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1. Introduction

Exposure - the systematic confrontation with feared stimuli or con-
texts — is a core feature of cognitive behavioral therapy (CBT) for anxiety
disorders and contributes essentially to its efficacy for disorders like
panic disorder (PD), agoraphobia (AG), social anxiety disorder (SAD), or
specific phobias (SPEC) (Bandelow et al., 2015; Carpenter et al., 2018;
Whiteside et al., 2020). Exposure-based treatments aim to overcome
avoidance behaviors and instead encourage alternative behaviors to
enable new experiences in feared situations, specifically via the viola-
tion of threat beliefs (Abramowitz, Deacon, & Whiteside, 2019; Craske,
Treanor, Zbozinek, & Vervliet, 2022; Pittig et al., 2022). Numerous
studies and meta-analyses document that exposure-based CBT is effi-
cacious in reducing clinical symptoms of anxiety as well as impairment
and disability (e.g., Mitte, 2005; Neudeck & Wittchen, 2012; Pittig et al.,
2021; Wolitzky-Taylor, Horowitz, Powers, & Telch, 2008). Effects of
exposure-based treatments have mostly been assessed using pre-post
self-report measures derived from various psychometric scales and
symptom severity ratings obtained from clinical interviews (Carpenter
et al., 2018; Loerinc et al., 2015).

A central aim of behavioral therapy in general and of exposure-based
treatment in particular is to change individual behavior in everyday life.
For example, a person with AG who rarely left the house before therapy
should do so more often after exposure treatment, a person with PD who
strictly avoided physical activity should increase such activity, and a
person with SAD who rarely talked to others should engage in more
social interactions after exposure treatment. This should result in
measurable changes of social and physical activity, such as a higher
number of social interactions, more and different daily activities, or
higher metabolic levels. If such behavioral changes are initiated during
treatment, they can provide new experiences that persistently alter
established fear networks and reduce impairment in the long run
(Bouton, 2002; Vervliet, Craske, & Hermans, 2013), which may result in
recovery from an anxiety disorder and also pave the way for long-term
remission.

Questionnaires and interviews rely on participants’ retrospective
recall of experiences and behaviors, often across significant time in-
tervals. This recall is subject to different types of memory biases (Van
Den Bergh & Walentynowicz, 2016) which are already present in
healthy individuals and can be even more pronounced in individuals
with anxiety disorders. For example, they tend to overestimate their
physical activity (Difrancesco et al., 2019) and symptoms of anxiety
(Hovasapian & Levine, 2016) and sometimes neglect objective symptom
reduction during treatment (de Beurs, Chambless, & Goldstein, 2002). In
psychotherapy, biases like social desirability or overly positive feedback
due to gratitude towards the therapist may also come into play. To
circumvent these problems, measuring everyday behavioral change
during exposure-based treatment might provide valid information about
the therapeutic process and the stability of behavioral changes engaged
by therapy.

The assessment of daily behavior in participants’ natural environ-
ments is called ecological momentary assessment (EMA; Trull &
Ebner-Priemer, 2020). Studies using EMA usually equip participants
with electronic devices that prompt participants several times a day to
answer a set of questions or continuously assess physical activity.
Cross-sectional EMA studies demonstrate both subjective impairments
and objective reductions in physical activity in anxiety disorders. For
example, Difrancesco et al. (2019) found reduced gross motor and
moderate-to-vigorous physical activity in individuals with anxiety dis-
orders. Anxiety disorders have also been associated with reduced
everyday mood and quality of life (Seidl et al., 2021) and more intense
reactions following negative everyday-life events (Lamers et al., 2018).
Individuals with AG spent more time at home and with significant others
(Dijkman-Caes & de Vries, 1991). Individuals with SAD reported more
avoidance and related social anxiety (Kashdan et al., 2014), more sub-
missive behavior in every-day life (Russell et al., 2011) and interacted
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more frequently with close others and less frequently with friends
(Faytout & Swendsen, 2009). EMA studies in SPEC are rare (for a review,
see Walz, Nauta, & aan het Rot, 2014).

The therapeutic impact of exposure-based treatment on everyday-life
behavior using EMA has not been examined comprehensively. In a
recent review, Hall, Scherner, Kreidel, & Rubel (2021) found only 15
studies that used EMA to examine pre-post treatment effects in depres-
sion or anxiety disorders, with a predominance of studies on depression.
Exposure-based treatment reduced everyday-life anxiety and depression
in generalized anxiety disorder (GAD), even until 2-year follow-up
(Borkovec, Newman, Pincus, & Lytle, 2002), increased the stability of
everyday-life emotions in children (Carper et al., 2021), and reduced
post-event processing in socially anxious individuals (Katz, Cassin,
Weerasinghe, & Rector, 2019), but did not increase the frequency of
being with other persons in a small SAD sample (Geraets et al., 2019).
Several of these studies also used symptoms of depression as an outcome
and argue for a close relationship between symptoms of anxiety and
depression in everyday life (Borkovec et al., 2002; Geraets et al., 2019;
Hall et al., 2021; but also see Pittig, Treanor, LeBeau, & Craske, 2018).

