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Abstract

Introduction: Following acquired brain injury (ABI), individuals often experience anxiety
and/or depressive symptoms. BrainACT is an adapted form of Acceptance and Commitment
Therapy (ACT) tailored to this target group. The current study is a trial-based health-economic
evaluation comparing BrainACT to a psychoeducation and relaxation control treatment.
Methods: An economic evaluation from a societal perspective was conducted in the Netherlands
alongside a multicenter randomized controlled two-armed parallel trial including 72 partici-
pants. A cost-utility and cost-effectiveness analysis was conducted where incremental costs,
quality-adjusted life-years (QALYs), and anxiety/depression (Hospital Anxiety and Depression
Scale (HADS) score) were collected and presented over a 1-year follow-up period. Bootstrap-
ping, scenario, and subgroup analyses were performed to test the robustness of the results.
Results: The BrainACT arm reported non-significant lower total costs (incremental difference
of €—4,881; bootstrap interval €—12,139 to €2,330) combined with significantly decreased
anxiety/depression (HADS) (3.2; bootstrap intervals 0.7-5.7). However, the total QALYs were
non-significantly lower (—0.008; bootstrap interval —0.060 to 0.042) for BrainACT. The
probability of the intervention being cost-effective was 86 percent at a willingness-to-accept
threshold of €50,000/QALY. The scenario and subgroup analyses confirmed the robustness of
the results.

Conclusion: BrainACT may be a more cost-effective alternative to a psychoeducation and
relaxation intervention for anxiety and/or depressive symptoms following ABI. Despite limita-
tions, BrainACT appears to be a promising addition to treatment options in the Netherlands.
Further research is needed to validate these findings, and consideration should be given to
implementing BrainACT in Dutch clinical settings with ongoing monitoring.

Introduction

Acquired brain injury (ABI), such as stroke or traumatic brain injury (TBI), can lead to diverse
consequences, ranging from physical disability and fatigue to cognitive impairments and
behavioral changes (1;2). As a result, people with ABI often need to cope with a new reality
and way of life. People can experience loss regarding independence, occupation, social roles, and
social contacts. Following an ABI, around 20—40 percent of individuals experience anxiety and/or
depression, often co-occurring (3-9).

Although treating these symptoms remains a challenge, evidence suggests that Acceptance
and Commitment Therapy (ACT) can be an effective treatment for ABI-related anxiety and
depressive symptoms (10—13). Meta-analyses also show that ACT can be an effective treatment
for anxiety and depressive symptoms in people without ABI, addiction, obsessive-compulsive
disorder, and schizophrenia (14-16). ACT, a third-wave behavioral therapy that aims to improve
psychological flexibility, which is defined as paying attention to the present moment with
(negative) thoughts and feelings while basing your behavior on the context and personal values
(17). Therefore, an important part of ACT is value exploration where people identify their most
important values (i.e., family, nature, contributing to society). An important therapy outcome is
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the increase of value-driven behavior, which is behavior based on
these personal values (17). Furthermore, compared to other psy-
chotherapies, such as cognitive behavioral therapy, thoughts are not
altered or changed during ACT, but rather patients learn not to
fight against their thoughts and feelings and accept them. This is
likely a fitting approach for people with chronic health conditions
as their negative thoughts and feelings can be quite realistic given
their situation (i.e., anxiety about a stroke recurrence). Recently,
BrainACT was developed, an adapted form of ACT specifically
designed for individuals with ABI. It addresses their unique needs
and cognitive and communication challenges, ensuring accessible
and tailored therapy (18). BrainACT has been shown feasible (19)
and promising in terms of effectiveness (13).

There is evidence that ACT is cost-effective over comparators
for several other patient populations (20-23). However, no prior
research has been conducted on the cost-effectiveness of BrainACT.
This article investigated BrainACT’s cost-effectiveness and cost-
utility from a societal perspective for people with anxiety and/or
depressive symptoms following ABI compared to an active control
arm (psychoeducation and relaxation intervention) over a 1-year
time horizon in the Netherlands.

Methods

An economic evaluation was conducted as part of the BrainACT
study (see Reference (24) for the trial protocol). The design of the
study was a multicenter randomized controlled two-armed parallel
trial. Stakeholders were not involved in the design, approach, and
results of the study. The economic evaluation applied a societal
perspective, which is the recommended perspective in the Dutch
guidelines for economic evaluations (25). The sample size was
powered for the clinical outcomes and calculated for 94 participants
(80 excluding anticipated dropouts). A 1-year time horizon was
adopted as it matched the follow-up period of the study. A full
health-economic analysis plan was not developed before the analysis.
Ethical approval for the study has been given by the medical research
ethics committee of Maastricht University Medical Centre and Maas-
tricht University and the local committees of participating clinical
centers (reference number: NL65349.068.18). The study was regis-
tered in the Dutch Trial Register (now Clinical Trial Registry Plat-
form) (reference numbers: NL691 and NTR 7111). This article
follows the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS 2022) guideline (26) (see Supplementary File 1).

