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HIGHLIGHTS

* Autobiographical episodic memory training (AET) improves depression (d = 0.32).
* There was limited research on AET for diagnosed anxiety and stress-related disorders.
* AET is a promising option for low-intensity treatment of affective disturbance.

ARTICLE INFO ABSTRACT

Amdﬁ‘ history: We review evidence for training programmes that manipulate autobiographical processing in order to treat
Received 23 May 2016 mood, anxiety, and stress-related disorders, using the GRADE criteria to judge evidence quality. We also position
Received in revised form 28 September 2016 the current status of this research within the UK Medical Research Council's (2000, 2008) framework for the de-
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Available online 21 December 2016 velopment of novel interventions. A literature search according to PRISMA guidelines identified 15 studies that

compared an autobiographical episodic memory-based training (AET) programme to a control condition, in sam-
ples with a clinician-derived diagnosis. Identified AET programmes included Memory Specificity Training (Raes,

ii{gg;d;aphical memory Williams, & Hermans, 2009), concreteness training (Watkins, Baeyens, & Read, 2009), Competitive Memory
Episodic memory Training (Korrelboom, van der Weele, Gjaltema, & Hoogstraten, 2009), imagery-based training of future autobio-
Memory training graphical episodes (Blackwell & Holmes, 2010), and life review/reminiscence therapy (Arean et al., 1993).
Depression Cohen's d was calculated for between-group differences in symptom change from pre- to post-intervention
Anxiety and to follow-up. We also completed meta-analyses for programmes evaluated across multiple studies, and for
Posttraumatic stress the overall effect of AET as a treatment approach. Results demonstrated promising evidence for AET in the treat-

ment of depression (d = 0.32), however effect sizes varied substantially (from —0.18 to 1.91) across the different
training protocols. Currently, research on AET for the treatment of anxiety and stress-related disorders is not yet
at a stage to draw firm conclusions regarding efficacy as there were only a very small number of studies which
met inclusion criteria. AET offers a potential avenue through which low-intensity treatment for affective distur-

bance might be offered.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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International guidelines for the development of novel psychological
interventions emphasize the need for such complex interventions to be
derived from theory and experimental science (Medical Research
Council, 2000, 2008). Autobiographical episodic memory-based training
(AET) paradigms are a prototypical example of interventions developed
from basic science showing a robust relationship between psychological
symptoms and biases in the processing of autobiographical memory.
Such chronic and maladaptive patterns in remembering are common
across mood, anxiety, and trauma- and stress-related disorders. Al-
though dysfunction may be experienced in multiple memory systems
(e.g., recognition memory, Brand, Jolles, & Gispen-de Wied, 1992; work-
ing memory, Christopher & MacDonald, 2005), the biased processing of
personal (autobiographical) memories, particularly those of an emo-
tional nature, is a core feature of mood, anxiety, and stress-related dis-
orders (Beck, 1967; Coles & Heimberg, 2002). Disturbance in the
processing of emotional personal memories plays a key role in main-
taining current symptoms (Morgan, 2010; Sumner, Griffith, & Mineka,
2010), and can also persist during remission, increasing the risk for re-
lapse (Gotlib & Joormann, 2010). As such, targeting maladaptive auto-
biographical memory processing patterns may reduce current
symptoms, as well as reduce the risk of relapse.

1. Autobiographical processing in mood, anxiety, and stress-related
disorders

Autobiographical memory comprises a personal store of life experi-
ences that is critical in shaping our sense of self. According to dominant
theoretical models (e.g., Conway & Pleydell-Pearce, 2000), the process
of recalling personal memories involves a search of autobiographical
knowledge hierarchically arranged from broad, general, summarized

autobiographical information down to event-specific detail. This allows
an individual to retrieve memories at different levels of abstraction rang-
ing from generalizations (e.g., enjoying picnics on summer days), which
provide broad summaries of the self and world, to specific, single episode
memories that are rich in detail (e.g., the day we had a picnic in last
summer's heat wave). In affective disorders, the search process becomes
disrupted when attempting to retrieve personal memories. Several dif-
ferent mechanisms have been proposed to cause such disruption. These
include the selective recall of information that is consistent with current
mood (i.e., mood-congruent retrieval; Matt, Vazquez, & Campbell, 1992),
and disruptions in the mechanisms governing the retrieval process (e.g.,
executive control; Dalgleish et al., 2007). For a theoretical account of
these mechanisms, see Williams et al. (2007). Disruption in autobio-
graphical retrieval creates a bias toward overgeneral processing of auto-
biographical information, along with bias in the emotional valence of
retrieved information, and we consider each of these in turn.

1.1. Overgeneralization

Mood and stress-related disorders are associated with the systemat-
ic retrieval of autobiographical information in an abstract and
overgeneral manner (Sumner et al, 2010; Watkins et al., 2012;
Williams et al., 2007). When the hierarchical search of autobiographical
information is interrupted prior to reaching event-specific information,
general summaries will dominate retrieval, such that the recall of indi-
vidual autobiographical episodes is compromised.

Such impoverished recollection which lacks specific, detailed emo-
tional information may directly impact mood, but can also perpetuate
symptoms through intermediate processes that influence symptoms.
For example, the recall of emotional memories in an overgeneral and
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abstract manner can promote abstract rumination, which can worsen
symptoms of anxiety and depression (Nolen-Hoeksema, 2000; Starr &
Davila, 2012). Overgeneral recall also appears to have a negative impact
on social functioning, as reduced specificity can impair social problem
solving (Jing, Madore, & Schacter, 2016), and the sharing of specific per-
sonal experiences is a key influence on feelings of social closeness
(Beike, Brandon, & Cole, 2016). A predisposition toward broad and gen-
eral summary memories is also associated with generalised views of the
self and world (Watkins et al., 2009), which anchor disorder-related
schemata. For example, repeated recall of summaries of threatening
events may perpetuate the belief that the world is an unsafe place
(Bryant, Sutherland, & Guthrie, 2007; Sumner et al., 2010). Finally, over-
generalization may not only affect past autobiographical memories, but
also future projections, as the skills that underlie recall of past autobio-
graphical episodes also underlie the ability to imagine future events
(Addis, Hach, & Tippett, 2016; Schacter & Addis, 2007; Williams et al.,
2007). This is particularly evident in posttraumatic stress disorder
(PTSD; Kleim, Graham, Fihosy, Stott, & Ehlers, 2014) and complicated
grief (Robinaugh & McNally, 2013).

1.2. Reduced positivity

Mood, anxiety, and stress-related disorders are not only related to
disruptions in the specificity of memory recall, but also to biases in the
valence of retrieved information, particularly in the form of relatively
reduced access to positive autobiographical memories. For example,
studies have shown that negative material is more easily activated in
depressive disorders (Gotlib & Joormann, 2010), while bias toward
threat-relevant meaning is characteristic of anxiety and stress-related
disorders (Coles & Heimberg, 2002; Morgan, 2010). Reduced memory
positivity is not only reflected by reduced salience of positive meanings,
but also by diminution of the positive affect that can be derived from the
memory. For example, positive autobiographical episodes are reported
as less vivid in both mood (Werner-Seidler & Moulds, 2011) and anxiety
disorders (Moscovitch, Gavric, Merrifield, Bielak, & Moscovitch, 2011),
and this extends to future episodes (Holmes, Blackwell, Burnett Heyes,
Renner, & Raes, 2016). Recollection of positive episodes can also have
little or limited beneficial impact on affect for those experiencing
psychological disorders (Joormann, Siemer, & Gotlib, 2007;
Werner-Seidler & Moulds, 2012). As recall of positive memories is a
widely-used mood regulation technique (Joormann et al., 2007), this re-
duced salience of positive autobiographical episodes can impair efforts
to regulate negative moods and thus maintain symptoms of affective
and stress-related disorders.

2. Rationale for autobiographical episodic training

As the nature of these autobiographical processing biases is now
well established (for reviews see Dalgleish & Werner-Seidler, 2014
and Coles & Heimberg, 2002), novel cognitive interventions have been
developed to specifically target and modify these biases. We define
such autobiographical episodic training (AET) as any training protocol
that targets either retrieval of past autobiographical episodes or projec-
tion of future autobiographical episodes, with the aim of modifying pro-
cessing biases (e.g., overgeneralization, reduced salience of positive
material). While traditional cognitive therapies target the content of au-
tobiographical material to reduce symptoms, AET seeks to modify the
processing of autobiographical information. In this way, AET interven-
tions do not focus on restructuring the specific appraisals attached to
an event (as in cognitive restructuring), or on reducing distress caused
by the memory of that event (e.g., through exposure), but rather on
modifying the processing disturbances of biases that lead an individual
to recall these memories in the first place.