Taken together, the few existing EMA studies of exposure-based
treatment focused on affective changes, while evidence for changes in
fear-related behaviors is scarce, and no intervention study included
behavioral measures of physical activity. Objective measures of physical
activity are, however, crucial to corroborate the claim that exposure-
based treatment changes daily behavior and to preclude different
forms of bias. Additionally, extant studies covered mainly SAD and GAD.
We are not aware of intervention studies with PD, and there seems to be
little EMA research in SPEC or in comorbid constellations. It is likely that
different anxiety disorders differentially affect everyday-life mood and
behavioral activities (O’Loughlin et al., 2013). For example, SAD may
impair mood more strongly than SPEC, and AG may affect activities
more than pure PD. The disorders may also show different response
profiles after exposure. For example, PD may be associated with a higher
reduction of physical symptoms of anxiety compared to other diagnoses.
Additionally, the potential moderating role of depression on outcomes in
everyday life has not been examined.

The current study aims to follow up on these preliminary findings in
a more structured way. We aimed to study the everyday-life effects of
exposure therapy in different anxiety disorders, including behavioral
measures of physical activity. To that end, we analyze basic indicators of
social activity (number of interactions, number of different activities),
physical activity (steps per minute, time spent moving, and metabolic
equivalent of task) and subjective impairment (mood, physical symp-
toms). The selection of these broad-bend parameters allows to capture
impairments and changes across different diagnoses, gives an idea about
the comprehensive effects of anxiety disorders and exposure therapy on
daily life, and provides guidance for future studies on which parameters
should be analyzed in more detail.

Specifically, we first aim to identify patients’ impairments in
everyday-life mood, anxiety symptoms, and activity across different
anxiety disorders. In contrast to previous studies, we included healthy
participants as a control group with the same pre-post time interval as
patients, but without an intermediate assessment. We suppose that
habitual avoidance associated with anxiety disorders leads to generally
lower activity levels.

We thus hypothesize that individuals with anxiety disorders show
impairments and alterations in all measured domains at baseline,
compared to healthy controls. Second, we examine changes in mood,
physical activity, and symptoms following exposure-based treatment.
We hypothesize treatment to normalize initial impairments. Addition-
ally, we inspect differences between patients with different primary
diagnoses. Third, we examine the role of comorbid depressive symp-
toms. We hypothesize (a) relatively higher impairment in comorbid
patients and (b) higher treatment effects on mood and activity, since
exposure may have an additional activating effect for comorbid patients.
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2. Methods
2.1. Sample

This study was part of a larger research program, a German multi-
center trial on prediction-error based intensified exposure for anxiety
disorders (Heinig et al., 2017; Pittig et al., 2021). Patients were recruited
at different outpatient treatment centers across Germany via their gen-
eral practitioners or via self-referral. The EMA assessment was a sup-
plemental project implemented at the leading site, Dresden, between
09/2016 and 12/2018. We included patients aged 15-70 years that
suffered from PD, AG, SAD, or multiple SPEC of at least moderate
severity, measured as values > 18 in the Structured Interview Guide for
the Hamilton Anxiety Rating Scale (HAM-A, Shear et al., 2001). We did
not include GAD as a primary diagnosis. GAD differs from the other
diagnoses in that triggers for anxiety are often thoughts about distant
future and exposures are frequently conducted in sensu. We considered
that adding GAD treatment strategies to the study protocol would have
significantly increased complexity, especially for the psychotherapists in
training who conducted most of the treatments. Diagnoses according to
DSM-5 were established with the Composite International Diagnostic
Interview (CIDI) which demonstrates excellent inter-rater reliability for
anxiety disorders (Wittchen et al., 1991; Wittchen & Pfister, 1997).
Comorbid diagnoses and stable pharmacotherapy (> 3 months without
changes) were explicitly allowed. Additional inclusion criteria were
sufficient German language skills and the ability to attend all treatment
sessions. Exclusion criteria were primary mood disorders, psychotic
disorders or current substance use disorders, parallel psychological
treatment, and acute suicidality. The patient group included for the EMA
sub-study consisted of 100 individuals. Additionally, 45 healthy controls
were sampled, matched on group level to the patients regarding sex and
age. Controls also completed the CIDI to ensure that they did not meet
criteria for a DSM-5 mental disorder. Nineteen participants were
excluded due to technical problems with the EMA recording device or
because they dropped out after baseline. 126 individuals — 85 (48 fe-
male) patients and 41 (20 female) controls — were considered in the final
data analysis. The mean age of the sample was 29.71 years (SD = 9.6,
range 15-62 years). Patients had an average score of M = 25.55 (SD =
5.94, range 19-42) on the HAM-A. 55% (N = 47) of patients met criteria
for major depression. Average score on the BDI-II was M = 18.84 (SD =
8.88), which represents mild to moderate depressive symptoms.

