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As other mental illnesses, agoraphobia is associated with a significant risk for relapse after the end

of treatment. Personalized and adaptive approaches appear promising to improve maintenance
treatment and aftercare as they acknowledge patients’ varying individual needs with respect to
intensity of care over time. Currently, there is a deficit of knowledge about the detailed symptom
course after discharge from acute treatment, which is a prerequisite for the empirical development of
rules to decide if and when aftercare should be intensified. Therefore, this study aimed firstly at the
investigation of the naturalistic symptom course of agoraphobia after discharge from initial treatment
and secondly at the development and evaluation of a data-driven algorithm for a digital adaptive
aftercare intervention. A total of 56 agoraphobia patients were recruited in 3 hospitals. Following
discharge, participants completed a weekly online monitoring assessment for three months. While
symptom severity remained stable at the group level, individual courses were highly heterogeneous.
Approximately two-thirds of the patients (70%) reported considerable symptoms at some time,
indicating a need for medium or high-intense therapeutic support. Simulating the application of the
algorithm to the data set resulted in an early (86% before week six) and relatively even allocation

of patients to three groups (need for no, medium, and high-intense support respectively). Overall,
findings confirm the need for adaptive aftercare strategies in agoraphobia. Digital, adaptive
approaches may provide immediate support to patients who experience symptom deterioration

and thus promise to contribute to an optimized allocation of therapeutic resources and overall
improvement of care.

Anxiety disorders are highly prevalent and contribute substantially to the burden of disease?. Among anxiety
disorders, agoraphobia is a common form with an estimated 12-month prevalence of 4.0°. Many individuals
with agoraphobia also experience panic attacks in the feared or avoided situations*. Agoraphobia and panic
disorder are associated with substantial impairment for the individual as well as high excess costs for the health
care system”’.

Cognitive behavioral therapy (CBT) has proven effective for the treatment of panic disorder and agorapho-
bia, and on average, patients benefit from it'°-'2. However, only about half of the patients achieve remission
after treatment'>!*. Further, a considerable proportion of patients experience residual symptoms at the end
of CBT". Long-term outcome is heterogeneous and relapses are common”'®. Pharmacological treatment or a
combination with CBT is also an efficacious treatment option'®"", yet, its effects slowly diminishes over time
when discontinued'”*. However, despite effective treatments, many patients face a challenging time after both
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psychological and pharmacological treatment. It is known for various mental disorders that the first months after
treatment termination are a particularly difficult phase in which patients are confronted with the problems of
daily life*"?2, Maintenance treatment and aftercare interventions can help to reduce symptom severity, maintain
treatment gains, and detect or prevent relapse***. However, existing aftercare interventions are only sufficient
for a subgroup of patients**>%. Patients’ needs after treatment termination differ. In addition, symptom trajec-
tories show large variation. As a consequence, interventions are needed that adjust the intensity of support to
the patients’ current needs, i.e. their symptom severities.

In recent years, the idea of optimizing treatment by taking into account patients’ individual needs has received
huge attention®”. The basic idea of such personalized treatment approaches is to tailor [e.g. Ref.?*] or choose [e.g.
Ref.??] the optimal therapy for an individual among the available interventions in a data-driven way***!. For
example, personalization can refer to treatment intensity [e.g. Ref.*?], treatment packages [e.g. Ref.*'], or treatment
components [e.g. Ref.**]. A common feature of these approaches is that decisions about the “right” intervention are
made in the very beginning, based on predictions. In the area of depression and anxiety disorders, the exploration
of central residual symptoms currently appears promising to improve prognostic models of relapse**. However,
a reliable prediction of symptom courses is only moderately successful so far*®, and thus it is not possible to
administer specific aftercare interventions to individual patients e.g. depending on their (high versus low) risk
of relapse. Therefore, the concept of adaptive treatment appears more suitable for the aftercare context, i.e. the
implementation of an empirically derived algorithm that determines whether, when, and how treatment should
be intensified over time**~*. Several components play a role in an adaptive approach: Modifications to the treat-
ment (e.g. changes in treatment intensity) are guided by a-priori decision rules at specific stages (i.e. predefined
time points) and consider tailoring variables (e.g. symptom level). For instance, a decision rule could suggest
maintaining a low-intense treatment (no modification) if there is a decrease in avoidance behavior (tailoring
variable) within the first three weeks of treatment (decision stage). Vice versa, in case of an increase in avoidance
behavior, the frequency of psychotherapy sessions could be increased.

The decision rules in adaptive approaches are developed using empirical data (e.g. longitudinal self-report
data) and appropriate statistical analyses”. By applying the a-priory defined decision rules, standardized and thus
reproducible decisions can be made during the observation period*. One way to operationalize decision rules
is to introduce cutoff-scores, i.e., a score that determines the level of symptom severity that must be exceeded to
start with a more intense treatment alternative. Appropriate cutoffs must be set to keep the balance between a
too low (i.e. treat all patients with the most intensive level) and a too high score (i.e. no patient receives the most
intensive level of care). Furthermore, available resources and potential risks of modifications (e.g. side effects)
should be considered when defining decision rules.

Whereas just a few years ago, data collection required great effort, new technologies such as smartphones, tab-
lets, and personal computers make it relatively easy and cost effective to monitor the health condition of individ-
ual patients. By leveraging data, such as those collected through internet-based routine outcome monitoring*®*,
treatment could be enhanced by delivering specific additional components at specific time points***>**. These
components may also be provided via digital technologies. For several mental disorders, internet- and mobile-
based interventions (IMIs) have shown promising results for maintaining treatment gains®*. It is expected that
IMIs will be more accessible and far less costly compared to traditional (face to face) aftercare interventions, and
thus may find their way into routine care. Although combining the strengths of IMIs and adaptive approaches
seems promising, these approaches must first be developed and empirically tested and then implemented to
routine care.

