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Abstract

Interventions addressing cognitive and emotional difficulties after acquired brain injury (ABI) often focus on specific impair-
ments in cognition or mood. These interventions can be effective at addressing their specific target, but do not routinely
translate to improved activity and participation outcomes. Approaches that combine cognitive and psychological rehabilita-
tion are increasingly popular; however, to date, there have been no systematic evaluations of their efficacy. We conducted a
systematic review of five databases, searching for randomised controlled trials of adults with diagnoses of non-progressive
ABI at least 1-month post injury, in receipt of interventions that combined cognitive and psychological components compared
to any control. Screening and data extraction were evaluated by two independent reviewers using a standardised protocol.
Effect sizes were calculated using Hedge’s g and estimated using a random-effects model. Risk of bias was assessed using
the PEDro-P rating system, and quality of evidence evaluated using the grading of recommendation, assessment, develop-
ment and evaluation (GRADE) approach. Thirteen studies were included in the meta-analysis (n=684). There was an overall
small-to-medium effect (g=0.42) for combined interventions compared with controls, with gains maintained at 6-month
follow-up. Improvements were observed at the level of impairment, activity, participation and quality of life. GRADE ratings
and analyses investigating sensitivity, heterogeneity and publication bias indicated that these effects were robust. No a priori
variables moderated these effects. Overall, this review provides strong evidence that combined cognitive and psychological
interventions create meaningful change in the lives of people with ABI.

Keywords Acquired brain injury - Combined intervention - Cognition - Emotion - Rehabilitation - Cognitive rehabilitation -
Psychological therapy

Acquired brain injury (ABI) is a leading cause of disability
worldwide, placing a significant burden on survivors, car-
egivers, and healthcare systems (e.g. Access Economics,
2009; Deloitte Access Economics, 2013). The majority of
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survivors face pervasive and enduring changes to their psy-
chological and cognitive functioning, including clinically sig-
nificant levels of depressive and anxiety symptoms (Anson
& Ponsford, 2006; Campbell Burton et al., 2013; Hackett &
Pickles, 2014) and impairments in attention, memory and
executive function (Mellon et al., 2015; Rabinowitz & Levin,
2014). Irrespective of injury severity, these changes are asso-
ciated with poorer functional outcomes (Stolwyk et al., 2021)
and are identified as long-term unmet needs by survivors
(Andrew et al., 2014). Thus, understanding which interven-
tions best address these unmet needs is critical in order to
minimise both the economic and human cost of ABI.

To optimise rehabilitation outcomes, it is important to
consider the consequences of ABI in a holistic manner that is
meaningful to the individual. The International Classification
of Functioning (ICF) provides a conceptual framework for
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understanding disability (World Health Organisation [WHO],
2002). In doing so, it not only provides a common language
for researchers and clinicians to understand and evaluate
interventions, but also reflects changes that are important to
the ABI survivor. The model describes the effect of disabil-
ity on an individual at different levels: ‘impairment’ refers
to loss or reduced ability in body function or structure (e.g.
impairment on memory tests), ‘activity limitation’ refers to
the difficulties a person may have in executing activities (e.g.
forgetting appointments), and ‘participation restriction’ refers
to the difficulties a person may experience with participating
in meaningful life roles (e.g. not being able to work as a result
of memory difficulties) (WHO, 2002). Another important
level to consider is the concept of quality of life, which is
not included in the ICF framework. Though intervention out-
comes are often measured at the impairment level, outcomes
at the activity, participation and quality of life levels best
reflect meaningful change in a person’s life and are the most
common focus of survivors.

Cognitive and psychological interventions evaluated in
clinical trials post-ABI are usually highly targeted, focusing
on a specific cognitive domain or mood disturbance. Psycho-
logical interventions use therapies such as cognitive behaviour
therapy (CBT) or associated strategies (O'Malley et al., 2016)
to address difficulties with emotions, thoughts or behaviour
(Hickey et al., 2019). Cognitive rehabilitation refers to a struc-
tured set of therapeutic activities designed to either retrain
individual cognitive domains (such as attention and memory)
or cognitive functions more generally, or to teach people to
compensate for their cognitive deficits with the specific aim of
addressing the cognitive problem (Lincoln et al., 2015).

Though these interventions can be effective at addressing
their specific target at the impairment level (i.e. mood or
cognition), they do not always translate to improved activ-
ity, participation and quality of life outcomes. The evidence
regarding cognitive interventions is strong at the level of
impairment (effect sizes ranging from 0.25 to 0.75, depend-
ing on domain) (Cicerone et al., 2019; das Nair et al., 2016;
Loetscher et al., 2019; Rogers et al., 2018; Taylor et al.,
2021); however, the evidence for benefits at the activity and
participation level is less consistent. For example, Loetscher
et al. (2019) found that the benefits observed from cognitive
rehabilitation targeting attention deficits did not generalise
daily life activities or quality of life outcomes, while Taylor
et al. (2021) found some quality-of-life differences favouring
their memory rehabilitation group compared to controls in a
multiple sclerosis population.

For psychological interventions, the evidence is less clear.
Two previous meta-analyses found moderate to large effect
sizes for reducing depressive and anxiety symptoms (i.e.
impairment-level outcomes) after ABI and stroke (Stalder-
Luthy et al., 2013; Wang et al., 2018). However, a third found
no appreciable effect in a TBI-specific population (Gertler
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et al., 2015). At the level of activity and participation, the evi-
dence is limited, largely due to a lack of studies that include
outcome measures at this level (Gertler et al., 2015; Stalder-
Luthy et al., 2013), or meta-analyses pooling these results
with impairment-level outcomes (Wang et al., 2018).

One possible explanation for the lack of change at the
activity and participation level is that these siloed interven-
tions are not combined to target both cognitive and emotional
difficulties. There is a strong empirically based rationale for
doing so; cognition and emotion are fundamentally connected
at both a biological and functional level. From a biological
perspective, brain regions responsible for cognition and emo-
tion are integrated into coalitions of networks to the extent
that many argue they are not separable systems (Pessoa,
2008). Networks that underpin emotional regulation overlap
those that underpin the cognitive domains of memory, execu-
tive functioning, attention and working memory. For example,
the left dorsolateral prefrontal cortex is crucial for depression,
but also working memory and executive functions (Chai et al.,
2018; Padmanabhan et al., 2019). At a functional level, there
is also a clear argument for targeting cognitive and emotional
difficulties in tandem. To use a practical example, a person
who has difficulty sustaining attention since their injury may
feel embarrassed and anxious when they become distracted
or lose track during conversations. They may then avoid situ-
ations in which they are required to converse in groups or
with new people, and so limit their social interactions. Thus,
targeting only one component of the individual’s experience
(e.g. only the anxiety, or only attention difficulties) may not
fully resolve the functional impact issue. Furthermore, our
collective experience of delivering cognitive rehabilitation in
Australia and UK indicates that ABI survivors do not often
distinguish between cognitive and mood problems when they
co-occur, making it difficult to faithfully deliver an interven-
tion that only targets one symptom alone.

