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Abstract

Current gold standard treatments for eating disorders (EDs) lack satisfactory efficacy, and 

traditional psychological treatments do not directly address executive functioning deficits 

underpinning ED pathology. The goal of this paper is to explore the potential for enhancing ED 

treatment outcomes by improving executive functioning deficits that have been demonstrated to 

underlie eating pathology. To achieve our objective, we (1) review existing evidence for executive 

functioning deficits that underpin EDs and consider the extent to which these deficits could be 

targeted in neurocognitive training programs, (2) present the evidence for the one ED 

neurocognitive training program well-studied to date (Cognitive Remediation Therapy), (3) 

discuss the utility of neurocognitive training programs that have been developed for other 

psychiatric disorders with similar deficits, and (4) provide suggestions for the future development 

and research of neurocognitive training programs for EDs. Despite the fact that the body of 

empirical work on neurocognitive training programs for eating disorders is very small, we 

conclude that their potential is high given the combined evidence for the role of deficits in 

executive functioning in EDs, the initial promise of Cognitive Remediation Training, and the 

success in treating related conditions with neurocognitive training. Based on the evidence to date, 

it appears that the development and empirical evaluation of neurocognitive training programs for 

EDs is warranted.
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Current treatments for eating disorders

Eating disorders (EDs) are serious psychiatric illnesses and the efficacy of existing cognitive 

behavioral treatments is unsatisfactory (Brownley et al., 2007; Bulik et al., 2007; Shapiro et 

al., 2007). Innovative treatment methods may be needed to improve outcomes. Anorexia 

nervosa (AN) has the highest mortality rate of all psychiatric conditions (Birmingham et al., 

2005), but the efficacy of existing treatments for adults with AN is limited (Carter et al., 

2011; Zipfel et al., 2014). Family-based treatment for adolescents with AN is considered an 
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effective treatment, though its efficacy is moderate at best, with a large percentage of 

adolescents showing continued symptoms after a full dose of treatment (APA Presidential 

Task Force on Evidence-Based Practice, 2006). Generally, AN patients are often resistant to 

beginning treatment (Serpell et al., 1999; Vitousek, Watson, & Wilson, 1998), have poor 

treatment adherence and acceptance (Halmi et al., 2005), and commonly drop out of 

treatment (Halmi et al., 2005; Kahn & Pike, 2001; Mahon, 2000; Surgenor, Maguire, & 

Beumont, 2004). Treatments for bulimia nervosa (BN) and binge eating disorder (BED) are 

more effective than treatments for AN, but are well short of satisfactory (Kass, Kolko, & 

Wilfley, 2013). Cognitive Behavioral Therapy (CBT) for BN and BED, including an 

enhanced, transdiagnostic version, Cognitive Behavioral Therapy-Enhanced (CBT-E), 

demonstrates the best outcomes to date for these disorders (Byrne et al., 2011; Excellence, 

N.I.f.C., 2011; Fairburn et al., 2009; Hay et al., 2009; Shapiro et al., 2007; Wonderlich et al., 

2013). Interpersonal Psychotherapy (IPT) for BN also has strong empirical support, but has 

consistently yielded outcomes that are comparable or slightly worse than those of CBT-E 

(Spielmans et al., 2013). However, one of the most comprehensive and recent studies of 

CBT-E found that by the end of treatment, only 38.6% of patients with BN met remission 

criteria and by 60-weeks follow-up, 45.6% met remission criteria (Byrne et al., 2011). 

Although CBT and IPT are relatively effective treatments for BN, the fact that over 50% of 

patients are partially or fully symptomatic after CBT-E suggests additional room for 

improvement (Fairburn et al., 2009).

Aims of the current paper

Deficits in neurocognitive functioning (described in greater detail below) have been 

hypothesized to contribute to the development and maintenance of eating pathology. 

Addressing these deficits may be one method for improving existing treatment of EDs. This 

paper will explore the potential for enhancing treatment outcomes through the training of 

neurocognitive deficits that appear to underlie eating pathology. First, we will briefly review 

existing evidence for executive functioning deficits that underpin EDs, and briefly present 

the evidence for the one ED neurocognitive training program well-studied to date (Cognitive 

Remediation Therapy). We will then (1) discuss the utility of neurocognitive training 

programs that have been developed for other psychiatric disorders with similar deficits, and 

(2) provide suggestions for the future development and research of neurocognitive training 

programs for EDs.