The development of AET paradigms represents a prototypical exam-
ple of translation of basic science into novel clinical interventions.
Recommendations (Medical Research Council, 2000, 2008) for the

development and dissemination of complex interventions encourage
an iterative phase-based approach in which experimental findings are
translated into clinical techniques, which are then evaluated in pilot tri-
als, before progressing to efficacy trials in comparison to existing gold-
standard interventions, and thereafter to larger definitive and pragmat-
ic trials of treatment effectiveness (see Fig. 1; Medical Research Council,
2000).

In terms of this evolutionary trajectory, drawing on experimental
evidence that processing of autobiographical episodes is malleable to
manipulation, researchers developed clinical techniques to improve re-
trieval of specific autobiographical episodes (Debeer, Raes, Williams, &
Hermans, 2011) and vivid, positive memories (Dalgleish et al., 2013).
These techniques were subsequently translated into clinical interven-
tions that promote repeated retrieval or projection of specific autobio-
graphical episodes, or used repeated engagement in positive emotion
attached to autobiographical episodes to strengthen positive represen-
tations in memory (e.g., Raes et al., 2009). Small, uncontrolled proof-
of-principle trials of these interventions provided initial evidence that
AET was able to influence symptoms, and served as a foundation for
subsequent controlled pilot and efficacy trials that sought to further
evaluate the promise of AET as a treatment approach (Medical
Research Council, 2000, 2008).

In this review, as well as synthesising the currently available con-
trolled trial data for AET we will also reflect on the current status of
each of the key interventions with respect to this translational trajectory
of complex intervention development (Medical Research Council, 2000,
2008). More formally, we will evaluate the controlled trials evidence for
each AET intervention against the set of established GRADE criteria
(Balshem, Helfand, Schiitnemann, Oxman, Kunz, Brozek, et al., 2011),
to provide an indication of whether further, later-stage trials of treat-
ment efficacy and effectiveness are warranted.

Our review summarizes the literature on AET programmes that tar-
get the processing of either past or future autobiographical episodes,
with the aim of treating symptoms of mood, anxiety, and stress-related
disorders. There are previous opinion pieces and reviews of the nature
of autobiographical deficits (Dalgleish & Werner-Seidler, 2014) and of
memory training for depression (Becker, Vanderhasselt, & Vrijsen,
2015). However, these articles are narrative summaries of the principles
behind training, are restricted to depression, and do not provide a sys-
tematic synthesis of the data.

There are currently a number of studies that have explored the effect
of AET on psychological symptoms, but not yet enough to allow for com-
prehensive quantitative meta-analysis of each separate AET paradigm
(i.e., only one study has been identified for several of the AET para-
digms). We therefore only present meta-analytic data for those para-
digms that have been examined in two or more controlled studies.
Cochrane guidance suggests that quantitative meta-analysis may pro-
duce misleading results when there is a large degree of heterogeneity
between studies. Our review of the literature indicated that observed
heterogeneity between studies was not sufficient to preclude a cross-
paradigm meta-analysis of the efficacy of AET. However, because of
this issue, and as Cochrane guidance advises transparency in the deci-
sion to complete meta-analysis, we emphasize the diversity between
the analysed studies, and present the overall analysis only to inform
the estimate of the likely effect size of AET as a treatment approach. In
circumstances of inconsistency in effect size between studies, separate
subgroup analysis should be considered (Guyatt et al., 2011), and in
discussing and evaluating the evidence, we refer to the effect sizes for
the individual studies.

3. Method
3.1. Protocol and registration

This review was conducted in accordance with PRISMA guidelines
(Moher, Liberati, Tetzlaff, Altman, & The, 2009), and the review protocol
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Fig. 1. Medical Research Council (MRC) framework for development and evaluation of complex interventions. Adapted from MRC (2000).
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was registered with PROSPERO (http://www.crd.york.ac.uk/PROSPERO/
index.asp), registration number CRD42015027445.

3.2. Eligibility criteria

We include studies that have examined the effect of an AET protocol
on a primary outcome of clinical symptoms of diagnosed mood, anxiety,
or stress-related psychiatric disorders, in samples with a clinician-made
diagnosis. Due to our emphasis on the treatment efficacy of training, we
do not include studies that only include samples with subclinical symp-
toms. While studies using subclinical samples are valuable in establish-
ing proof-of-principle prior to trials in clinical populations, and treating
subclinical symptoms is a valuable aim in itself, our aim was to investi-
gate treatment efficacy in clinical populations rather than investigate
broader questions about the efficacy of procedures in targeting mecha-
nisms of interest. Further, there is considerable variation across subclin-
ical studies in terms of their aims and the kinds of outcome measures
used (e.g., ranging from low level symptoms of anxiety to changes on
bespoke visual analogue scales) such that attempting to compile effect
sizes across clinical and subclinical samples would not provide a clear
picture. Consequently we chose to restrict our analyses to clinical sam-
ples to provide a clearer indication of the current treatment efficacy of
these programmes.

Training may have been directed at processing of previous experi-
ences, or at future-oriented autobiographical episodes. We elected to
also include those programmes that explicitly target the projection of
future episodes as there is good evidence that the same processing skills
are used in the recall and projection of autobiographical episodes, and
their adaptive functions are closely linked (e.g. Schacter, Addis, &
Buckner, 2007). As we were interested in the training of autobiographical

processing skills, we excluded studies that focused on the recall of only
one (or a discrete set of) prior episode(s), as is common in exposure-
based treatments for trauma (e.g., trauma-focused Cognitive Behavioral
Therapy; CBT).

Studies also needed to include a randomisation procedure and a con-
trol condition. Exclusion criteria were therefore uncontrolled studies/
trials, samples without a primary diagnosis of a mood, anxiety or
stress-related disorder, and primary outcome measures that were not
symptoms of a mood, anxiety, or stress-related disorder. Studies were
required to be published in the English language in peer-reviewed
journals.

3.3. Study identification and selection

Articles were identified through an iterative series of PsychInfo and
PubMed searches up to 18 March 2016, independently completed by
both the first and second authors. Studies that could be excluded on
the basis of title and abstract were immediately rejected. Full text arti-
cles of the remaining publications where then independently reviewed
by the first and second author to determine inclusion. Any discrepancy
between the authors was resolved via discussion with the last author.
The PRISMA diagram for study screening is presented in Fig. 2.

We began by completing Boolean keyword searches in PsychInfo
using the terms; 1) ‘memory training AND depression’, 2) ‘memory
training AND anxiety disorders’. We elected to use the broad term
‘memory training’ to maximize search sensitivity. The relevant papers
identified in these two initial searches reported four different types of
AET: memory specificity training; competitive memory training; posi-
tive memory training; and life review therapy, which is also called rem-
iniscence therapy. Reference lists of identified articles were examined to
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650 records identified through
database searches

7 additional records identified through
other sources

Cites an identified study, n =4

In reference list of identified study, n =3

657 records

244 duplicates removed

413 records screened || 372 records excluded based on title and
abstract
Y
41 full-text articles assessed for 26 full-text articles excluded
eligibility ]

A A

No formal diagnosis of depression or
anxiety,n= 15

No comparison condition, n =1

Not autobiographical episodic memory
training, n =8

15 studies included for synthesis

Did not measure symptoms at post-
treatment, n =1

Only reported cross-over results, n = 1

Fig. 2. PRISMA flow chart.

source further articles, as were papers that cited the included articles.
This identified two further training types that met inclusion criteria.
These were concreteness training, and two separate cognitive bias mod-
ification (CBM) protocols which focussed on improving the projection
of future autobiographical episodes; positive imagery based CBM
(Blackwell & Holmes, 2010) and a version of CBM for interpretation
which included an imagery component (Yiend et al., 2014).

We next completed a second series of searches, for each permuta-
tion of identified training type (e.g., memory specificity training) and
disorder (e.g., obsessive-compulsive disorder), for all of the mood, anx-
iety, and stress-related disorders listed in the Diagnostic and Statistical
Manual of Mental Disorders (American Psychiatric Association, 2013).
All of the above searches were then repeated using text word searches
in PubMed (example search strategy; ‘memory training[Text Word]
AND depression[Text Word]').

3.4. Primary outcomes

Our primary outcomes were effect sizes (measured using Cohen's d)
for the difference between active and control groups in change on a con-
tinuous self-report measure of symptoms from a) pre- to post-interven-
tion, and b) change from pre-intervention to follow-up, when follow-up

assessments were completed. Follow-up assessments were only consid-
ered when design of the study did not include a crossover or half-
crossover.