Interventions that do target both components have been
effective in other populations, for example adults with mild
cognitive impairment (Aben et al., 2013). The importance and
value of holistic, integrated interventions have been champi-
oned by many leading researchers and practitioners in the ABI
field (e.g. Wilson, 2013), but as research still largely focuses on
siloed interventions (i.e. interventions that address only cogni-
tive, or only psychological concerns), there remains a need for
high-level evidence to support these claims.

Several trials have evaluated interventions that combine
cognitive and psychological components; however, these
trials are mostly underpowered by small samples, hetero-
geneous (e.g. content and length of interventions; sample
characteristics) and fail to measure outcomes at multi-
ple levels (impairment, activity, participation, quality of
life). A systematic quantitative summary can resolve these
limitations and is overdue. As all previous meta-analyses
have only investigated the effect of either psychological or
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cognitive interventions alone (e.g. Cicerone et al., 2019;
Rogers et al., 2018; Stalder-Luthy et al., 2013; Wang et al.,
2018), our objective was to perform a systematic review
and meta-analysis to evaluate the impact of combined psy-
chological and cognitive interventions on outcomes after
ABI. Our primary outcomes of interest were those measur-
ing activity, participation and quality of life, and second-
ary outcomes of interest were those measuring impair-
ment (in cognition, emotion, coping/emotional regulation,
fatigue, and self-efficacy).

Method

This meta-analysis is reported in accordance with the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) statement (Liberati et al., 2009). The
protocol was registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO) on 03
Nov. 2020 (CRD42020207663), where the protocol can
be accessed.

Inclusion and Exclusion Criteria
Types of Studies

Eligible studies were randomised controlled trials (RCTs),
published in English in peer-reviewed journals.

Participants

Participants were required to be adults (aged 16 + years)
with a clinical diagnosis of non-progressive ABI (e.g.
ischaemic or haemorrhagic stroke, TBI, encephalitis,
tumour), at least one-month post-injury. We created this
cut-off as our primary outcomes relate to sub-acute and
more chronic outcomes. Studies were excluded if partici-
pants were primarily those with severe psychiatric condi-
tions such as post-traumatic stress disorder (PTSD) or psy-
chosis, or if the time since injury could not be confirmed.
All levels of injury severity were included. Studies focus-
ing on participants with aphasia were included, as long as
they met the necessary intervention criteria.

Types of Interventions and Controls

Due to the broad range of interventions used to address the cog-
nitive and psychological consequences of ABI and the incon-
sistent terminology used to report them, definitions for each
intervention subtype were established to ensure consistency

between reviewers. Psychological interventions were defined
as those that use psychotherapeutic strategies (O'Malley et al.,
2016) to address issues of emotions, thought or behaviour
(Hickey et al., 2019), such as cognitive behavioural therapy
(CBT) (Beck, 1976) and acceptance and commitment ther-
apy (ACT) (Hayes et al., 1999). Cognitive interventions were
defined as those that aim to restore or compensate for cognitive
impairments (Wong et al., 2014), such as training and use of
compensatory memory aids (Rees et al., 2007; Sohlberg et al.,
2007), meta-cognitive strategy instruction (Kennedy et al.,
2008), attention retraining (Loetscher et al., 2019) and comput-
erised training (Poulin et al., 2012). Combined interventions
were defined as those that clearly combined both cognitive and
psychological intervention elements. Interventions were con-
sidered combined if they used both cognitive and psychothera-
peutic rehabilitation methods to directly target both the cogni-
tive and emotional consequences of ABI, even if one target
was more prominent. While combined interventions varied in
the degree to which they integrated cognitive and psychologi-
cal elements, none were excluded due to ‘lack of integration’.
Interventions where mindfulness was the only psychological
intervention element were not considered combined interven-
tions due to the ambiguity in the treatment target (i.e. mindful-
ness can be used as a cognitive strategy to improve attention,
not necessarily a psychological technique to reduce anxiety).
However, if the psychological element involved mindfulness
in the context of a psychotherapeutic framework with a clear
psychological target (e.g. mindfulness-based stress reduction
therapy), that was considered a combined intervention.

We excluded interventions targeting behaviours of concern
(such as socially inappropriate behaviour or aggression), social
cognition or interventions limited to focal cognitive deficits
(such as visual neglect and language difficulties). The latter
exclusion was applied because we expected that combined
interventions would be most applicable for cognitive impair-
ments in domains that are underpinned by diffuse brain net-
works (i.e. attention/working memory, memory and executive
function) which overlap with the networks that underpin emo-
tion regulation. While social cognition is underpinned by these
networks, our decision to exclude this domain was primarily
based on the fact that social cognition interventions are inher-
ently combined rather than solely cognitive, due to the nature
of the domain (i.e. they usually contain psychological, behav-
ioural and cognitive elements). Also, the research into social
cognition interventions is less developed, and currently, there is
insufficient information to clearly hypothesise whether social
cognitive and emotion perception elements would interact with
psychological therapies in the same way as non-social cogni-
tive interventions. It was decided that including these interven-
tions would introduce additional uncertainty in the data set of
an already heterogeneous set of studies. The exclusion of inter-
ventions targeting behaviours of concern was based on a simi-
lar rationale; we considered these interventions as belonging
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to their own category of ‘behavioural interventions’ rather than
cognitive or psychological interventions. However, a similar
meta-analysis examining combined cognitive and behavioural
interventions would be warranted. Finally, interventions such
as music therapy, yoga, physical exercise and dual-task training
interventions in which physical exercise was one component
were also excluded, despite their target often being cognition.
This decision is in line with most systematic reviews of cogni-
tive rehabilitation interventions, which have applied similar
exclusions (e.g. das Nair et al., 2016). All pharmacological
interventions were excluded.

No restrictions were made regarding intervention vari-
ables such as duration, frequency or delivery method (e.g.
group, one-on-one). If a trial evaluated several intervention
conditions of which some were not eligible (e.g. pharma-
cological), only the data from the eligible conditions were
included. No criteria were set for the nature of the con-
trol condition. However, controls were grouped into pas-
sive (waitlist), treatment as usual and active (an alternative
intervention) for statistical analysis. If multiple possible
intervention or control conditions were available within one
study, the most appropriate one for this meta-analysis was
selected; this occurred on only two occasions. The key cri-
terion for selecting the appropriate intervention group was
that the main elements consisted of cognitive and psycho-
logical techniques to address difficulties in these areas (e.g.
we chose a group-based intervention that combined meta-
cognitive skills training with emotion regulation and coping
skills over an individual intervention that focused on more
functional difficulties such as learning meta-cognitive strate-
gies to improve cooking skills). Decision-making regarding
the selection of an appropriate control condition was more
pragmatic. We chose a psychoeducation condition over a
cognitive intervention, as we hope to include the cognitive
intervention as treatment group in a future meta-analysis.