Neurocognitive deficits in eating disorders

Many of the observed neurocognitive deficits implicated in EDs occur in the area of 

executive function (EF; Kanakam & Treasure, 2013; van Elburg & Treasure, 2013; Van den 

Eynde et al., 2011). EF is an umbrella term that refers to a set of neuropsychological 

processes (primarily centered in prefrontal regions) that govern higher-level, goal-directed 

behavior (Miyake et al., 2000). A set of meta-analyses (Lang et al., 2014; Lopez et al., 2008; 

Roberts et al., 2007; Wu et al., 2013, 2014) provide strong evidence that deficits in set-

shifting (i.e., difficulty flexibly adjusting behavior and cognitions in order to achieve goals 

in accordance with changing rules or situational demands; Roberts, Tchanturia, & Treasure, 

2010; Roberts et al., 2007; Tchanturia et al., 2011; Wu et al., 2014), central coherence (i.e., 
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biased emphasis on small details and a weak ability to integrate information into a gestalt; 

Lopez et al., 2009), and working memory (i.e., the inability to temporarily store and attend 

to goal-relevant information, while ignoring distracting or irrelevant informational inputs; 

Duchesne et al., 2010; Svaldi, Brand, & Tuschen-Caffier, 2010; Zakzanis, Campbell, & 

Polsinelli, 2010) are present across ED diagnostic groups, and that the magnitude of 

impairment is similar among AN and BN subtypes (Lang et al., 2014; Roberts et al., 2007). 

Additionally, poor inhibitory control (i.e., the ability to inhibit a prepotent response) has 

been observed in EDs characterized by binge eating (Fischer, Smith, & Anderson, 2003; 

Rosval et al., 2006; Wu et al., 2013). Converging evidence that deficits in EF are present in 

adolescents who have a short duration of ED illness (Darcy et al., 2012, 2014; Fitzpatrick et 

al., 2012), and that deficits remain following symptom remission (Holliday et al., 2005; 

Lopez et al., 2009; Roberts et al., 2007, 2010), suggest that these traits could be causal rather 

than consequential (though there is likely to be some degree of bi-directionality) (Kanakam 

& Treasure, 2013).

Most existing ED therapies do not directly address potential EF maintenance factors, and 

thus perhaps miss a vital treatment target. Moreover, deficits in EF may interfere with the 

ability to successfully engage in and benefit from behavioral treatment (Fowler et al., 2006; 

Lena & Fiocco, 2004; Svaldi et al., 2010). Experts in the field have recently called for the 

development of treatments that directly target relevant maintenance factors (such as EF) that 

are not addressed in CBT, with the hope of improving treatment outcomes (Wonderlich, 

2013). Neurocognitive training, described below, is one possible adjunctive treatment 

method to target EF, which has the potential to enhance outcomes for EDs. The degree to 

which traditional therapies such as CBT affect EF is unknown, although this is an area ripe 

for future investigation. It should be noted that other treatment approaches, such as repetitive 

Transcranial Magnetic Stimulation (rTMS) and direct current stimulation (Grall-Bronnec & 

Sauvaget, 2014), can target brain regions subserving EF (e.g., dorsolateral prefrontal cortex) 

and may be viable methods for targeting EF deficits. These interventions represent potential 

treatments for EDs, but are somewhat different from the training approaches described in the 

remainder of the article in that they noninvasively deliver stimulation to small regions of the 

brain and cannot be defined as training approaches. For the remainder of the paper we focus 

specifically on neurocognitive training paradigms, although additional research on 

alternative approaches for improving EF in EDs may suggest other viable options.

Neurocognitive training for related conditions

A growing body of work has demonstrated that psychiatric illness is associated with 

dysfunction across prefrontal, fronto-limbic, and fronto-striatal neural systems (Vinogradov, 

Fisher, & de Villers-Sidani, 2011). These systems are associated with a diverse range of 

cognitive functioning including perception, cognition, social interactions, emotion 

regulation, and motivation (Eisenberg & Berman, 2010; Hartley & Phelps, 2010; Koob & 

Volkow, 2010; Price & Drevets, 2010; Vinogradov, Fisher, & Nagarajan, 2013). The 

plasticity observed in neural circuitry across the lifespan, combined with alterations in 

neural functioning associated with an individual's specific learning history, supports the 

assumption that brain functions can be trained (Vinogradov et al., 2013). The associations 

among dysfunction in neural systems, deficits in neurocognition, maladaptive behaviors, and 
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cognitions have prompted researchers to examine whether interventions that improve neural 

functioning can result in improvements in psychiatric symptoms.

Although preliminary, initial reviews suggest that neurocognitive training can produce 

alterations in brain regions, neural circuitry, and behaviors, at least for behaviors similar to 

the training paradigm and potentially to more extended real-world behaviors (Vinogradov et 

al., 2013). Cognitive remediation emerged as a possible adjunct to standard treatments for 

schizophrenia over 50 years ago, and reviews assessing a wide variety of rehabilitation 

approaches have documented a moderate effect size of d = 0.41 for cognitive improvement 

and d = 0.36 for functional outcome, providing support for the efficacy of this approach in 

psychiatric populations (McGurk et al., 2007). Despite a strong rationale for investigating 

neurocognitive training in other disorders with observed neuropsychological deficits, 

neurocognitive training has only recently been investigated in disorders beyond 

schizophrenia. At this time, the only existing direct EF training approach that has been 

tested with EDs is Cognitive Remediation Therapy (CRT).