Study population

The target groups were people, aged 18 years and above, who sustained
an objectified TBI or stroke and experienced depressive and/or
anxiety symptoms as measured by the Hospital Anxiety and Depres-
sion Scale (HADS) (27). The full eligibility criteria are described in
Supplementary File 2 or found in the protocol paper (24).

Procedure

Participants from Dutch healthcare facilities (hospitals, rehabilita-
tion centers, and mental healthcare facilities) were recruited
between April 2019 and January 2022. Potential participants were
referred to a psychologist, screened for eligibility, and informed
about the study. If eligible participants provided informed consent,
the initial measurement (T0) was conducted. Hereafter, partici-
pants were randomly allocated to the BrainACT or the active
control arm by an independent third party using computerized
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block randomization (block 6, 1:1 allocation). Economic evaluation
data were collected at 3 months (T1 — postintervention), 7 months
(T2), and 12 months (T3) follow-up. Data entry, review, and
verification were performed by blinded research assistants.

Intervention and comparator

The ACT intervention involved eight individual sessions of 1 hour
for 3 months. Participants did homework exercises of around
30 minutes for 6 days per therapy a week, consisting of reading
or listening to summaries of the sessions and practicing ACT skills.
The BrainACT intervention was administered individually by
psychologists who completed an ACT training program of at least
5 days and were experienced in treating patients with ABI. The existing
ACT protocols were adapted to fit the needs of people with ABIL. A
detailed description and rationale of the BrainACT intervention can
be found elsewhere (18).

The active control intervention consisted of an eight-session
psychoeducation intervention combined with relaxation training
with a duration of 1 hour. This comparator was chosen as psychoe-
ducation is frequently utilized and is a well-recognized treatment
for ABI in Dutch clinical practice (28). The psychoeducation is
based on “Niet rennen maar plannen” (do not run, plan) (29),
which is a training and educational program focusing on cognitive
rehabilitation for patients with ABI and mild cognitive problems.
The relaxation training consisted of a muscle relaxation (30) and an
autogenic training (31). Participants did homework exercises of
around 30 minutes for 6 days per therapy week. The intervention
was provided individually by a healthcare professional with experi-
ence in working with ABL

Treatment protocols were specified for both intervention and
comparator to ensure comparability of the education interventions
across settings. All care professionals received a short training
provided by the researchers before the study on providing their
respective interventions. Both interventions took place at hospital
outpatient facilities and are explained more in detail elsewhere
(24). Participants received usual care except for unstable psycho-
tropic medication or previously received ACT were excluded (see
Supplementary File 2).

Valuation of outcomes

The cost-effectiveness analysis (CEA) health outcome was anxiety
and depression using the Hospital and Anxiety Depression Scale
(HADS). The HADS (27) provides separate scores for depression
and anxiety domains, each with seven items self-rated on a 4-point
Likert scale ranging from zero (not at all) to three (a great deal of the
time). The total scores range from 0 to 21 per domain, with higher
scores indicating higher anxiety or depression levels. Good reliability
was detected in previous research (32) and for people with ABI (33).

The cost-utility analysis (CUA) outcome was health-related
quality of life and was measured using the five-dimensional five-
level EuroQol (EQ-5D-5L) instrument. The EQ-5D-5L (34) meas-
ures health-related quality of life covering mobility, self-care, daily
activities, pain/discomfort, and anxiety/depression. Each dimen-
sion is rated on a 5-point Likert scale ranging from “no problem” to
“unable to do.” This scale is the recommended generic preference-
based scale for health-economic analysis in the Netherlands (25).
The Dutch utility tariff of the EQ-5D-5L was used to estimate the
utility of the participants’ health states (35). Utility reflects the
health state of participants on a scale from one (perfect health) to
zero (death). A utility below zero was also possible, indicating a
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health state worse than death. Total quality-adjusted life-years
(QALYs) were calculated by multiplying the utilities of the health
states by the time between two measurement moments and
summed over the 12-month follow-up period using the area under
the curve approach.