In developing an adaptive intervention, a variety of critical decisions (e.g. definition of decision rules) must
be made based on empirical (longitudinal) data®”. However, despite its substantial impact on individuals and
society, agoraphobia remains one of the least researched anxiety disorders**. Studies on post-treatment symp-
tom trajectories and relapse are limited. Especially for routine care conditions there are hardly any data. Our
knowledge on the natural course of symptoms after treatment termination is insufficient to establish meaningful
decision rules for adaptive aftercare.

This study therefore pursued two aims. The first aim was to explore the natural symptom courses in patients
with agoraphobia, with and without panic disorder, during the initial three months following treatment ter-
mination. The primary objective was to describe the natural symptom courses after discharge and assess the
necessity for additional support. The second aim of the study was to develop algorithms (decision rules) for a
potential adaptive aftercare intervention and to apply these decision rules to the collected data in order to test
their plausibility and simulate the patients’ group allocations over time.

Results
Recruitment and adherence
Between Mai 2021 and December 2022, N=60 inpatients were recruited. Three participants did not complete an
assessment, and one had withdrawn consent to the study. Thus, four cases were excluded from the data analysis,
and the final sample was N="56. The number of completed assessments ranged from 4 to 13 (M =12.04; SD=2.22).
Of the 56 participants, N=49 provided data for baseline (t1) and N=51 completed the final assessment (t2). Alto-
gether, participants’ adherence was excellent, they completed 92.58% (674 of 728) of the scheduled assessments.
The mean age of participants was 45.36 years (SD =10.35 years) ranging from 20 to 62 years. Most of the
patients (64.00%) were female, no one identified as diverse. Average duration of inpatient treatment was
45.18 days (SD=10.02; min =31, max=78). Out of the 56 patients 54 (96.00%) met ICD-10 diagnosis for agora-
phobia with panic disorder, two patients met ICD-10 diagnosis for agoraphobia only. Regarding comorbidities,
39 patients (69.6%) were diagnosed with at least one additional disorder. Of these, 34 patients were diagnosed
with an affective disorder (depressive episode (F32): n=7; recurrent depressive disorder (F33): n=27. At t1,
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n =23 patients (46.9%) stated that they currently took medication for their anxiety disorder. Specifically, n=14
stated that they were treated with selective serotonin reuptake inhibitors (SSRIs). Nine patients mentioned other
antidepressants.

Descriptive statistics

The observed means for all measures at baseline (t1) and end of study (t2) are shown in Table 1. While only
3.92% of patients indicated no clinically relevant symptoms on the Panic and Agoraphobia Scale [PAS; Ref.**]
(PAS=0-8) at t2, 37.25% reported mild (PAS=9-18) and 37.25% reported moderate (PAS = 19-28) symptom
severity. Moreover, 15.69% reported severe (PAS=29-39) and 5.88% very severe (PAS >40) symptom severity.
Further, 11.76% indicated normal (0-2), 50.98% mild (3-5), 25.49% moderate (6-8), and 11.76% severe (9-12)
symptom severity on the total Patient Health Questionnaire-4 [PHQ-4; Ref.*’] score at t2.

The observed means for the weekly monitoring are shown in Table 2. On a group level, the symptom bur-
den for the Overall Anxiety Severity and Impairment Scale [OASIS; Ref.*’] was quite stable, it ranged between
M=8.94in week 6 (SD=4.07) and week 10 (SD=4.52) and M =10.70 (SD=4.30) at baseline. For the avoidance
item of the OASIS (item 3), patients reported least avoidance in week 10 (M =1.62; SD=1.01) and highest
avoidance directly after discharge (M =2.08; SD=1.03). Only two patients reported not having a single panic
attack during the observation period. On average, patients experienced between M =1.29 (SD=2.10; week 12)
and M=0.91 (SD=1.08; week 2) panic attacks per week. The total score on the PHQ-4 ranged between M =4.42
(SD=2.88; week 10) and M =5.67 (SD=2.89; week 3).

At t2, patients were asked about perceived difficulties related to the transition from inpatient treatment to their
everyday lives and also about the utilization of professional support during the observation period. In response to
the question “Have you sought professional help for your agoraphobia since your discharge from the hospital?”,
25 of the 51 patients (49%) stated that they had sought some sort of professional help after discharge. Specifi-
cally, 22 patients initiated outpatient psychotherapy. The average gap between the start date of help (actual and
planned) was approximately 40 days (M =39.5; SD=29.9; min = 1; max = 106; n=28). When asked "Did you find
the transition from hospital to everyday life difficult?" 5.9% answered "not at all", 17.6% "not so much", 41.2%
“rather”, and 35.3% "very much".

Algorithm development

For the development of the adaptive aftercare intervention, we assumed that the main goal is to maintain treat-
ment gains, to support with symptom exacerbations, and react to relapses and crises in order to allocate the
resources where they are needed most. We defined 3 levels of treatment intensities (level I: minimal intervention,

Change (t2-
t1 (n=49) |t2(n=51) | tl;n=46)

Instrument (range) M SD (M SD |[M SD
Panic and agoraphobia scale (0-52) 19.41 |9.15 |21.24 |9.89 043 |7.44
Patient health questionnaire (0-12) 496 |3.04 506 |283 | —0.07 |2.26
Overall anxiety severity and impairment (0-20) 10.70 | 4.30 9.67 397 | —-1.38 |3.20
Mobility inventory (1-5)—alone 2.79 |0.81 285 |0.86 | —0.02 |0.52
Mobility inventory (1-5)—accompanied 225 |0.65 | 222 |071 | —-0.06 |0.50
Agoraphobic cognitions (1-5) 221 |0.64 | 226 |0.54 | 0.00 |0.46
Body sensations (1-5) 294 10.78 291 |0.67 | —0.07 |0.53
Generalized anxiety (0-21) 9.78 |5.10 |10.41 |4.36 037 |2.89

Table 1. Clinical outcome at baseline (t1), end of study (t2), and change (t2-t1).