Outcome Measures

Primary outcomes of interest were those relating to the
domains of activity, participation, and quality of life, as
measured by any validated tool. Secondary outcomes of
interest were those at the impairment level, including cog-
nition (i.e. cognitive test performance or subjective cogni-
tive function questionnaires), emotion, coping/emotional
regulation, fatigue and self-efficacy, as measured by any
validated tool. We used the ICF framework to classify
outcomes and added in quality of life. Each study could
contribute to one or more outcome domains. For studies
reporting more than one measurement tool for an outcome
domain (e.g. multiple measures of mood), all outcomes were
included. However, the effect sizes from multiple-endpoint
studies are unlikely to be independent, because the same
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participants are involved. Unfortunately, primary studies do
not routinely include information on how to estimate the
degree of dependence (Tipton, 2015). In our study, the com-
mon method of applying a correlation of 1.0 was therefore
adopted (Cheung, 2019). While this conservative correlation
may underestimate the precision of the summary effect, this
is offset by the gains in precision made from taking into
account all of the data available in the analyses.

We classified outcomes according to whether they were
collected immediately post-treatment (within 1 month of
intervention end) and longer-term follow-up (more than
1 month after intervention end). For studies that assessed
outcomes at multiple post-intervention timepoints, we chose
the follow-up time point most distal to the intervention fin-
ish date. This was considered most meaningful in terms of
assessing maintenance of intervention effects.

Search Methods for Identification of Studies
and Data Extraction

Search strategies were developed in collaboration with
an experienced academic librarian. Five databases were
systematically searched from inception to 17 Aug. 2022,
MEDLINE, PsycINFO, EMBASE, CINAHL and Cochrane
Library, each with an individualised search strategy. Briefly,
each contained keywords and Medical Subject Heading
(MeSH) terms for four concepts, (i) population (acquired
brain injury), (ii) intervention type (cognitive, psychological
or combined), (iii) intervention target (cognition or emotion)
and (iv) study design (randomised controlled trials). The full
search strategy for MEDLINE can be found in Appendix 1.
The search was restricted to studies published in English,
with no restrictions on year of publication.

The database search results were first de-duplicated in
Endnote before being uploaded onto Covidence systematic
review software for screening (Borenstein et al., 2013).
All stages of the screening process (title/abstract and full
text) were independently conducted by two reviewers (AD
and either LL, JL, KB or JR), and any discrepancies were
resolved by a third reviewer (DW).

One reviewer extracted the data for each included study
(AD), and accuracy of extraction was verified by DW. Avail-
able data concerning study design, participant and inter-
vention characteristic and outcomes at baseline and post-
intervention were collected for included studies (Table 1).
When possible, intervention information was extracted in
line with the TIDIeR checklist (Hoffmann et al., 2014).

Quality Assessment

Methodological quality of included studies was assessed
using the PEDro-P scale, which is derived from the original
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Table 1 Key characteristics of each study included in the meta-analysis

Author (year) n  Sample (injury Delivery mode Treatment dose Outcome measures Outcome time points
type, mean age (individual/group) -
(SD), % female, Immediate Follow-up
mean time since
injury (SD); note
all at least 1 month
post injury)
Assonov (2021) 70 TBI, 46.44 (7.67), Individual 6 h, 6 weeks CD-RISC, MoCA, Y N
3% female, 6 y NSI, HADS,
[5-6] (median PCL-5, PANAS,
and Q1-Q3) CQLS
Cantor et al. (2014) 98 TBI, 453y (12.7), Both 90 h, 12 weeks BADS, BDI, Y N
63% female, 12.6 DERS, FrsBE,
y (14.1) Life-3, POPS,
PSI STAI
Cicerone et al. 69 TBI, 36.6y (11.8), Both 240 h, 16 weeks NP, PSE, PQOL, Y 24 weeks
(2008) 31.5% female, CIQ
49.6 m (76.5)
Cooper et al. 66 TBI, 31y (8.3), Both 42 h, 6 weeks KBCI, PASAT, Y 18 weeks
(2017) 7.6% female, SCL90-R
306.6 d (193.2)
Exner et al. (2022) 62 ABIL 45.6y (11.1), Individual 28 h, 36 weeks ADFIQ, CIQ, Y N (combined follow-
31.5% female, (mean weeks) SCL90-R, up data across
26.1 m (34.9) SEIQoL treatment groups)
Nguyen et al. 24 TBI, 43.8 y (13.0), Individual 8 h, 8 weeks BFIL, FSS,HADS Y 8 weeks
(2017) 33.3% female,
1390.2 d (1671.2)
Nguyen et al. 15 Stroke, 48.8 y Individual 8 h, 8 weeks BFI, FSS, HADS, Y 8 weeks
(2019) (13.6), 26.7% SF-36
female, 21.6 m
(16.1)
Ownsworth et al. 12 ABIL 439y (12.6), Group 24 h, 8 weeks BICRO-39, COPM Y Y (weeks post-
(2008) 44.7% female, 5.3 intervention
y (3.9) missing)
Rytter et al. (2019) 89 TBI, missing®, 66% Both 254 h, 22 weeks MDI, MFI, RPQ, Y 24 weeks
female, 26.9 m SF-36
(16.3)
Tiersky et al. 29 TBI, 46.6y (10.5), Individual 55h, 11 weeks CIQ, CRI, PASAT, N Y (mean of
(2005) 55% female, 6.25 RAVLT, SCL90- immediate, 4 and
y (6.0) R 12-week)
Tornas et al. 70 ABI, 429y (13.0), Group 16 h, 8 weeks BRIEF-A, BREQ, Y 24 weeks
(2016) 45.1% female, 8.1 DEX, HSCL-25,
y (9.4 QOLIBRI
Urech et al. (2020) 25 ABI, 48.3y (10.4), Missing 1 year (mean 20 ADS, BDI, MFS, Y 24 weeks
56% female, sessions)* ERSQ, WHO-
14.1 m (13.4) QoL
Ymer et al. (2021) 51 ABI, 48.7 y (14.0), Individual, tel- 8 h, 8 weeks BFI, HADS,FSS, Y 16 weeks
39% female, ehealth offered SEMBI, SF-36
62.1 m (62.3)

Study details of included studies, including injury type, mean age and SD, % female, mean time since injury, intervention delivery mode, total
intervention hours and total intervention duration, outcome measures used in this review and timepoints of data collected for this review. Follow-

up is measured as time since intervention end and was collected at most distal timepoint

Both individual and group therapy formats were used, Missing information not provided in paper, SD standard deviation, ‘Y yes, ‘N’ no, ADFIQ
Aachen Daily Functioning Item Bank Questionnaire, ADS Acceptance of Disability Scale, BADS Behavioral Assessment of the Dysexecutive
Syndrome, BDI Beck Depression Inventory, BFI Brief Fatigue Inventory, BRIEF-A Behavior Rating Inventory of Executive Function — Adult
Version, BREQ Brain Injury Rehabilitation Trust Regulation of Emotions Questionnaire, CD-RISC Connor-Davidson Resilience Scale, CRI
Coping Response Inventory, CIQ Community Integration Questionnaire, CQLS Chablan Quality of Life Scale, DERS Difficulties in Emotion
Regulation Scale, DEX Dysexecutive Questionnaire, ERSQ Emotion-Regulation Skills Questionnaire, FrsBE Frontal Systems Behavior Scale,
FSS Fatigue Severity Scale, HADS Hospital Anxiety and Depression Scale, KBCI Key Behavior Change Inventory, MDI Major Depression
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Table 1 (continued)

