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Abstract

Cognitive remediation therapy (CRT) for anorexia nervosa (AN) was developed as an adjuvant
treatment to target set-shifting and central coherence inefficiencies important in AN and to
ultimately improve clinical outcomes of those with AN. The primary aim of this preliminary
systematic review and meta-analysis was to determine the effect of CRT for AN relative to
control treatments in randomized-controlled trials (RCTs) on neuropsychological inefficiencies
at end-of-treatment. Secondary aims were to assess the effect of CRT for AN on dropout,
eating-disorder-related, and other psychological outcomes at end-of-treatment. Systematic review
and meta-analytic procedures were conducted in accordance with PRISMA Guidelines. RCTs
evaluating CRT for AN compared to a control treatment were identified via ProQuest, PsycINFO,
PubMed, and SCOPUS. Seven RCTs and one quasi-RCT of CRT for AN were included. RCT
quality ratings ranged from fair (7= 3) to good (7 = 4). Random-effects meta-analysis was
conducted using Hedge’s g. Study heterogeneity was assessed using /2 and publication bias

was assessed with Begg’s adjusted-rank correlation and the trim-and-fill method. CRT was

not associated with improvement in central coherence compared to control treatments at end-of-
treatment (g = 0.25, 95% CI = -0.35, 0.85, k = 3). Set-shifting outcomes were mixed due

to heterogeneity of set-shifting measures across studies. CRT may prevent dropout; yet, more
studies are needed to draw conclusions. CRT did not confer advantage over control treatments
for eating-disorder-related and other psychological outcomes at end-of-treatment. Future RCTs
of CRT for AN should use precise measures to assess constructs (particularly for set shifting),
increase sample size, and implement longitudinal follow-up. (Word Count: 247 words).
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1. Introduction

Anorexia nervosa (AN) is characterized by objectively low body weight maintained in
response to fear of weight gain and/or due to persistent behaviors (e.g., caloric restriction)
that suppress weight (American Psychiatric Association, 2013). AN is associated with
serious medical and psychiatric comorbidities, and elevated risk for mortality (Fichter

& Quadflieg, 2016). Despite the severity of AN, current treatments have limitations,
particularly for adults (Zipfel, Giel, Bulik, Hay, & Schmidt, 2015). Moreover, AN treatment
attrition is high, with the majority of dropouts occurring early in treatment (Dejong,
Broadbent, & Schmidt, 2012), which reduces the likelihood of weight restoration. Thus,
there is a critical need for treatments that improve outcomes and promote retention.

Treatment outcomes may be improved through identifying and targeting core AN
mechanisms. Research suggested that two putative neuropsychological mechanisms of AN
were central coherence and set shifting. Central coherence is the ability to integrate details
into a whole, much like arranging pieces of a puzzle together to make a cohesive picture.
Persons with AN have central coherence inefficiencies (weak central coherence), such

that persons with AN hyper-focus on detail and experience challenges with integrating
details into a whole. A large-scale study suggested that adults with current AN had
significantly weaker central coherence than unaffected controls (¢= 0.26) (Lang et al.,
2016); however, findings for adolescents with AN compared to healthy controls were mixed,
with some studies finding differences (Lang, Stahl, Espie, Treasure, & Tchanturia, 2015;
Rose, Frampton, & Lask, 2015) and others finding no differences (Herbrich, Kappel, &
Noort, 2018). Cross-sectional research showed that weak central coherence was present

in unaffected adult family members of persons with AN, suggesting that weak central
coherence is heritable (Kanakam, Raoult, Collier, & Treasure, 2015; Lang et al., 2016;
Roberts, Tchanturia, & Treasure, 2013; Tenconi et al., 2010).