Week

0 1 2 3 4 5 6 7 8 9 10 11 12

Instrument n 49 52 55 55 53 52 52 49 52 52 52 51 51

10.70 [ 9.13 9.07 [9.80 |9.62 |9.33 894 949 |9.08 |9.29 894 |9.53 |9.67
SD 430 | 425 |3.50 |3.68 |3.62 |3.87 |4.07 |4.34 |4.04 |4.06 |452 |4.06 |3.97
M 208 |1.75 |1.64 |1.75 |1.85 |1.69 |165 |1.73 |1.71 |1.75 |1.62 |1.80 |1.88
SD 1.03 |1.03 091 [091 093 |0.81 |093 |1.00 |0.89 |0.93 |1.01 |0.92 |0.97
M 126 |1.00 (091 |1.24 |1.06 |0.98 |1.06 |1.20 |0.98 |0.96 |0.96 |1.20 |1.29
SD 179 | 162 |1.08 |[1.36 |1.86 |1.38 |1.82 |196 |1.26 |1.80 |1.48 |190 |2.10
496 |4.73 |4.65 |5.67 |519 |471 |492 |527 |4.65 |475 |4.42 |48 5.06
SD 3.04 279 |2.79 |2.89 |3.04 |2.89 |292 |3.03 |256 |2.79 |2.88 |2.74 |2.83

OASIS (0-20)

Avoidance (0-4)

PA (0-11)

PHQ-4 (0-12)

Table 2. Observed means for the weekly monitoring assessment. PA panic attacks.
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e.g. psychoeducation, level II: low-intensity intervention, e.g. online exercises, level III: high-intensity interven-
tion, e.g. crisis management). Based on the symptom severity measured in the weekly monitoring (tailoring
variables), each week a decision is made (via a priori decision rules) to increase the level of support if needed.
Moreover, the decision rules should allow for meaningful adjustments over time. In doing so, the allocation into
the three intervention levels should be made timely. A cutoff-based strategy was chosen to capture the clinical
approach of an initial low intensity treatment (watchful waiting) and to allow for adjustments in intensity over
time if a cutoff is exceeded®. This strategy is intended to prevent more intensive and costly treatment from being
carried out unnecessarily and allocate resources to those patients who need it most.

The severity of panic and agoraphobia, measured by the total score of the PAS at the final assessment, was
used as a criterion for post-inpatient health status. Based on the severity of agoraphobia symptoms 3 months
after discharge, patients were divided into three subgroups: Patients indicating no clinically relevant or mild
symptoms (41.17%), moderate symptoms (37.25%), and severe symptoms (21.57%). Differences in symptom
courses between the 3 classes were analyzed. To account for the individual courses over time, the weekly moni-
toring instruments were analyzed using descriptive statistics and data visualization techniques. Figure 1 displays
individual symptom trajectories for the three subgroups. This procedure was repeated for the avoidance item,
the panic attacks item, and the total score of the PHQ-4.

Regarding the definition of the cutoft-scores, the descriptive and visual analysis of the individual courses
revealed distinct patterns within the 3 subgroups. Subgroup 1 reported low symptoms (examples based on mean
OASIS scores over all patients over all measurement points: M =5.88) with some variation (SD=2.93) over the
complete observation period. Subgroup 2 experienced mild symptoms (M =9.78, SD=2.89) throughout the
twelve weeks. Subgroup 3 showed on average higher symptoms with additional symptom peaks (M=12.31,
SD=3.31). However, the most straightforward way, the introduction of two cross-sectional cutoffs (one for
each level), did not work out, as over the course of the twelve weeks, almost every patient reported at least one
difficult week. Therefore, two different cutoff scores for the algorithm were defined: Cutoff 1, based on symp-
tom severity over two consecutive weeks, and Cutoff 2, based on symptom severity at a single point in time. A
moderate continuous symptom severity (Cutoff 1) may indicate the need for additional support, while a single
extreme value (Cutoff 2) may suggest an acute crisis that requires immediate attention and support. Following
an iterative process comparing mutual interdependencies of the decision rules and taking into account clinical
considerations, the final cutoff-scores shown in Table 3.

20

15

OASIS [0-20]
S

0 1 2 3 4 5 6 7 8 9 10 11 12
Time [weeks after discharge]

Figure 1. Individual symptom trajectories measured with the sum score of the OASIS. Triangles represent
the mean values. The three groups indicated by colors correspond to the PAS level at the end of the study:
red =severe, orange = moderate, green =mild.

OASIS Avoidance Panic attacks PHQ-4

Score | Exceeded (n) | Score | Exceeded (n) | Score | Exceeded (n) | Score | Exceeded (n)
None 39.3% (22) 53.6% (30) 71.4% (40) 50.0% (28)
Cutoff 1 11.0 50.0% (28) 2.5 33.9% (19) 2.0 14.3% (8) 6.0 14.3% (8)
Cutoff 2 16.0 10.7% (6) 3.0 12.5% (7) 4.0 14.3% (8) 8.0 35.7% (20)

Table 3. Proposed cutoff-scores and proportion of exceeded cutoffs. Cutoff 1 refers to symptom severity over
two consecutive weeks (mean).
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Algorithm simulation