3.5. Data extraction

Data needed to calculate effect sizes from each identified study were
extracted into a Microsoft Excel spreadsheet by the first author, and in-
dependently checked by the second author. Information extracted in-
cluded: Author names, year of publication, diagnosis, name of the
main symptom measure, name of the training paradigm and control
condition, number of participants in each condition, and mean and stan-
dard deviation for pre-intervention, post-intervention and follow-up
(where possible) for training and control conditions. Where this infor-
mation was not included in the publication, the authors were emailed
to request the required data. We received a 100% response rate from
emailed authors.

3.6. Risk of bias

We used the Cochrane Risk of Bias Tool to assess study quality and
risk of bias (Higgins & Green, 2008). The tool allowed us to determine
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risk of bias in: 1) allocation sequence (i.e., method used for random al-
location of participants to groups); 2) allocation concealment (i.e.,
whether intervention allocations were appropriately concealed during
enrolment); 3) blinding of outcome assessors and study personnel; 4)
incomplete outcome data (i.e., appropriate reporting and consideration
of missing data due to attrition and exclusions, for example, through in-
tent-to-treat analysis); and 5) selective reporting (i.e., degree of
reporting of all pre-specified outcomes). Evaluations of risk of bias (re-
ported in Table 2) were completed independently by the first and sec-
ond authors, and discrepancies were resolved through discussion.!

3.7. Evaluation of the quality of the body of evidence

In addition to rating the risk of bias in each study, we also considered
the status of intervention development in the context of the MRC's
guidelines for complex intervention development (Medical Research
Council, 2000, 2008) as well as the overall quality of the evidence, across
studies of each training paradigm. A systematic approach to making
judgements about the quality of a body of evidence ensures accurate
recommendations, can help prevent errors, and aids clear communica-
tion of information (Atkins et al., 2004). We therefore elected to use
the GRADE guidelines (Balshem, Helfand, Schiinemann, Oxman, Kunz,
Brozek, et al., 2011) to evaluate evidence quality, because this approach
is used to determine whether a treatment approach is recommended by
the National Institute for Health and Care Excellence (NICE, 2012). A
body of evidence that is formed by randomised trials (as is the focus
of this review) begins with a rating of high, which is then reduced by
the presence of undesirable factors, but may also be increased by the
presence of desirable factors (see Table 1). Undesirable factors com-
prise: risk of bias; inconsistency across studies in the estimate of the ef-
fect; indirectness (i.e., participants and outcome measures are
dissimilar to those of interest); imprecision in data analysis and account
of missing data; and publication bias. Desirable factors comprise the
presence of a large effect size across studies, evidence of a dose response
gradient, and careful consideration of possible confounds. We critically
appraised evidence for each training paradigm, and AET overall, against
these criteria.

4. Statistical analyses
4.1. Calculation of individual effect sizes

Cohen's d and the associated 95% confidence intervals were calculat-
ed using intent-to-treat data for the difference between AET and control
groups in change on a continuous self-report measure of symptoms
from pre- to post-intervention, and where possible, pre-intervention
to follow-up. In our effect size calculation, we used pooled variance, cal-
culated using the pre- and post- (or pre- and follow-up) standard devi-
ations on the symptom measure for AET and control groups.? Although
our focus was on treatment outcomes, we did also use this procedure to
calculate the between-group effect sizes (Cohen's ds) for pre- to post-
intervention change in specificity and/or positivity (see Table 2) to pro-
vide an indication of whether the reviewed interventions did impact the
targeted underlying processes. Effect sizes of 0.20, 0.50 and 0.80 refer to

1 The authors initially agreed on 87% of ratings. After discussion of discrepancies, au-
thors agreed on 100% of ratings.

2 Although calculation of Cohen's d using an estimated correlation between pre- and
post-intervention scores is standard in meta-analysis (where the coefficient may be taken
from another study), imputation may be unreliable and is best avoided when sample sizes
are small (Higgins, Deeks, & Altman, 2008). Further, estimated within-group correlations
differ substantially between active treatments and non-active controls (Balk et al., 2012),
and the reviewed studies differed in whether the comparison group received an
established, alternate treatment (e.g., problem solving therapy), or no further contact.
Use of pooled variance in calculations of Cohen's d therefore offered a more conservative
estimate of effect size.

small, medium, and large effects, respectively (Cohen, 1992), and are in
favor of the treatment condition, except where noted.

4.2. Calculation of pooled effect sizes

We also calculated a pooled Cohen's d (and associated 95% confi-
dence intervals) for the overall effect of AET on self-reported symptoms,
along with subgroup analysis for those training paradigms that had
been examined in two or more studies, as meta-analysis of only two
studies can still be helpful when seeking to determine the true effect
(Cumming, 2013). The pooled Cohen's d was weighted (see supplemen-
tary materials for forest plot) by sample size of the individual studies,
and was calculated using a random effects model in Comprehensive
Meta-analysis (Version 3, Biostat, Inc.). We elected to use a random ef-
fects model due to the expectation of significant heterogeneity amongst
interventions. The random effects model assumes that the size of the
true effect varies between studies, and therefore allows a summary es-
timate of the mean effect of AET on symptoms, while still considering
that the size of the effect may vary between training paradigms.

4.3. Testing heterogeneity

When calculation of a pooled effect was completed, we also calculat-
ed the 7 statistic to provide an indication of heterogeneity across effect
sizes. A value of 0 indicates no heterogeneity, and 0.25, 0.50, and 0.75 in-
dicate low, moderate, and high heterogeneity, respectively (Higgins &
Thompson, 2002).

4.4. Testing for potential publication bias

We also inspected the funnel plot of the estimate of effect (see sup-
plementary materials) to test for potential publication bias. To account
for any estimated publication bias, we conducted the Duval and
Tweedie Trim and Fill procedure (Duval & Tweedie, 2000) to determine
an adjusted effect size. The procedure takes into account estimated pub-
lication bias observed within the funnel plot, and corrects the estimate
of the effect. As the analysis of potential publication bias can only be cal-
culated when there are three or more studies, we were unable to pro-
vide statistical indication of bias where the pooled effect was
determined from only two studies.

5. Results

A total of 15 studies met inclusion criteria, 12 of which examined
AET in mood disorders, two in anxiety disorders, and one in stress-relat-
ed disorders. Table 2 presents study characteristics, risk of bias, and ef-
fect sizes for all reviewed studies. One key point of difference between
the identified studies was the type of control group used. Use of no in-
tervention, placebo/sham, or active comparison groups reflects the pro-
gression of phase-based evaluation of treatments advocated by the MRC
(2000, 2008). As the size of the between-group effect is fundamentally
impacted by the type of control group used, it is important to consider
the type of control when evaluating treatment efficacy. We identified
six types of control conditions (see Table 2). Below we summarize the
evidence for each training paradigm, presented by disorder.

6. Mood disorders

The literature search identified 12 studies of the effect of an AET pro-
tocol on symptoms of Major Depressive Disorder (MDD). No studies
were identified that examined the impact of training on symptoms of
bipolar disorders, dysthymia, or depressive disorder not otherwise
specified. Therefore we present the current state of the evidence in
MDD samples.
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Table 1
GRADE criteria for rating the quality of a body of evidence.

Initial quality of a body of Rating is reduced by 1 point for a serious Rating is increased by 1 point for a rating Quality of a body of evidence

evidence for randomised  rating, and 2 points for a very serious
trials rating of large

of large and 2 points for a rating of very

High + + + + - Risk of bias + Effect size
(four points)
- Inconsistency in effect size between
studies
- Indirectness in measurement of the

outcome variables

- Imprecision in data analysis and
treatment of missing data

- Publication bias

+ Dose response is evident

+ Consideration of all plausible
confounds increases confidence in the
estimate of effect

High (four points)
Further research is very unlikely to change our confidence in
the estimate of the effect

Moderate (three points)

Further research is likely to have an important impact on our
confidence in the estimate of the effect, and may change the
effect

Low (two points)

Further research is very likely to have an important impact on
our confidence in the estimate of the effect, and may change
the effect

Very low (one point)

Any estimate of effect is very uncertain

Note. Adapted from Balshem et al. (2011).

6.1. Memory specificity training

One study examined of the impact of Memory Specificity Training
(MEST; Raes et al.,, 2009) on symptoms of MDD. MEST seeks to reverse
the relative difficulty in retrieving specific autobiographical memories
that is characteristic of depression (Raes et al., 2009). MEST was first de-
veloped by Raes et al. (2009) as a four-session, group training pro-
gramme in which individuals repeatedly practice recalling specific
autobiographical events in response to cue words, which may be of pos-
itive, neutral, or negative emotional valence. Group sessions are led by a
therapist who explains the role of memory biases in maintaining symp-
toms, provides education on the different types of autobiographical
memories (i.e., specific episodes versus categorical summaries), and
guides cued-recall exercises. Group members are also required to com-
plete cued-recall as homework, to facilitate transfer to daily life. The first
uncontrolled trial of MEST with depressed inpatients (Raes et al., 2009)
established that memory specificity was amenable to change. These
findings provided a foundation for a randomised, controlled trial
(RCT) of MEST.