Inventory, MFI Multidimensional Fatigue Inventory, MFS Mental Fatigue Scale, MoCA Montreal Cognitive Assessment, NP Neuropsychologi-
cal tests, NSI Neurobehavioural Symptom Inventory, PASAT Paced Auditory Serial Addition Test, PCL-5 Post-traumatic Stress Disorder Check-
list, RAVLT Rey Auditory Verbal Learning Task, RPQ Rivermead Post Concussion Questionnaire, POPS Participation Objective, Participation
Subjective, POQOL Perceived Quality of Life Scale, PSE Perceived self-efficacy for the management of symptoms was adapted from a measure
developed for people with chronic medical disability, PSI Problem Solving Inventory, QOLIBRI Quality of Life after Brain Injury, SEIQoL
Schedule for the Evaluation of Individual Quality of Life, SEMBI Self Efficacy for Managing Brain Injury Questionnaire, adapted from the Stan-
ford Self-Efficacy for managing Chronic Disease 6-item Scale, SCL90-R Symptom Checklist-90-Revised, SF-36 36-Item Short Form Survey,

STAI State-Trait Anxiety Inventory, WHOQoL The World Health Organisation Quality of Life

*total treatment hours not provided

®Provided age of participants in age brackets, with n participants in each bracket so could not calculate mean and SD

Physiotherapy Evidence Database (PEDro) Scale trial rat-
ing system (Mabher et al., 2003). Results of risk of bias were
reported according to standard qualitative descriptors (<3
poor quality, 4-5 fair quality and > 6 high quality) (Maher
et al., 2003). AD assessed risk of bias for each included
study, and the accuracy was checked by DW.

Quality of Evidence

The overall quality of evidence of the studies was evaluated
using the grading of recommendation, assessment, develop-
ment and evaluation (GRADE) approach (The GRADE Work-
ing Group, 2013). AD evaluated the quality of evidence, and
the accuracy was checked by DW. Results were reported as an
overall score (e.g. high, moderate, low or very low quality) and
then discussed by domain (risk of bias, inconsistency, indirect-
ness, imprecision and publication bias).

Quantitative Analysis

Extracted data was analysed using comprehensive meta-analy-
sis (CMA). A random effects model was used to compute effect
size estimate Hedge’s g. Hedge’s g is a variation of Cohen’s d
that corrects for small sample sizes, which were common in
the included studies. The magnitude of effect size was catego-
rised according to Cohen’s descriptors of small (>0.2), medium
(>0.5) and large (=0.8) (Cohen, 1988). All data collected were
continuous. Summary effect sizes were calculated based on
baseline and post-intervention mean, standard deviation and
sample size for treatment and control groups. For all summary
effect sizes, 95% confidence intervals (CI) were provided.
Where data were missing (e.g. mean or standard deviations),
these were requested from the authors. If baseline data were
not obtained, group comparisons of post-intervention values
only were conducted.

Heterogeneity was assessed with the Q (the distribution
of observed effects) and tau (the absolute variance of true
effects) statistics (Borenstein et al., 2017). Risk of publica-
tion bias was quantitatively assessed using Egger’s regres-
sion test (two-tailed p value) and qualitatively assessed by
examining funnel plot asymmetry.
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Subgroup analyses were planned at the level of quality
of life, participation, activity and impairment (divided into
cognition, mood, coping/emotional regulation, fatigue
and self-efficacy). Data were analysed at immediate post-
intervention and follow-up timepoints separately. Moderator
analyses were conducted to explore the extent to which
between-study heterogeneity was explained by the variables
of control type, injury type, severity and chronicity,
intervention delivery mode (e.g. individual-only, group-only
or both formats combined) and treatment dose. Sensitivity
analysis was performed that excluded low-quality studies.
Subgroup and moderator analyses were only performed
when the 5-study minimum criterion was met (Jackson &
Turner, 2017).

Results
Study Characteristics

Results of the study selection process are depicted in the
PRISMA flowchart in Fig. 1. One hundred and forty-eight
studies were identified as eligible for inclusion in the planned
meta-analyses on cognitive-only and psychological-only inter-
ventions. Most studies excluded based on language were Chi-
nese. Forty-six papers were excluded due to no response from
authors, with most requests having been regarding clarifica-
tion of time since injury. Of the 146 eligible studies, 13 were
identified as eligible for the current review (Fig. 1). All studies
were included in subgroup analyses, though no single study
contributed to every analysis as no study measured outcomes
in every domain. Four studies were conducted in Australia,
four in Europe, four in North America and one in Ukraine.

Participant Characteristics

Thirteen studies were included in the current meta-analysis,
totalling 684 participants (n=2341 for intervention group).
The sample sizes of the studies ranged from 12 to 98
(mean=52.3, SD=27.4; median=62). Four studies recruited
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Fig. 1 Four-phase PRISMA
flow diagram for study selec-
tion, detailing identification and

Potentially relevant records identified

: . c through database search
screening process for articles 2
included in the review and S (n=10,479)
: =
meta-analysis 2 | (1) EMBASE: n=2683
€ | (2) MEDLINE: n=2330
(3) PsycINFO: n=884
(4) CINAHL: n=1515
(5) Cochrane: n=3067
- > 5237 irrelevant

& Records screened at title and abstract level

€ after duplicates removed

o

a (n=5858)

468 results excluded

* Ineligible article type (e.g., abstract,
protocol, unpublished) (n=205)

* Ineligible participants (e.g., within
one month post ABI) (n=77)

F . _— * Ineligible study design (n=53)

i Full-text articles assessed for eligibility « Unable to contact authors for

g" (n=614) additional information (n=46)

w * Ineligible study aims (e.g., not
cognitive or psychological therapies,
not targeting cognition or mood)
(n=39)

* Not in English (n=27)
o * Duplicates (n=11)
Studies included * Ineligible analysis (n=10)
in the synthesis
- (n=146)
(]

°

3 l

£ > Studies classified as cognitive or

l psychological interventions

(n=133)
Studies included in the final analysis
(n=13)

fewer than 30 participants, and eight studies recruited greater
than 50 participants. The average age of participants was
43 years (SD=12.61). Mean time since injury was < 1 year
for one study, between 1 and 2 years for four studies
and > 3 years for eight studies. Seven studies involved TBI
only, one involved stroke only, and five recruited participants
with any form of ABI. Of the TBI studies, two included mild
severity only, two included mild/moderate severity, and three
included any severity.

Combined and Control Group Interventions

The targets of the combined interventions were broad and
generally reflected a desire to improve daily functioning,
independence and participation in meaningful activities
through targeting mood disturbance and cognitive
impairments. Three interventions specifically targeted

post-ABI fatigue (Nguyen et al., 2017, 2019; Ymer et al.,
2021). The main components of the interventions are
detailed in Tables 1 and 2. Consistent across interventions
were the inclusion of psychoeducation regarding ABI
symptoms, compensatory cognitive strategies (addressing
different cognitive deficits, but commonly attention,
memory, meta-cognition, organisation, problem solving,
fatigue and emotional regulation) and psychotherapeutic
strategies to facilitate emotional adjustment after ABI and
management of anxiety and depression (most commonly
based on a CBT framework) (Table 2). A variety of
delivery modes were used: group, individual and combined;
in-person and telehealth (Table 1). Nine interventions were
administered by either a neuropsychologist or psychologist
with experience in ABI, occasionally alongside other
clinicians, such as occupational therapists. Of the remaining
four, three interventions were delivered by psychologists,
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but the studies did not detail their experience with ABI
populations (Cantor et al., 2014; Cooper et al., 2017;
Ownsworth et al., 2008), and one did not report the
qualifications of the therapist (Assonov, 2021).

