethics approval and consent to participate
The study has been reviewed and approved by the MERC at Maastricht
University Medical Centre (MUMC), the Netherlands (reference:
NL46439.068.13) and the University Clinic Leuven, Belgium (reference:
B322201629214). Written consent will be obtained from each participant
prior to assessment and randomisation, as detailed in the study protocol
(version 12, 18 May 2018). The sponsor has an insurance, which provides
cover for damage to research subjects through injury or death caused by
the study and applies to the damage that becomes apparent during the
study or within 4 years after the end of the study.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Public Mental Health, Central Institute of Mental Health,
Medical Faculty Mannheim, University of Heidelberg, Mannheim, Germany.
2Department of Psychiatry and Psychology, School for Mental Health and
Neuroscience, Maastricht University, Maastricht, The Netherlands. 3ESRC
Centre for Society and Mental Health and Centre for Epidemiology and
Public Health, Health Service and Population Research Department, Institute
of Psychiatry, Psychology and Neuroscience, King’s College London, London,
UK. 4Department of Neurosciences, Psychiatry Research Group, Center for
Contextual Psychiatry, KU Leuven, Leuven, Belgium. 5Universitair Psychiatrisch
Centrum KU Leuven, Kortenberg, Belgium. 6Department of Clinical
Psychology, VU Amsterdam, Amsterdam, The Netherlands. 7Department of
Psychiatry, University of Amstderdam, Amsterdam, The Netherlands.

Received: 19 November 2018 Accepted: 15 November 2019

References
1. Yung AR, Yuen HP, McGorry PD, Phillips LJ, Kelly D, Dell’Olio M, et al.

Mapping the onset of psychosis: the comprehensive assessment of at-risk
mental states. Aust N Z J Psychiatry. 2005;39(11–12):964–71. https://doi.org/
10.1080/j.1440-1614.2005.01714.x.

2. Fusar-Poli P, Borgwardt S, Bechdolf A, Addington J, Riecher-Rossler A,
Schultze-Lutter F, et al. The psychosis high-risk state: a comprehensive state-
of-the-art review. JAMA Psychiatry. 2013;70(1):107–20. https://doi.org/10.
1001/jamapsychiatry.2013.269.

3. Fusar-Poli P, Bonoldi I, Yung AR, Borgwardt S, Kempton MJ, Valmaggia L,
et al. Predicting psychosis: meta-analysis of transition outcomes in
individuals at high clinical risk. Arch Gen Psychiatry. 2012;69(3):220–9.
https://doi.org/10.1001/archgenpsychiatry.2011.1472.

Reininghaus et al. Trials          (2019) 20:769 Page 9 of 12

https://doi.org/10.1186/s13063-019-3912-4
https://doi.org/10.1186/s13063-019-3912-4
https://doi.org/10.1080/j.1440-1614.2005.01714.x
https://doi.org/10.1080/j.1440-1614.2005.01714.x
https://doi.org/10.1001/jamapsychiatry.2013.269
https://doi.org/10.1001/jamapsychiatry.2013.269
https://doi.org/10.1001/archgenpsychiatry.2011.1472


4. Kempton MJ, Bonoldi I, Valmaggia L, McGuire P, Fusar-Poli P. Speed of
psychosis progression in people at ultra-high clinical risk: a complementary
meta-analysis. JAMA Psychiatry. 2015;72(6):622–3. https://doi.org/10.1001/
jamapsychiatry.2015.0094.

5. Linscott RJ, van Os J. An updated and conservative systematic review and
meta-analysis of epidemiological evidence on psychotic experiences in
children and adults: on the pathway from proneness to persistence to
dimensional expression across mental disorders. Psychol Med. 2013;43(6):
1133–49. https://doi.org/10.1017/S0033291712001626.

6. van Os J, Linscott RJ. Introduction: The extended psychosis
phenotype—relationship with schizophrenia and with ultrahigh risk status for
psychosis. Schizophr Bull. 2012;38(2):227–30. https://doi.org/10.1093/schbul/sbr188.

7. van Os J, Reininghaus U. Psychosis as a transdiagnostic and extended
phenotype in the general population. World Psychiatry. 2016;15(2):118–24.
https://doi.org/10.1002/wps.20310.