Valuation of resources and costs

The resource usage of the participants was measured at each time-
point with a self-report 15-item cost questionnaire, which was con-
structed to collect cost data from a societal perspective based on the
steps described by Thorn et al. (36). The cost questionnaire used in
this study was based on a questionnaire used in the study of Kootker
et al. (37) and adopted a fixed recall period of 3 months. Inconsist-
encies or missing data in the collected resource use data were dis-
cussed between authors SLO and JR to handle or correct the data.
Three main cost categories were adopted and calculated in Euros (€):
(1) intervention, (2) healthcare, and (3) non-healthcare costs.

Intervention costs were calculated per participant by multiply-
ing the number of sessions in the BrainACT or active control
intervention by the unit price of the corresponding type of care
professional that delivered the sessions. Training costs were not
included in the intervention cost calculation, considering the par-
ticipating care professionals were already certified ACT-therapists.
Healthcare costs were calculated by multiplying the resource usage
by its corresponding unit price, over the 12-month follow-up
period. The unit prices in euro (€) were adopted from the Dutch
guidelines (2014) (25) and inflation-adjusted (factor of 1.22) to
2022 using the Dutch consumer price index (38). Costs were
obtained over a fixed recall period (3 months) and were extrapo-
lated to the full period between the observations (4 months for T2
and 5 months for T3) (see Supplementary Figure 1 for a schematic
overview of these cost corrections). Finally, non-healthcare costs,
including unpaid help, paid, and unpaid productivity losses were
calculated. The friction cost approach was used to estimate the lost
productivity costs, using the measurements of productivity loss as
obtained by the cost questionnaire. The friction period was calcu-
lated at 138 days based on the Dutch guidelines (25) and vacancies
2022 data from CBS [Statistics Netherlands] (39). One day of (un)
paid productivity loss was assumed to equal 7.6 hours, the assumed
average hours of a working day (25). Informal care hours were
valued based on replacement costs for the standard hourly rate of
home help, as recommended by the Dutch costing guidelines (25).
Discounting was not applied, as the trial follow-up period did not
exceed 1 year. Supplementary Table 1 provides an overview of all
the included cost categories with their corresponding unit prices
and units of measurement.

Analytical methods

All statistical analyses were performed using STATA (version 17.0,
Standard Edition). All data were analyzed according to the
intention-to-treat principle. Missing data were handled following
the guidance described in Faria et al., (40). Missing values were
tested for missingness and imputed using multiple imputations at
the endpoint level. For further details on handling missing data and
the STATA code of the multiple imputation model, please refer to
Supplementary File 3.

In the base-case analysis, both the incremental cost-effectiveness
ratio (ICER) and the incremental cost-utility ratio (ICUR) were
calculated for the CEA and CUA, respectively. The ICER was
calculated by dividing the incremental costs by the incremental

effects (total HADS score) between both arms. The ICUR was
estimated by dividing the incremental societal costs by the incre-
mental QALYs. Incremental outcomes (total costs, QALYs, and
HADS) were estimated using a mixed model with covariates base-
line status on the outcome, arm, and centrum as a random inter-
cept. The significance of the coefficient “arm” represented the
adjusted difference between the two arms and was tested for
significance. To handle uncertainty, bootstrapping with 1,000 rep-
lications was used to estimate 95 percent bootstrap intervals around
cost, QALY, and effect differences. Bootstrapped differences in
outcomes, cost-effectiveness, and cost-utility were visualized in
incremental cost-effectiveness and cost-utility planes. The cost-
effectiveness probability was then displayed at a willingness-to-
pay threshold, representing the amount society is willing to pay
to gain one QALY. This threshold varies per country. In the
Netherlands, the Care Institute recommends different thresholds
based on the disease burden severity (41). The disease burden of the
study’s population was assumed as moderate by the researchers;
therefore, the €50,000/QALY threshold was adopted.

Scenario and subgroup analyses

Six scenario analyses (SAs) were conducted to test the robustness of
the findings. First (SA1), a healthcare perspective was employed,
excluding non-healthcare costs (unpaid help and (un)paid prod-
uctivity losses). Although the societal perspective is recommended
(25), the healthcare perspective offers another alternative viewpoint
for policymakers. In the second analysis (SA2), the human capital
approach was used instead of the friction cost method to estimate
productivity costs. Inconsistencies and unrealistic values were
detected for the productivity loss data for 9 out of the 72 participants
(12.5 percent). In the base case, these concerning data were cor-
rected or handled in consensus between authors SLO and
JR. However, the third SA entailed a more stringent approach
where these records were excluded from the analysis (SA3). For
SA4 the UK. value set of the EQ-5D-5L utilities (42) was used as an
alternative to the Dutch value set. The fifth analysis (SA5) examined
the impact of handling missing data through list-wise deletion, an
alternative to the multiple imputation model used in the base case.