Five studies used active controls (Cicerone et al., 2008;
Cooper et al., 2017; Tornas et al., 2016; Urech et al., 2020;
Ymer et al., 2021). The content of active controls varied
from basic psychoeducation to individual and/or group ses-
sions with clinicians. For the more complex control inter-
ventions, they either did not include psychotherapeutic tech-
niques or discuss emotional difficulties (i.e. single siloed
intervention), or they did not integrate the different com-
ponents of the intervention (i.e. a series of siloed interven-
tions). The remaining eight studies were classified as either
treatment as usual (TAU) (k=4) or waitlist (k=4). What
TAU involved varied depending on the local healthcare
system, but permitted engagement with multidisciplinary
clinicians (i.e. a series of siloed interventions). It was not
reported if waitlist controls were prohibited from engaging
with any particular therapies.

The duration of interventions ranged from 6 to 52 weeks
(mode =8 weeks, mean = 13 weeks); this detail was missing
from one study (Assonov, 2021). The total hours of interven-
tion ranged from 6 to 254 h (mean=64.8, SD =84.8); this
detail was missing from one study (Urech et al., 2020). The

most frequently omitted TIDieR checklist details related to
fidelity of intervention adherence and delivery.

Outcome Measures

Outcomes were measured at multiple levels within and
across studies: quality of life, participation, activity and
impairment (secondary outcomes of interest). The catego-
risation of outcome measures into levels can be found in
the Appendix 2. The most commonly assessed level was
impairment (k= 13), and within this, the domains of emo-
tion (k= 12), cognition (k=6), fatigue (k=35), coping/emo-
tional regulation (k=4) and self-efficacy (k=3). Following
this was quality of life (k=9), activity (k="7) and partici-
pation (k=35). Of the 54 different measurement tools used
across the 13 studies, only eight were used in more than one
study (BDI, BFI, CIQ, FSS, HADS, SCL-90-R, SF-36 and
QOLIBRI (used in < 3 studies)).

Risk of Bias

Overall, the studies were of high methodological quality (mean
PEDro-P score=6.8, SD=0.9, range 5-8) (Table 3). Only one
study was classified as fair quality (Cooper et al., 2017). The

Table 3 Risk of bias ratings
(PEDro-P scale)

Study name Criteria
Cl C2 C3 C4 C5 C6 C7 C8 C9 Cl10 CIl Total

Assonov (2021) 1 1 1 1 0 0 0 1 1 1 1 7
Cantor et al. (2014) 1 1 1 1 0 1 1 1 1 1 0 8
Cooper et al. (2017) 1 1 0 1 0 0 1 0 1 1 0 5
Cicerone et al. (2008) 1 1 1 1 0 0 1 1 1 1 0 7
Exner et al. (2022) 1 1 1 1 0 0 0 1 1 1 0 6
Nguyen et al. (2017) 1 1 1 1 0 0 1 1 1 1 1 8
Nguyen (2019) 1 1 1 1 0 0 1 1 1 1 1 8
Ownsworth et al. (2008) 1 1 1 1 0 0 1 1 1 0 0 6
Rytter et al. (2019) 1 1 1 1 0 0 1 1 1 1 0 7
Tiersky et al. (2005) 1 1 1 1 0 0 1 0 1 1 0 6
Tornas et al. (2016) 1 1 1 1 1 0 1 1 1 1 0 8
Urech et al. (2020) 1 1 1 1 0 0 0 1 1 1 1 7
Ymer et al. (2021) 1 1 1 0 0 0 1 0 1 1 1 6

PEDro-P rating scale assesses risk of bias using 11 criteria. ‘1’ indicates that a study has met that criterion,

‘0’ indicates criterion not met

C1 eligibility criteria were specified, not included in overall PEDro-P score, C2 subjects were randomly
allocated to groups, C3 allocation concealed, C4 groups were similar at baseline regarding the most impor-
tant prognostic indicators, C5 blinding of all subjects, C6 blinding of all therapists who administered the
therapy, C7 blinding of all assessors who measured at least one key outcome, C8 measures of at least one
key outcome were obtained from more than 85% of the subjects initially allocated to groups, C9 all sub-
jects for whom outcome measures were available received the treatment or control condition as allocated
or, where this was not the case, data for at least one key outcome was analysed by intention to treat, C10
results of between-group statistical comparisons are reported for at least one key outcome, C// study pro-
vides both point measures and measures of variability for at least one key outcome
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Fig.2 Funnel plot of the overall Funnel Plot of Standard Error by Hedge’s g

effect size Hedge’s g against
standard errors i
ni
Lk ]
]
= %]
Q
T
[}
2
§ o
7]
oS
s
L Ak

most common risks of bias were not blinding participants or
therapists (often not possible due to study design), followed
by incomplete reporting of results, and high levels of attri-
tion. Visual inspection of the funnel plot (Fig. 2) and statistical

&H L L2 L] ik L]

Hedge’s g

analysis did not reveal significant asymmetry (Egger’s intercept
for all outcomes combined was 0.57, p=0.37, two-tailed). This
indicates that smaller studies were not more likely to report
larger than average effects, i.e. no publication bias was evident.

Effect Size Statistics (Random Effects Model)

Study Name

Hedges’g (95% Cl) p weight (%)

Assonov (2021) 0.73 (0.25, 1.22) 0.003 9.98
Cantor (2014) 0.41(0.01, 0.81) 0.21 14.50
Cicerone (2008) 30 (-0.17,0.77) 0.10 10.49
Cooper (2017) 0.41 (-0.08, 0.89) 0.10 10.07
Exner (2021) 0.40 (-0.13, 0.92) 0.14 8.57
Nguyen (2017) 0.90 (0.07, 1.72) 0.03 3.45
Neuven (2019) 63 (.0.40, 1.63) 0.23 2.28
Ownsworth (2008) 0.49 (-0.43, 1.40) 0.30 2.83
Rytter (2019) 0.38 (-0.04, 0.80) 0.07 13.56
Tiersky (2005) 0.50 (-0.36, 1.37) 0.25 3.15
Tornas (2016) 0.28 (-0.21, 0.76) 0.26 10.03
Urech (2020) 0.23(-0.54, 0.99) 0.56 4.03
Ymer (2021) 0.18 (-0.40, 0.76) 0.54 7.05
Overall 0.42 (0.26, 0.57) ® 0.000

2 1

Favours control

0 1 2

Favours intervention

Test of heterogeneity: © =0.00, Q (12) = 4.55, p=0.97

Fig. 3 Overall effects of combined interventions on all outcomes combined across timepoints
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Overall Efficacy of Combined Interventions

For all outcomes and timepoints, combined interventions
had an overall significant small-to-medium effect compared
to control conditions [g=0.42, (95% CI 0.26, 0.57), p<0.01]
(Fig. 3). Heterogeneity was not significant (p=0.97). There
was no significant moderating effect of control type (p=0.50),
treatment dose (p=0.53), injury type (p =0.22), injury chro-
nicity (p=0.10) or intervention delivery mode (p =0.49). For
delivery mode, only individual-only and both formats were
analysed as there was insufficient data to include the group-
only format. Similarly, for injury type, only ABI and TBI were
analysed as there was only one stroke-only study. Sensitivity
analysis revealed that quality of study did not have a signifi-
cant impact on the effect sizes.