8. Schlosser DA, Jacobson S, Chen Q, Sugar CA, Niendam TA, Li G, et al.
Recovery from an at-risk state: clinical and functional outcomes of putatively
prodromal youth who do not develop psychosis. Schizophr Bull. 2012;38(6):
1225–33. https://doi.org/10.1093/schbul/sbr098.

9. McGorry PD, Yung AR, Phillips LJ. The ‘close-in’ or ultra high-risk model: a
safe and effective strategy for research and clinical intervention in
prepsychotic mental disorder. Schizophr Bull. 2003;29(4):771–90. https://doi.
org/10.1093/oxfordjournals.schbul.a007046.

10. Morgan C, Lappin J, Heslin M, Donoghue K, Lomas B, Reininghaus U, et al.
Reappraising the long-term course and outcome of psychotic disorders: the
AESOP-10 study. Psychol Med. 2014;44(13):2713–26. https://doi.org/10.1017/
S0033291714000282.

11. Birchwood M. Pathways to emotional dysfunction in first-episode psychosis.
Br J Psychiatry. 2003;182:373–5.

12. Steel C, Garety PA, Freeman D, Craig E, Kuipers E, Bebbington P, et al. The
multidimensional measurement of the positive symptoms of psychosis. Int J
Methods Psychiatr Res. 2007;16(2):88–96. https://doi.org/10.1002/mpr.203.

13. Kotov R, Fochtmann L, Li K, Tanenberg-Karant M, Constantino EA,
Rubinstein J, et al. Declining clinical course of psychotic disorders over the
two decades following first hospitalization: evidence from the Suffolk
County Mental Health Project. Am J Psychiatry. 2017;174(11):1064–74.
https://doi.org/10.1176/appi.ajp.2017.16101191.

14. Reininghaus U, Dutta R, Dazzan P, Doody GA, Fearon P, Lappin J, et al.
Mortality in schizophrenia and other psychoses: a 10-year follow-up of the
SOP first-episode cohort. Schizophr Bull. 2015;41(3):664–73. https://doi.org/
10.1093/schbul/sbu138.

15. European Network of National Networks studying Gene-Environment
Interactions in Schizophrenia, van Os J, Rutten BP, Myin-Germeys I,
Delespaul P, Viechtbauer W, et al. Identifying gene-environment interactions
in schizophrenia: contemporary challenges for integrated, large-scale
investigations. Schizophr Bull. 2014;40(4):729–36. https://doi.org/10.1093/
schbul/sbu069.

16. Freeman D, Garety P. Advances in understanding and treating persecutory
delusions: a review. Soc Psychiatry Psychiatr Epidemiol. 2014;49(8):1179–89.
https://doi.org/10.1007/s00127-014-0928-7.

17. Garety PA, Bebbington P, Fowler D, Freeman D, Kuipers E. Implications for
neurobiological research of cognitive models of psychosis: a theoretical
paper. Psychol Med. 2007;37(10):1377–91. https://doi.org/10.1017/
S003329170700013X.

18. Howes OD, Murray RM. Schizophrenia: an integrated sociodevelopmental-
cognitive model. Lancet. 2014;383(9929):1677–87. https://doi.org/10.1016/
S0140-6736(13)62036-X.

19. Morgan C, Charalambides M, Hutchinson G, Murray RM. Migration, ethnicity,
and psychosis: toward a sociodevelopmental model. Schizophr Bull. 2010;
36(4):655–64. https://doi.org/10.1093/schbul/sbq051.

20. van Os J, Kenis G, Rutten BP. The environment and schizophrenia. Nature.
2010;468(7321):203–12. https://doi.org/10.1038/nature09563.

21. Collip D, Myin-Germeys I, Van Os J. Does the concept of ‘sensitization’
provide a plausible mechanism for the putative link between the
environment and schizophrenia? Schizophr Bull. 2008;34(2):220–5. https://
doi.org/10.1093/schbul/sbm163.

22. Myin-Germeys I, van Os J, Schwartz JE, Stone AA, Delespaul PA. Emotional
reactivity to daily life stress in psychosis. Arch Gen Psychiatry. 2001;58(12):
1137–44. https://doi.org/10.1001/archpsyc.58.12.1137.