6.1.1. Synthesis of results

The efficacy of MEST in treating depression symptoms was com-
pared to a no-intervention control group in a sample of 23 bereaved
and depressed Afghani adolescent refugees living in Iran (Neshat-
Doost et al., 2013). Although there was no difference in self-report of de-
pressive symptoms between the MEST group and the control group at
post-training, results from the two month follow-up indicated a large
effect size favoring the MEST group (see Table 2). To account for this de-
layed effect, the authors speculate that the effect of MEST on processes
implicated in memory specificity (e.g., rumination, problem-solving)
needed to consolidate before effects transferred to symptoms (Neshat-
Doost et al., 2013). Notably, a mediation analysis revealed that change
in memory specificity mediated the effect of condition on depressive
symptoms.

Applying the GRADE criteria, the evidence for the efficacy of MEST in
treating depression is of moderate quality. The initial high quality rating
was reduced one point by the possibility of publication bias (there has
only been one, positive result published), and reduced a further point
by the inability to assert consistency between research studies (as
there has only been one trial completed). Further research is therefore
likely to have an important impact on our confidence in the current es-
timate of the effect. The body of evidence then regained one point for
the evidence of a large effect size, resulting in an overall rating of mod-
erate quality. In sum, the current evidence suggests there may be merit
in training the retrieval of specific memory episodes to alleviate

depressive symptoms. A larger RCT comparing MEST to an active control
group is now needed and is indeed underway (Dalgleish et al., 2014).
This will provide much-needed data to determine the efficacy of MEST
as a treatment option for depression.

6.2. Life review/reminiscence therapy

Life review, or reminiscence, therapy, (LRT) is similar to MEST in that
it attempts to train specificity in a group-based format, however the
method of training is different. Rather than using structured exercises
to facilitate recall of specific memories, the therapist asks the partici-
pants a series of questions that are designed to prompt specific memo-
ries (e.g., ‘What do you consider to be the most important thing that you
have done in your life?’). Training aims to improve the salience of spe-
cific experiences within the life story, on the basis that failure to inte-
grate one's life experiences will contribute to depression. The training
requires individuals to revisit specific experiences in their life, and as-
sists them to integrate these experiences into their life story.

6.2.1. Synthesis of results

Our search identified two randomised, controlled trials, which had
examined the impact of LRT on symptoms of MDD. One RCT compared
a LRT protocol to supportive therapy (Serrano et al., 2012). There were
no between-group differences in change in depressive symptoms from
pre-treatment to post-treatment, six-week follow-up, or six month fol-
low-up. There is therefore no evidence to support the efficacy of this
type of training over an active psychological programme in treating
symptoms of depression. Another RCT (Arean et al., 1993) compared
training against problem-solving therapy and against a wait-list control.
Older adults diagnosed with MDD were randomised to receive twelve,
1.5 h weekly sessions of problem solving therapy or LRT, or were placed
on a wait-list. At post-treatment, both problem solving therapy and LRT
produced a reduction in depression symptoms, relative to wait-list con-
trol. However, problem-solving therapy was significantly more effica-
cious than LRT in reducing self-report symptoms at post-treatment.
The training paradigm therefore failed to outperform an established
treatment option for depression.

As there were two studies that had compared LRT against an active
control condition, we calculated the pooled estimate of the effect of
LRT on symptoms of depression. The analysis demonstrated a very
small effect size in favor of the control condition (d = —0.16, 95% CI
[—0.67,0.07], p = 0.53). There was a low degree of heterogeneity be-
tween studies, I> < 0.01, p = 0.92, however this is likely influenced by
the low number of studies examined.

Comparison of the literature against the GRADE criteria indicates a
high quality of evidence. The high rating obtained by the completion



Table 2
Study characteristics and effect sizes for reviewed studies.

Authors Disorder Training n  Comparison n  Process measure Process  95% Cl for d Outcome Assessed at Outcome d 95% Cl for d Risk
group (type) (bias type) d at post measure of bias
Arean et al. (1993) MDD Reminiscence therapy 28 Problem solving 19 - - - BDI Post —0.18 [-0.79,043] —?+-7?
therapy
(active) 3m 0.13 [—0.48,0.74]
Waitlist control 20 Post 0.71 [0.09, 1.32]
Blackwell et al. (2015) MDD Imagery CBM 76 Control CBM 74 Positive vividness 031 [—0.02,0.64] BDI-II Post —0.03 [-036,029] —————
(sham training) on prospective 1m 0.08 [—0.25,0.41]
Imagery test (P, S) 3m 0.05 [—0.28,0.41]
6 m —0.02 [—0.35,0.31]
Negative responses —0.05 [—0.39,0.29]
on SST (N)
Ekkers et al. (2011) MDD COMET 53 TAU (specified) 40 Rumination on 0.58 [0.14,1.02] Geriatric depression  Post 0.60 [0.16, 1.03] - ——=?
(worry and rumination) sadness Scale (N) scale
Ruminative 0.51 [0.07,0.95]
response scale (N)
Korrelboom et al. (2012) MDD COMET 31 TAU (specified) 30 The self-esteem 0.44 [—0.08,0.97] BDI-II Post 0.62 [0.08, 1.15] —-—7-?
(self-esteem) rating scale- positive subscale (P)
Rosenberg 1.01 [0.46, 1.57]
self-esteem scale (P)
Rumination on 0.70 [0.16, 1.23]
sadness scale (N)
Korrelboom et al. (2014) Panic COMET (panic) 70 Applied relaxation 73 - Panic appraisal Post —0.23 [-056,0.11] 22?7
(active) inventory- coping
with panic
Lang et al. (2012) MDD Imagery CBM 13 Control CBM 13 Negative responses 0.85 [0.00, 1.71] BDI-II Post 0.66 [—0.18,1.50] —??+7?
(sham training) on SST (N) 2w 0.38 [0.44,1.20]
Response to 0.93 [0.07, 1.80]
intrusions questionnaire (N)
Moradi et al. (2014) PTSD MEST 12 No intervention 12 Specific memories to positive cues 228 [1.17,3.39] Impact of events Post 6.37 [4.19,855] @ —————
control (P,S) scale- revised 3m 6.05 [3.96, 8.13]
Neshat-Doost et al. (2013) MDD MEST 12 No intervention 11 Specific memories (S) 1.36 [0.38, 2.34] MFQ Post 0.26 [-062,1.14] ——— =7
control 2m 0.80 [—0.11,1.71]
Schneider et al. (2015) ocD COMET (obsessions) 34  Waitlist control 31 - Y-BOCS Post 0.11 [-039,062] ————=?
Serrano et al. (2012) MDD Life review therapy 9  Supportive therapy 8  Specific memories (S) 0.46 [—0.72.1.64] Geriatric depression  Post —0.12 [-1.16,091] —-?2——-7?
(active) scale 6w —0.60 [—1.66, 0.46]

6m —026 [—1.30,0.78]
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Table 2 (continued)

Authors Disorder Training n  Comparison n  Process measure Process  95% Cl for d Outcome Assessed at  Outcome d 95% Cl for d Risk
group (type) (bias type) d at post measure of bias
Torkan et al. (2014) MDD Imagery CBM 13 Control CBM 13 Negative responses on SST (N) 1.44 [0.52, 2.36] BDI-II Post 091 [0.05, 1.77] —??-=?
(sham training)
Ruminative Response Scale (N) 1.38 [0.47,2.30] 2w 1.10 [0.22,1.98]
WVIQ (S) 0.58 [—0.26, 1.41]
No intervention 13 Negative responses on SST (N) 1.29 [0.38,2.19] Post 1.91 [0.59, 3.23]
control
Ruminative Response Scale (N) 1.58 [0.64, 2.53]
WIQ (S) 0.82 [0.18, —1.68]
Watkins et al. (2012) MDD Concreteness training 40 Relaxation training 39 Observer rating of concreteness (S)  0.79 [0.31, 1.26] BDI-II Post 031 [-0.15,077] —————
(active)
Negative over-generalisation on ASQ 0.73 [0.26, 1.20] 6 m 0.06 [—0.39,0.52]
(N,S)
Ruminative response scale (N) 0.60 [0.13, 1.06]
TAU 42  Observer rating of concreteness (S)  0.57 [0.11, 1.03] Post 0.96 [0.49, 1.43]
(non-specified)
Negative over-generalisation on ASQ 0.66 [0.20, 1.12] 6 m 0.61 [0.15,1.07]
(N,S)
Ruminative response scale (N) 0.76 [0.30, 1.22]
Williams et al. (2013) MDD Imagery CBM 38 Waitlist control 31 Positive responses on AST (P) 0.71 [0.18,1.25] BDI-II Post 0.66 [0.14,1.19] -7 - =2
Negative responses on SST (N) 0.15 [—0.36, 0.67]
Repetitive thinking questionnaire 0.89 [0.35,1.43]
(N)
Williams et al. (2015) MDD Imagery CBM 36 Control CBM 39 Positive responses on AST (P) 0.04 [—0.42,0.51] BDI-II Post 0.29 [-0.18,0.76] —————
(sham training)
Repetitive thinking questionnaire 0.11 [—0.36, 0.58]
(N)
Yiend et al. (2014) MDD CBM for interpretation 17 Control CBM 19 Positive responses on SST (P) 0.53 [—0.14,1.19] BDI-II End of C(BM — - -———=?
(imagery of future episodes (sham training) session
component) Negative responses on SST (N) 0.56 [—0.10, 1.22] 1m 0.06 [—0.62,0.75]