Efficacy of Combined Interventions on Specific
Outcomes of Interest Combined Across Timepoints

Small-to-medium effects were observed on quality of life
(k=9, g=0.42, (95% C10.25, 0.59, p<0.0001), participation
(k=5, g=0.33,(95% CI, 0.08, 0.57), p=0.0001) and activ-
ity (k=7, g=0.38, (95% CI, 0.18, 0.59), p <0.0001) (Fig. 4).
At the level of impairment, small-to-medium effects were
observed on impairment-cognition (k=6, g=0.42, (95%
CI, 0.13, 0.71), p=0.005), impairment-emotion (k=12,
£=0.46, (95% CI1 0.29, 0.62), p <0.0001) and impairment-
fatigue (k=5, g=0.39, (95% CI, 0.1, 0.69, p=0.009). Due
to limited data regarding impairment-self-efficacy and

impairment-coping/emotional regulation outcomes, these
were not meta-analysed.

Immediate and Follow-up Effect Size Comparisons

All outcomes were significant at both immediate (T1) and
follow-up (T2) timepoints (Fig. 5). The overall efficacy of
combined interventions immediately post-intervention was
g=0.39, which was maintained at follow-up (g=0.41). The
same trend was observed for activity (T1, g=0.35; T2, g=0.49),
quality of life (T1, g=0.41; T2 g=0.40), impairment-emotion
(T1, g=0.42, T2, g=0.42) and impairment-fatigue (T1, g=0.40,
T2, g=0.42). Participation and impairment-cognition, self-
efficacy and coping/emotional regulation did not have sufficient
data to perform these meta-analyses.

Overall Study Quality

The GRADE framework was used to rate the confidence
in the effects of combined interventions on quality of life,
participation, activity and impairment outcomes. As all
studies were randomised controlled trials, the level of
confidence in the effects started at high. No points were
deducted for imprecision, indirectness, publication bias or
risk of bias. Heterogeneity was not significant and mod-
erator analyses did not report a significant effect of study
quality on overall or specific outcomes. Based on this, the
overall confidence in the effect of combined interventions
on all outcomes was rated as high.

Effect Size Statistics (Random Effects Model)

Heterogeneity

Outcome

k Hedges’ g (95% Cl) p Q p I
QoL 9 0.42 (0.25, 0.59) - 0.000 3.88 0.87 0.00
Participation 5 0.33(0.08,0.57) —- 0.008 063 096 0.00
Activity 7 0.38(0.18, 0.59) - 0.000 511 053 0.00
Impairment-emotion 12 0.46 (0.29, 0.62) - 0.000 11.00 0.44  0.00
Impairment-cognition 6 0.42 (0.13,0.71) —— 0.005 10.71 0.06 0.07
Impairment-fatigue 5 0.39(0.10, 0.69) —— 0.009 433 0.36 0.01

-2 -1

Favours control

0 1 2

Favours intervention

Fig. 4 Outcome-specific effects of combined interventions combined across timepoints
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Effect Size Statistics (Random Effects Model)

Heterogeneity

Study Name k  Hedges'g (95% Cl) p Q p [
QoL
9 0.41(0.23, 0.57) 0.000 504 075 0.00
Follow-up 6 0.40 (0.18, 0.62) - 0.000 067 098 0.0
Activity
7 0.35(0.15, 0.55) 0.001 3.17 0.79 0.00
Follow-Up 5 0.49 (0.14, 0.84) 0.007 6.33 0.18 0.06
+
Impairment-emotion
11 0.42 (0.25, 0.60) 0.000 10.36 0.41 0.01
Follow-Up 8 0.42 (0.16, 0.67) e 0.001 9.25 0.23 0.03
Impairment-fatigue
5 0.40 (0.02, 0.79) 0.039 6.48 0.17 0.07
Follow-Up 5 0.42 (0.14, 0.69) D 0.003 3.16 0.53 0.00
Overall
12 0.39(0.23, 0.54) 0.000 3.96 0.97 0.00
Follow-Up 9 0.41(0.22,0.61) o 0.000 4.37 0.82 0.00

-2 -1

Favours control

0 1 2

Favours intervention

Fig.5 Overall and outcome-specific effects at immediate and follow-up timepoints

Discussion

Despite the growing body of evidence for combined
approaches to ABI rehabilitation, no study has system-
atically evaluated the literature in this field. The current
meta-analytic review provides evidence that combined
interventions improve outcomes that are typically the
most meaningful to ABI survivors. Furthermore, second-
ary analyses of critical design and implementation features
suggest that the efficacy of such interventions appears
to be robust across cohorts, settings, delivery methods
and time. Importantly, both the sensitivity analysis and
GRADE rating provide a confidence in the effects cal-
culated by this meta-analysis. This suggests that more
widespread implementation of combined cognitive and
psychological interventions may be warranted as part of
standard ABI rehabilitation.

Overall and Outcome-Specific Efficacy

Combined interventions had a small-to-medium effect on
all primary outcomes, which were maintained at follow-up
(activity, participation, QoL). Similarly, there was a small-to-
medium effect on secondary outcomes (impairment-emotion,
cognition and fatigue), which were again maintained at
follow-up. The maintenance effects may speak to the
ability of combined interventions to equip individuals with
enduring strategies that can be generalised to many areas of

their life, enabling them to continue to adapt to changes in
environment or needs. That said, the most distal follow-up
assessment occurred at 6 months post-intervention, so
whether these gains are maintained in the longer-term
remains unknown. The results of the current review
also demonstrate that combined interventions improve
outcomes at all levels, from reducing symptom severity to
improving quality of life. While intervention characteristics
between studies were variable, effect sizes were similar
across domains and studies (i.e. low heterogeneity). This
indicates that there may be common elements to the way
in which those combined interventions were delivered that
led to consistent and successful results, such as their focus
on broad, meaningful outcomes. Identifying the ‘active
ingredients’ of these interventions should be a key focus
of future meta-analyses. Finally, the consistency of effect
sizes between included studies (i.e. low heterogeneity) is an
important finding. It suggests that despite the small sample
size, the current meta-analysis was adequately powered, and
high confidence can be placed on the results presented.