23. Reininghaus U, Kempton MJ, Valmaggia L, Craig TK, Garety P, Onyejiaka A,
et al. Stress sensitivity, aberrant salience, and threat anticipation in early

psychosis: an experience sampling study. Schizophr Bull. 2016;42(3):712–22.
https://doi.org/10.1093/schbul/sbv190.

24. Palmier-Claus JE, Dunn G, Lewis SW. Emotional and symptomatic reactivity
to stress in individuals at ultra-high risk of developing psychosis. Psychol
Med. 2012;42(5):1003–12. https://doi.org/10.1017/S0033291711001929.

25. Gold JM, Waltz JA, Matveeva TM, Kasanova Z, Strauss GP, Herbener ES, et al.
Negative symptoms and the failure to represent the expected reward value of
actions: behavioral and computational modeling evidence. Arch Gen
Psychiatry. 2012;69(2):129–38. https://doi.org/10.1001/archgenpsychiatry.2011.

26. Strauss GP, Waltz JA, Gold JM. A review of reward processing and
motivational impairment in schizophrenia. Schizophr Bull. 2014;40(Suppl 2):
S107–16. https://doi.org/10.1093/schbul/sbt197.

27. Klippel A, Myin-Germeys I, Chavez-Baldini U, Preacher KJ, Kempton M,
Valmaggia L, et al. Modelling the interplay between psychological processes
and adverse, stressful contexts and experiences in pathways to psychosis:
an experience sampling study. Schizophr Bull. 2017;43(2):302–15. https://doi.
org/10.1093/schbul/sbw185.

28. Myin-Germeys I, Klippel A, Steinhart H, Reininghaus U. Ecological
momentary interventions in psychiatry. Curr Opin Psychiatry. 2016;29(4):
258–63. https://doi.org/10.1097/YCO.0000000000000255.

29. Reininghaus U, Depp CA, Myin-Germeys I. Ecological interventionist causal
models in psychosis: targeting psychological mechanisms in daily life.
Schizophr Bull. 2016;42(2):264–9. https://doi.org/10.1093/schbul/sbv193.

30. Steinhart H, Myin-Germeys I, Reininghaus U. Translating treatment of mental health
problems to daily life: a guide to the development of ecological momentary
interventions. In: Palmier-Claus J, Haddock G, Varese F, editors. Experience sampling
in mental health research. London: Routledge; 2019. p. 81–106.

31. Heron KE, Smyth JM. Ecological momentary interventions: incorporating
mobile technology into psychosocial and health behaviour treatments. Br J
Health Psychol. 2010;15(Pt 1):1–39. https://doi.org/10.1348/135910709X466063.

32. van der Gaag M, Smit F, Bechdolf A, French P, Linszen DH, Yung AR, et al.
Preventing a first episode of psychosis: meta-analysis of randomized controlled
prevention trials of 12 month and longer-term follow-ups. Schizophr Res. 2013;
149(1–3):56–62. https://doi.org/10.1016/j.schres.2013.07.004.

33. van der Gaag M, Nieman DH, Rietdijk J, Dragt S, Ising HK, Klaassen RM, et al.
Cognitive behavioral therapy for subjects at ultrahigh risk for developing
psychosis: a randomized controlled clinical trial. Schizophr Bull. 2012;38(6):
1180–8. https://doi.org/10.1093/schbul/sbs105.

34. Yung AR. Treatment of people at ultra-high risk for psychosis. World J
Psychiatry. 2017;16(2):207–8. https://doi.org/10.1002/wps.20424.

35. Hayes SC, Strosahl KD, Wilson KG. Acceptance and commitment therapy: an
experiential approach to behavior change. New York: Guilford Press; 1999.

36. Williams JM, Russell I, Russell D. Mindfulness-based cognitive therapy:
further issues in current evidence and future research. J Consult Clin
Psychol. 2008;76(3):524–9. https://doi.org/10.1037/0022-006X.76.3.524.

37. Hayes SC, Luoma JB, Bond FW, Masuda A, Lillis J. Acceptance and
commitment therapy: model, processes and outcomes. Behav Res Ther.
2006;44(1):1–25. https://doi.org/10.1016/j.brat.2005.06.006.

38. Hayes SC, Villatte M, Levin M, Hildebrandt M. Open, aware, and active:
contextual approaches as an emerging trend in the behavioral and
cognitive therapies. Annu Rev Clin Psychol. 2011;7:141–68. https://doi.org/
10.1146/annurev-clinpsy-032210-104449.