To explore the performance of the developed decision rules, we simulated the patients’ group changes over time
based on their data. The application of the decision rules and the transitions into more intense treatment groups
are shown in Fig. 2. All patients start with minimal intervention and can then be upgraded in a more intensive
treatment level as they progress. Within the simulation, the allocation of patients occurred relatively evenly across
the three proposed levels. At t2, 30.4% (n=17) of patients did not exceed either cutoff, 26.8% (n=15) exceeded
Cutoft 1, 42.9% (n=20) reported severe symptoms for at least one week, exceeding Cutoft 2. Further, 44 of 51
group allocations (86.3%) took place before week 6, i.e., all patients could benefit from the higher intensity for a
significant period of time. Finally, the algorithm allowed for sequential adaptions as patients moved from level I
to level IT or from level II to level III or from level I directly to level III. In addition to the cutoff-scores, Table 3
shows the proportion of exceeded cut-offs. Cutoff 2 on the PHQ-4 (8.0) was exceeded more often (20 times)
than the other constructs (OASIS: 6 times, avoidance: 7 times, panic attacks: 8 times). Raising the PHQ-4 Cutoff
2 value from 8 to 9 would result in 15 (26.8%) instead of 20 (35.7%) patients exceeding Cutoft 2 and overall, 20
(35.7%) instead of 24 (42.9%; one case exceeded another Cutoff 2 score besides the PHQ-4 Cutoff 2). For the
final decision rules, however, we maintained the PHQ-4 categories defined by the authors [normal 0-2, mild
2-5, moderate 6-8, severe 9-12; Ref.*®].

Discussion

This longitudinal multicenter study explores naturalistic symptom progression in patients with agoraphobia with
and without panic disorder, for three months after hospital discharge. Two thirds of patients still show consider-
able symptoms at the end of inpatient treatment. Likewise, 76.5% rated the transition period after discharge rather
or very difficult, clearly highlighting the need for additional support after discharge from inpatient treatment.
Although around half initiated outpatient treatment, they face a gap of around 40 days without help. The results
confirm that consecutive aftercare offers are meaningful. Adaptive interventions seem especially promising as
they can take into account the heterogeneous needs and symptom courses in this critical transition period. The
resources saved by the internet-based and adaptive components could lead to higher acceptance and lower cost
per person, increasing the likelihood of implementation in routine care.

The feasibility of the weekly symptom monitoring proved to be excellent; while only 3 patients did not par-
ticipate, the remaining patients completed approximately 93% of the assessments. The high adherence attests
the patients’ interest and the need for additional support directly after discharge. This opens the perspective for
further approaches based on longitudinal data collection, for example longer observation periods or more intense
assessment schedules [e.g. ecological momentary assessment; Ref.*®].

Finally, based on the monitoring data, decision rules for a possible adaptive aftercare intervention are derived.
While the group-level analyses are not very informative (no significant variation at the group level), individual
symptom courses show very diverse patterns over time. Descriptive and visual analyses of individual symptom
courses confirm high heterogeneity of symptom courses after discharge. Symptom courses are very heterogene-
ous within individuals, suggesting that some patients go through a difficult transition period after discharge
from hospital, while others manage to stabilize their treatment gains. Using a cutoft-based strategy, an adaptive
aftercare intervention is sketched out. Final decision rules incorporate two different cutoff scores on central
monitoring measures, that performed well in identifying patients in need quickly. Cutoft 1 is based on mean
symptom severity over two consecutive weeks, and Cutoff 2, is based on a single measurement point.

The simulation of the decision rules results in a reasonable group allocation over time. First, with about 70%
of patients upgraded to a more intensive level of support, valuable (therapeutic) resources would also be saved.
In an internet-based environment, minimum support could be highly automated [e.g. supportive monitoring;
Ref.*'] and more intense support could be provided in therapeutic contact [e.g. expert-chat; Ref.*’]. In addition,
especially patients indicating high symptom severity (after all, 43% of patients) could benefit from the resources

Level [1-3]

0 1 2 3 4 5 6 7 8 9 10 11 12
Time [weeks after discharge]

Figure 2. Adaptive group allocation over the course of 12 weeks after hospital discharge.
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that are freed up. Second, with about 86% of adjustments take place in the first weeks after discharge from hos-
pital, patients could profit from the higher intensity of support significantly. The weekly symptom monitoring,
combined with adaptive internet-based interventions, enables for rapid response to deterioration and immediate
provision of additional help.

This study has several strengths. First, the collection of data within patients’ daily lives provides naturalistic
and valuable insights into individual symptom courses following inpatient treatment. Recruiting at different clin-
ics increases the study’s validity. Second, with the large number of completed assessments over 13 measurement
points, data quality is very high. It demonstrates that routine outcome monitoring is a feasible tool to inform
(adaptive) aftercare. This is consistent with findings that patients support routine outcome monitoring when the
purpose is clear, and implementation is done with care*’. Third, the adaptive allocation algorithm proves plausible
and promises to facilitate resource allocation. Over the tree months, the majority of patients (70%) experience a
crisis. Predicting who will experience a crisis and when is challenging. Therefore, continuous symptom monitor-
ing is crucial to individualize adaptive aftercare interventions.

The sample size for the development of an algorithm is rather small, potentially limiting the generalizability of
the derived decision rules. While the transition period in an inpatient context could be particularly challenging,
relapses or residual symptoms of anxiety disorders at the end of CBT treatment are independent of country and
setting. Given that the study’s findings predominantly pertain to the inpatient context, future research should
also explore outpatient settings. The study’s monitoring and adaptive aftercare procedure is applicable across
various contexts (bridge waiting periods and support individuals during/after inpatient or outpatient therapy).
Moreover, the efficacy and superiority of adaptive interventions compared to conventional aftercare approaches
remains to be investigated®. It is also not possible to examine within this study what effect an aftercare interven-
tion would have had on the course. Due to a possible improvement in the course of symptoms, fewer patients
would be expected in the most intensive treatment group. However, the aim of the study is to outline such an
algorithm for routine care that can and must be validated in a larger randomized study®. Also, no information
on the effectiveness of the initial inpatient treatment was available.