Note. Process measure is the measure of specificity (S), positive bias (P), or negative bias (N) through which the intervention was proposed to influence symptoms. All Cohen's ds are for the intent-to treat, between-group difference in change from
pre- to post-intervention (and from pre- to follow-up when completed), and is in favor of the treatment condition, except when value is negative.
Type of comparison group; no intervention control, waitlist control (in which participants expected to receive treatment at a later date), sham training/placebo control (where the control mimicked the experimental treatment but lacked the pro-
posed active ingredients, thus aiming to control for non-specific treatment effects), non-specified treatment as usual (TAU; which was overseen by a GP and may or may not have involved active psychological and/or pharmacological treatment),
specified TAU (active psychological and/or pharmacological treatment provided by a psychiatric service) and active control (in all cases a non-formulation driven psychological intervention, such as relaxation or problem solving therapy).

OCD = obsessive compulsive disorder; PTSD = posttraumatic stress disorder; MEST = memory specificity training; COMET = competitive memory training,
SST = the scrambled sentences task (Rude, Wenzlaff, Gibbs, Vane, & Whitney, 2002); AST = ambiguous sentences task (Berna, Lang, Goodwin, & Holmes, 2011); BDI = Beck depression inventory (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961);
BDI-II = Beck depression inventory- second edition (Beck, Steer, & Brown, 1996); ASQ = attributional style questionnaire (Peterson et al., 1982); VVIQ = vividness of visual imagery questionnaire (Marks, 1973); Y-BOCS = Yale-Brown obsessive-
compulsive scale (Goodman et al,, 1989); MFQ = mood and feeling questionnaire (Messer et al., 1995); w = week follow-up; m = month follow-up.
For risk of bias, — = low risk of bias, + = high risk of bias, and ? = unclear risk of bias on the following indices: random sequencing, allocation concealment, blinding of outcome assessment, incomplete outcome data, and selective reporting.
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of randomised controlled trials was not lowered by presence of any of
the reducing factors. When considering the consistency criteria, it is
worth noting that the size of the effect is comparable between studies,
and the two confidence intervals overlap considerably, increasing our
confidence in the consistency of findings. In sum, there is no evidence
of superior treatment effects of LRT relative to non-formulation driven
psychological interventions (Arean et al., 1993; Serrano et al., 2012),
which indicates that effects are likely to also be inferior to current treat-
ment approaches for depression.

6.3. Concreteness training

The concreteness training paradigm (Watkins et al., 2009) aims to
improve concreteness in recall of negative experiences through daily
training exercises. The exercises require the participant to identify spe-
cific incidents that have been moderately upsetting, and (1) use imag-
ery to focus on sensory detail of the event, (2) notice the process and
sequence in which the event unfolded, and (3) specify the behaviors
or steps required to move forward. Training begins with a therapist-
guided session, followed by daily completion of a workbook for six
weeks. Pilot work demonstrated that the programme reduced depres-
sion and rumination in a subclinical sample (Watkins et al., 2009), pro-
viding a foundation for the first RCT in a clinical group.

6.3.1. Synthesis of results

One study was identified as targeting overgeneralization using con-
creteness training. Watkins et al. (2012) randomised 121 participants
with MDD to either concreteness training, relaxation training, or treat-
ment as usual (TAU; operationalized as continuation of current care
provided via the participant's primary care GP). Results demonstrated
that concreteness training did significantly impact the targeted process
measures, producing a decrease in both rumination and overgeneraliza-
tion (i.e., rating of the cause of a negative event as globalised and stable)
at post-treatment, relative to relaxation training. Although both relaxa-
tion and concreteness training produced a greater reduction in depres-
sion symptoms than TAU, no differences were observed between
relaxation and concreteness training at post-treatment, three month
follow-up, or six month follow-up.

Using the GRADE criteria, the current evidence for the efficacy of
concreteness training is of moderate quality. Evidence has been ob-
tained in a randomised controlled trial which showed minimal risk
of bias or indirectness, however, the rating was reduced by the in-
ability to discount inconsistency, as there has only been one RCT
completed. At this point, current evidence suggests that concrete-
ness training may modify maladaptive cognitive processes that per-
petuate depression, but that the direct effect on symptoms is not
superior to relaxation training.

6.4. Competitive memory training

While the above training programmes have focussed on reducing
overgeneralization, competitive memory training (COMET; Ekkers et
al.,, 2011) aims to modify the valence of activated memory representa-
tions. A range of COMET protocols have been developed to target several
forms of psychopathology (e.g., depression and anxiety), and this brief
training (usually seven or eight sessions) is delivered in small groups.
COMET training protocols are based on theory of competitive memory
retrieval hierarchies (Brewin, 2006), which proposes that the success
of any effective psychological treatment (e.g., cognitive therapy) is
attained by changes in the relative activation of positive and negative
material such that positive material is strengthened. In line with this
theoretical framework, the goal of COMET is to produce preferential re-
call of positive material from memory by: (1) identifying dysfunctional
meanings that are high in the retrieval hierarchy; (2) identifying more
functional alternatives that are low in the hierarchy; and (3) focusing
on making the alternative, positive representation more easily

retrievable by increased activation frequency, enhanced emotional sa-
lience, and stronger associations to the target (Korrelboom, Peeters,
Blom, & Huijbrechts, 2014). Our search identified COMET protocols
that aimed to alter representations associated with self-esteem, and
worry and rumination. This was typically achieved through elaborating
on past episodes in which personal positive characteristics have been
present, aided by the use of imagery, positive self-verbalisation, and re-
peated retrieval (Korrelboom, Maarsingh, & Huijbrechts, 2012). An
early uncontrolled pilot trial reported a decrease in depressive symp-
toms following the delivery of a COMET protocol for low-esteem
(Korrelboom et al., 2009), and research has since progressed to
feasibility trials.

6.4.1. Synthesis of results

Our search identified two randomised, controlled trials that had
compared the addition of a COMET protocol to TAU, against TAU only
(operationalised as continuation of current care provided via the outpa-
tient clinic from which participants were recruited, while on a waiting
list to receive COMET at a later time point).One RCT in a sample of 61 de-
pressed individuals compared COMET plus specified TAU to specified
TAU only (Korrelboom et al., 2012). COMET produced a significant im-
provement in positive aspects of self-esteem, demonstrating that the
programme was able to improve positivity of information related to
the self. Results also indicated a large effect on depressive symptoms
in favor of the COMET group at post-intervention, although a mediating
role of the proposed treatment mechanism was not analysed. A separate
RCT (Ekkers et al., 2011) assessing COMET for worry and rumination in a
sample of older adults with MDD also demonstrated that the addition of
COMET to specified TAU produced a greater reduction in depressive
symptoms than specified TAU alone, although the effect size was small-
er. Again, an improvement was observed on the targeted mechanism of
change (rumination on negative material), but a mediating role was not
evaluated.

As there were two studies that had examined the effect of COMET in
depression, we calculated an estimate of the pooled effect. The pooled
effect indicated a medium effect of COMET, relative to specified TAU
(d =0.62,95%C1[0.28,0.94], p <0.001). There was a low degree of het-
erogeneity between studies, I* < 0.01, p = 0.95, however this is again
likely to have been impacted by the low number of studies examined.

The GRADE criteria indicate a moderate quality rating for the COMET
body of evidence. The reviewed studies establish that rigorous RCT
methodology has evaluated COMET against TAU control groups. There
was only one factor that reduced the initial high quality rating; the
risk of bias from therapist allegiance effects, as all current evidence
has been obtained by the same research group. We thereby arrived at
a rating of moderate quality. Based on current findings, COMET appears
to be an empirically-based AET programme that shows clinical promise
in producing a medium decrease in depressive symptoms, relative to
TAU.