Set shifting is another putative mechanism of AN that is defined as the ability to flexibly
transition between rule sets or different tasks (Miyake, Friedman, Emerson, Witzki, &
Howerter, 2000). Meta-analysis suggested that adults with AN (vs. healthy controls) have
moderate set-shifting inefficiencies (Wu et al., 2014). Evidence for set-shifting inefficiencies
in children and adolescents with AN has been weak, with meta-analysis suggesting small,
non-significant differences in set shifting between children and adolescents with AN
compared to healthy controls (Herbrich et al., 2018; Lang et al., 2015; Westwood, Stahl,
Mandy, & Tchanturia, 2016). Large-scale (Tchanturia et al., 2011, 2012) and smaller-scale
(Danner et al., 2012) cross-sectional research found that set-shifting inefficiencies persisted
after AN remission. Research also found that women with AN and their unaffected sisters
performed significantly worse on set-shifting tasks than unrelated, unaffected women,
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suggesting that set-shifting inefficiencies are trait-versus state-based (Holliday, Tchanturia,
Landau, Collier, & Treasure, 2015; Tenconi et al., 2010).

1.1. Cognitive remediation therapy for AN

Cognitive remediation therapy (CRT) for AN was developed as an adjuvant treatment to
target central coherence and set-shifting inefficiencies observed in AN. CRT for AN is
comprised of cognitive exercises that focus on looking at the “big picture” versus details
(central coherence), reducing cognitive and behavioral rigidity (set shifting), and increasing
awareness of one’s own thinking styles (Tchanturia, Davies, Reeder, & Wykes, 2010).
CRT for AN does not include discussion of eating-disorder-related themes and, thus, may
be a non-threatening adjuvant to treatment-as-usual. Feasibility research showed that CRT
for AN was well-received by patients, helped to develop a therapeutic alliance, and had
low drop-out rates (10-15%) (Tchanturia, Lloyd, & Lang, 2013). Research also supports
the feasibility of CRT for AN across settings (e.g., individual, group) and developmental
trajectories (e.g., children, adolescents, adults) (Tchanturia et al., 2013).

Previous systematic literature reviews (without accompanying meta-analyses) have
qualitatively described the feasibility and acceptability of CRT for AN and provided
preliminary evidence in support of neuropsychological change facilitated by CRT for

AN (Dahlgren & Ro, 2014; Danner, Dingemans, & Steinglass, 2015; Juarascio, Manasse,
Espel, Kerrigan, & Forman, 2015; Tchanturia et al., 2013; Tchanturia, Lounes, & Holttum,
2014). Moreover, a meta-analysis of pre-post CRT studies in children and adolescents with
AN found that CRT facilitated small improvements in set shifting and central coherence
(Tchanturia, Giombini, Leppanen, & Kinnaird, 2017). However, a limitation of Tchanturia
et al. (2017) is reliance on data from pre-post case series rather than data from randomized-
controlled trials (RCTs) to draw conclusions. Although pre-post case series are necessary
and important for demonstrating the acceptability and feasibility of novel treatments (such
as CRT for AN), there are limitations of this study design, including selection bias. RCTs
decrease chance of selection bias with similar patient groups (due to randomization) and
allow for direct comparison of the active treatment to a controlled treatment.

1.2. The present study

The primary aim of the present study was to conduct a preliminary systematic review and
meta-analysis of RCTs of CRT for AN on neuropsychological (i.e., set shifting, central
coherence) outcomes at end-of-treatment. We hypothesized that because CRT for AN was
developed to directly target neuropsychological inefficiencies associated with AN, CRT

for AN would be associated with improved set shifting and central coherence relative to
control treatments at end-of-treatment. The secondary aim of this study was to examine the
effect of CRT for AN on patient dropout, eating-disorder-related, and other psychological
outcomes at end-of-treatment. We hypothesized that CRT for AN would have lower patient
dropout rates compared to control treatments because CRT is a non-threatening intervention
that does not directly target body weight. We hypothesized that CRT for AN would be
associated with improvement in eating-disorder-related outcomes above-and-beyond control
treatments, given that CRT for AN is purported to improve neuropsychological inefficiencies
that underpin AN symptom expression. Finally, given the high comorbidity among AN and
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other mental-health disorders (Hudson, Hiripi, Pope, & Kessler, 2007; Swanson, Crow,
Grange, Swendsen, & Merikangas, 2011), we investigated the effect of CRT for AN

on other psychological functioning relative to control treatments. We hypothesized that
depressive and obsessive compulsive symptoms would improve with CRT, as prior research
has documented set-shifting inefficiencies in major depressive disorder (Snyder, 2013) and
obsessive compulsive disorder (Lawrence et al., 2006).