39. Gaudiano BA, Herbert JD, Hayes SC. Is it the symptom or the relation to it?
Investigating potential mediators of change in Acceptance and
Commitment Therapy for psychosis. Behav Ther. 2010;41(4):543–54. https://
doi.org/10.1016/j.beth.2010.03.001.

40. Johns LC, Oliver JE, Khondoker M, Byrne M, Jolley S, Wykes T, et al. The feasibility
and acceptability of a brief Acceptance and Commitment Therapy (ACT) group
intervention for people with psychosis: the ‘ACT for life’ study. J Behav Ther Exp
Psychiatry. 2016;50:257–63. https://doi.org/10.1016/j.jbtep.2015.10.001.

41. White R, Gumley A, McTaggart J, Rattrie L, McConville D, Cleare S, et al. A
feasibility study of Acceptance and Commitment Therapy for emotional
dysfunction following psychosis. Behav Res Ther. 2011;49(12):901–7. https://
doi.org/10.1016/j.brat.2011.09.003.

42. Bach P, Gaudiano BA, Hayes SC, Herbert JD. Acceptance and commitment
therapy for psychosis: intent to treat, hospitalization outcome and
mediation by believability. Psychosis. 2013;5:166–74. https://doi.org/10.1080/
17522439.2012.671349.

43. Bach P, Hayes SC. The use of Acceptance and Commitment Therapy to prevent
the rehospitalization of psychotic patients: a randomized controlled trial. J Consult
Clin Psychol. 2002;70(5):1129–39. https://doi.org/10.1037//0022-006x.70.5.1129.

Reininghaus et al. Trials          (2019) 20:769 Page 10 of 12

https://doi.org/10.1001/jamapsychiatry.2015.0094
https://doi.org/10.1001/jamapsychiatry.2015.0094
https://doi.org/10.1017/S0033291712001626
https://doi.org/10.1093/schbul/sbr188
https://doi.org/10.1002/wps.20310
https://doi.org/10.1093/schbul/sbr098
https://doi.org/10.1093/oxfordjournals.schbul.a007046
https://doi.org/10.1093/oxfordjournals.schbul.a007046
https://doi.org/10.1017/S0033291714000282
https://doi.org/10.1017/S0033291714000282
https://doi.org/10.1002/mpr.203
https://doi.org/10.1176/appi.ajp.2017.16101191
https://doi.org/10.1093/schbul/sbu138
https://doi.org/10.1093/schbul/sbu138
https://doi.org/10.1093/schbul/sbu069
https://doi.org/10.1093/schbul/sbu069
https://doi.org/10.1007/s00127-014-0928-7
https://doi.org/10.1017/S003329170700013X
https://doi.org/10.1017/S003329170700013X
https://doi.org/10.1016/S0140-6736(13)62036-X
https://doi.org/10.1016/S0140-6736(13)62036-X
https://doi.org/10.1093/schbul/sbq051
https://doi.org/10.1038/nature09563
https://doi.org/10.1093/schbul/sbm163
https://doi.org/10.1093/schbul/sbm163
https://doi.org/10.1001/archpsyc.58.12.1137
https://doi.org/10.1093/schbul/sbv190
https://doi.org/10.1017/S0033291711001929
https://doi.org/10.1001/archgenpsychiatry.2011
https://doi.org/10.1093/schbul/sbt197
https://doi.org/10.1093/schbul/sbw185
https://doi.org/10.1093/schbul/sbw185
https://doi.org/10.1097/YCO.0000000000000255
https://doi.org/10.1093/schbul/sbv193
https://doi.org/10.1348/135910709X466063
https://doi.org/10.1016/j.schres.2013.07.004
https://doi.org/10.1093/schbul/sbs105
https://doi.org/10.1002/wps.20424
https://doi.org/10.1037/0022-006X.76.3.524
https://doi.org/10.1016/j.brat.2005.06.006
https://doi.org/10.1146/annurev-clinpsy-032210-104449
https://doi.org/10.1146/annurev-clinpsy-032210-104449
https://doi.org/10.1016/j.beth.2010.03.001
https://doi.org/10.1016/j.beth.2010.03.001
https://doi.org/10.1016/j.jbtep.2015.10.001
https://doi.org/10.1016/j.brat.2011.09.003
https://doi.org/10.1016/j.brat.2011.09.003
https://doi.org/10.1080/17522439.2012.671349
https://doi.org/10.1080/17522439.2012.671349
https://doi.org/10.1037//0022-006x.70.5.1129


44. Gaudiano BA, Herbert JD. Acute treatment of inpatients with psychotic
symptoms using Acceptance and Commitment Therapy: pilot results. Behav
Res Ther. 2006;44(3):415–37. https://doi.org/10.1016/j.brat.2005.02.007.