The robustness of the outcomes was further investigated in three
subgroup analyses (SGAs) as the researchers expected these groups
might have different treatment responses and therefore, potentially
influence anxiety and/or depressive symptoms, quality of life, or
care use.” The groups were age (260/<60 years), gender (male/
female), and employment status (working/not working at baseline).

Results

A total of 72 stroke and TBI survivors were included in this study,
and all were included in the analysis due to the intention-to-treat
principle. Participants were recruited from 12 different sites. Among
them, 50 individuals (69 percent) were recruited from seven hos-
pitals, 21 participants (29 percent) from four rehabilitation centers,
and one participant (1 percent) from a mental healthcare facility.
Supplementary Figure 2 shows the study’s flowchart. Half of the
participants (n = 36) were randomized to the active control arm and
the other half (n = 36) to the BrainACT arm. The mean age of the
participants was 54 years (SD of 11.6), and 30 (42 percent) of them
were females. At the start of the study, 58 (81 percent) of the
participants were married or living with a partner, 27 (38 percent)
had followed higher education, and 26 (36 percent) were employed.
For details on demographic baseline characteristics, see Table 1.
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Table 1. Baseline characteristics of the 72 patients included in this study
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Active control (n = 36)

Demographic variables®

Mean (SD) or n (%)

BrainACT (n = 36)
Mean (SD) or n (%)

Total (n=72)

Mean (SD) or n (%)

Sex, n women (%) 15 (42) 15 (42) 30 (42)
Age, mean (SD) 54.7 (8.9) 52.4 (13.8) 53.5 (11.6)
Marital status, n (%)

Married 29 (80.6)° 17 (47.2) 46 (63.9)
Living together with partner 4(11.1) 8(22.2) 12 (16.7)
Unmarried 1(2.8) 9 (25) 10 (13.9)
Divorced 1(2.8) 2 (5.6) 3(4.2)
Widow/widower 1(2.8) 0 (0) 1(1.4)
Education, n (%)

No education 0 (0) 1(2.8) 1(1.4)
Low (primary and lower vocational education) 10 (27.7) 7(19.4) 17 (23.6)
Medium (general secondary and secondary vocational education) 15 (41.6) 12 (33.3) 27 (37.5)
High (preuniversity, higher professional, and university education) 11 (30.6) 16 (44.5) 27 (37.5)
Employment, n (%)

Employed 15 (41.7) 11 (30.6) 26 (36.1)
Incapacitated for work 9 (25.0) 15 (41.7) 24 (33.3)
Other 12 (33.4) 10 (27.7) 22 (30.5)

ABl-related variables”

Mean (SD) or n (%)

Mean (SD) or n (%)

Mean (SD) or n (%)

Time (months) since ABI, mean (SD) 20 (42.23) 18.24 (22.28) 19.1 (33.7)
Range (1-233)

Type of ABI, n (%)

Ischemic stroke 26 (72.2) 22 (61.1) 48 (66.7)

Hemorrhagic stroke 5(13.9) 7(19.4) 12 (16.7)

Traumatic brain injury 5(13.9) 7(19.4) 12 (16.7)

Health-economic outcomes

Mean (95% Cl)

Mean (95% Cl)

Mean (95% Cl)

Participant utility (EQ-5D-5L)

0.61 (0.52-0.70)

0.60 (0.52-0.69)

0.61 (0.54-0.67)

Costs®

Healthcare costs, €

3,677 (1,079-6,275)

4,198 (1,052-7,344)

3,937 (1,947-5,928)

Non-healthcare costs, €

9,108 (6,328-11,887)

6,563 (3,817-9,310)

7,835 (5,906-9,765)

Total societal costs, €

13,221 (9,630-16,812)

11,544 (7,794-15,295)

12,383 (9,843-14,922)

Abbreviations: ABI = acquired brain injury, SD = standard deviation, and 95% CI = 95% confidence interval.

?A significant difference (<0.05) was detected between arms at baseline using chi-square test.

bCopied from Rauwenhoff, J. Bol, Y. Peeters, F., Smits, P., Duits, A., Wijenberg, M., Blok A., van Heugten, M. (2024). Acceptance and Commitment Therapy for people with depressive and anxiety
symptoms following acquired brain injury: results of the BrainACT randomized controlled trial, with permission from authors.

“Collected with a recall period of 3 months.