Cognitive remediation therapy for AN

At this time, most research on CRT has focused solely on AN, which is briefly discussed 

below.

Description of CRT

CRT is not designed as a stand-alone treatment for AN (i.e., its aim is not on weight gain or 

improving disordered eating cognitions); rather, it is designed as an adjunctive treatment, 

with the aim of (1) encouraging retention in targeted AN treatment by adding an engaging 

and interactive therapy component, and (2) decreasing cognitive rigidity in the hope of 

facilitating better utilization of skills provided in traditional therapies. CRT is an in-person 

intervention that aims to increase cognitive flexibility by identifying problems with 

inflexible thinking and practicing tasks meant to increase cognitive and behavioral flexibility 

(Easter & Tchanturia, 2011). With the exception of one study that examined CRT in the 

form of 21 sessions of computerized set-shifting trainings in conjunction with nine in-person 

sessions (Brockmeyer et al., 2014), CRT has typically been delivered for 8–10 weekly in-

person sessions, and is conducted either individually or in group format. ED-related 

behaviors are not directly discussed, as the content of the group focuses on cognitive process 

and not on the specific content of cognitions. (The format and content of CRT has been 

comprehensively reviewed elsewhere; cf., Tchanturia, 2014.)

Preliminary data for CRT

At this time, 14 studies have investigated the use of CRT for the treatment of AN (see 

reviews by Tchanturia and colleagues; Tchanturia, Lloyd, & Lang, 2013; Tchanturia, 

Lounes, & Holttum, 2014). Overall, CRT has demonstrated acceptability and feasibility for 

use in both inpatient and outpatient settings (Easter & Tchanturia, 2011; Tchanturia et al., 

2013) and dropout rates range from 10 to 15%, as compared to approximately 60% for most 

treatment trials for AN (Tchanturia et al., 2013). Although results are mixed, several studies 

have revealed medium-to-large effect sizes in improvements in cognitive flexibility from 
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pre- to post-treatment (Brockmeyer et al., 2014; Lock et al., 2013; Tchanturia et al., 2013). 

However, there is minimal support for the long-term transfer of such improvements in 

cognitive flexibility to symptom improvement (Lock et al., 2013). In addition, formal 

assessment of the putative mediators (set-shifting and central coherence) of CRT has yet to 

be formally examined.

Limitations of existing research on CRT

Although this research provides initial promise for CRT as an acceptable treatment for AN, 

several limitations exist in the current literature. First, there is a notable lack of a control 

group in most studies, which raises concerns regarding confounds (e.g., expectancy effects, 

regression to the mean) in addition to the critical question of whether improvements in 

cognitive flexibility may be attributable to practice effects (both from baseline assessment 

and tasks throughout the course of CRT) rather than true improvements in cognitive 

flexibility. Also, because most studies of CRT have been conducted in an inpatient setting, it 

is possible that improvements in cognitive flexibility could be attributable to weight gain 

achieved through treatment, as starvation/malnourishment can cause impairments in brain 

function and neuropsychological performance (McCormick et al., 2008). One study of the 

existing 14 on CRT included computerized set-shifting trainings as part of the CRT training 

program (Brockmeyer et al., 2014), but otherwise the adaptations on the traditional in-

person format and frequency of CRT have been minimal.

Also unknown is whether improvements in cognitive flexibility achieved through CRT 

persists over time. Some of the initial work has failed to demonstrate long-term 

improvements in neurocognitive performance (Tchanturia et al., 2013). Additionally, further 

investigation is needed to determine how best to integrate CRT with other interventions and 

to understand whether integration produces a synergistic effect. Finally, research on CRT for 

ED has generally been limited to AN samples, with little work having been conducted with 

BN and BED.

Extending neurocognitive training paradigms for treatment of conditions 

related to ED

Although CRT shows promise as an adjunctive treatment for ED, the current paradigm 

targets only cognitive flexibility. As we have discussed, EF deficits in EDs also include poor 

inhibitory control and working memory. Training in these domains has shown promise in the 

treatment of other psychiatric disorders (Kurtz et al., 2007) and in populations who 

experience subclinical eating problems (Houben & Jansen, 2011; Veling, Aarts, & Papies, 

2011). Of note, most of the programs described below are different from most investigations 

of CRT in that that they involve automated, computer-based, high-frequency practice 

sessions. These trainings require repeated and rapid practice of tasks that target underlying 

implicit processes involved in executive control. Extensive evidence exists to indicate that 

intensive and frequent drill-and-practice sessions (delivered by a computer) are the most 

effective at improving deficits, particularly when administered for several weeks 