45. Shawyer F, Farhall J, Thomas N, Hayes SC, Gallop R, Copolov D, et al. Acceptance
and commitment therapy for psychosis: randomised controlled trial. Br J
Psychiatry. 2017;210(2):140–8. https://doi.org/10.1192/bjp.bp.116.182865.

46. Vaessen T, Steinhart H, Batink T, Klippel A, van Nierop M, Reininghaus U,
et al. ACT in daily life in early psychosis: an ecological momentary
intervention approach. Psychosis. 2019;11(2):93–104. https://doi.org/10.1080/
17522439.2019.1578401.

47. Batink T, Bakker J, Vaessen T, Kasanova Z, Collip D, van Os J, et al.
Acceptance and Commitment Therapy in daily life training: a feasibility
study of an mHealth intervention. JMIR Mhealth Uhealth. 2016;4(3):e103.
https://doi.org/10.2196/mhealth.5437.

48. Sun X, Briel M, Walter SD, Guyatt GH. Is a subgroup effect believable?
Updating criteria to evaluate the credibility of subgroup analyses. BMJ. 2010;
340:c117. https://doi.org/10.1136/bmj.c117.

49. Singh SP, Cooper JE, Fisher HL, Tarrant CJ, Lloyd T, Banjo J, et al.
Determining the chronology and components of psychosis onset: the
Nottingham Onset Schedule (NOS). Schizophr Res. 2005;80(1):117–30.
https://doi.org/10.1016/j.schres.2005.04.018.

50. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al.
The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development
and validation of a structured diagnostic psychiatric interview for DSM-IV
and ICD-10. J Clin Psychiatry. 1998;59(Suppl 20):22–33.

51. Bach P. ACT with the seriously mentally ill. In: Hayes SC, Strosahl KD, editors.
A practical guide to Acceptance and Commitment Therapy. New York:
Springer; 2005. p. 185–208.

52. Jansen G, Batink T. Time to ACT!: het basisboek voor professionals. 1st ed.
Zaltbommel: Thema; 2014.

53. Yung AR, Stanford C, Cosgrave E, Killackey E, Phillips L, Nelson B, et al.
Testing the Ultra High Risk (prodromal) criteria for the prediction of
psychosis in a clinical sample of young people. Schizophr Res. 2006;84(1):
57–66. https://doi.org/10.1016/j.schres.2006.03.014.

54. Hall RCW. Global Assessment of Functioning: a modified scale.
Psychosomatics. 1995;36:267–75. https://doi.org/10.1016/S0033-
3182(95)71666-8.

55. Goldman HH, Skodol AE, Lave TR. Revising axis V for DSM-IV: a review of
measures of social functioning. Am J Psychiatry. 1992;149(9):1148–56.
https://doi.org/10.1176/ajp.149.9.1148.

56. Birchwood M, Smith J, Cochrane R, Wetton S, Copestake S. The Social
Functioning Scale. The development and validation of a new scale of social
adjustment for use in family intervention programmes with schizophrenic
patients. Br J Psychiatry. 1990;157:853–9. https://doi.org/10.1192/bjp.157.6.853.

57. Myin-Germeys I, Oorschot M, Collip D, Lataster J, Delespaul P, van Os J.
Experience sampling research in psychopathology: opening the black box
of daily life. Psychol Med. 2009;39(9):1533–47. https://doi.org/10.1017/
S0033291708004947.

58. Palmier-Claus JE, Myin-Germeys I, Barkus E, Bentley L, Udachina A, Delespaul
PA, et al. Experience sampling research in individuals with mental illness:
reflections and guidance. Acta Psychiatr Scand. 2011;123(1):12–20. https://
doi.org/10.1111/j.1600-0447.2010.01596.x.

59. Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu
Rev Clin Psychol. 2008;4:1–32. https://doi.org/10.1146/annurev.clinpsy.3.
022806.091415.

60. Reininghaus U, Gayer-Anderson C, Valmaggia L, Kempton MJ, Calem M,
Onyejiaka A, et al. Psychological processes underlying the association
between childhood trauma and psychosis in daily life: an experience
sampling study. Psychol Med. 2016;46(13):2799–813. https://doi.org/10.1017/
S003329171600146X.

61. Schneider M, Reininghaus U, van Nierop M, Janssens M, Myin-Germeys I,
Investigators G. Does the Social Functioning Scale reflect real-life social
functioning? An experience sampling study in patients with a non-affective
psychotic disorder and healthy control individuals. Psychol Med. 2017;
47(16):2777–86. https://doi.org/10.1017/S0033291717001295.

62. Ventura J, Lukoff D, Nuechterlein KH, et al. Appendix 1. Brief Psychiatric
Rating Scale (BPRS) Expanded Version (4.0): scales, anchor points and
administration manual. Int J Methods Psychiatr Res. 1993;3:227–44.

63. Kirkpatrick B, Strauss GP, Nguyen L, Fischer BA, Daniel DG, Cienfuegos A,
et al. The Brief Negative Symptom Scale: psychometric properties. Schizophr
Bull. 2011;37(2):300–5. https://doi.org/10.1093/schbul/sbq059.

64. Kay SR, Fiszbein A, Opler LA. The Positive And Negative Syndrome Scale
(PANSS) for schizophrenia. Schizophr Bull. 1987;13(2):261–76. https://doi.org/
10.1093/schbul/13.2.261.

65. Bond FW, Hayes SC, Baer RA, Carpenter KM, Guenole N, Orcutt HK, et al.
Preliminary psychometric properties of the Acceptance and Action Questionnaire-
II: a revised measure of psychological inflexibility and experiential avoidance.
Behav Ther. 2011;42(4):676–88. https://doi.org/10.1016/j.beth.2011.03.007.

66. Fledderus M, Oude Voshaar MA, Ten Klooster PM, Bohlmeijer ET. Further evaluation
of the psychometric properties of the Acceptance and Action Questionnaire-II.
Psychol Assess. 2012;24(4):925–36. https://doi.org/10.1037/a0028200.

67. Baer RA, Smith GT, Lykins E, Button D, Krietemeyer J, Sauer S, et al.
Construct validity of the five facet mindfulness questionnaire in meditating
and nonmeditating samples. Assessment. 2008;15(3):329–42. https://doi.org/
10.1177/1073191107313003.

68. Batink T, Jansen G, de Mey H. De Flexibiliteits Index Test (FIT-60): Een
beknopte beschrijving. GZ-Psychologie. 2012;5:18–21.

69. Haddock G, McCarron J, Tarrier N, Faragher EB. Scales to measure
dimensions of hallucinations and delusions: the psychotic symptom rating
scales (PSYRATS). Psychol Med. 1999;29(4):879–89. https://doi.org/10.1017/
s0033291799008661.

70. Garety P, Hemsley D, Wessely S. Reasoning in deluded schizophrenic and paranoid
patients: biases in performance on a probabilistic inference task. J Nerv Ment Dis.
1991;179(4):194–201. https://doi.org/10.1097/00005053-199104000-00003.

71. Reininghaus U, Oorschot M, Moritz S, Gayer-Anderson C, Kempton MJ,
Valmaggia L, et al. Liberal Acceptance Bias, Momentary Aberrant Salience,
and Psychosis: an Experimental Experience Sampling Study. Schizophr Bull.
2018; https://doi.org/10.1093/schbul/sby116.

72. Gard DE, Gard MG, Kring AM, John OP. Anticipatory and consummatory
components of the experience of pleasure: a scale development study. J
Res Pers. 2006;40(6):1086–102. https://doi.org/10.1016/j.jrp.2005.11.001.

73. Horvath AO, Greenberg LS. Development and validation of the Working
Alliance Inventory. J Couns Psychol. 1989;36(2):223. https://doi.org/10.1080/
09593985.2018.1471112.

74. Hatcher RL, Gillaspy JA. Development and validation of a revised short
version of the Working Alliance Inventory. Psychother Res. 2006;16:12–25.
https://doi.org/10.1080/10503300500352500.