Missing data

At baseline, there were no missing data. During the follow-up
period, a total of 13 (18 percent) participants dropped out (n = 9
from the active control arm and #n = 4 from the BrainACT arm). Of
the 288 targeted observations, the resource usage and EQ-5D-5L
questionnaires were completed in 82 percent (n = 237) of the cases.
Of all participants (partly) missing observations occurred due to
drop-out 13 percent (n = 36), due to full missing visits 3 percent
(n = 10), and due to item-level missing 2 percent (n = 5) (i.e., one
item of the EQ-5D-5L was missing but the other four items were
complete for one participant at T1) (see Supplementary Table 2 for

an overview of the endpoint missingness at baseline and follow-up).
The missingness status on utility, total costs, and HADS at each
observation was not significantly predicted by baseline or its pre-
vious observation demographic, utility, costs, or HADS. Therefore,
missingness was assumed missing-completely-at-random.

Costs

The mean intervention costs were higher in the BrainACT arm (€783)
compared to the active control arm (€437). For a detailed overview of
the intervention cost calculation, see Supplementary File 4. The total
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imputed healthcare costs were €5,661 for the active control arm and
€5,526 for the BrainACT arm. However, non-healthcare costs were
larger for the active control arm (€21,809) compared to the BrainACT
arm (€15,476). Paid productivity losses showed the largest mean
difference, with an incremental difference of €6,470 between arms.
Considering all accumulated cost categories during the 12-month
follow-up period, the active control arm had higher total mean
societal costs (€27,470) compared to the BrainACT arm (€21,003).
See Table 2 for an overview of all costs during the trial period.

Outcomes

The results from Table 3 indicate the EQ-5D-5L-based utility scores
and HADS (anxiety, depression, and total) scores for both study arms
over the 12-month follow-up period. The difference between arms

was statistically tested using a mixed model including the interaction
between time and arm (see Table 3 for details). Throughout this
period, both arms had a utility increase, but it did not differ signifi-
cantly between arms (p = 0.481). In addition, QALYs (p = 0.775) and
HADS anxiety scores (p = 0.372) did not show significant differences
between arms. However, the active control arm showed significantly
higher HADS depression scores (p = 0.013) and HADS total scores
(p = 0.031), indicating increased anxiety/depression compared to
BrainACT.

Base-case analysis

After bootstrapping, the CUA from a societal perspective showed
that BrainACT participants achieved fewer mean QALYs (—0.008;
bootstrap interval —0.060 to 0.042) and accrued lower mean costs

Table 2. Resource and costs (in Euros (2022)) of the non-imputed individual cost items and the imputed total cost categories at baseline and 12-month follow-up

(n=12)
Mean resource usage Mean costs, € (95% Cl)
Baseline Follow-up Follow-up .
Mean incremental costs
Active Active (BrainACT — Active Imputed
Category (unit) control BrainACT  control BrainACT Active control (n = 36) BrainACT (n = 36) control), € data
Intervention costs® n/a n/a 6.5 7.1 437 (351-522) 783 (696-870) 346 no
(sessions)
Healthcare costs
General practitioner 2.8 2.3 5.9 6.0 339 (156-522) 351 (261-442) 12 no
(contact)
Specialist in a hospital 3.6 55 6.3 73 958 (491-1,425) 1,116 (699-1,532) 158 no
(contact)
Rehabilitation (contact) 9.8 10.8 18.6 21.6 1,163 (652-1,673) 1,841 (315-3,368) 679 no
Daycare (1/2 day) 3.5 0.7 5.4 1.6 566 (34-1,097) 182 (—92 to 455) —384 no
Paramedics (contact) 2.8 3.9 21.6 16.4 1,209 (685-1,733) 884 (360-1,408) —325 no
Mental healthcare 0.8 0.6 1.8 1.4 227 (81-372) 165 (72-258) —62 no
professional (contact)
Home help (hours) 4.6 5.1 19.0 16.5 701 (87-1,315) 674 (84-1,265) 27 no
Home care (hours) 0 0.7 0.4 0.2 40 (—24 to 104) 15 (—16 to 47) —24 no
Hospital admission (nights) 2.2 1.6 0.5 0.5 388 (—119 to 895) 423 (—186 to 1,031) 35 no
Nursing home or 11 3.5 0 0 0 0 0 no
rehabilitation (nights)
Psychiatric institution 1.7 0 0 0 0 0 0 no
(nights)
Subtotal 5,589 (3,969-7,210) 5,651 (3,595-7,708) 62 no
Non-healthcare costs
Unpaid help (hours) 429 40.0 96.5 130.2 2,159 (1,146-3,172) 3,108 (795-5,421) 949 no
Unpaid productivity 115 6.6 30.3 21.7 5,331 (2,861-7,801) 3,736 (1,914-5,557) —1595 no
losses (days)
Paid productivity losses 34.8 339 30.7 17.3 13,983 (6,189-21,777) 7,513 (1,992-13,034) —6470 no
(days)
Subtotal 21,473 (12,787-30,160) 14,356 (7,512-21,201) —7117 no
Total healthcare costs 5,661 (5,344-5,978) 5,526 (5,137-5,916) —135 yes®
Total non-healthcare costs 21,809 (20,218-23,399) 15,476 (14,137-16,816) —6333 yesb
Total societal costs 27,470 (25,832-29,108) 21,003 (19,551-22,454) —6467 yesb