(Vinogradov et al., 2011). To date, computer-assisted cognitive remediation treatments have 

yielded little clinical or functional benefit to patients without concurrent functional or 

Juarascio et al. Page 5

Appetite. Author manuscript; available in PMC 2016 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



behavioral skills training (Bowie et al., 2012; Spierer, Chavan, & Manuel, 2013). However, 

based on two meta-analyses of general cognitive remediation training for schizophrenia 

(which included studies designed to address multiple deficits and computer-assisted training 

studies), computer-based training can augment the effects of behavioral therapy when the 

two modalities are administered concurrently (McGurk et al., 2007; Wykes et al., 2011). 

Based on these results, and the overlap in types of EF deficits targeted in the training 

programs described above, we propose computer-based neurocognitive training as an 

adjunctive therapy to enhance existing evidence-based treatments.

CRT for EDs primarily targets explicit decision-making skills through verbal discussion of 

these processes with a trained therapist, and fails to reach the frequency or intensity of 

practice that may be required for long-lasting changes in EF. Computer-based training can 

be administered at high frequencies at very little cost, and moreover can be delivered in the 

home. Both strength and duration of improvements in neurocognitive deficits have been 

shown to be associated with training session dosage (McGurk et al., 2007), suggesting the 

potential for computer-based neurocognitive training for EDs. Moreover, the low cost of 

delivery and automated format of delivery make this type of treatment highly disseminable. 

The potential applications of computerized cognitive training for other psychiatric disorders 

to EDs are described below.

Cognitive flexibility training

Implementation of computerized training of cognitive flexibility may help to address the 

limitations of current CRT paradigms for EDs. These trainings would provide direct, implicit 

training of cognitive flexibility, and may yield greater improvements than explicit, 

discussion-based training. In addition, improvements from these computerized sessions may 

have a “bottom-up” effect and improve patients' ability to engage with treatment and reduce 

symptomatic behavior during treatment. For example, in AN, increased flexibility allows 

patients to generate alternatives to rigid food and exercise rules, thereby improving one's 

ability to comply with treatment recommendations for more flexible and varied eating 

patterns.

Computerized cognitive training has shown promise in the treatment of other psychiatric 

disorders that are characterized by impaired cognitive flexibility, including major depressive 

disorder, schizophrenia, and substance use disorders. Among patients with depression, 

computerized cognitive flexibility training (with no therapist intervention) yielded 

improvements in cognitive flexibility which also generalized to other EF domains (Elgamal 

et al., 2007). However, the training failed to yield improvements in depression symptoms, 

and other results suggest that clinical benefits of such a training can only be observed when 

administered in conjunction with psychotherapy (Bowie et al., 2013). Several studies have 

demonstrated that high-frequency, computerized cognitive training ameliorates deficits in 

cognitive flexibility among those with schizophrenia (Bellucci, Glaberman, & Haslam, 

2003; Dickinson et al., 2010; Urben et al., 2012). Results on generalization of cognitive 

gains to clinical and psychosocial improvements are mixed (Cavallaro et al., 2009; Urben et 

al., 2012). Indeed, most studies that yielded improved behavioral outcomes were confounded 

by the inclusion of psychotherapeutic intervention, which included practice of specific 
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behavioral strategies to improve psychosocial functioning (Bowie & Gupta, 2013; Wykes et 

al., 2011). Among substance abuse patients, two studies have shown that computer-assisted 

cognitive training (which included a cognitive flexibility component) enhanced engagement 

in treatment and subsequent abstinence rates (Fals-Stewart & Lam, 2010; Grohman & Fals-

Stewart, 2003). Overall, in conjunction with one study that has used a computerized CRT 

training for AN (Brockmeyer et al., 2014), these results suggest that computerized training 

has the potential to address deficits in cognitive flexibility among EDs. The extent to which 

neurocognitive gains may augment the efficacy of standard behavioral treatment is still 

debated, but it is likely that a combination of computer training and clinician-guided therapy 

may have the most benefit.

Inhibitory control training

Inhibitory control training (ICT), also known as response inhibition training, has been used 

to reduce a range of problematic and impulsive behaviors (Houben & Jansen, 2011; Houben 

et al., 2011; Jones & Field, 2013) among non-clinical samples, but the most relevant 

successes have been those that reduce disinhibited eating. Food-cue-specific ICT paradigms 

have shown preliminary efficacy at reducing impulsive responses to visual cues for highly 

palatable foods (Houben, 2011; Houben, Wiers, & Jansen, 2011). Training also generalizes 

to reduced consumption of the trained stimulus, such that certain “trigger” items (e.g., 

candy, potato chips) can be targeted for inhibition and reduced consumption (Veling et al., 