2. Method

Procedures for this meta-analysis were conducted in accordance with the Preferred
Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statement (Moher,
Liberati, Tetzlaff, & Altman, 2009). See Appendix A for a PRISMA checklist.

2.1. Study selection

2.1.1. Literature search—An electronic database search was conducted on March 23,
2020 using PsycINFO, ProQuest Dissertations and Theses Global, PubMed, and SCOPUS.
The search terms used were anore* combined with CRT or (cognit* and (remed* or
train*)). Search terms were abbreviated to permit a variety of spellings and combinations

of words. The literature search was extended beyond published, peer-reviewed journal
articles to “grey” literature (e.g., book chapters, dissertations, etc.). Reference lists of
retrieved manuscripts were manually reviewed for relevant studies not identified through
electronic database search. The first and second author independently reviewed manuscripts
for inclusion. Discrepancies were resolved with the last author. A PRISMA article selection
flow chart is presented in Fig. 1.

2.1.2. Eligibility criteria—Studies were included based on the following criteria: 1)
examined CRT for AN using an RCT design; and 2) reported sufficient statistics to compute
effect sizes or reported effect sizes. Study authors were contacted up to two times if data

to compute effect sizes was not provided. The first and second authors extracted means,
standard deviations, effect sizes, and other relevant information from included studies.

2.1.3. Study quality assessment—Study quality assessment was conducted in
accordance with the National Institutes of Health Quality Assessment of Controlled Trials
(National Institutes of Health, 2014). Studies were evaluated on the following criteria:

use of a RCT design, randomization method, treatment allocation concealment, blinding

of providers and participants to treatment assignment, blinding of assessors, similarity of
groups at baseline, dropout rate, adherence to treatment protocols, use of reliable and valid
outcome measures, a priori power analysis, a priori analytic plan, and use of intention-to-
treat analyses. Studies were assigned ratings of good, fair, or poor based on ratings of the
above-mentioned criteria. Studies assigned poor ratings were not included in meta-analysis.

Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.org/10.1016/j.eatbeh.2020.101391.
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2.2. Statistical analysis

Meta-analysis was conducted if at least three studies provided sufficient data to compute
effect sizes. Meta-analysis was conducted using the metafor package (Viechtbauer, 2010)
in R Version 3.3.2 (R Core Team, 2013). To estimate effect sizes, standardized mean
difference scores (Hedge’s g) were computed and effect sizes were interpreted as follows:
0.2 (small), 0.5 (medium), and 0.8 (large) (Cohen, 1988). We estimated random-effects (vs.
fixed-effects) models because random-effects models account for variance within studies
due to sampling error and between studies due to variables such as study sites, participant
characteristics, and treatment providers (Borenstein, Hedges, Higgins, & Rothstein, 2009). If
meta-analysis yielded a significant effect size, we used Rosenthal’s fail-safe N/ (Rosenthal,
1979) to determine the number of null studies needed to produce a non-significant effect
size.

2.2.1. Study heterogeneity— /2 was used to assess study heterogeneity. /2 indicates the
percentage of between-study variance due to heterogeneity versus chance. /2 is measured on
a scale of 0% (no heterogeneity) to 100% (high heterogeneity) and values of 25%, 50%,

and 75% are considered benchmarks of low, moderate, and high heterogeneity, respectively
(Borenstein et al., 2009).

2.2.2. Publication bias—Begg’s adjusted-rank correlation test (Begg & Mazumdar,
1994) and the trim-and-fill method (Duval & Tweedie, 2000), which estimates how many
studies were missing from meta-analysis and provides adjusted meta-analytic results by
imputing missing studies into results, were used to quantitatively assess publication bias.