Abbreviations: 95% CI = 95% confidence interval.
?See Supplementary File 4 for a detailed overview of the intervention cost calculations.

PImputation was done on the endpoint level. Therefore, only the total cost categories have imputed data available.
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Table 3. Average imputed outcomes for utility, QALY, and depression and anxiety scores (n = 72)

TO (baseline) T1 (3 months)

T2 (7 months) T3 (12 months)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) )
p-Value
Active Active Active Active Overall
control BrainACT control BrainACT control BrainACT control BrainACT effect)
Cost-utility
EQ-5D-5L utility 0.61 (0.27) 0.60 (0.25) 0.66 (0.27) 0.67 (0.19) 0.71 (0.19) 0.70 (0.17) 0.71 (0.20) 0.67 (0.22) 0.481
QALY* 0.68 (0.17) 0.67 (0.15) 0.775
Cost-effectiveness
HADS depression 9.6 (3.4) 9.0 (3.5) 7.6 (4.5) 6.3 (3.9) 8.5 (4.5) 6.4 (3.7) 8.8 (4.6) 5.7 (3.7) 0.013**
HADS anxiety 9.9 (3.2) 9.4 (3.4) 7.2 (4.9) 7.6 (3.2) 7.2 (4.1) 7.9 (3.2) 8.1 (4.4) 6.8 (3.7) 0.372
HADS total 19.5 (5.2) 18.4 (5.6) 14.8 (8.1) 13.9 (5.8) 15.7 (7.5) 14.2 (6.0) 16.9 (8.2) 12.4 (6.4) 0.031**
scores

Abbreviations: SD = standard deviation, QALY = quality-adjusted life-year, and HADS = Hospital and Anxiety Depression Scale.

*QALY calculated for the follow-up period (0-12 months).
**Statistically significant difference (p < 0.05).

Linear mixed modelincludes all measurement moments: independent variables are condition, time (continuous), the interaction between time and condition, random intercept expressed at the
center and participant level (observations nested within participants and participants nested within centers); the dependent variable contains observations from baseline, T1, T2, and T3. P-value

corresponds to the parameter “interaction between time and condition.”

(€—4,881; bootstrap interval €—12,139 to €2,330) compared to active
control participants. Because these incremental QALYs and incre-
mental costs were both negative, the results presented an ICUR of
€610,125 savings per QALY loss. The incremental cost-utility plane
(see Figure 1a) showed that 54 percent of the bootstrapped ICURs
were located in the southwest quadrant (less costs and less QALY) and
37 percent in the southeast quadrant (less costs and more QALY). The
cost-utility acceptability curve (see Supplementary Figure S3) revealed
that the probability of BrainACT being cost-effective was 86 percent
at a willingness-to-pay (in this case willingness-to-accept a saving per
QALY loss) level of €50,000/QALY.

The CEA from a societal perspective revealed that the BrainACT
arm was dominant, with lower mean total costs (€—4,881) along with
greater effects in terms of HADS (3.2; bootstrap intervals 0.7-5.7).
Consequently, the ICER amounted to €—1,525 savings per gained
point improvement on the HADS. The incremental cost-effectiveness
plane (see Figure 1B) showed that the majority of bootstrapped ICERs

a. Incremental cost-utility plane

(90 percent) resided in the dominant southwest quadrant (lower costs
and higher effects).

Scenario and subgroup analyses results

The SA from a healthcare perspective (SA1) resulted in lower
incremental costs than the base case (—€155 vs. —€4,881) and a
lower cost-effectiveness probability (44 percent compared to the
base case’s 86 percent probability). SA2, where the human capital
approach was adopted, showed significantly higher incremental
costs (—€9,692) and cost-effectiveness probability (98 percent).
For the SA where all records with uncertainty surrounding the
productivity losses were excluded (SA3), showed lower incremental
costs (—€1,948), and the chance of BrainACT being cost-effective
was lower (64 percent). The outcomes for SA4, where the UK. utility
value set was adopted, and SA5, where list-wise deletion was used to
handle missing data, remained robust.