6.5. Future-oriented episodic autobiographical processing

As already noted, AET paradigms have also targeted the simulation
of potential future episodes, and explored whether repeated practice
in imagining hypothetical future-oriented positive autobiographical
events may be beneficial in depression. The approach that has been
most investigated in depressed samples, positive imagery cognitive
bias modification (‘imagery CBM’; Lang, Blackwell, Harmer, Davison, &
Holmes, 2012), takes the form of simple computerized training. During
imagery CBM participants practice imagining positive resolutions for
ambiguous scenarios, with the aim of training a bias to automatically
imagine positive outcomes for novel ambiguous situations in everyday
life. In one training format, participants listen to brief descriptions of ev-
eryday situations, structured so that they begin as ambiguous but then
always resolve positively. Participants are instructed to vividly imagine
themselves in the scenarios as they unfold, as if actively involved in the
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situations described. In another training format, participants are pre-
sented with an ambiguous photo of an everyday scene, with a positive
caption of a few words, and are instructed to generate a mental image
combining the photo with the positive words (based on Holmes,
Mathews, Mackintosh, & Dalgleish, 2008). This imagery-based CBM is
adapted from previous experimental work investigating the modifica-
tion of interpretation bias (Mathews & Mackintosh, 2000), in which
imagining oneself in training scenarios, generally presented as written
text, was seen as a central component of the bias modification proce-
dure. The imagery CBM investigated in depression was adapted in fur-
ther experimental work to enhance the imagery component, for
example via audio presentation of training scenarios (e.g. Holmes,
Lang, & Shah, 2009), and its investigation in depression was further mo-
tivated by the observation that depression is associated with reduced
vividness for positive future-oriented mental imagery (Morina,
Deeprose, Pusowski, Schmid, & Holmes, 2011). Within an AET frame-
work, imagery CBM can be understood as both reversing an existing va-
lence bias (i.e., training access to positive rather than negative
representations when confronted with ambiguity), and training in the
generation of specific (future) episodes (via the generation of hundreds
of positive mental images). Following successful translation of the par-
adigm to a depressed population via a case-series (Blackwell &
Holmes, 2010), exploratory trials have now been completed.

6.5.1. Synthesis of results

The literature search identified six studies that have compared CBM
protocols involving generation of autobiographical episodes (via mental
imagery) to a control condition in a sample of depressed adults and
measured symptom outcomes. Five of these used the positive imagery
CBM described above. One further study (Yiend et al., 2014) determined
whether depressive symptoms may be improved by a single session of a
variant of CBM for interpretation designed to target depression-related
cognitive errors (see Lester, Mathews, Davison, Burgess, & Yiend, 2011).
This additionally included an exercise in which the individual had to
project a series of specific events that may occur in the future. The
study demonstrated that a single session of this CBM variant was able
to produce an increase in positivity bias (see Table 2) by the end of
the session, but that this did not impact depression symptoms one
month later. However, it may be that a single session of an intervention
is not enough to produce a significant change in symptoms one month
later.

Of the five studies investigating the positive imagery CBM, most
(n = 4) investigated a one-week training schedule of daily sessions
completed from home, each involving 64 unique training scenarios. In
two studies, the training was preceded by a face-to-face introductory
session, after which the participants completed sessions on their
home computer. Using a combination of photograph and auditory
cues for training, Lang et al. (2012) compared positive imagery CBM
to a ‘sham training’ control CBM condition in which half of the ambigu-
ous training scenarios resolved positively and half resolved negatively,
thus aiming to remove the training contingency to always imagine a
positive resolution. The large effect size was in favor of positive imagery
CBM, although the 95% confidence interval overlapped with zero. Using
only auditory cues, Torkan et al. (2014) compared positive imagery CBM
to both a sham CBM control condition in which participants were pre-
sented with identical training scenarios but without the instruction to
imagine them, and to a no-task control. A large effect on depressive
symptoms was observed relative to no-task control over the one week
of training, and relative to sham CBM at both post-training and at
two-week follow-up. Notably, the training produced a large decrease
in negative bias in both studies (see Table 2). Correlations were found
between bias change and symptom reduction, although formal media-
tion analyses were not conducted.

Other research has investigated the efficacy of imagery CBM deliv-
ered remotely via the internet (i.e., without the face-to-face introduc-
tion). In two of the identified studies, one week of training preceded a

ten-week internet CBT (iCBT) intervention. The addition of the training
programme to CBT is therefore distinct from other reviewed studies,
which have only explored training as a supplement to TAU (e.g., evalu-
ations of COMET). In a first RCT, Williams, Blackwell, Mackenzie,
Holmes, and Andrews (2013) compared the imagery CBM + iCBT inter-
vention to a waitlist control. In a second RCT (Williams et al., 2015), the
combined intervention was compared to a sham training/control ver-
sion of the CBM (half of the scenarios resolving positively, half resolving
negatively, as in Lang et al., 2012), also followed by the ten-week iCBT
course. The first study found a moderate between-group effect for an in-
crease in positive bias and a reduction in symptoms of depression in
favor of the active treatment compared to the waitlist after the one-
week training, using intent-to-treat analysis. Further, a mediation anal-
ysis provided evidence for partial mediation of the symptom reduction
via bias change. In the second study, the decrease in symptoms of de-
pression over the one-week training for the combined iCBT + imagery
CBM condition was not significantly greater than in the combined
iCBT + sham CBM control condition in the intent-to-intent analysis,
corresponding to a small between-group effect size. A negligible effect
was found on positive bias. In a per-protocol analysis including those
participants who completed every session of the imagery CBM or
sham CBM, there was a significantly greater reduction in symptoms in
the imagery CBM compared to the sham CBM condition, corresponding
to a moderate (d = 0.70) effect size.

Finally, one RCT has investigated a longer four-week version of the
training in MDD, delivered via the internet after an initial face-to-face
introduction. Blackwell et al. (2015) compared imagery CBM to a
sham CBM control condition (half of the scenarios resolving positively,
half resolving negatively, and no instructions to use imagery), and
followed up participants over six months post-intervention. There was
no difference between conditions in vividness of positive episodes or
in decrease in depression symptoms over the course of the study. Al-
though increase in positive imagery vividness correlated with decrease
in depression symptoms over the course of the intervention, the lack of
between-group differences in process or symptom outcomes meant
that mediation analysis was not warranted.

The pooled effect of CBM protocols including imagery-based gener-
ation of autobiographical episodes was of medium size (d = 0.46, 95% CI
[0.19, 0.73], p = 0.001). There was no evidence of heterogeneity be-
tween studies (> = 0.01, p = 0.42), and the estimate remained stable
once corrected for estimated publication bias, d = 0.41, 95% CI [0.14,
0.68]. This pooled estimate included a study that compared imagery-
based CBM to a waitlist control, however five of the six trials used the
more rigorous comparison (Medical Research Council, 2000) of a com-
parator CBM condition that aimed to control for the non-specific effects
of undergoing training and of engaging with the training stimuli - a
more advanced phase of evaluation with respect to the trajectory of in-
tervention development (Medical Research Council, 2000). To reflect
this, we completed a follow-up analysis of the pooled estimate of imag-
ery-based CBM versus a sham training control CBM on depressive
symptoms. The analysis demonstrated a small, though non-significant,
effect of imagery-based CBM, relative to control CBM (d = 0.26, 95%
CI[—0.06,0.58],p = 0.11). There was a low degree of heterogeneity be-
tween studies, P = 37.83, p = 0.17. The estimate of the effect did sub-
stantially decrease once corrected for estimated publication bias, d =
0.09, 95% CI [—0.26, 0.44]. In interpreting this result, it is worth noting
that although designated as ‘sham’ training, the control conditions are
unlikely to be psychologically ‘inert’ as they generally retain many of
the ‘active’ components of the training that may provide beneficial ef-
fects (e.g. repeated generation of mental imagery, exposure to emotion-
ally ambiguous material and its resolution). We expand on this further
in the Discussion section.

Applying the GRADE criteria, the body of evidence for imagery CBM
is of moderate quality. The high rating awarded for completion of RCTs
is decreased by estimation of publication bias and inconsistency in
treatment effects between studies. Effect sizes also vary considerably
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between intent-to-treat and per-protocol analyses within the individual
studies, indicating that dose responsiveness may need further evalua-
tion. Indeed, there is considerable variation in effect size between the
one session, one week, and four week training protocols, although
there are not yet enough studies of each training length to allow analysis
of training length as a moderator of treatment efficacy. While the initial
clinical studies produced promising results, the outcomes from more re-
cent, rigorous RCTs have been more mixed.