2.2. Procedure

2.2.1. Treatment

Patients underwent a 12 + 2-session individual exposure-based
treatment, using a transdiagnostic treatment protocol for anxiety dis-
orders (Neudeck et al., (in prep.)). Each session lasted 100 min. Sessions
1-4 included psychoeducation, development of an individual etiological
and maintenance model, and the explanation of the treatment rationale.
Sessions 5-10 included therapist-guided exposure exercises and their
evaluation. Beginning with session 5, patients also conducted
self-guided homework exercises after every session. Sessions 11-12
included elements to foster the generalization of learning experiences
and relapse prevention. Two and four months after the end of treatment,
booster sessions were conducted to support patients’ sustained
self-exposure. Exposure exercises were designed to maximize the dif-
ference between patients’ prior threat beliefs and the actual outcome of
the exercise, the so-called prediction error (Craske, Treanor, Zbozinek,
& Vervliet, 2022). Treatment was delivered within 6-10 weeks. In the
original study, patients were randomized to either standard (1x/week)
or temporally condensed exposure (3x/week). Both groups showed
equal treatment effects in primary outcomes, but improvements were
attained faster in the intensified group (Heinig & Hummel, 2020; Pittig
et al., 2021). For the purpose of this study, we do not distinguish be-
tween the two groups, but control for group differences in our models
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(see section “Analyses”). Patients’ treatment satisfaction and engage-
ment was high throughout treatment. For example, patients completed
on average 16 out of 19 scheduled homework exercises, although they
described a considerable treatment burden (Heinig et al., 2023). Ther-
apists’ adherence to the protocol was also satisfying, especially for the
core interventions (Pittig et al., 2021).

2.2.2. Ecological Momentary Assessment

Patients were assessed at a three-day baseline assessment (prior to
treatment), at a six-day intermediate assessment (starting directly after
the first exposure in session 5) and at a three-day post assessment
(within one week after session 12). Controls were assessed at baseline
and post only. Baseline and post assessments were conducted at the same
days of the week. At each assessment, participants received a smart-
phone (Motorola Moto G3, operating with Android), equipped with the
movisensXS experience sampling app, and a motion sensor (movisens
move 3). A staff member personally explained the devices and proced-
ures to each participant and conducted a test assessment. Participants
also received a flyer with this information and a phone number in case
technical support was needed. We used time-based assessment to cap-
ture mood, activity, and symptoms during the whole course of 3 days.
The smartphone pinged each day during six predefined 75-min intervals,
respectively. The first interval was 09:00-10:15 a.m., the last was
08:30-09:45 p.m. Timing of the prompts was jittered to reduce situa-
tional bias (e.g., always getting the prompt when driving to work). The
minimum interval between two prompts was one hour; the maximum
was 3:45 h. This ensured that patients could easily remember the entire
period since the last assessment. Timeframe for all items was “since the
last assessment” or “since wake up” in the first assessment per day. Each
assessment lasted approx. 2 min. Participants were able to suspend each
prompt for 30 min. During that period, they were able to open the survey
manually. The motion sensor was a small white plastic item (6 x3,5 x1
cm, ca. 40 g) with a clip that was worn during daytime at the waistband
over the right hip. It continuously recorded indicators of patients’
physical activity, in particular barometric air pressure and three-
dimensional acceleration values. After each assessment, a brief in-
person adherence interview was conducted. Data were stored on the
device and uploaded to a secure web-based storage upon return of the
devices. Controls received 30€ for complete participation in Baseline
and Post assessment. The average baseline-post interval was 86 days for
healthy controls and 92 days for patients (p = .228). Missing values in
ratings did not differ between healthy controls (11%) and patients (13%;
p = .666).

2.3. Measures

We separately analyzed ratings recorded with the smartphone and
behavioral measures of physical activity recorded with the motion sensor.

2.3.1. Smartphone-based ratings

Ratings were developed based on established EMA items (Granholm,
Loh, & Swendsen, 2008). For this study, the items were compiled to five
outcome variables of interest: the number of social interaction partners,
interaction with strangers, an index of the activity spectrum, a mood
index, and physical symptom complaints. The number of interaction
partners (range 0-5) was assessed on a six-point scale (from 0 = none to 4
= 10 or more interaction partners). Higher scores indicate more inter-
action partners since the last assessment. Interaction with strangers is was
assessed as a binary variable (0 = no interaction with strangers vs. 1 = at
least one interaction with strangers since the last assessment). The ac-
tivity spectrum (range 0-21) represents the number of different activities
plus the number of different locations sought by participants since the
last assessment. Participants were given a list of activities and a list of
locations to indicate what they had done since the last assessment.
Higher scores indicate activities that are more diverse. The mood index
(range 0-100) is the average of five items that captured happy, sad,
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relaxed, anxious, and worried states on five visual analog scales anxious,
sad, and worried reversed). Higher scores indicate better mood. The
variable capturing physical symptoms (range 0-10) is a count variable of
10 different bodily complaints typical for anxiety disorders (e.g., heart
problems, stomachache, pain in the limbs, headache). Higher values
indicate more physical symptom complaints. The full list of EMA items is
given in Supplement S1. To reduce effects of potentially spurious out-
liers, we winsorized the activity index and physical symptoms variable.
All outcomes, including the mood index, were standardized by sub-
tracting the mean and division by the standard deviation.