3. Results

3.1

Six hundred sixty-two unique studies were identified, and nine studies met inclusion criteria
(see Fig. 1 and Table 1). Two of the nine studies reported on the same RCT (Brockmeyer
et al., 2014, 2016); however, these two studies reported on different outcome measures.
Thus, outcomes from both Brockmeyer et al. (2014) and Brockmeyer et al. (2016) were
included due to non-overlapping information. Herbrich et al. (2017) compared CRT for
AN to treatment-as-usual using a quasi-random design, therefore it was not included in
meta-analytic computations. A narrative summary of Herbrich et al. (2017) is provided in
parallel with RCT findings. All included studies investigated CRT as an adjuvant treatment
except Lock et al. (2013) and van Passel et al. (2020), which investigated standalone CRT
relative to a control treatment prior to beginning CBT and treatment-as-usual, respectively
(see Table 1 for details).

RCT quality assessment ratings are detailed in Table 2. RCT quality assessment ratings
ranged from fair to good. An overall summary of meta-analytic results from RCTs is
presented in Table 3.

Primary outcome: neuropsychological functioning

3.1.1. Central coherence—Meta-analysis revealed a small, statistically non-significant
improvement in central coherence outcomes measured by the Rey-Osterrieth Complex
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Figures Test at end-of-treatment in persons who completed CRT versus a control treatment
(see Table 3 and Fig. 2). Begg’s adjusted-rank correlation test and the trim-and-fill method
did not suggest publication bias (p’s > 0.05). Herbrich et al. (2017) found no differences

in central coherence assessed by the Rey-Osterrieth Complex Figures Test at six-month
follow-up in adolescents with AN who received CRT adjuvant to treatment-as-usual versus
treatment-as-usual alone.

3.1.2. Set shifting—Set shifting was operationalized with a variety of measures,
including the Wisconsin Cart Sorting Task (k= 3), Trail Making Test (k= 1),
Comprehensive Trail Making Test (k= 1), Delis-Kaplan Executive Function System Color-
Word Interference Test (k= 1), a computerized cued task-switching paradigm (k= 1), and
a visual target-detection task (k= 1). Due to the heterogeneity of set-shifting measures,
meta-analysis was not carried out and instead results are qualitatively described below, by
measure.

Using the Wisconsin Card Sorting Task, Dingemans et al. (2014) found no differences

in set-shifting changes at end-of-treatment in persons with a severe or enduring eating
disorder who received CRT adjuvant to treatment-as-usual compared to treatment-as-usual
only. Similarly, Lock et al. (2018) did not find set-shifting differences at end-of-treatment
in adolescents with AN who received CRT (vs. art therapy) adjuvant to family-based
treatment (FBT) using the Wisconsin Card Sorting Task. Sproch et al. (2019) also found
no end-of-treatment differences in set-shifting outcomes measured by the Wisconsin Card
Sorting Task in persons with AN who received CRT (vs. a control treatment) adjuvant to
treatment-as-usual.

Using the Trail Making Test, Dingemans et al. (2014) found that set-shifting inefficiencies
showed small-to-moderate improvements at six-weeks follow-up in persons with a severe

or enduring eating disorder who received CRT adjunctive to treatment-as-usual versus
treatment-as-usual alone (&= 0.41). However, Herbrich et al. (2017) found no differences

in set-shifting measured by the Delis-Kaplan Executive Function System Trail Making

Test at six-month follow-up between adolescents with AN who received CRT versus
treatment-as-usual. Sproch et al. (2019) found no differences in set shifting measured by

the Comprehensive Trail Making Test between persons with AN who received CRT versus a
control treatment adjunctive to treatment-as-usual.