6.6. Synthesis of results across training paradigms for depression

The pooled effect across AET paradigms assessed in MDD samples
(i.e., all 12 studies) demonstrated a small effect of AET on depressive
symptoms, d = 0.32,95% CI[0.13, 0.52]. There was a low degree of het-
erogeneity between studies, > = 30.88, p = 0.14. The estimate of the ef-
fect remained stable once corrected for estimated publication bias, d =
0.32, 95% CI [0.13, 0.52]. As this estimate includes comparisons to
waitlist control groups, active control groups (e.g., support groups),
continuation of TAU, and other established psychological treatments,
we also calculated a pooled effect for studies with control conditions
other than waitlist (n = 10) only. As noted above, evaluating treatment
effects against active comparison groups provides a more rigorous test
of treatment efficacy (Medical Research Council, 2000, 2008). The
pooled effect remained consistent, d = 0.29, 95% CI [0.08, 0.50], as did
heterogeneity between studies, > = 35.09, p = 0.13. This remained
the case when the effect was corrected for estimated publication bias,
d = 0.29,95% CI [0.08, 0.51]. Across analyses that control for estimated
publication bias and non-specific treatment effects, there is substantial
overlap in the confidence intervals around the pooled effect, and confi-
dence intervals do not contain zero. As such, the true effect of AET on de-
pressive symptoms is likely to be of small to moderate size.

Using GRADE criteria, the body of evidence for AET in treatment of
depression is of moderate quality. The available evidence has been ob-
tained in RCTs, however, there is inconsistency in treatment effects be-
tween studies, resulting in a one point reduction of quality rating.
Inconsistency is evident in a large spread of confidence intervals in
which the true effect of each training paradigm is thought to lie (see
Table 2). This is likely to reflect not only the true efficacy of the training
paradigms, but also the utilized comparison conditions. Specifically, as-
cending along the MRC's (2000) trajectory of intervention develop-
ment, MEST has been evaluated in only one controlled study showing
efficacy versus a waitlist. COMET has shown efficacy versus ongoing
TAU in two studies. All but one imagery-based CBM study has used a
sham CBM control condition, with early indications of potential efficacy
but mixed findings from more recent higher-quality RCTs. LRT has been
compared against alternative psychological therapies and not shown ef-
ficacy in comparison to them, and concreteness training has shown su-
periority over ongoing TAU but not over relaxation training.

7. Anxiety disorders

There were only two studies that examined AET as a treatment op-
tion for anxiety disorders, reflecting the early stage of research in this
area. Both studies evaluated a COMET protocol.

7.1. COMET

Two COMET protocols have been developed for use with anxiety dis-
orders - one for Obsessive Compulsive Disorder (OCD) and the other for
Panic Disorder. The protocol for Panic Disorder follows much the same
format as the protocols used for depression, although positive appraisals
regarding self-control are the focus of training (i.e., increased activation
of specific episodes where one has felt in control), rather the broad pos-
itive self-associations that are trained in the depression-focussed proto-
cols. One RCT has evaluated the COMET protocol for panic (Korrelboom
et al., 2014). The trial compared group-based COMET to group-based

Applied Relaxation (which involved therapist-led relaxation exercises)
in a sample of 143 participants experiencing Panic Disorder. Intent-to-
treat analysis indicated a significant reduction in panic-related symp-
toms in both groups, but no between-group differences at post-training.
Although not inferior to Applied Relaxation, COMET is therefore not cur-
rently well supported for the treatment of Panic Disorder.

For OCD, the protocol focusses on identifying and improving the ac-
cessibility of adaptive themes that counter the patient's obsessions (e.g.,
I have shaken hands before and not been infected). The OCD focussed
protocol differs slightly from previous protocols in that it is self-guided.
Training is presented in eight workbook-based sessions, which the indi-
vidual completes at home. Following encouraging results from an un-
controlled pilot trial (Korrelboom, van der Gaag, Hendriks,
Huijbrechts, & Berretty, 2008), an RCT assessed online delivery of the
programme relative to a waitlist control group in a sample of 65 individ-
uals with OCD (Schneider, Wittekind, Talhof, Korrelboom, & Moritz,
2015). Results indicated that change in symptoms of OCD did not differ
between the COMET and control groups at post-treatment (Schneider et
al, 2015).

7.1.1. Synthesis of results

As the identified studies examined symptoms of different disorders,
we opted not to calculate a pooled estimate of the effect. The current
standing of the literature indicates that further research is needed be-
fore conclusions can be drawn on the efficacy of AET programmes for
treatment of anxiety. We were however able to consider the quality of
evidence for COMET in treating anxiety disorders. Applying the
GRADE approach, the quality of current evidence for COMET in anxiety
disorders is high, as evidence has been obtained in randomised trials,
treatment effects are consistent between studies, and Cochrane risk of
bias ratings indicate that the likelihood of bias and imprecision is rela-
tively low in the reviewed studies. The body of evidence for other train-
ing paradigms for anxiety disorders is non-existent. Further research is
clearly needed to comprehensively assess the effect of AET on symp-
toms of anxiety disorders.

8. Stress-related disorders

Memory-based therapeutic techniques for stress- and trauma-related
disorders have primarily focussed on incorporating new information into
the discrete trauma memory (e.g., using memory rescripting in Cognitive
Behavioral Therapy; Foa, Keane, Friedman, & Cohen, 2008), rather than on
modifying autobiographical processing more generically. However, focus
on training processing ability is increasing, both with respect to intrusive
memories (outside the scope of this review, but see Holmes, James,
Kilford, & Deeprose, 2010) and episodic autobiographical processing.
One study - using MEST - with a sample experiencing PTSD met inclusion
criteria for this review.

The tendency to retrieve overgeneral categories of events is a cogni-
tive marker of PTSD and predicts poor outcomes for the disorder, over
and above symptom level (e.g., Kleim & Ehlers, 2008). There has been
one small RCT of MEST for individuals with PTSD (Moradi et al., 2014).
In this study, 24 Iranian combat veterans with PTSD were randomised
to either five sessions of MEST, or a no-intervention control group
who only completed the assessments. Results established that, at
post-training, individuals in the MEST group had a significantly larger
improvement in the recall of specific memories, and a larger decrease
in PTSD symptoms than controls. Both between-group effect sizes
were sustained at a three-month follow-up.

According to the GRADE criteria, the quality of the current body of
evidence is moderate. The presence of only one, positive published
study indicates the possibility of publication bias, and the absence of
other studies limits our ability to discount inconsistency. However, the
quality rating is improved by a large effect size. Although the results
from this study are encouraging and suggest that MEST is a promising
avenue through which PTSD symptoms may be targeted, it is important
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to note that the reviewed study was a relatively small efficacy trial with
a waitlist control. A larger RCT with an active control group is now need-
ed to determine treatment effects, and to also investigate whether
change in specificity mediates the effect of training on PTSD symptoms,
as has been observed in MEST for depression. The current evidence sug-
gests that AET holds promise in the treatment of PTSD, and is worthy of
further investigation.

9. Discussion

Guidance on the development of complex interventions outlines a
trajectory of intervention development from initial discovery science
through to fully implemented interventions, via a series of iterative
phases comprising pilot, definitive and pragmatic clinical trials to deter-
mine a treatments efficacy, effectiveness and real-world tractability
(MRC, 2000). AET programmes represent a prototypical example of a
set of novel, complex interventions translated from basic science and
positioned on this trajectory. Current evidence for AET is at the explor-
atory trial stage (see Fig. 1), as the active components of treatment have
been identified, preliminary efficacy has been established in initial fea-
sibility and pilot trials, and in some cases in exploratory trials against
an active comparison intervention with relatively small numbers of par-
ticipants, but in most cases fully-powered larger-scale trials have yet to
be conducted. Within this, our review indicates that there is substantial
variability in the status of the evidence for AET in mood, anxiety, and
stress-related disorders and so here we make a number of recommen-
dations for future research on the efficacy of AET as a psychological in-
tervention, as a function of disorder type.

NICE endorsement as a treatment option requires a strong evidence
base, as rated by the GRADE approach (Balshem, Helfand, Schiinemann,
Oxman, Kunz, Brozek, et al,, 2011). Using the GRADE criteria, current ev-
idence for AET for depression is of a moderate strength, and a number of
steps need to be taken if AET is to be further developed, before it can be
recommended in clinical guidelines. First, it needs to be determined that
the training programmes are equivalent to or superior to established
psychological interventions. Imagery-based CBM protocols have re-
ceived the most empirical attention, and we found a medium pooled
treatment effect. However, the pooled treatment effect relative to a
sham CBM control was small, non-significant, and substantially reduced
once estimated publication bias had been corrected. Given the closely-
matched nature of the sham training programs used as comparators,
the effect sizes relative to sham controls may be interpreted as isolating
one (or two) aspects of the training within an additive design rather
than efficacy estimates of the CBM protocols. The use of such closely-
matched controls reflects the experimental work from which these par-
adigms originate and is in many ways a strength of this research, al-
though in moving to clinical trials such control conditions may not be
optimal for establishing estimates of efficacy, and this has been noted
as a challenge for the field (e.g. Blackwell et al., 2015; Hirsch, Meeten,
Krahé, & Reeder, 2016). However, current evidence does not allow the
conclusion that the specific effects attributable to imagery-based CBM
are significantly greater than zero. Post hoc analyses in the current ex-
ploratory trials demonstrate a significant effect of imagery CBM on an-
hedonia specifically, and that treatment effects are larger for those
who attempt all training sessions (e.g., Blackwell et al., 2015). This
may indicate that further consideration of the active components of im-
agery CBM (i.e,, training length, auditory or pictorial cues, in-person in-
troduction to the training) or the specific outcomes that may be
impacted by the programme are needed prior to embarking on defini-
tive trials.