The novel advances in technology are promising, as they can overcome some of the challenges of the face to
face model of psychotherapy™ especially for patients with mild symptoms. Internet-based care services are inde-
pendent of time and setting and can be offered at relatively low cost. The potential of modern technology is far
from exhausted. Especially at the transitions between services and/or sectors, e.g. waiting times for treatment®’,
and aftercare or relapse prevention?>2°,

Conclusion

Patients with agoraphobia require support after end of acute treatment. However, patients experience hetero-
geneous symptom courses and consequently require individualized treatment strategies. Personalized, adaptive
treatment strategies can adjust the level of support dynamically over time to better fit the individual needs to
the intensity of support. Especially during crisis. Internet-based adaptive aftercare approaches are feasible and
have great potential to improve the healthcare situation by allocating resources to the patients who need it most
when they need it most.

Method
Participants and setting
Participants were recruited from three psychosomatic clinics (MEDIAN Center for Behavioral Medicine Bad
Pyrmont, AHG Psychosomatic Hospital Waren, MEDIAN Clinic Bad Rothenfelde) where they received inpatient
psychotherapy treatment. Inpatient treatment integrated guideline-based'® psychotherapy and pharmacotherapy.
Psychotherapy, grounded on cognitive behavioral therapy (CBT) principles, incorporates psychoeducation, cog-
nitive restructuring, coping skills, and exposure exercises (guided and self-managed). CBT is offered in both
individual and group settings. While undergoing inpatient treatment, patients were encouraged by therapists
to consider outpatient care upon their discharge from the hospital. Given the division between inpatient and
outpatient services in Germany, it becomes the responsibility of the patient to actively seek additional care.
Inclusion criteria were age above 18 years, inpatient therapy in one of the cooperating clinics, internet access,
a valid e-mail address, as well as a clinical diagnosis of agoraphobia with or without panic disorder. The clinical
diagnosis was made within the standard diagnostic procedures of the respective clinics according to the 10th
version of the classification of mental and behavioural disorders [ICD-10; Ref.*?] guidelines. The diagnostic
criteria of the ICD-10 are as follows: (a) a marked and persistent fear of, or avoidance of, several situations; (b)
exposure to the phobic situation almost invariably provokes an immediate anxiety response; (c) significant emo-
tional distress due to avoidance or symptoms; (d) symptoms are restricted to the feared situations or thoughts
about them; (e) the anxiety or phobic avoidance is not better accounted for by another mental disorder. A panic
disorder can be indicated with the fifth digit (F40.00 Agoraphobia without panic disorder; F40.01 Agoraphobia
with panic disorder). Exclusion criteria included acute suicidality, insufficient German language proficiency,
and substance abuse. Under routine conditions, there were no restrictions on the use of other psychological or
pharmacological treatment for the duration of the study. Patients provided written informed consent. The study
was performed in accordance with the declaration of Helsinki, it was approved by the ethics committee of the
University Hospital Heidelberg, Germany.

Procedure

Participants were asked to complete a weekly online monitoring survey for three months following discharge
from inpatient psychotherapeutic treatment. Once a week, participants received an e-mail with a hyperlink to
the online survey. Assessments were conducted using the Software Assessment and monitoring of mental health
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[ASMO; Ref.*!]. If the assessment was not completed after 3 days, participants received an automated e-mail
reminder. If participants failed to complete the assessment twice in a row, they were contacted by phone to
resolve technical issues. Participants who completed the final assessment received an online gift voucher (€30).

Assessment of self-reported symptom severity

Between baseline assessment at discharge (t1) and the end of the observation period (t2), core symptoms of
agoraphobia and depressive and generalized anxiety symptoms were assessed at weekly monitoring assessments
(WM). Questions concerning basic demographic variables (age, sex) and medication were included at t1. Ques-
tions on the use of psychological treatment and the transition period between hospital dismission and everyday
life were asked at t2. All assessments were conducted as online self-report. Table 4 shows the instruments used
at different points in time.

Panic and agoraphobia scale (PAS)

The German version of the PAS* was conducted to measure the severity of the disorder. The PAS comprises 13
items with five response options each (0 to 4). The total score consists of the sum of all items (range 0 to 52). The
internal consistency of the PAS is good, Cronbach’s o= 0.86*.

Generalized anxiety disorder scale 7 (GAD-7)

The GAD-7% measures generalized anxiety disorder and the severity of generalized anxiety using 7 items that
range on a four-point Likert scale from not at all (0) to almost every day (3). The internal consistency of the
GAD-7 is very good, Cronbach’s a=0.85.

Body-related anxiety, cognitions, and avoidance questionnaire (AKV)

The AKV> is the translated version of the Agoraphobic Cognition Questionnaire (ACQ) and the Body Sensations
Questionnaire [BSQ; Ref.**], and the Mobility Inventory®’. The combination of the three questionnaires is widely
used and allows the examination of central anxiety constructs. The ACQ comprises 14 items on a 5-point Likert
scale ranging from never (1) to always (5) to measure the frequency with which anxiety-related cognitions occur
when the person is nervous or anxious. The internal consistency of the ACQ is acceptable, Cronbach’s a=0.79.
The BSQ consists of 17 items and measures the extent of anxiety about physical symptoms (e.g. weak knees) on a
5-point Likert scale ranging from not at all (1) to extremely (5). The total score is calculated from the mean of all
items answered. The internal consistency of the BSQ is good, Cronbach’s a=0.87. The MI uses 27 items to assess
the extent of avoidance behavior in various situations (e.g. riding buses). The data are collected both alone and
in company on a five-point Likert scale from never 1 to always 5. In the evaluation, the total score is composed
of the mean scores of the avoidance alone and avoidance accompanied scales. The internal consistency of both
scales of the MI is excellent, Cronbach’s a=0.96.