2011; Veling, Aarts, & Stroebe, 2013). However, caution must be used when interpreting 

these preliminary results; the majority of ICT studies for eating behavior have included only 

non-clinical samples, and are limited methodologically. For example, Houben and 

colleagues used a paradigm in which the control group received an intervention which 

appeared to actually train subjects to be more impulsive (Houben, 2011; Houben & Jansen, 

2011), and the efficacy of the ICT intervention may have been therefore exaggerated in their 

study results. Indeed, two other studies have found no transfer of cognitive gains to 

improvements in eating behavior (Guerrieri, Nederkoorn, & Jansen, 2007, 2012). Recent 

studies have improved upon these initial paradigms with better-controlled studies which 

compared effects of cue-specific and/or general inhibition training to more valid control 

conditions (Jones & Field, 2013; Veling et al., 2013). Cue-specific ICT has been found to 

facilitate weight loss (Allom & Mullan, 2015; Veling et al., 2014), and has also been shown 

to reduce laboratory selection (Koningsbruggen et al., 2014; Veling et al., 2013) and 

consumption (Houben & Jansen, 2015) of palatable foods. However, only one of these 

studies included a follow-up period of at least one week, and results showed abatement of 

cognitive gains over time (Allom & Mullan, 2015). Therefore, the durability of these 

training effects has yet to be demonstrated. While IC training has shown preliminary 

promise in reducing impulsive eating behavior, evidence for treatment effects must be 

extended to clinical populations and improved to yield long-term influence on behavior.

The impulsive eating behavior addressed by these studies is similar in nature to the 

impulsive and disinhibited behavior that characterizes binge-eating-spectrum pathology 

(BN, BED, AN B/P), and an exploration of the utility of ICT as a treatment adjunct appears 

warranted. The stimulus-specific nature of ICT paradigms may allow for individualized 

training programs that include response inhibition training for an individual's most frequent 
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“trigger” foods that are typically eaten under such emotional circumstances. However, binge 

eating is more entrenched and emotionally complex than disinhibited eating experienced by 

dieters (Haedt-Matt & Keel, 2011; Munsch et al., 2012; Schag et al., 2013). Although food-

cue-specific inhibitory control deficits among ED patients who engage in binge eat are well-

documented (and are qualitatively similar to non-ED dieters' deficits), bulimic symptoms are 

also frequently tied to a negative affective state, rather than a simple desire for a “tempting” 

food (Haedt-Matt & Keel, 2011). Existing ICT paradigms therefore may require 

modification in order to address impulsive binge eating and purging behaviors, which often 

occur specifically under a negative affective state (Haedt-Matt & Keel, 2011). Of note, 

results from one study of ICT for alcohol consumption suggest that training may modify 

affective associations with the target stimulus (which would be binge foods for BN or BED) 

(Houben et al., 2011). Taken together, existing evidence suggests that exploration of the 

efficacy of ICT for binge-eating pathology (perhaps as an adjunctive therapy to CBT) is 

justified.

Working memory training

Improvements during treatment for EDs are associated with concurrent improvements in 

working memory (Lena & Fiocco, 2004; Moser et al., 2003), and it is likely that observed 

working memory deficits in ED patients interfere with progress in treatment. For example, 

individuals with poor working memory may experience greater preoccupation with thoughts 

about food, weight, and shape, which may result in greater difficulty in processing new and 

particularly complex information, such as that delivered during a psychotherapy session 

(Kemps et al., 2006).

Working memory capacity may be of particular importance for successful ED treatment, and 

has the potential to provide both direct and indirect benefits (Morrison & Chein, 2011). For 

example, an individual must engage in self-regulation in order to reduce the occurrence of 

symptomatic behavior. Basic working memory training could be provided in conjunction 

with a specific plan for reducing symptoms and normalizing eating behavior, and could 

directly enhance patients' ability to follow through with treatment guidelines (such as 

resisting the urge to binge, or following a clinician-prescribed dietary plan). Training may 

also support the processing of complex information (Carretti, Borella, & De Beni, 2007). 

Indirectly, improved ability to engage with treatment guidelines (in and out of therapy 

sessions) may result in improved self-efficacy and improve motivation for recovery.