2.3.2. Sensor-based behavioral measures

Physical activity was assessed with the motion sensor described
above. We first filtered the sensor data for wear time to exclude non-
wear time (as detected by the sensor). We included three behavioral
outcomes: Metabolic equivalent of task (MET), time spent moving (vs.
sitting or lying), and steps per minute. Outcomes were calculated from
the accelerometer data and barometric data measured by the motion
sensor using the accompanying software (movisens data analyzer). MET
refers to the ratio of the metabolic rate during physical activity to basal
metabolic rate in physical resting state. The basal resting state metabolic
rate was calculated for each participant based on his/her sex, age,
height, and weight. The basal metabolic rate was standardized to the
score 1. The MET represents the increase of the basal metabolic rate
depending on the intensity of physical activity in a given time slot,
relative to the resting state. A MET of 2, for example, indicates that the
metabolic rate is twice the basal metabolic rate during resting state.
Time spent moving represents the proportion of moving (i.e., walking)
vs. stationary activity (i.e., lying and sitting/standing) during wearing
time. A value of 0.2, for example, indicates that a participant was
moving 20% of the time. The variable was derived from the activity
classes detected by the sensor by collapsing the active (walking,
running, cycling) vs. stationary (lying, sitting, standing) categories to a
binary variable. For further details on the behavioral measures, see the
Movisens documentation at https://docs.movisens.com/Algorithms.

2.3.3. Other psychometric measures

Symptoms of anxiety were measured in patients using the HAM-A
(Shear et al., 2001), a 14-item clinician-rated semi-structured inter-
view measuring the frequency and impairment by physical and psy-
chological symptoms of anxiety. Symptoms of depression were
measured with the Beck Depression Inventory (BDI-II, Beck, Steer, &
Brown, 1996). The BDIII is a 21-item patient-rated questionnaire
measuring the intensity of symptoms of depression.

2.4. Analyses

Analyses were performed in the statistical software R (RStudio Team,
2021) using the packages ImerTest (Kuznetsova, Brockhoff, & Chris-
tensen, 2017) and psych (Revelle, 2017), and were plotted using ggplot2
(Wickham, 2011). First, we tested for baseline differences between pa-
tients and healthy controls using t-tests. The following models were all
computed as linear mixed models with a random intercept of the
participant except for the binary variables interaction with strangers and
time spent moving, which were analyzed as generalized linear mixed
models. For the patients, we calculated a model with the predictor time
(three levels: baseline (BL), intermediate (IM) and post treatment
(POST) for each of the eight dependent variables (number of interaction
partners, interaction with strangers, activity spectrum, mood, symp-
toms, time spent moving, MET, and steps/min). To control for potential
group differences between the standard and the intensified exposure, we
added the factor group as control variable (main effect only; two levels:
standard vs. intensified). To test for potential differences between
diagnostic subgroups, we calculated additional models including the
respective outcome, the control variable group (standard vs. intensified
treatment), time and primary diagnosis (AG/PD vs. SAD) as well as the

Journal of Anxiety Disorders 101 (2024) 102792

interaction between time and primary diagnosis as predictors and a
random intercept per participant. Panic disorder and agoraphobia could
not be separated as these diagnoses were often applied as joint primary
diagnoses. Specific phobias were not analyzed as primary disorders due
to insufficient sample size (N = 2). Additionally, we calculated models
for diagnostic subgroups with any diagnosis of PD, AG, SAD, and SPEC.
Table S2 Results can be found in Supplement S3.

Finally, we tested for the influence of comorbid depressive symptoms
on each outcome using the standardized BDI-II-score, since we hy-
pothesized that the extent of depressive symptoms might moderate
behavioral changes. Since only patients could have comorbidity — this
was an exclusion criterion for healthy controls — we included only pa-
tients in this analysis. Time and depressive symptoms and their inter-
action were included as predictors in these models across all patients.
For the predictor time we set BL as baseline category and interpreted the
results of IM and POST relative to BL. To test whether potential im-
provements were specific for treated patients and whether the experi-
mental variable from the original RCT (temporal intensification)
impacted on the results, we additionally calculated models to predict
each outcome using treatment group (standard vs. intensified vs. con-
trol), time, and their interaction as predictors (see supplement S4).
Controls did not improve over time; the results thus did not change our
interpretation of the findings. Note, all post-hoc comparisons were
Bonferroni adjusted.