Two studies used other set-shifting measures. Lock et al. (2013) found moderate-to-large
improvements in set shifting measured by the Delis-Kaplan Executive Function System
Color-Word Interference Test in persons with AN who received CRT versus CBT (effect
size = 0.79). Brockmeyer et al. (2014) used a computerized cued task-switching paradigm
to measure changes in set shifting over treatment and found that persons with AN receiving
CRT plus treatment-as-usual (vs. non-specific neurocognitive therapy plus treatment-as-
usual) demonstrated moderate improvements in set shifting at end-of-treatment (&= 0.62).
Brockmeyer et al. (2016) [an additional report on the findings of Brockmeyer et al., 2014]
found that persons with AN who received CRT improved set-shifting ability on a visual
target-detection task, whereas persons who received non-specific neurocognitive therapy did
not show the same improvements in set shifting at end-of-treatment (¢'= 0.58).
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3.1.3. Cognitive thought records—Sproch et al. (2019) examined changes in thought
records to test “clinically relevant” changes set shifting. Sproch et al. (2019) examined
changes in self-reported believability of the original thought (reported as percentage),
number of alternative thoughts identified, and believability of most believable alternative
thought (reported as percentage) over the course of CRT compared to a control treatment
adjuvant to treatment-as-usual. Sproch et al. (2019) found no differences in original thought
believability, number of alternative thoughts identified, and believability of most believable
alternative thought between persons with AN who received CRT versus a control treatment
adjuvant to treatment-as-usual.

3.2. Secondary outcome: treatment dropout

Lock et al. (2013) investigated dropout rates for standalone outpatient CRT versus outpatient
CBT after eight sessions and dropout rates after all patients were allocated to 16 sessions

of outpatient CBT following the aforementioned an eight-session course of CRT or CBT.
Lock et al. (2013) found that outpatients with AN had a lower dropout rate at the end of
eight sessions of CRT versus CBT (three versus seven dropouts, respectively). However,
Lock et al. (2013) found similar end-of-treatment dropout rates following 16 weeks of CBT,
suggesting CRT did not promote long-term retention. Lock et al. (2018) found that CRT
adjuvant to FBT was associated with fewer dropouts than art therapy adjuvant to FBT (one
versus four dropouts, respectively). Herbrich et al. (2017) found that adolescents receiving
CRT had increased treatment completion rates (79.2%) compared to adolescents receiving
treatment-as-usual (58.3%). Herbrich et al. (2017) found no significant differences in BMI
increases based on treatment type at six-months follow-up.

3.3. Secondary outcome: eating-disorder-related measures

3.3.1. Body mass index (BMI)—Meta-analytic results suggested no differences in BMI
for persons receiving CRT versus a control treatment at end-of-treatment (see Table 3 and
Fig. 3). Begg’s adjusted-rank correlation test and the trim-and-fill method did not indicate
publication bias (p’s > 0.05).

3.3.2. Eating-disorder symptoms—Meta-analysis suggested no differences in eating-
disorder symptoms measured by Eating Disorders Examination (EDE) or Eating Disorders
Examination Questionnaire (EDE-Q) global scores at end-of-treatment (see Table 3 and

Fig. 4). There was no indication of publication bias, per Begg’s adjusted-rank correlation
test and the trim-and-fill method (p’s > 0.05). Similarly, Herbrich et al. (2017) found that
adolescents receiving CRT versus treatment-as-usual did not differ on EDE-Q global scores
at six-months follow-up.

3.3.3. Eating disorder-related quality of life—Dingemans et al. (2014) found that
CRT adjunctive to treatment-as-usual (compared to treatment-as-usual alone) resulted in
large improvements in eating disorder-related quality of life (¢= 1.36) at end-of-treatment.
In contrast, van Passel et al. (2020) found a small-to-moderate difference in eating disorder-
related quality of life at end-of-treatment, such that patients receiving CRT reported
increased eating disorder-related quality of life than those receiving specialized attention
therapy (o= 0.48).
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3.3.4. Caloric intake—Steinglass et al. (2014) found that persons who received
Exposure and Response Prevention for AN (AN-EXRP) significantly increased food intake
in a laboratory test meal from baseline to end-of-treatment compared to persons who
received CRT (&= 0.92). Additionally, changes in pre-test meal anxiety did not differ
between AN-EXRP and CRT over the course of treatment; however, improvements in
anxiety were associated with increased test meal caloric intake in persons with AN who
received AN-EXRP (but not CRT).

3.4. Secondary outcome: other psychological measures

3.4.1. Anxious symptoms—Dingemans et al. (2014), Herbrich et al. (2017), and Lock
et al. (2018) did not find differences in state anxiety at end-of-treatment among treatment
groups.