Jena anxiety monitoring list (JAMoL)

The first two modules of the JAMoL*® were used to assess the severity of anxiety symptoms (items 1-6) and the
patient’s adherence to therapy (items 7, 9, 10) on a weekly basis. The first five items of the anxiety symptoms
module [using the German version of the Overall Anxiety Severity and Impairment Scale; OASIS-D; Ref.*’]
measure the frequency and intensity of anxiety (e.g. How often were you anxious in the past week?), avoidance
behaviors, and resulting impairments for the past week. Item 6 captures the frequency of panic attacks (response
options 0-10 covered the exact number of panic attacks experienced, 11 served as > 10). While item 7 measures
the frequency of exposure exercises, item 9-10 addresses the severity of perceived anxiety during the exercise.
The internal consistency of the English-language version of the OASIS is good, Cronbach’s a = 0.80%.

Patient health questionnaire-4 (PHQ-4)

The PHQ-4" consists of four items and measures core depression and anxiety symptoms on a four-point Likert
scale, ranging from not at all (0) to almost every day (3). The total score is an overall measure of symptom burden,
the internal consistency is good with Cronbach’s a=0.85.

Variable Instrument tl (WM |2
Demographics X

Panic and agoraphobia severity Panic and agoraphobia scale (PAS) X X
Severity indicator for generalized anxiety disorder Generalized anxiety disorder scale (GAD-7) X X
Avoidance behaviour Mobility inventory (MI) X X
Agoraphobic cognitions Agoraphobic cognitions questionnaire (ACQ) | X X
Body sensations Body sensations questionnaire (BSQ) X X
Severity of anxiety symptoms and treatment adherence | Jena anxiety monitoring list (JAMol) X | X X
Depression and anxiety Patient health questionnaire (PHQ-4) X | X X

Table 4. Overview of instruments used at different points in time. tI baseline, WM weekly monitoring, t2 end
of study after 3 months.
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Sample size and statistical analyses
We aimed to recruit N=60 patients. This sample size allows the frequency of agoraphobic avoidance behavior
and other outcome measures to be assessed with sufficient accuracy, which is appropriate for the study objective.
To describe the naturalistic symptom course of patients with agoraphobia with and without panic disorder
over three months after treatment termination, descriptive statistics of outcomes on group and individual level
were reported. Change in symptoms were calculated (t2-t1). Based on weekly symptom courses, decision rules
were deducted and tested for an adaptive aftercare intervention. Decision rules were constructed to match the
aftercare intervention’s intensity to the participant’s symptom severity three months after hospital discharge,
based on the total PAS score. All statistical analyses were performed in R [Version 4.1.2; Ref.*].

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.

Received: 10 October 2023; Accepted: 23 January 2024
Published online: 06 February 2024