b. Incremental cost-effectiveness plane
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Figure 1. (a) Incremental cost-utility plane. (b) Incremental cost-effectiveness plane.
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Table 4. Bootstrapped results (bootstrap mean and 95% bootstrap interval) of the base case, scenario analyses, and subgroup analyses

Participants Total costs € /\Effects (95% Probability
(active control  (active controlvs.  /\Costs € (95% bootstrap /\QALY (95% bootstrap bootstrap cost-

Analysis vs. BrainACT) BrainACT) interval) interval) interval) effective (%)”

Base case (societal 36/36 27,859/22,810  —4,881 (—12,139;2,330) —0.008  (—0.060,0.042) 32*  (0.7;5.7) 86%
perspective)

Scenario analyses

SA1l: healthcare 36/36 9,376/9,775 —155 (—1,841; 1,778) o o o > 44%
perspective

SA2: human capital 36/36 32,715/22,849  —9,692*  (—17,460; —1,656) 5 o £ G 98%
approach

SA3: uncertain 29/34 25,601/22,716 —1,948 (—8,959; 5,230) o o o > 64%
productivity-loss
data excluded

SA4: U.K. EQ-5D-5L 36/36 > o o —0.010 (—0.058; 0.030) > o 90%
value set

SA5: list-wise 24/26 26,403/21,811 —3,597 (—14,120;6,843) —0.009 (—0.078;0.062) 3.6* (0;7.0) 71%
deletion

Subgroup analyses

SGAL: 260 years 11/14 19,799/19,251 —652 (=17,318; 15,332)  —0.043  (—0.143;0.049) 3.2  (—4.2;9.3) 50%

SGAL: <60 years 25/22 30,399/22,977 —6,614 (—15,544;2,563)  0.000  (—0.074;0.065) 3.0*  (0.1;6.4) 89%

SGA2: male 21/21 23,535/19,565 —3,640 (—12,659; 5,072) —0.058 (—0.129; 0.007) 3.4 (—0.1;6.9) 74%

SGA2: female 15/15 32,824/24,922  —7,701 (—20,486; 6,052)  0.080* (0.012; 0.152) 35  (—1.9;8.7) 87%

SGA3: working at 15/11 30,540/27,471 —3,756  (—21,299;11,123) —0.041 (—0.178;0.067) 3.9 (—1.1;8.1) 65%
baseline

SGA3: not working 21/25 25,037/19,307 —4514 (—12,715; 3,613) 0.010 (—0.051; 0.066) 43" (0.6; 8.3) 81%

at baseline

Abbreviations: QALY = quality-adjusted life-year, SA = scenario analysis, UK = United Kingdom, SGA = subgroup analysis.

*Significant difference at the 0.05 level based on the 95% bootstrap intervals.
**Same as the base case.

2The incremental costs were based on mixed model which includes correction for baseline. Therefore, they vary from the total cost difference between arms.

PAt a willingness-to-pay thresholds for a moderate disease burden of €50,000/QALY.

For subgroup 1, the incremental costs were lower for individuals
who are 60 years old or older compared to participants aged below
60 years old (—€652 vs. -€6,614). This resulted in a higher cost-
effectiveness probability for participants under 60 years old
(89 percent vs. 50 percent). Females experienced a significant
positive increase in QALYs (0.080), whereas males experienced
QALY decreases (—0.058). The outcomes for SGA3 (working
vs. not working) remained robust. For further details on the SAs
and SGAs, see Table 4.

Discussion

This study demonstrated that BrainACT led to lower total costs and
decreased anxiety, both non-significantly, while significantly redu-
cing depression. Therefore, BrainACT dominated the active control
in the CEA. In the CUA, a minor, non-significant decrease in
health-related quality of life was observed. However, the cost sav-
ings resulted in a high probability of being cost-effective from a
societal perspective, if willing to accept the minor QALY loss.
The non-significantly lower total costs in the BrainACT arm
were mainly driven by productivity costs. Missed working days
were reduced in both arms, but more noticeable in the BrainACT
arm. Possibly because ACT aims to increase value-driven behavior

(17) and labor might be considered by many as an important value
in life. The results were sensitive to the method of valuing prod-
uctivity. Except when productivity loss was fully omitted, Brai-
nACT was cost-effective in all scenarios.

Although both anxiety and depression decreased in the Brai-
nACT arm, only depression reduction was statistically significant.
However, the study’s associated clinical effectiveness analysis showed
that more participants in the BrainACT arm clinically significantly
improved on both outcomes (defined as the patient recovered and
significantly improved) (43).