Working memory trainings have been developed and tested for a range of psychopathology, 

with much of the extant work focused on targeting working memory deficits in children with 

ADHD (Klingberg, 2010). This work, much of which is conducted by Klingberg and 

colleagues, has demonstrated the short-term efficacy of computerized trainings in improving 

working memory capacity in those with ADHD (Klingberg, Forssberg, & Westerberg, 2002; 

Klingberg et al., 2005), and often, the transfer of effects to other domains, such as response 

inhibition (Klingberg et al., 2005). In addition, working training appears to yield increases in 

neural activity in prefrontal and parietal areas, providing evidence for training-induced 

plasticity in the neural regions subserving working memory (Olesen, Westerberg, & 

Klingberg, 2004). Growing empirical support exists for the utility of working memory 
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training in the treatment of other adult psychiatric disorders with executive deficits similar to 

those identified in EDs (Fisher et al., 2010; Morrison & Chein, 2011; Wolinsky et al., 2009), 

including schizophrenia. Similar to EDs, schizophrenia is a psychiatric disorder in which 

working memory deficits are well-established and known to interfere with treatment efficacy 

and interpersonal functioning in affected patients (Green et al., 2000). Some results suggest 

that working memory training may yield greater transfer effects and may promote 

generalization of skills and improved behavioral outcomes compared to other neurocognitive 

training paradigms, though the extent of far transfer from working memory training is still 

debated (Jaeggi et al., 2014). Computer-based working memory training for patients with 

schizophrenia has been shown to yield specific cognitive improvement (Fisher et al., 2010). 

As with CRT, cognitive gains appear to transfer to psychosocial functioning only with 

concurrent behavioral skills training (Medalia & Saperstein, 2013). Thus, computer training 

is likely best suited as an adjunct to CBT-E.

Working memory training has also been shown to reduce behavioral impulsivity during 

decision-making tasks in individuals with stimulant dependence, and to decrease alcohol 

consumption in problem drinkers at one-month follow-up (Bickel et al., 2011; Houben et al., 

2011), but replication is required in order to determine whether these results generalize to 

substance abuse patient populations. Impulsivity is known to underlie several eating disorder 

behaviors, including binge eating and purging (Wonderlich, Connolly, & Stice, 2004), and 

there is also substantial co-morbidity among EDs and substance use (Dawe & Loxton, 

2004). Therefore, effective training paradigms for substance use are also likely to be 

effective for EDs if adapted appropriately for AN, BN, and BED.

Future directions

The existing body of research suggests that impairments in EF, particularly in the domains 

of set-shifting, central coherence, inhibitory control, and working memory, are related to the 

development and maintenance of disordered eating behavior (Dickinson et al., 2010; Lopez 

et al., 2009). CRT shows initial promise for improving EF, though more research is needed 

to establish whether these programs result in symptom reduction or greater responsiveness to 

conventional behavioral treatment (McGurk et al., 2007; Vinogradov et al., 2011). Moreover, 

at this time, the putative mediators (set-shifting and central coherence) of CRT have yet to be 

formally examined. For example, Dingemans and colleagues (2014) reported significant 

improvements in quality of life and ED symptomology in the treatment as usual + CRT 

versus the treatment as usual group, but changes in neuropsychological functioning were 

equivalent between groups, indicating CRT may be operating through a mechanism other 

than improving cognitive flexibility. It may be that CRT affects other EF domains beyond 

set-shifting and central coherence, indicating that paradigms specifically targeting each 

deficit may not be necessary to improve treatment response. However, it is also possible that 

CRT may be operating through other non-specific therapy effects. Identifying the 

mechanisms of action in CRT will help to better understand how symptom improvements are 

effected as well as to refine the treatment to include those components that effect change.

Dingemans and colleagues also observed differences in response to CRT such that those 

with poorer set-shifting at baseline had greater quality of life outcomes in the CRT 
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condition. These results suggest that CRT, and perhaps neurocognitive training programs 

more generally, yields the most benefit for those with the most prominent deficits. These 

results also raise the intriguing possibility that strengthening executive capacities could 

benefit individuals more generally in their everyday lives. Future research should continue to 

identify who may potentially benefit most from adjunctive neurocognitive training 

programs, with particular foci on identifying baseline severity as a potential predictor of 

response and examination of overall quality of life as an outcome variable. Finally, though 

some work has begun to establish how changes in cognitive flexibility are related to 

underlying neurobiological mechanisms (Garrett et al., 2014), there is little known about 

how and whether CRT specifically alters these mechanisms. Evaluating neurobiological 

changes as a result of CRT treatment will help to evaluate the specific changes that then 

impact executive function. Additional future research directions specific to CRT have been 

published elsewhere, cf., Tchanturia (2014).

Although relatively minimal work has been conducted in the area of neurocognitive training 

for eating pathology beyond CRT, computer-based trainings have been used to train the same 

types of neurocognitive deficits in related conditions with similar symptom patterns 

(Dickinson et al., 2010; Wykes et al., 2011) and may similarly prove beneficial for eating 

pathology. More work is needed to understand whether these computer-based training 

programs similarly impact EF deficits in EDs, and whether changes are associated with 

symptom change. The only existing study utilizing computer-based model of neurocognitive 

training for EDs demonstrated promising findings for the utility of computer-based training 

(Brockmeyer et al., 2014). Given that computerized neurocognitive training paradigms are 

potentially more disseminable than in-person CRT, future research should continue to 

examine preliminary and/or analogue effects of computerized neurocognitive trainings on 

EF and symptom change in individuals with eating pathology.