75. Kessler RC, Abelson J, Demler O, Escobar JI, Gibbon M, Guyer ME, et al.
Clinical calibration of DSM‐IV diagnoses in the World Mental Health (WMH)
version of the World Health Organization (WHO) Composite International
Diagnostic Interview (WMH‐CIDI). Int. J. Methods Psychiatr. Res. 2004;13:122–
139. https://doi.org/10.1002/mpr.169.

76. Schmand B, Bakker D, Saan R, Louman J. De Nederlandse leestest voor
volwassenen: een maat voor het premorbide intelligentieniveau. [The Dutch
Reading Test for Adults: a measure of premorbid intelligence level]. Tijdschr
Gerontol Geriatr. 1991;22(1):15–19.

77. Gray JE. Self-rating and Eysenck Personality Inventory estimates of
neuroticism and extraversion. Psychol Rep. 1972;30(1):213-4. https://doi.org/
10.2466/pr0.1972.30.1.213.

78. Spielberger CD, Gorsuch RL, Lushene RE. Manual for the State-Trait Anxiety
Inventory. Palo Alto, CA: Consulting Psychologists Press; 1970.

79. Beck AT, Steer RA, Brown GK. Manual for the beck depression inventory-II.
San Antonio, TX: Psychological Corporation. 1996;1:82.

80. Loewy RL, Bearden CE, Johnson JK, Raine A, Cannon TD. The prodromal
questionnaire (PQ): preliminary validation of a self-report screening measure
for prodromal and psychotic syndromes. Schizophr Res. 2005;79(1):117–25;
https://doi.org/10.1016/j.schres.2005.03.007.

81. Berry K, Wearden W, Barrowclough C, Liversidge T. Attachment styles,
interpersonal relationships and psychotic phenomena in a non-clinical
student sample. Personality and Individual Differences. 2006;41(4):707–18,
https://doi.org/10.1016/j.paid.2006.03.009.

82. Bernstein DP, Ahluvalia T, Pogge D, Handelsman L. Validity of the Childhood
Trauma Questionnaire in an adolescent psychiatric population. J Am Acad
Child Adolesc Psychiatry. 1997;36(3):340–8; https://doi.org/10.1097/
00004583-199703000-00012.

83. Hunot V, Moore TH, Caldwell DM, Furukawa TA, Davies P, Jones H, et al.
'Third wave' cognitive and behavioural therapies versus other psychological
therapies for depression. Cochrane Database Syst Rev. 2013(10):CD008704;
https://doi.org/10.1002/14651858.CD008704.pub2.

84. Tai S, Turkington D. The evolution of cognitive behavior therapy for
schizophrenia: current practice and recent developments. Schizophr Bull.
2009;35(5):865–73. https://doi.org/10.1093/schbul/sbp080.

Reininghaus et al. Trials          (2019) 20:769 Page 11 of 12

https://doi.org/10.1016/j.brat.2005.02.007
https://doi.org/10.1192/bjp.bp.116.182865
https://doi.org/10.1080/17522439.2019.1578401
https://doi.org/10.1080/17522439.2019.1578401
https://doi.org/10.2196/mhealth.5437
https://doi.org/10.1136/bmj.c117
https://doi.org/10.1016/j.schres.2005.04.018
https://doi.org/10.1016/j.schres.2006.03.014
https://doi.org/10.1016/S0033-3182(95)71666-8
https://doi.org/10.1016/S0033-3182(95)71666-8
https://doi.org/10.1176/ajp.149.9.1148
https://doi.org/10.1192/bjp.157.6.853
https://doi.org/10.1017/S0033291708004947
https://doi.org/10.1017/S0033291708004947
https://doi.org/10.1111/j.1600-0447.2010.01596.x
https://doi.org/10.1111/j.1600-0447.2010.01596.x
https://doi.org/10.1146/annurev.clinpsy.3.022806.091415
https://doi.org/10.1146/annurev.clinpsy.3.022806.091415
https://doi.org/10.1017/S003329171600146X
https://doi.org/10.1017/S003329171600146X
https://doi.org/10.1017/S0033291717001295
https://doi.org/10.1093/schbul/sbq059
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1016/j.beth.2011.03.007
https://doi.org/10.1037/a0028200
https://doi.org/10.1177/1073191107313003
https://doi.org/10.1177/1073191107313003
https://doi.org/10.1017/s0033291799008661
https://doi.org/10.1017/s0033291799008661
https://doi.org/10.1097/00005053-199104000-00003
https://doi.org/10.1093/schbul/sby116
https://doi.org/10.1016/j.jrp.2005.11.001
https://doi.org/10.1080/09593985.2018.1471112
https://doi.org/10.1080/09593985.2018.1471112
https://doi.org/10.1080/10503300500352500
https://doi.org/10.1002/mpr.169
https://doi.org/10.2466/pr0.1972.30.1.213
https://doi.org/10.2466/pr0.1972.30.1.213
https://doi.org/10.1016/j.schres.2005.03.007
https://doi.org/10.1016/j.paid.2006.03.009
https://doi.org/10.1097/00004583-199703000-00012
https://doi.org/10.1097/00004583-199703000-00012
https://doi.org/10.1002/14651858.CD008704.pub2
https://doi.org/10.1093/schbul/sbp080