References
1. Murray, C. J. L. et al. Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: A systematic
analysis for the Global Burden of Disease Study 2010. Lancet 380, 2197-2223 (2012).
2. GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 12 mental disorders in 204 countries and
territories, 1990-2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet Psychiatry 9, 137-150 (2022).
3. Jacobi, E et al. Psychische stérungen in der allgemeinbevolkerung: Studie zur gesundheit erwachsener in deutschland und ihr
zusatzmodul psychische gesundheit (DEGS1-MH). Nervenarzt 85, 77-87 (2014).
4. Wittchen, H. U. et al. Agoraphobia and panic. Prospective-longitudinal relations suggest a rethinking of diagnostic concepts.
Psychother. Psychosom. 77, 147-157 (2008).
5. Kessler, R. C. et al. The epidemiology of panic attacks, panic disorder, and agoraphobia in the National Comorbidity Survey Rep-
lication. Arch. Gen. Psychiatry 63, 415-424 (2006).
6. Keller, M. B. et al. Remission and relapse in subjects with panic disorder and panic with agoraphobia: A prospective short-interval
naturalistic follow-up. J. Nerv. Ment. Dis. 182, 290-296 (1994).
7. Bruce, S. E. et al. Influence of psychiatric comorbidity on recovery and recurrence in generalized anxiety disorder, social phobia,
and panic disorder: A 12-year prospective study. Am. J. Psychiatry 162, 1179-1187 (2005).
8. Yonkers, K. A., Bruce, S. E., Dyck, I. R. & Keller, M. B. Chronicity, relapse, and illness-course of panic disorder, social phobia, and
generalized anxiety disorder: Findings in men and women from 8 years of follow-up. Depress. Anxiety 17, 173-179 (2003).
9. Brettschneider, C. et al. The allocation of resources in the care for patients with panic disorder in Germany: An excess cost analysis
informing policy and science. Cost Eff. Resour. Alloc. 17,9 (2019).
10. Pompoli, A. et al. Psychological therapies for panic disorder with or without agoraphobia in adults: A network meta-analysis.
Cochrane Database Syst. Rev. 4, CD011004 (2016).
11. Norton, P. J. & Price, E. C. A meta-analytic review of adult cognitive-behavioral treatment outcome across the anxiety disorders.
J. Nerv. Ment. Dis. 195, 521-531 (2007).
12. Sanchez-Meca, J., Rosa-Alcazar, A. I, Marin-Martinez, F. & Gomez-Conesa, A. Psychological treatment of panic disorder with or
without agoraphobia: A meta-analysis. Clin. Psychol. Rev. 30, 37-50 (2010).
13. Loering, A. G. et al. Response rates for CBT for anxiety disorders: Need for standardized criteria. Clin. Psychol. Rev. 42, 72-82
(2015).
14. Porter, E. & Chambless, D. L. A systematic review of predictors and moderators of improvement in cognitive-behavioral therapy
for panic disorder and agoraphobia. Clin. Psychol. Rev. 42,179-192 (2015).
15. Brown, T. A. & Barlow, D. H. Long-term outcome in cognitive-behavioral treatment of panic disorder: Clinical predictors and
alternative strategies for assessment. J. Consult. Clin. Psychol. 63, 754-765 (1995).
16. Barlow, D. H., Gorman, J. M., Shear, M. K. & Woods, S. W. Cognitive-behavioral therapy, imipramine, or their combination for
panic disorder: A randomized controlled trial. JAMA 283, 2529-2536 (2000).
17. Caldirola, D. et al. Relapse prevention in panic disorder with pharmacotherapy: Where are we now?. Expert Opin. Pharmacother.
21, 1699-1711 (2020).
18. Bandelow, B. et al. S3-Leitlinie Behandlung von Angststérungen: Version 2. https://register.awmf.org/de/leitlinien/detail/051-028
(2021).
19. Bandelow, B. et al. World Federation of Societies of Biological Psychiatry (WFSBP) guidelines for treatment of anxiety, obsessive-
compulsive and posttraumatic stress disorders—Version 3. Part I: Anxiety disorders. World J. Biol. Psychiatry 24, 79-117 (2023).
20. Freire, R. C. R. & Nardi, A. E. Is it possible to prevent relapse in panic disorder?. Expert Rev. Neurother. 23, 677-679 (2023).
21. Bauer, S., Okon, E., Meermann, R. & Kordy, H. Technology-enhanced maintenance of treatment gains in eating disorders: Efficacy
of an intervention delivered via text messaging. J. Consult. Clin. Psychol. 80, 700-706 (2012).
22. Hennemann, S., Farnsteiner, S. & Sander, L. Internet- and mobile-based aftercare and relapse prevention in mental disorders: A
systematic review and recommendations for future research. Internet Interv. 14, 1-17 (2018).
23. Scholten, W. D. et al. Discontinuation of antidepressants in remitted anxiety disorder patients: The need for strategies to prevent
relapse. Psychother. Psychosom. 82, 399-400 (2013).
24. White, K. S. et al. Does maintenance CBT contribute to long-term treatment response of panic disorder with or without agora-
phobia? A randomized controlled clinical trial. J. Consult. Clin. Psychol. 81, 47-57 (2013).
25. Aardoom, J. J. et al. Web-based fully automated self-help with different levels of therapist support for individuals with eating
disorder symptoms: A randomized controlled trial. J. Med. Internet Res. 18, €159 (2016).
26. Kordy, H. et al. Internet-delivered disease management for recurrent depression: A multicenter randomized controlled trial.
Psychother. Psychosom. 85, 91-98 (2016).
27. Cohen, Z. D., Delgadillo, J. & DeRubeis, R. J. Personalized treatment approaches. In Bergin and Garfield’s Handbook of Psychotherapy
and Behavior Change 7th edn (eds Barkham, M. et al.) 673-703 (Wiley, 2021).
28. Berger, T., Boettcher, J. & Caspar, E. Internet-based guided self-help for several anxiety disorders: A randomized controlled trial
comparing a tailored with a standardized disorder-specific approach. Psychotherapy 51, 207-219 (2014).
29. Kaess, M. & Bauer, S. Editorial promoting help-seeking using E-technology for ADolescents: The ProHEAD consortium. Trials
20, 72 (2019).
30. Cohen, Z. D. & DeRubeis, R. J. Treatment selection in depression. Annu. Rev. Clin. Psychol. 14, 209-236 (2018).

Scientific Reports |

(2024) 14:3056 | https://doi.org/10.1038/s41598-024-52803-z nature portfolio


https://register.awmf.org/de/leitlinien/detail/051-028

www.nature.com/scientificreports/

31. DeRubeis, R. J. et al. The personalized advantage index: Translating research on prediction into individualized treatment recom-
mendations. A demonstration. PLoS One 9, €83875 (2014).

32. Delgadillo, J. et al. Stratified care vs stepped care for depression: A cluster randomized clinical trial. JAMA Psychiatry 79, 101-108
(2022).

33. Elsaesser, M. et al. Modular-based psychotherapy (MoBa) versus cognitive-behavioural therapy (CBT) for patients with depression,
comorbidities and a history of childhood maltreatment: Study protocol for a randomised controlled feasibility trial. BMJ Open 12,
057672 (2022).

34. Lorimer, B., Delgadillo, J., Kellett, S. & Brown, G. Exploring relapse through a network analysis of residual depression and anxiety
symptoms after cognitive behavioural therapy: A proof-of-concept study. Psychother. Res. 30, 650-661 (2020).

35. Bokma, W. A. et al. Predicting the naturalistic course in anxiety disorders using clinical and biological markers: A machine learning
approach. Psychol. Med. 52, 57-67 (2022).

36. Lavori, P. W,, Dawson, R. & Rush, A. J. Flexible treatment strategies in chronic disease: Clinical and research implications. Biol.
Psychiatry 48, 605-614 (2000).

37. Almirall, D., Nahum-Shani, I., Sherwood, N. E. & Murphy, S. A. Introduction to SMART designs for the development of adaptive
interventions: With application to weight loss research. Transl. Behav. Med. 4, 260-274 (2014).

38. Murphy, S. A. An experimental design for the development of adaptive treatment strategies. Stat. Med. 24, 1455-1481 (2005).

39. Forsell, E. et al. Proof of concept for an adaptive treatment strategy to prevent failures in internet-delivered CBT: A single-blind
randomized clinical trial with insomnia patients. Am. J. Psychiatry 176, 315-323 (2019).