To the best of the authors’ knowledge, this is the first health-
economic evaluation on ACT for people with anxiety and/or
depressive symptoms following ABI, with no similar studies to
compare. Nevertheless, our results were in line with a Danish
trial-based economic evaluation investigating online ACT for
patients with severe health anxiety (20). In this study, ACT dom-
inated the active control condition from a societal perspective.
Mean sick leave decreased from 2.4 weeks at baseline to 0.6 after
6 months, whereas it increased for the active control arm from 1.0
to 1.1 weeks.

The costs of BrainACT (€783) were higher than a psychoeduca-
tion-based intervention combined with relaxation exercises (€437).
Despite having a similar number of sessions and intensity, BrainACT



was only delivered by psychologists while the active control interven-
tion was delivered by psychologists and other healthcare profes-
sionals, who on average had lower employment costs.

Strength and limitations

This study’s strengths include recruitment from diverse Dutch sites
and healthcare facilities, enhancing generalizability; high interven-
tion fidelity with 75 percent protocol compliance and 98 percent
overall session attendance 98 percent (19); and analysis adherence
to the Dutch economic evaluations guidelines (25).

The study also has some limitations. First, the sample size
(n =72) was lower than its target (n = 94), which may have reduced
the statistical power. This made it harder to determine whether the
observed differences were caused by the intervention or chance.
Therefore, the results should be interpreted cautiously due to the
potential impact on reliability and validity. In addition, the SGAs
were limited in interpreting due to the small sample size. Second,
productivity data contained inconsistencies (i.e., productivity days
exceeding the observation interval), possibly due to differences in the
interpretation of the research protocol by those collecting the data,
which were solved by truncation. However, the results were still
robust when these inconsistent records were excluded (SA3). Third,
follow-up was only 1 year, and this time frame might be too short to
adequately evaluate the cost-effectiveness of an intervention, such as
BrainACT, where mainly long-term effects were anticipated.

Finally, only the consultation costs were included in the inter-
vention costs. Other potentially relevant costs, such as material and
facility costs, were not included due to limited information available
in the research database. However, we estimated that these costs
would be similar for both interventions and therefore have a small
effect on the trial results. This study’s negative ICERs are ambigu-
ous to interpret and therefore not ideal to present (44, 45). To avoid
misinterpretations or spurious conclusions based on the ICER/
ICUR, we focused more on presenting and discussing the incre-
mental outcomes and cost-effectiveness probability instead of the
ratios in this article.

Considering the study’s limitations, future research should aim to
obtain more robust evidence on BrainACT by addressing these limi-
tations. Priorities include increasing the sample size, extending the
follow-up period, and refining data collection protocols, particularly
for productivity-related data, to enhance consistency and reliability.

Clinical implications

Despite the uncertainty arising from the trial’s limitations, we
deem the results sufficiently reliable to recommend considering
the implementation of BrainACT for people with anxiety and/or
depressive complaints following ABI in the Netherlands, as it is
likely more cost-effective than a psychoeducation and relaxation
intervention. In addition, ACT is an accessible therapy, requiring
no extensive certification process for care professionals (46),
facilitating implementation. Furthermore, BrainACT demon-
strated the potential for improving productivity, which we believe
should be highly valued in an aging society to support the
availability of labor.

The trial demonstrated increased utility and reduced anxiety/
depressive symptoms in both intervention arms. Therefore, policy-
makers could also consider BrainACT to complement the existing
intervention, with the choice depending on patient preferences, to
promote personalized ABI treatment. However, due to the presented

Osstyn et al.

uncertainty, we would recommend monitoring the effect of Brai-
nACT (e.g., on productivity losses) during its implementation to
further confirm the trial’s results.

Conclusion

Results of this trial-based health-economic evaluation show good
promise for BrainACT being a more cost-effective alternative to
psychoeducation and relaxation interventions for people with anx-
iety and/or depressive complaints following ABI, as observed over a
1-year follow-up period from a societal perspective. However, the
findings are constrained by limitations. Despite this, BrainACT
shows potential as a valuable addition to current treatment options.
Future research should confirm these results with more robust
evidence. Meanwhile, implementing BrainACT in clinical settings
accompanied by continued monitoring could be considered.

List of abbreviation.

ABI acquired brain injury

ACT Acceptance and Commitment Therapy
CEA cost-effectiveness analysis

CUA cost-utility analysis

HADS Hospital and Anxiety Depression Scale
ICER  incremental cost-effectiveness ratio
ICUR  incremental cost-utility ratio

QALYs quality-adjusted life-years

SA scenario analysis

SGA subgroup analysis

TBI traumatic brain injury
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