85. StataCorp. Stata Statistical Software: Release 15. College Station, TX:
StataCorp LLC; 2017.

86. Little RJA, Rubin DB. Statistical Analysis with Missing Data. 3rd edition. New
York: Wiley; 2019.

87. Mallinckrodt CH, Clark WS, David SR. Accounting for dropout bias using
mixed-effects models. J Biopharm Stat. 2001;11(1-2):9–21. https://doi.org/10.
1081/BIP-100104194.

88. Groenwold RH, Donders AR, Roes KC, Harrell FE, Jr., Moons KG. Dealing with
missing outcome data in randomized trials and observational studies. Am J
Epidemiol. 2012;175(3):210–7. https://doi.org/10.1093/aje/kwr302.

89. Groenwold RH, Moons KG, Vandenbroucke JP. Randomized trials with
missing outcome data: how to analyze and what to report. CMAJ. 2014;
186(15):1153–7. https://doi.org/10.1503/cmaj.131353.

90. Muthén LK, Muthén BO. Mplus Version 7. Los Angeles, CA.: MPlus; 2019.
91. Bauer DJ, Preacher KJ, Gil KM. Conceptualizing and testing random indirect

effects and moderated mediation in multilevel models: new procedures
and recommendations. Psychol Methods. 2006;11(2):142–63. https://doi.org/
10.1037/1082-989X.11.2.142.

92. Preacher KJ, Zyphur MJ, Zhang Z. A general multilevel SEM framework for
assessing multilevel mediation. Psychol Methods. 2010;15(3):209–33. https://
doi.org/10.1037/a0020141.

93. Selig JP, Preacher KJ. Monte Carlo method for assessing mediation: An
interactive tool for creating confidence intervals for indirect effects
[Computer Software]. Retrieved December 30, 2010.

94. Preacher KJ. Advances in mediation analysis: A survey and synthesis of new
developments. Annu Rev Psychol. 2015;66:825–52. https://doi.org/10.1146/
annurevpsych-010814-015258.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Reininghaus et al. Trials          (2019) 20:769 Page 12 of 12

https://doi.org/10.1081/BIP-100104194
https://doi.org/10.1081/BIP-100104194
https://doi.org/10.1093/aje/kwr302
https://doi.org/10.1503/cmaj.131353
https://doi.org/10.1037/1082-989X.11.2.142
https://doi.org/10.1037/1082-989X.11.2.142
https://doi.org/10.1037/a0020141
https://doi.org/10.1037/a0020141
https://doi.org/10.1146/annurevpsych-010814-015258
https://doi.org/10.1146/annurevpsych-010814-015258

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Study design
	Participants
	Inclusion criteria
	Exclusion criteria

	Interventions
	Control condition: treatment as usual (TAU)
	Experimental condition: ACT-DL + TAU

	Outcomes
	Primary outcomes
	Secondary outcomes
	Process measures
	Acceptability, treatment adherence and treatment fidelity
	Other measures

	Sample size
	Randomisation and blinding
	Assessment of safety
	Statistical analysis
	Research governance

	Discussion
	Trial status
	Supplementary information
	Acknowledgements
	Sponsor
	Role of sponsors and funders
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Competing interests
	Author details
	References
	Publisher’s Note