3.4.2. Depressive symptoms—Meta-analysis revealed no effect of treatment on
depressive symptoms at end-of-treatment. There was no indication of publication bias (¢’s >
0.05). Results are presented in Table 3 and Fig. 5.

3.4.3. Obsessive-compulsive symptoms—Lock et al. (2018) found that adolescents
with AN who received art therapy (vs. CRT) adjuvant to FBT had moderate-to-large
reductions in general obsessive-compulsive symptoms assessed by the Children’s Yale-
Brown Obsessive Compulsive Scale (CY-BOCS; d= 0.74). Additionally, Lock et al. (2018)
found that art therapy (vs. CRT) adjuvant to FBT facilitated small reductions eating-related
obsessions and compulsions measured by the Yale-Brown-Cornell Eating Disorder Scale
(YBC-EDS; d=0.26).

3.4.4. Perfectionism—Dingemans et al. (2014) found no differences in perfectionism
at end-of-treatment for CRT adjuvant to treatment-as-usual compared to treatment-as-usual
alone. Herbrich et al. (2017) found that adolescents with AN who received CRT adjuvant
to treatment-as-usual versus treatment-as-usual alone showed /ncreases in perfectionism at
six-month follow-up.

4. Discussion

The primary aim of this preliminary systematic review and meta-analysis was to describe
and test the effect of CRT for AN versus control treatments in RCTs on neuropsychological
outcomes. The secondary aim was to assess the effect of CRT for AN versus control
treatments on dropout, eating-disorder-related, and other psychological outcomes. First,
meta-analytic results suggested that CRT for AN was associated with small, statistically
non-significant, improvements in central coherence at end-of-treatment compared to control
treatments. This finding is congruent with the only previous meta-analysis of CRT for AN
for children and adolescents, which suggested small improvements in central coherence

in pre-post studies of CRT for AN (Tchanturia et al., 2017), though a key difference

is that our result was statistically nonsignificant. Taken together with Tchanturia et al.
(2017)’s findings, our findings raise the interesting question of whether CRT for AN in

its current form is sufficient to strengthen central coherence in persons with AN. Instead,
CRT for AN may need to be modified to increase the intensity and dose of exercises
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to facilitate robust increases in central coherence. Improvements in set shifting for CRT
versus a control treatment ranged from no difference to large differences; unfortunately, we
could not perform a meta-analysis of set-shifting outcomes due to variability in set-shifting
assessments across studies. Thus, when future research is published on this topic, it will be
important to revisit set-shifting effects. Second, a qualitative review of findings suggested
that CRT (vs. control treatments) may be associated with fewer dropouts; however, we were
unable to conduct meta-analysis. Third, we found that CRT did not confer advantage over
control treatments for increasing BMI and decreasing eating-disorder symptoms. Fourth,
end-of-treatment outcomes for depressive symptoms were similar for CRT and control
conditions. We were unable to conduct meta-analysis for obsessive-compulsive and anxious
symptoms and perfectionism, as fewer than three studies reported outcomes for each of these
measures.

Limitations and future directions

There are certain limitations of past research that should be considered alongside findings of
this preliminary systematic review and meta-analysis. One limitation of the current literature
is that the quality of some of the RCTs included in this systematic review was lower (i.e.,
fair versus good ratings). Two common reasons that RCTs were assigned a fair versus good
rating were that the RCT was underpowered (due to its stated pilot nature). Moreover, most
current RCTs of CRT for AN did not use intention-to-treat analyses, which include all
participants in analyses, regardless of how much (if any) treatment received and reduce bias
in results. Thus, future RCTs of CRT for AN should take care to ensure adequate power by
increasing sample size and using intention-to-treat analyses. Another limitation is increased
heterogeneity due to variability in control treatments, which varied from treatment-as-usual,
non-specific neurocognitive therapy, cognitive behavioral therapy, to art therapy. Similarly,
there was variability in treatment length and length of follow-up across studies. Future RCTs
should implement long-term follow-ups so that the field can better understand the long-term
effects of CRT for AN. Additionally, the effects of CRT for AN are not well understood

in adolescents — despite promising preliminary case studies and case series — and only one
RCT included in this meta-analysis was comprised of an adolescent-only sample. Indeed,
two RCT protocols of CRT for AN in adolescents have been published (Giombini et al.,
2018; Timko, Goulazian, Fitzpatrick, & Rodriguez, 2018) and dissemination of results of
these studies into the literature may lead to improved CRT research.