Across neurocognitive training programs, there is minimal knowledge about how long and 

how often neurocognitive training should be administered to be most effective or how to best 

integrate programs into existing treatment. According to Vinogradov and colleagues (2011), 

trainings must occur on a daily basis for many weeks or months before neurocognitive 

changes occur to the extent that the changes will persist and transfer to behavior outside of 

the task being trained; however, what dose specifically is required remains unknown. For 

EDs in particular, the available literature to inform these types of decisions when designing a 

training program is sparse. Moreover, little is known about the long-term maintenance of 

skills acquired from neurocognitive training (McGurk et al., 2007; Vinogradov et al., 2011). 

Computerized neurocognitive training paradigms will not take the place of traditional 

behavioral treatments, but may serve as a valuable adjunctive intervention. Further research 

should examine the additive benefit of such paradigms to traditional psychosocial 

treatments, such as CBT or even psychopharmacological interventions.

In sum, in order to develop more effective training programs, additional research is needed 

to better understand (1) which neurocognitive deficits contribute to symptoms and are 

amenable to training programs, (2) which training programs promote maximal gains and 

generalization (and how behavioral skills training might maximize potential for clinical 

benefit), (3) the intensity and duration of training that are necessary to observe improvement, 
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and (4) the potential utility of training paradigms that allow patients to engage in more 

frequent and consistent training (e.g. at home computerized training programs). Lastly, we 

need additional research on how best to incorporate cognitive training programs into existing 

psychosocial treatments to promote long-term behavior change. Without additional research 

in these domains, the creation of empirically-based neurocognitive training programs that 

can promote long-term reductions in disordered eating symptoms will be limited. It is our 

hope that the successes of neurocognitive training programs within other psychiatric 

disorders and the strong rationale for incorporating these techniques into treatments for 

eating disorders will spur others to continue work in this promising area.

References

Allom V, Mullan B. Two inhibitory control training interventions designed to improve eating 
behaviour and determine mechanisms of change. Appetite. 2015; 89:282–290. [PubMed: 25725487] 

APA Presidential Task Force on Evidence-Based Practice. Evidence-based practice in psychology. 
American Psychologist. 2006; 61:271–285. [PubMed: 16719673] 

Bellucci DM, Glaberman K, Haslam N. Computer-assisted cognitive rehabilitation reduces negative 
symptoms in the severely mentally ill. Schizophrenia Research. 2003; 59(2):225–232. [PubMed: 
12414079] 

Bickel W, et al. Remember the future. Working memory training decreases delay discounting among 
stimulant addicts. Biological Psychiatry. 2011; 69(3):260–265. [PubMed: 20965498] 

Birmingham C, et al. The mortality rate from anorexia nervosa. International Journal of Eating 
Disorders. 2005; 38(2):143–146. [PubMed: 16134111] 

Bowie CR, Gupta M, Holshausen K. Cognitive remediation therapy for mood disorders. Rationale, 
early evidence, and future directions. Canadian Journal of Psychiatry. Revue Canadienne de 
Psychiatrie. 2013; 58(6):319–325. [PubMed: 23768259] 

Bowie CR, et al. Combined cognitive remediation and functional skills training for schizophrenia. 
Effects on cognition, functional competence, and real-world behavior. American Journal of 
Psychiatry. 2012; 169(7):710–718. [PubMed: 22581070] 

Bowie CR, et al. Cognitive remediation for treatment-resistant depression. Effects on cognition and 
functioning and the role of online homework. The Journal of Nervous and Mental Disease. 2013; 
201(8):680–685. [PubMed: 23896849] 

Brockmeyer T, et al. Training cognitive flexibility in patients with anorexia nervosa. A pilot 
randomized controlled trial of cognitive remediation therapy. International Journal of Eating 
Disorders. 2014; 47(1):24–31. [PubMed: 24166941] 

Brownley KA, et al. Binge eating disorder treatment. A systematic review of randomized controlled 
trials. International Journal of Eating Disorders. 2007; 40(4):337–348. [PubMed: 17370289] 

Bulik CM, et al. Anorexia nervosa treatment. A systematic review of randomized controlled trials. 
International Journal of Eating Disorders. 2007; 40(4):310–320. [PubMed: 17370290] 

Byrne SM, et al. The effectiveness of enhanced cognitive behavioural therapy for eating disorders. An 
open trial. Behaviour Research and Therapy. 2011; 49(4):219–226. [PubMed: 21345418] 

Carretti B, Borella E, De Beni R. Does strategic memory training improve the working memory 
performance of younger and older adults? Experimental Psychology. 2007; 54(4):311–320. 
[PubMed: 17953152] 