Analysis of Moderating Factors
The low heterogeneity of effect sizes combined with an over-
all sample of only 13 studies meant that it was difficult to

identify statistically significant sub-groups or moderating
variables. These results need to be replicated across more
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studies to confirm this study’s finding of no moderating
effects of injury characteristics, intervention characteristics
or control group. If replicated, this may have implications for
cost—benefit analyses. For example, if no benefit is gained
from year-long compared to 6 week-long interventions; this
is important to know for healthcare systems that cannot
offer lengthy interventions. However, all interventions were
a minimum of 6 h and spread across a minimum of 6 weeks,
so the efficacy of even briefer interventions is unknown (e.g.
single session). It may be that dose response effects would be
seen with the inclusion of these much briefer interventions.

Quality Assessments

The overall quality of studies included in this meta-analysis
was high, with only one study scoring in the fair quality range.
However, relying solely on overall quality ratings can mask
areas of concern as all studies produced some bias. As such,
examining biases by domain is valuable (e.g. selection bias,
reporting bias). The most common risk was not blinding par-
ticipants or therapists to condition. Though this was often not
possible due to the studies’ designs, methods for balancing
expectation bias were not always applied or reported.
Secondly, three studies (Cooper et al., 2017; Tiersky et al.,
2005; Ymer et al., 2021) reported higher than accepted rates
of attrition on the Pedro-P scale (Maher et al., 2003). This
may speak to the acceptability or feasibility of the interven-
tions, though no obvious common factor connected these
studies (e.g. treatment dose, injury type or severity). Thirdly,
the PEDro-P scale requires studies to only provide complete
reporting of one key outcome. Many studies did not report if
they powered their study based on the primary outcome or did
not report non-significant findings or measures of variance
associated with effect sizes, reflecting possible reporting bias.

Limitations of Included Studies

Systematically reviewing the current literature highlighted
certain limitations. Firstly, no study reported the complete
TIDieR checklist for reporting interventions (Hoffmann
et al., 2014). This is a common problem in rehabilitation
research (Mhizha-Murira et al., 2018; Small et al., 2022).
Not only does this make reproducibility difficult, it pre-
vents attempts to analyse the ‘active ingredients’ of inter-
ventions through meta-analyses (Small et al., 2022). While
these details may have been published in study protocols,
none were found despite attempts to do so. The most com-
mon details omitted related to the fidelity of intervention
adherence and delivery. These aspects of an intervention are
crucial to know when evaluating its efficacy; for example,
level of homework adherence and therapist competence in
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reviewing homework both strongly moderate outcomes (e.g.
Zelencich et al., 2020). Secondly, results were often reported
in a way that made including them in meta-analytic stud-
ies difficult. In some circumstances, an analysis based on
changes from baseline produces a more efficient and power-
ful effect than comparison of post-intervention values only,
as it removes a component of between-person variability
(Deeks et al., 2021). Thus, studies that provide the mean
and standard deviations for all timepoints separately (base-
line, immediate and follow-ups) allow the meta-analyser to
account for pre-post correlations and to calculate summary
effect sizes at multiple post-intervention timepoints. Many
studies omitted data from one of these time points and/or test
statistics for non-significant results. This required authors to
be contacted for further information, which, if no response
was obtained, resulted in less robust summary effect calcu-
lations for some variables. However, we note that calcula-
tion of a change score requires measurement of the outcome
twice and in practice may be less efficient for outcomes that
are unstable or difficult to measure precisely, where the
measurement error may be larger than true between-person
baseline variability (Deeks et al., 2021).

Other limitations related to the outcome measure-
ment tools used. Firstly, few tools were used in more than
one study, despite all interventions sharing similar aims.
Moreover, some papers used un-validated tools (such
tools were excluded in this review), or tools not validated
in a cognitively impaired population. Not validating and
adapting measures to suit the needs of those with cognitive
impairment is common but risks the tool not measuring its
intended construct (Whiting et al., 2015). While there is no
consensus regarding which measures best capture change
at each outcome level, the heterogeneity of outcome tools
makes comparisons difficult, while the use of not appro-
priately validated tools affects the confidence in conclu-
sions drawn. It would be useful to develop guidelines that
detail which outcome tools are most appropriate to use
at each level in a cognitively impaired population. Such
guidelines exist for psychosocial outcomes in the TBI lit-
erature (Honan et al., 2017), but not in stroke.

Strengths and Limitations of the Current Review
and Directions for Future Research

The primary strength of this review is that we were able to
categorise and outline effects based on ICF levels (and add-
ing quality of life). This categorisation is rarely performed
in meta-analyses, in part because many siloed intervention
studies do not measure outcomes at these levels, yet doing so
makes the findings relevant and meaningful to people with
an ABI, their families and clinicians. However, our ability
to investigate the interventions more deeply by performing
subgroup analyses was limited due to the small sample size.
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Understanding the core characteristics of therapists, partici-
pants and interventions that lead to symptom reduction and
meaningful change in a person’s life is essential to advance
the field (Prigatano, 2013) and will be a valuable area to
investigate further in future meta-analytic reviews.

The systematic analysis of the current literature highlighted
other gaps that could be addressed by future studies. Firstly, this
review was not able to directly evaluate the relative efficacy
of combined interventions compared to siloed interventions
(cognitive or psychological only). Previous meta-analyses of
siloed cognitive interventions in non-progressive ABI indicate
that while improvements are observed at the level of impairment,
there is unclear evidence for improvements at the level of
quality of life, participation restriction and activity limitation.
Furthermore, evidence to suggest that any gains are maintained
over time is variable and uncertain (das Nair et al., 2016;
Loetscher et al., 2019; Rogers et al., 2018). As a priority, we
are currently undertaking meta-analyses of cognitive-only and
psychological-only interventions to further address this question.
Future research may also aim to establish the relative efficacy of
combined interventions to other areas that were excluded in this
review, such as social cognition or behavioural interventions.
Secondly, it is not possible to state if there are diagnosis-specific
differences in response to combined interventions. This is partly
due to the included ABI studies not reporting stroke and TBI
cohort data separately, and partly due to the paucity of stroke-
only studies (only one of the 13 studies investigated intervention
efficacy in a stroke-only population; Nguyen et al., 2019). Given
that stroke and TBI studies have shown different benefits from
interventions (e.g. Gertler et al., 2015; Wang et al., 2018), it
could be useful to investigate this further. Meta-analytic reviews
could statistically compare the outcomes of the two populations,
ideally taking into consideration any differences in age and
diffuse versus focal neuropathology. Thirdly, follow-up periods
were generally 4 to 6 months post-intervention, limiting our
ability to understand the long-term benefits derived from these
interventions. Current studies may indeed have longer-term
assessments planned (many included studies are fewer than
5 years old). Fourthly, due to the smaller sample size, it was
difficult to identify moderating variables, such as the duration
of interventions. Some combined interventions in the included
studies were lengthy and would not be feasible to implement in
many healthcare settings. Future meta-analyses will hopefully
be able to comment more definitively on such relationships. In
addition, inter-rater reliability was not calculated as the software
system (Covidence) did not keep a record of discrepancies after
they had been resolved.