A further limitation of the current CRT for the AN literature is heterogeneity of tasks

and measures used to operationalize constructs and, for neuropsychological measures, use
of measures that confound constructs. Tasks that confound neuropsychological constructs
render identification of specific neuropsychological functions that improve with CRT
unclear and difficult. For example, Wildes, Forbes, and Marcus (2014) noted that the
Wisconsin Card Sorting Task — a task commonly used to measure set shifting in CRT
studies — assesses both set shifting and reversal learning, which have distinct behavioral
and neural correlates. Set shifting is associated with neural regions implicated in cognitive
control, including the dorsolateral prefrontal cortex and the anterior cingulate cortex
(Bissonette, Powell, & Roesch, 2013). Reversal learning is the ability to modulate behavior
to obtain a reward when reward contingencies (rules) change. Reversal learning is associated
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with reward-based neural circuits, including dopaminergic pathways in the mesolimbic
area (Izquierdo, Brigman, Radke, Rudebeck, & Holmes, 2017). Future studies of CRT
could benefit from using precise measures that do not confound constructs, such as the
computerized cued task-switching paradigm used by Brockmeyer et al. (2014) or, as
suggested by Wildes et al. (2014), the Cambridge Neuropsychological Test Automated
Battery.

A final limitation is that studies of CRT have not tested differences in outcomes between
AN-BP and AN-R subtypes. Wu et al. (2014)’s meta-analytic results indicated that
compared to healthy controls, set shifting was impaired in AN-R (Hedge’s g=-0.51),

but not in AN-BP (Hedge’s g = —0.18). Functional magnetic resonance imaging research
showed that persons with AN-BP had similar patterns of brain activation to healthy controls
during a set-shifting task, yet persons with AN-R showed increased activity in the precuneus
and insula (brain regions implicated in self-awareness) (Van Autreve, Aeken, Heeringen,
Vancayseele, & Vervaet, 2016). Future research is needed to understand whether CRT in its
current form is helpful for those with AN-BP. Results from such research may be leveraged
to inform a CRT tailored to improve neuropsychological function and outcomes for AN-BP.

4.2. Conclusions

In this preliminary systematic review and meta-analysis of RCTs of CRT for AN, we

found that CRT for AN conferred a small but statistically non-significant effect for central
coherence at end-of-treatment relative to control treatments. We were unable to determine
the effect of CRT on set shifting due to variability in set-shifting measurement across
studies. There is preliminary evidence that CRT promotes retention in treatment, though
more research is needed. CRT did not improve eating-disorder-related symptoms or other
psychological symptoms. Recommendations for future RCTs of CRT for AN include use

of precise measures to assess constructs (particularly for set shifting), standardization of
control treatments, longitudinal follow-up, and investigating whether CRT in its current form
affects change similarly across AN subtypes. Additionally, future research could explore
how varied intensity and dose of exercises used to strengthen central coherence effect
outcomes. Moreover, adequately powered RCTs of CRT for AN that utilize intention-to-treat
analyses are needed to determine if CRT improves outcomes for the deadliest form of mental
illness.
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Table 3

Summary of meta-analytic results from randomized-controlled trials.

Measure g 95% CI SE |2

Neuropsychological measures

RCFT CCI (k=3) 0.247  -0.353,0.847 0.306 61.08%
Eating-disorder-related measures

Body mass index (k=5) -0.109 -0.316,0.098 0.106 0.00%

EDE Global score (k= 4) -0.005 -0.287,0.278 0.144 0.00%

Non-eating-disorder measures

Depression (k= 3) -0.137 -0.479,0.205 0.174 0.00%

Note. Cl = confidence interval; CRT = cognitive remediation therapy; EDE = Eating Disorder Examination; ES = effect size; RCFT CCI =
Rey-Osterrieth Complex Figure Test Central Coherence Index; SE = standard error.
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