40. Barkham, M., De Jong, K., Delgadillo, J. & Lutz, W. Routine outcome monitoring (ROM) and feedback: Research review and
recommendations. Psychother. Res. 33, 841-855 (2023).

41. Wilhelm, M., Feldhege, J., Bauer, S. & Moessner, M. Einsatz internetbasierter Verlaufsmessung in der Psychotherapieforschung.
Psychotherapeut 65, 505-511 (2020).

42. Lavori, P. W. & Dawson, R. Adaptive treatment strategies in chronic disease. Annu. Rev. Med. 59, 443-453 (2008).

43. Wang, L. & Miller, L. C. Just-in-the-moment adaptive interventions (JITAI): A meta-analytical review. Health Commun. 35,
1531-1544 (2020).

44. Asmundson, G. J. G. & Asmundson, A. J. N. Are anxiety disorders publications continuing on a trajectory of growth? A look at
Boschen’s (2008) predictions and beyond. J. Anxiety Disord. 56, 1-4 (2018).

45. Bandelow, B. Panik- und Agoraphobie-Skala Vol. 2 (Hogrefe, 2016).

46. Kroenke, K., Spitzer, R. L., Williams, J. B. & Lowe, B. An ultra-brief screening scale for anxiety and depression: The PHQ-4. Psy-
chosomatics 50, 613-621 (2009).

47. Hiller, T. S. et al. Psychometric evaluation and Rasch analyses of the German overall anxiety severity and impairment scale (OASIS-
D). Sci. Rep. 13, 6840 (2023).

48. Ebner-Priemer, U. W. & Trull, T. J. Ecological momentary assessment of mood disorders and mood dysregulation. Psychol. Assess.
21, 463-475 (2009).

49. Bauer, S. et al. Efficacy and cost-effectiveness of Internet-based selective eating disorder prevention: Study protocol for a rand-
omized controlled trial within the ProHEAD Consortium. Trials 20, 91 (2019).

50. Kazdin, A. E. Addressing the treatment gap: A key challenge for extending evidence-based psychosocial interventions. Behav. Res.
Ther. 88, 7-18 (2017).

51. Zimmer, B, Dogs, C. P. & Kordy, H. Internetbasierte Vorbereitung auf eine stationare psychosomatisch-psychotherapeutische
Behandlung. Psychotherapeut 56, 501-508 (2011).

52. World Health Organization. The ICD-10 Classification of Mental and Behavioural Disorders (World Health Organization, 1993).

53. Spitzer, R. L., Kroenke, K., Williams, J. B. & Lowe, B. A brief measure for assessing generalized anxiety disorder: the GAD-7. Arch.
Intern. Med. 166, 1092-1097 (2006).

54. Lowe, B. et al. Validation and standardization of the generalized anxiety disorder screener (GAD-7) in the general population.
Med. Care 46, 266-274 (2008).

55. Ehlers, A., Margraf, J. & Chambless, D. L. Fragebogen zu Korperbezogenen Angsten, Kognitionen und Vermeidung: AKV (Beltz Test,
2001).

56. Chambless, D. L., Caputo, G. C., Bright, P. & Gallagher, R. Assessment of fear of fear in agoraphobics: The body sensations ques-
tionnaire and the agoraphobic cognitions questionnaire. J. Consult. Clin. Psychol. 52, 1090-1097 (1984).

57. Chambless, D. L. et al. The mobility inventory for agoraphobia. Behav. Res. Ther. 23, 35-44 (1985).

58. Hiller, T. S. et al. The jena anxiety monitoring list (JAMoL)—A tool for the evidence-based treatment of panic disorder with or
without agoraphobia in primary care. Z. Evid. Fortbild. Qual. Gesundhwes. 131-132, 28-37 (2018).

59. Norman, S. B,, Cissell, S. H., Means-Christensen, A. J. & Stein, M. B. Development and validation of an overall anxiety severity
and impairment scale (OASIS). Depress. Anxiety 23, 245-249 (2006).

60. R Core Team. R: A Language and Environment for Statistical Computing (R Foundation for Statistical Computing, 2021).

Acknowledgements

Supported by German Center for Mental Health (DZPG). We thank all patients who participated in the study.
We are grateful to all therapists on site for recruiting and carefully instructing the patients. We thank Lutfi Arikan
for his support in the technical implementation of the online monitoring.

Author contributions

M.W, S.B., and M.M. designed and administered the study. M.W. and S.B. have taken care of the ethics applica-
tion. M.W. wrote the main manuscript text and performed statistical analyses. S.J. and E.O. gave clinical advice
for developing the symptom monitoring. S.J., E.O., V.M., K.S., and S.S. recruited participants and did on-site
study management in the clinics. All authors reviewed and approved the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.B.

Reprints and permissions information is available at www.nature.com/reprints.

Scientific Reports|  (2024) 14:3056 | https://doi.org/10.1038/s41598-024-52803-z nature portfolio


www.nature.com/reprints

www.nature.com/scientificreports/

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports|  (2024) 14:3056 | https://doi.org/10.1038/s41598-024-52803-z nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Development of decision rules for an adaptive aftercare intervention based on individual symptom courses for agoraphobia patients
	Results
	Recruitment and adherence
	Descriptive statistics
	Algorithm development
	Algorithm simulation

	Discussion
	Conclusion
	Method
	Participants and setting
	Procedure
	Assessment of self-reported symptom severity
	Panic and agoraphobia scale (PAS)
	Generalized anxiety disorder scale 7 (GAD-7)
	Body-related anxiety, cognitions, and avoidance questionnaire (AKV)
	Jena anxiety monitoring list (JAMoL)
	Patient health questionnaire-4 (PHQ-4)

	Sample size and statistical analyses

	References
	Acknowledgements