As we conducted several analyses per outcome, we corrected the
alpha level by the number of main analyses performed per outcome. This
means that we divided the alpha level by 4: one model for the baseline
comparison, one model for the overall time effect for all patients, one
model for the comparison of primary diagnoses (AG/PD vs. SAD) and
one model accounting for comorbid depressive symptoms. The supple-
mental (exploratory) analyses were not included in the correction factor.
In consequence, the alpha level for significant results is « = 0.05/4 =
0.013.

3. Results
3.1. Baseline differences

At baseline, patients and healthy controls differed regarding activity
spectrum, MET, mood, and physical symptoms (all values of p < .012),

but not number of interaction partners (p = .097), interaction with
strangers (p = .029), time spent moving (p = .025), and steps per minute

(p = .060), indicating that patients experienced impairments in
Table 1
Descriptive results at baseline (N 126).
patients healthy patients vs. Cohen’s
(N = 85) controls controls d
(N =41) (p value)
M SD M SD
smartphone-based
ratings
# interaction 1.92 0.72 217  0.78 .097 .32
partners
interaction 0.44 0.25 0.55 0.24 .029 42
with strangers
activity 2.56 0.89 3.08 0.70 <.001 .66
spectrum
Mood 58.85 14.68 82.83 9.15 <.001 1.96
physical 0.62 0.77 0.10 0.20 <.001 .93
symptoms
sensor-based
measures
time spent 0.10 0.04 0.12  0.05 .025 .45
moving [%]
MET 1.56 0.16 1.65 0.17 .012 .50
steps/min 9.27 3.49 10.71 4.17 .060 .38

Note. MET  metabolic equivalent of task
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subjective as well as sensor-based measures (see Table 1). Group-specific
descriptive statistics for PD, AG, SAD, and SPEC can be found in Sup-
plementary Table S2. Results for ratings and behavioral measures are
summarized in Table 2.

3.2. Time effects in smartphone-based ratings

An overview of the results is provided in Table 2. There were no
significant group effects, that is, no differences between standard weekly
and temporally consensed exposure treatment. For number of interac-
tion partners, there was no effect of time neither across all patients nor
when including primary diagnosis as predictor (see Fig. 1A).

Interaction with strangers increased over time, both from BL to IM
(Odds Ratio [OR] = 1.43, p < .001) and to POST (OR = 1.35, p = .003).
The model including primary diagnosis only revealed a main effect of
time indicating a general improvement from BL to IM (B =.32, p = .008;
see Fig. 1B).

No significant time effect was observed for the activity spectrum,
neither in the whole sample, nor in the analysis including diagnostic
subgroups (Fig. 1C).

Self-reported mood increased for all patients across time, both from
BL to IM (B = 3.79, p < .001) and to POST (B= 9.95, p < .001). This
effect was also present when including primary diagnosis (BL to IM: B =
4.22, p <. 001; BL to POST: B = 10.13, p < .001; Fig. 1D).

Reported physical symptoms significantly reduced at POST
compared to BL (B = .19, p < .001). When including primary diag-
nosis, an initial increase of physical symptoms appeared in AG/PD from
BL to IM (BL to IM: B =.18, p < .001; BL to POST: B= .27, p < .001;
Fig. 1E). In addition, there was a significant interaction between time
and primary diagnosis. Within patients with primary AG/PD, physical
symptoms were significantly larger at IM compared to BL (p < .001), but
lower at POST compared to IM (p < .001) and BL (p < .001). The in-
termediate increase in physical symptoms was not present in patients
with primary SAD.

3.3. Time effects in sensor-based behavioral measures

Time spent moving significantly changed over the course of treat-
ment. Time spent moving increased from BL to IM (OR = 1.14,p < .001)
and from BL to POST (OR = 1.08, p < .001). The same effect was present
when including the primary diagnosis (BL to IM: B =.18, p < .001; by
trend BL to POST: B =.04, p = .027, Fig. 2A). Within patients with AG/
PD, time spent moving increased from BL to IM (p < .001) but decreased
from IM to POST (p < .001). Within patients suffering from SAD, time
spent moving increased both from IM compared to BL and from POST
compared to BL (all values of p < .001).

Similar to time spent moving, MET increased across time across all
patients and when including the primary diagnosis (see Fig. 2B), both
from BL to IM (all patients: B =.05, p < .001; primary diagnosis: B =.06,
p < .001) and from BL to POST (all patients: B =.05, p < .001; primary

Table 2
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diagnosis: B =.02, p =.003). Within patients with AG/PD, MET
increased from BL to IM (p < .001), but decreased from IM to POST
(p < .001). Within patients suffering from SAD, MET showed a linear
increase from BL to IM, IM to POST and also POST compared to BL (all
values of p < .001).

In line with the other sensor-based measures, patients showed a
linear increase in steps per minute across time, from BL to IM (B = 1.15,
p <.001), and to POST (B =.90, p < .001). These effects were also
present in subgroups (BL to IM: B = 1.62, p < .001; BL to POST: B =.43,
p =.002; Fig. 2C). Within patients with AG/PD, steps per minute
increased from BL to IM (p < .001) but decreased from IM to POST
(p < .001). Within patients with SAD, steps per minute increased line-
arly (all values of p < .002).