Current, early phase evidence indicates that COMET is superior to
continued TAU, and that MEST is superior to waitlist. The moderate
quality rating for the body of evidence for each of these training
types provides a solid foundation for progression to exploratory tri-
als against existing active treatments. The results from future trials
with relatively small numbers of participants (e.g. Dalgleish et al.,

2014) will be needed prior to consideration of definitive trials. We
recommend that future trials be carried out by diverse research
groups (for example, the current evidence base for MEST and
COMET in depression rests largely with specific research groups;
Luborsky et al., 1999), and also examine moderating and mediating
factors through the use of embedded process-outcome studies.
Evaluation of the proposed mechanisms of treatment will be vital
in moving this field forward. Our review reveals significant effect
sizes for changes in the targeted process alongside significant
improvement on symptom measures (cf Clarke, Notebaert, &
MacLeod, 2014; MacLeod & Grafton, 2016), but with an absence of
formal mediation analyses in most cases.

If these ongoing trials demonstrate support for the AET programmes,
it will need to be determined whether AET is most efficacious as a stand-
alone treatment, or whether it may add value to established
interventions for depression, such as CBT. Research on imagery CBM
programmes has begun to investigate the addition of training to CBT,
but extension of this work to other training paradigms may clarify the
optimal presentation of training programmes. As the processing biases
targeted by training may contribute to dysfunctional cognitive beliefs,
the completion of AET prior to completion of CBT may lay the
foundation for cognitive restructuring. For example, increased ability
to recall past positive events may help when challenging negative core
beliefs. It is proposed that downstream cognitive processes may need
time to change before effects are seen on psychological symptoms
(Neshat-Doost et al.,, 2013; Williams et al., 2007). Beginning change in
these processes prior to structured therapy may therefore be beneficial.
Further, the low intensity format of training suggests that it may be easy
to administer to those on waiting lists, or in circumstances where access
to clinical psychology is limited, or for those who are difficult to engage
in traditional treatment options. Structured assessment of cost effective-
ness and the combination of training with currently endorsed treatment
options will demonstrate in which context AET will be most beneficial.

The most effective format for the delivery of training also needs to be
determined. Most evidence for training efficacy has been obtained using
group-format protocols (e.g., Ekkers et al., 2011; Korrelboom et al.,
2012; Neshat-Doost et al., 2013; Moradi et al., 2014). However, given
the relative simplicity of both MEST and COMET, there is great potential
for fully automated delivery. Moving these interventions online is asso-
ciated with several advantages, including protecting the fidelity with
which they are delivered, but also offering a low-cost and potentially
scalable option. One COMET programme has already been trialled in a
fully online format (although no significant gains were observed;
Schneider et al., 2015), and imagery CBM has been consistently deliv-
ered fully online (although again, evidence for treatment efficacy has
been variable; Williams, Blackwell, Mackenzie, Holmes and Andrews,
2013, 2015). Further exploration of whether group-based programmes
may also be efficacious in a self-guided format may help to improve the
accessibility of training, but will also determine whether group-based
effects are an active component of AET.

The body of evidence for AET in anxiety and stress- related
disorders is in need of further development. This review has
demonstrated that MEST offers a promising treatment option for
PTSD, and an exploratory RCT comparing MEST to an active
treatment condition is now needed. Of key importance will be the
exploration of the utility of AET for other stress-related disorders
(e.g., complicated grief), and whether training types that have
received support in other disorders (e.g., COMET) may prove
effective in treating stress-related disorders. Current small scale
trials indicate that the AET protocols so far studied (COMET) are
not efficacious in treating anxiety disorders, although further studies
are needed before firm conclusions may be made regarding
treatment efficacy. Guidance on the development of novel
interventions (MRC, 2000, 2008) suggests that further consideration
of the underlying mechanisms through which training may impact
anxiety symptoms is needed.
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Current research with anxiety-disordered samples has focussed on
COMET, but used different training protocols for each disorder type (i.e.,
protocol targeting representations regarding OCD or panic symptoms).
Use of a training protocol which targets maladaptive representations
that are evident across anxiety disorders may prove effective. The worry
and rumination COMET protocol has been shown to be efficacious in
treating depression symptoms, and may therefore prove beneficial to
anxiety disorders that are also characterised by these cognitive patterns
(e.g., generalised anxiety disorder, panic disorder). Further, the reviewed
research utilized obsessive-compulsive and panic disordered samples,
and has not yet explored treatment efficacy in generalised anxiety, or so-
cial anxiety. This may prove a fruitful area for future research. In fact, some
CBM protocols targeting interpretive bias which involve the generation of
autobiographical episodes have shown promising results on symptom
outcomes in subclinical samples (e.g. Bowler et al., 2012) or pathological
cognitive processes in clinical groups (e.g. Generalized Anxiety Disorder,
Hayes, Hirsch, Krebs, & Mathews, 2010), and investigation of their efficacy
in reducing symptoms in specific clinical samples is warranted. However,
at present, it appears that current AET techniques may need to be further
refined for use in the treatment of anxiety disorders.

Although we have demonstrated that further investigation of individ-
ual training paradigms is warranted, another possibility is the combina-
tion of currently promising techniques into a unitary programme with a
view to enhancing treatment effects. For example, simultaneously
targeting overgeneralization and reduced positivity may produce greater
change in symptomology, and training maladaptive memory representa-
tions that may be evident across disorders may also enhance
transdiagnostic effects. One programme -memory flexibility training
(MemFlex) - that is currently under evaluation (Hitchcock et al., 2015)
seeks to directly target both memory biases, and the results of this trial
will indicate the promise of simultaneous training. Similarly, our review
indicates that some AET protocols have been applied across different clin-
ical disorders (e.g., MEST in depression and PTSD, COMET in depression
and anxiety disorders). The biases targeted by AET are transdiagnostic in-
dicators of outcome (e.g., overgeneralization predicts prognosis for both
PTSD and depression; Bryant et al., 2007, Sumner et al., 2010), thus the po-
tential effect of AET programmes on multiple comorbidities also warrants
further investigation, and may offer implications for the treatment of dual
diagnoses.

9.1. Limitations

This review may have been affected by some limitations. First, we only
examined the impact of training on self-report symptoms, and did not
consider effects on diagnostic status, or clinician-rated instruments. Out-
comes may differ when symptoms are rated by those other than the indi-
vidual experiencing the disorder, thus future reviews may wish to
consider the impact of training on both clinician-rated and self-report
measures. In addition, future reviews may wish to consider the size of
the effect when training is compared to active versus non-active control
conditions. The current studies have primarily consisted of smaller, ex-
ploratory trials, in line with recommendations for the development of
complex interventions (IMRC, 2000, 2008), and have not always included
active control conditions as these comparisons are made later in the
phase-based development of new interventions. As the size of a be-
tween-group effect will almost invariably be a function of the control con-
dition used, care must be taken in comparing effect size estimates,
particularly in relation to the wider field of psychological interventions
in which waitlist controls have tended to dominate (e.g. 55 out of 94 stud-
ies in one recent meta-analysis of CBT for depression; Cuijpers et al.,
2013). Once the research in this area is more developed, future meta-anal-
yses should seek to determine the effect of AET relative to different forms
of comparison groups. Continued research in this field, and particularly
the completion of fully-powered definitive randomised-controlled trials,
will allow future reviews to further investigate the efficacy of AET
programmes.

10. Conclusions

Autobiographical episodic training represents a prototypical exam-
ple of the development of a science-informed and evaluated interven-
tion. The current literature provides a substantial evidence base for
further evaluation of training as a treatment option for depression, al-
though further research is needed to determine whether such
programmes may also be effective in anxiety and stress-related disor-
ders. At this point in time, autobiographical episodic training is an excit-
ing avenue for future research into accessible, cost-effective, and low-
intensity treatment options for those experiencing emotional
disturbance.
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