A final point to note is that our review focused on inter-
ventions where the cognitive and psychological elements
were usually deliberately integrated within a structured or

manualised intervention. Another way in which cognitive
and psychological interventions could be integrated would
be to concurrently run ‘siloed’ cognitive and psychological
interventions demonstrated to be effective for improving cog-
nitive function and mood separately, including elements from
each into a bespoke intervention tailored to the individual. An
interesting direction for future research would be to compare a
structured, manualised integrated intervention with individu-
ally selected multimodal interventions where components
have been selected by the clinician from a suite of existing
cognitive or psychological interventions based on the case
formulation, as often occurs in clinical practice. It is possible
that these clinician-selected interventions may be more effec-
tive, however may rely on expert clinicians, with structured
interventions more feasible for clinicians with less training or
expertise. Additionally, structured interventions can provide
a useful starting point that allows the clinician to observe the
person’s response to various intervention elements, which
they could then follow up in more individually tailored ses-
sions after completing the initial structured intervention.

Clinical Implications and Conclusions

This meta-analysis provides evidence for the efficacy of
combined interventions at all outcome levels that are robust
across cohorts and delivery methods. Not only does this suggest
that more widespread implementation of combined cognitive
and psychological interventions is warranted as part of standard
ABI rehabilitation, but it also validates their use in general
outpatient settings where populations are often varied in terms
of injury type, severity and chronicity, and the delivery may vary
between individual and group formats. It appears that effective
combined therapy can be completed within a standard eight-
session therapy window, suggesting that this approach addresses
essential elements of value-based healthcare from both the
client and health care system perspective. This review should
provide the confidence to proceed with formal evaluation of
the cost-effectiveness and socio-economic impact of combined
approaches. A potential further cost-effectiveness is that benefits
of combined interventions are maintained over a follow-up period
of up to 6 months. This consistent maintenance of benefits implies
that combined interventions are equipping individuals with
durable strategies that allow them to continue to adapt to changes
in environment or needs, thus enabling individuals with ABI to
be more independent and less reliant on continued healthcare
services. Having realised the potential of combined approaches,
implementation is encouraged, to enhance clinical outcomes in
ABI rehabilitation, continue to develop and refine the therapy
approach and inform the identification of active ingredients.
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Appendix 1. MEDLINE Search Strategy

1. exp Craniocerebral trauma/ or exp Cerebrovascular
disorders/ or exp Brain hypoxia/

2. (traumatic brain injur* or acquired brain injur* or
stroke* or post-stroke or poststroke or cerebral vasc*
or cerebrovasc®).tw

3. ((brain or cerebr* or head or crani*) adj3 (injur* or
hypoxi* or damage™* or trauma*)).tw

4. lor2or3

5. Psychotherapy/ or Psychotherapy, group/ or Behavior
Therapy/ or exp Cognitive behavioral therapy/ or exp
cognitive remediation/

6. ((metacognit* or memory or executive function* or
executive dysfunction® or attention* or cognit* or psy-
cholog* or problem solv* or psychosocial) adj3 (inter-
vention* or rehabilitat* or therap* or train* or retrain®
or re-train* or program* or remediat* or strateg*)).tw.

7. (neuropsycholog* rehabilitat* or psychotherap* or
“acceptance and commitment” or motivational inter-
viewing or strategy training or behavio?ral activation
or mindfulness or time pressure management or brain
train* or stress management training).tw.

22.

Sor6or7

Randomized Controlled Trials/
random allocation/ or placebos/
randomized controlled trial.pt.
controlled clinical trial.pt.
clinical trial.pt.

randomi?ed.tw.

Placebo*.tw.

randomly.tw.

Trial*.tw.

groups.tw.
9orl10orllorl2orl3orld4orl5Sorl6orl17or18
exp Animals/ not humans.sh.
19 not 20

4 and 8 and

Appendix 2. Categorisation of outcome
measures by level

QoL Participation ~ Activity Impairment-

restriction limitation emotion

Impairment- Impairment-  Impairment-  Impairment-
cognition fatigue self efficacy coping/

emotion
regulation

ADFIQ X

ADS X

BADS

BDI X
BDI X
BFI X

BICRO-39 (social- X
ising and produc-
tive employment
subscales)

BICRO-39 (psycho- X
logical well-being
subscale)

BREQ
BRIEF-A X

CD-RISC

CES-D X
CIQ X

COPM X

CRI

CQLS X

DERS
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QoL Participation ~ Activity Impairment- Impairment- Impairment-  Impairment-  Impairment-
restriction limitation emotion cognition fatigue self efficacy coping/
emotion
regulation

DEX X

ERSQ X
FrsBE X

FSS X
HADS X

HSCL-25 X

KBCI X

Life-3 X

MDI X

MFI X
MEFS X

Neuropsychological X
tests (e.g. PASAT,
RAVLT)

NSI X

PCL-5 X

PANAS X

PQoL X

POPS X

PSE X
PSI X
QOLIBRI X

RPQ X

SCL-90-R X

SEMBI X
SEQoL X

SF-36 item X

STAI X

WHOQoL X

ADFIQ Aachen Daily Functioning Item Bank Questionnaire, ADS Acceptance of Disability Scale, BADS Behavioral Assessment of the Dysexecu-
tive Syndrome, BDI Beck Depression Inventory, BFI Brief Fatigue Inventory, BRIEF-A Behavior Rating Inventory of Executive Function — Adult
Version, BREQ Brain Injury Rehabilitation Trust Regulation of Emotions Questionnaire, CD-RISC Connor-Davidson Resilience Scale, CRI Coping
Response Inventory, CIQ Community Integration Questionnaire, COLS Chablan Quality of Life Scale, DERS Difficulties in Emotion Regulation
Scale, DEX Dysexecutive Questionnaire, ERSQ Emotion-Regulation Skills Questionnaire, FrsBE Frontal Systems Behavior Scale, FSS Fatigue
Severity Scale, HADS Hospital Anxiety and Depression Scale, KBCI Key Behavior Change Inventory, MDI Major Depression Inventory, MFI Mul-
tidimensional Fatigue Inventory, MFS Mental Fatigue Scale, MoCA Montreal Cognitive Assessment, NP Neuropsychological tests, NSI Neurobe-
havioural Symptom Inventory, PASAT Paced Auditory Serial Addition Test, PCL-5 Post-traumatic Stress Disorder Checklist, RAVLT Rey Auditory
Verbal Learning Task, RPQ Rivermead Post Concussion Questionnaire, POPS Participation Objective, Participation Subjective, POOL Perceived
Quality of Life Scale, PSE Perceived self-efficacy for the management of symptoms was adapted from a measure developed for people with chronic
medical disability, PSI Problem Solving Inventory, QOLIBRI Quality of Life after Brain Injury, SEIQoL Schedule for the Evaluation of Individual
Quality of Life, SEMBI Self Efficacy for Managing Brain Injury Questionnaire, adapted from the Stanford Self-Efficacy for managing Chronic
Disease 6-item Scale, SCL90-R Symptom Checklist-90-Revised, SF-36 36-Item Short Form Survey, STAI State-Trait Anxiety Inventory, WHOQoL
The World Health Organisation Quality of Life
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Abbreviations ACT: Acceptance and commitment therapy;
ABI: Acquired brain injury; CBT: Cognitive behavioural therapy;
ICF: International Classification of Functioning; PTSD: Post-traumatic
stress disorder; QoL: Quality of life; TAU: Treatment as usual;
TBI: Traumatic brain injury
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