3.4. Comorbid depressive symptoms

Regarding symptoms of comorbid depression, there was no main
effect of depressive symptoms (3%(1) = 1.66, p = .198) and no interac-
tion between time and depressive symptoms (*(2) = 4.13, p = .127) for
self-reported number of interaction partners and also not for interactions
with strangers (main-effect: (Xz(l) = 1.21, p = .271; interaction: X2(2)
= 4.02, p = .134). Similarly, for the activity spectrum, we could not find
a main effect of depressive symptoms (3*(1) = 0.02, p = .880) nor an
interaction between time and depressive symptoms (x*(2) = 3.70,
p = .157). In contrast, we found a significant negative main effect of
depressive symptoms for mood (B = 8.57, p < .001) indicating that
depressive symptoms were associated with lower mood, as well as a
significant interaction between time and depressive symptoms (y*(2)
= 24.34, p < .001). Patients with higher symptoms of depression had a
stronger improvement in mood at IM compared to BL (B = 1.82,
p < .001) and at POST compared to BL (B = 2.60, p < .001). The analysis
of self-reported physical symptoms revealed a main effect of depressive
symptoms (B =.24, p = .002), indicating that they were associated with
more physical symptoms. There was also an interaction between time
and depressive symptoms (XZ(Z) = 34.41,p < .001): From BL to IM (B =

.14, p < .001) as well as from BL to POST (B = .16, p < .001), pa-
tients with higher depression scores showed a stronger decrease in re-
ported physical symptoms.

Sensor-based activity showed no main effect of depressive symptoms
(Xz(l) = 2.49, p = .118), but a significant interaction between time and
depressive symptoms (x*(2) =39.23, p <.001). With increasing
depression scores, patients showed an attenuated increase in activity
from BL to IM (OR =.93, p < .001) and from BL to POST (OR =.95,
p =.001). Similarly, the main effect of depressive symptoms on MET
was insignificant (X2(1) = 0.24, p = .625), whereas the interaction be-
tween time and depressive symptoms (X2(2) = 81.19, p < .001) indi-
cated that they were associated with less increase in MET from BL to IM
(B= .03,p < .001) and from BL to POST (B = .01, p =.003). While
there was no main effect of depressive symptoms on steps per minute
(Xz(l) = 0.38, p =.539), higher depression scores were also associated

Anova results obtained from the mixed models using Wald chi-square tests for the general patient models and the model including primary diagnosis.

all patients

AG/PD vs. SAD

measure N (datapoints) time® groupb N (datapoints) time?® diagnosis time® x diagnosis groupb
smartphone-based ratings
# interaction partners 4668 3.96 0.14 4563 0.22 1.16 5.28 0.04
interaction with strangers 4040 18.97 * 1.12 3936 7.10 0.83 3.04 0.78
activity spectrum 4665 3.36 0.06 4560 2.43 1.25 0.25 < 0.01
mood 4661 290.26 * 1.77 4556 145.46 * 6.34 2.06 2.67
physical symptoms 4664 63.25 * 0.69 4559 89.05 * 0.35 29.07 * 0.80
sensor-based measures
time spent moving [%] 604340 153.99 * 2.28 589467 137.02 * 0.02 46.87 * 1.61
MET 611133 330.68 * 1.62 596208 164.94 * < 0.01 79.77 * 1.31
steps/min 611174 226.41 * 2.62 596249 193.74 * 0.11 85.49 * 2.04

Note. @ Baseline vs. Intermediate vs. Post Assessment, ° standard weekly vs. temporally condensed exposure. * p < .013
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Fig. 1. Patients’ self-rated changes over time (baseline (BL), intermediate (IM) and post-treatment (POST)) in A) number of interaction partners, B) interactions with
strangers, C) activity spectrum, C) mood and D) physical symptoms. Red lines indicate patients with a primary diagnosis of agoraphobia/panic disorder (AG/PD) and
green lines represent patients with a primary diagnosis of social anxiety disorder (SAD). Error bars indicate standard error of the mean.

with less increase in steps per minute (X2(2) = 39.95, p < .001) from BL
toIM (B= .51, p < .001) and from BL to POST (B = .24, p =.006).

4. Discussion
4.1. Patients with Anxiety Disorders Show Reduced Activity at Baseline

Using EMA we found that patients with different anxiety disorders
showed impairments in their well-being and active behavior, including
number of different activities and metabolic levels, relative to healthy
controls. These data support previous findings (Difrancesco et al., 2019;
Hiles, Lamers, Milaneschi, & Penninx, 2017). We found no impairments
in indicators of social activity (number of interaction partners, interac-
tion with strangers), time spent moving, and step count, since the esti-
mated effects were small (d = 0.3-0.4), while our study was only
powered to detect moderate effects (d > 0.5). The behavioral outcomes
assessed in this study were relatively broad and not confined to
fear-relevant situations or high-intensity physical activities. The detec-
ted differences therefore suggest that behavioral impairments in patients
with anxiety disorders cover broad areas of daily life. A nearby

interpretation is that tendencies to avoid potentially threatening situa-
tions (e.g., social encounters or being alone in the public) result in an
overall reduction of activities, including physical activity (Mason et al.,
2019; Morbée et al., 2023). Future studies should thus relate measures of
avoidance and reduced physical activity. Since low physical activity, in
turn, has been suggested as a risk factor for anxiety disorders (McDo-
well, Dishman, Gordon, & Herring, 2019; Schuch et al., 2019), a
bi-directional relationship of reduced activity and anxiety symptoms is
also probable, as suggested by longitudinal studies (Hiles et al., 2017).

4.2. Exposure-based psychotherapy leads to increased active behavior

Supporting previous findings (Borkovec et al., 2002; Carper et al.,
2021; Geraets et al., 2019), patients with anxiety disorders reported
treatment-related improvements of physical symptoms and mood states
not only at clinical assessment but also in daily life as assessed by EMA.
Extending previous findings, we found these positive effects across
different anxiety disorders.

Our most important finding is the increase in behavioral activities
across several domains, including MET, step count, and time spent
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Fig. 2. Patients’ behavioral changes over time (baseline (BL), intermediate (IM) and post-treatment (POST)) in A) metabolic equivalent of task (MET), B) time spent
moving (%), and C) steps per minute. Red lines indicate patients with a primary diagnosis of agoraphobia/panic disorder (AG/PD) and green lines represent patients
with a primary diagnosis of social anxiety disorder (SAD). Error bars indicate standard error of the mean.

moving, during exposure-based treatment. Effects of exposure therapy
are thus detectable in everyday life situations. Since this study assessed
patients’ general activity levels (not restricted to feared situations), the
results testify that exposure-based treatment can have wide-ranging
effects in patients’ lives. The effects occurred early in treatment, when
the main exposure phase started, and remained stable at post assess-
ment, when no extensive homework exercises were prescribed any
more. We therefore argue that the behavioral changes, to some extent at
least, were transferred from formal treatment to patients’ subsequent
daily life in the week after therapy. To corroborate this claim, future
studies should include ecological measurements during follow-up up
assessments, to see whether this also holds in the long run (e.g., after
one, three, or six months).

We show that exposure-based treatment results in increased active
behavior, but we did not assess potential treatment mechanisms. We
therefore cannot conclude which aspect of treatment is responsible for
the observed change. One nearby candidate is the dose of treatment, that
is, the more and longer exposure exercises are conducted, the more
behavioral change may be induced. Exposure-based treatment may also
reduce general dispositions towards avoidance and increase approach
motivation (Arnaudova et al., 2017; Wong, Wirth & Pittig, 2022). Spe-
cific treatment mechanisms could also lie in the amount of negative
reinforcement provided by the treatment, as reflected in the expectancy
violation during the exercises, the subsequent expectancy change, or the
derived learning rate (Pittig et al., 2022). These variables should be
analyzed as mediators in future investigations.

While increase in behavioral activity peaked early during treatment,
mood ratings showed a linear increase from baseline over intermediate
to post assessment. This is consistent with the idea that behavior can be
altered more quickly than mood states during behavioral activation
treatments (Dimidjian, Barrera, Martell, Munoz, & Lewinsohn, 2011;
Hoyer & Vogel, 2018). Within this theoretical frame, short-term
behavioral change is a precursor of mood or quality of life improve-
ments. Future studies might therefore conceptualize behavior change as
a mediator of long-term treatment success.

We additionally found interactions between diagnostic subgroups
and outcomes. First, we found an initial increase in physical symptoms
during daily life in AG/PD but not in SAD. This may reflect that expo-
sure, by interventions like interoceptive exercises, at first increases
bodily symptoms. Only repeated exposures and experiences of symptom
reduction seem to decrease reported physical symptoms in daily life, as
observed at the post assessment. The initial increase of physical symp-
toms sometimes is a necessary condition for salutary new experiences in

AG/PD (e.g., the experience that bodily symptoms do not lead to
physical damage).

Second, individuals with primary AG/PD improved less consistently
in sensor-based behavioral outcomes (time spent moving, MET, steps/
min) compared to individuals with SAD. In AG/PD, physical activity
increased during the main treatment phase but decreased until post
assessment, Individuals with AG/PD potentially had more difficulties to
transfer the contents of therapy to their daily life. This idea is in line with
laboratory-based data demonstrating that therapist-guided exposure
exercises in patients with PD only partially reduce their avoidance
behavior in untrained situations (Richter et al., 2021).

There were also no reliable subgroup interactions — only trends —
regarding social activity (number of interaction partners, frequency of
interaction with strangers). The number of interactions partners was not
affected by treatment at all. Difficulties detecting changes in social
interaction behavior are also reported by Geraets et al. (2019). The mere
number of interaction partners may tell little about the difficulty and
quality of social interactions. More precise, theory-based outcomes may
be necessary to detect improvements of social interactions.

The second variable that was not affected by treatment were ratings
of the activity spectrum. Patients did not report to exert more different
activities in a 2-hour time slot after treatment. Future studies should
probably measure the activity spectrum during longer time periods, such
as one week.

4.3. Comorbid symptoms of depression moderate behavioral changes

Regarding symptoms of depression, most of our hypotheses were not
confirmed. Stronger symptoms of depression were related to higher
impairments in mood ratings and reported physical symptoms, but not
in social interaction, activity spectrum, or behavioral measures. This
contradicts epidemiological findings that comorbid depression is asso-
ciated with increased impairment in anxiety disorders (Lamers et al.,
2011). It is possible that additional impairment due to depression was
relatively low in this study since the protocol only allowed for secondary
comorbid depression.

Baseline symptoms of depression were linked to higher improve-
ments of mood and physical symptoms. These outcomes are conceptu-
ally close to depression; the finding thus probably reflects that
depression can also be alleviated by exposure-based treatment (Emm-
rich et al., 2012). Measures of physical activity, by contrast, improved
better with weaker symptoms of depression. It thus seems that depressed
patients have more difficulties to engage in active behavior in their
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everyday environment. A limitation here is that our impairment indices
were generic and did not focus on euthymic activities which are spe-
cifically relevant to depression.

In sum, results suggest that patients with depressive symptoms
benefit differentially from exposure-based treatment in that their well-
being improves more while behavioral change tends to be weaker.
This exploratory finding may fuel further confirmative research.

4.4. Limitations

Limitations of this study include, first, that not all EMA items were
validated in prior studies. Specifically, the activity categories were
compiled for this trial, which reduces the comparability with other
studies. As to our knowledge, there is currently no library of validated
items for EMA studies. Second, we did not include GAD; that is, one of
the five DSM-5 adult anxiety disorders is missing. Third, the disorder
groups in our sample were overlapping and of unequal size, which may
have blurred between-group-differences. Specifically, the SPEC group
was smaller than the others, which reduces the reliability of our findings
regarding this category. Fourth, the patients in our study took part in a
comprehensive RCT with different subprojects while the control group
only participated in the EMA study. This may have influenced between-
group differences, for example in the sense that the control group
showed more reactivity and was more active while wearing the devices,
which would have increased differences between patients and healthy
controls. Fifth, we used a specific variant of exposure-based treatment
(prediction error-based exposure) that was based on disconfirming pa-
tients’ core threat expectations and was delivered with frequent
therapist-accompanied exposures. We cannot be fully sure that our
findings generalize to other forms of exposure therapy, like one-session
treatments or habituation-based exposure. However, it has been found
that different rationales for exposure elicit similar responses (Bluett,
Landy, Twohig, & Arch, 2016), and that pure self-guided exposure is
also effective (Gloster et al., 2011), so these design factors should not be
overrated.

4.5. Implications

We show that individuals with anxiety disorders are impaired in
their everyday physical activity and, more importantly, that social and
physical activity can be improved through exposure-based treatment.
This strengthens the empirical foundation of exposure therapy. We also
found indications that behavioral changes induced during exposure
therapy can be transferred to daily life in the week after therapy. Here,
patients with AG/PD seemed to have more difficulties than patients with
SAD. If this finding holds in future long-term examinations, transfer-
oriented activities should be emphasized in the self-management
phase of exposure therapy for AG/PD. For patients with comorbid
depressive symptoms, who seemed to have more difficulties to engage in
new behaviors, clinicians might consider including explicit components
of behavioral activation into treatment.

Our results indicate that behavioral outcomes can increase the
ecological validity of psychotherapy studies. Future trials should thus
more often include behavioral measures. To that end, the psychometric
properties of behavioral measures and their relation to established
retrospective measures need to be examined in more detail. Since
increased physical activity can itself have anxiolytic effects (Petzold,
Bendau, & Strohle, 2020), future studies should model behavioral
change not only as an outcome of treatment, but also as a mechanism of
further treatment success. A follow-up assessment of behavioral changes
is also warranted. Moreover, it should be analyzed which properties of
treatment (e.g., expectancy violation, dose or intensity of exposure)
predict the amount of behavioral changes.

Our results also indicate that behavioral measures like step count or
MET are sufficiently sensitive for monitoring treatment response in
anxiety disorders. These measures can be assessed with improving
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quality using patients’ smartphones or smartwatches. Setting up specific
behavioral goals and monitoring progress towards these goals can also
increase the probability of behavioral changes (Harkin et al., 2016).
Future research should therefore examine the validity and specificity of
behavioral measures for treatment success.

In sum, we demonstrate that exposure-based treatment is apt to
change patients’ everyday behavior, mood and physical activity and that
these changes endure at the end of treatment. This adds another layer of
evidence to the already established effectiveness of exposure-based
treatments. The analysis of objective behavioral changes induced by
cognitive-behavioral treatments is a promising aisle for psychotherapy
research.
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