Carter FA, et al. The long-term efficacy of three psychotherapies for anorexia nervosa. A randomized, 
controlled trial. International Journal of Eating Disorders. 2011; 44(7):647–654. [PubMed: 
21997429] 

Cavallaro R, et al. Computer-aided neurocognitive remediation as an enhancing strategy for 
schizophrenia rehabilitation. Psychiatry Research. 2009; 169(3):191–196. [PubMed: 19740550] 

Darcy AM, et al. Set-shifting among adolescents with bulimic spectrum eating disorders. 
Psychosomatic Medicine. 2012; 74(8):869. [PubMed: 23001391] 

Juarascio et al. Page 11

Appetite. Author manuscript; available in PMC 2016 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Darcy AM, et al. Central coherence in adolescents with bulimia nervosa spectrum eating disorders. 
International Journal of Eating Disorders. 2014 doi:10.1002/eat.22340. 

Dawe S, Loxton NJ. The role of impulsivity in the development of substance use and eating disorders. 
Neuroscience & Biobehavioral Reviews. 2004; 28(3):343–351. [PubMed: 15225976] 

Dickinson D, et al. A randomized, controlled trial of computer-assisted cognitive remediation for 
schizophrenia. American Journal of Psychiatry. 2010; 167(2):170–180. [PubMed: 20008941] 

Dingemans AE, Danner UN, Donker JM, Aardoom JJ, van Meer F, Tobias K, van Furth EF. The 
effectiveness of cognitive remediation therapy in patients with a severe or enduring eating 
disorder: a randomized controlled trial. Psychotherapy and Psychosomatics. 2014; 83(1):29–36. 
[PubMed: 24281361] 

Duchesne M, et al. Assessment of executive functions in obese individuals with binge eating disorder. 
Revista Brasileira de Psiquiatria (Sao Paulo, Brazil: 1999). 2010; 32(4):381–388.

Easter A, Tchanturia K. Therapists' experiences of cognitive remediation therapy for anorexia nervosa. 
Implications for working with adolescents. Clinical Child Psychology and Psychiatry. 2011; 16(2):
233–246. [PubMed: 21482581] 

Eisenberg D, Berman K. Executive function, neural circuitry, and genetic mechanisms in 
schizophrenia. Neuropsychopharmacology. 2010; 35(1):258–277. [PubMed: 19693005] 

Elgamal S, et al. Successful computer-assisted cognitive remediation therapy in patients with unipolar 
depression. A proof of principle study. Psychological Medicine. 2007; 37(09):1229–1238. 
[PubMed: 17610766] 

Excellence, N.I.f.C. CG9 eating disorders review recommendations. London, England: 2011. 

Fairburn C, et al. Transdiagnostic cognitive-behavioral therapy for patients with eating disorders. A 
two-site trial with 60-week follow-up. The American Journal of Psychiatry. 2009; 166(3):311. 
[PubMed: 19074978] 

Fals-Stewart W, Lam WK. Computer-assisted cognitive rehabilitation for the treatment of patients with 
substance use disorders. A randomized clinical trial. Experimental and Clinical 
Psychopharmacology. 2010; 18(1):87. [PubMed: 20158298] 

Fischer S, Smith GT, Anderson KG. Clarifying the role of impulsivity in bulimia nervosa. International 
Journal of Eating Disorders. 2003; 33(4):406–411. [PubMed: 12658670] 

Fisher M, et al. Neuroplasticity-based cognitive training in schizophrenia. An interim report on the 
effects 6 months later. Schizophrenia Bulletin. 2010; 36(4):869–879. [PubMed: 19269924] 

Fitzpatrick KK, et al. Set-shifting among adolescents with anorexia nervosa. International Journal of 
Eating Disorders. 2012; 45(7):909–912. [PubMed: 22692985] 

Fowler L, et al. Profile of neurocognitive impairments associated with female in-patients with anorexia 
nervosa. Psychological Medicine. 2006; 36(4):517–528. [PubMed: 16318655] 

Garrett AS, et al. Predicting clinical outcome using brain activation associated with set-shifting and 
central coherence skills in anorexia nervosa. Journal of Psychiatric Research. 2014; 57:26–33. 
[PubMed: 25027478] 

Grall-Bronnec M, Sauvaget A. The use of repetitive transcranial magnetic stimulation for modulating 
craving and addictive behaviours. A critical literature review of efficacy, technical and 
methodological considerations. Neuroscience & Biobehavioral Reviews. 2014; 47:592–613. 
[PubMed: 25454360] 

Green MF, et al. Neurocognitive deficits and functional outcome in schizophrenia. Schizophrenia 
Bulletin. 2000; 26(1):119–136. [PubMed: 10755673] 

Grohman K, Fals-Stewart W. Computer-assisted cognitive rehabilitation with substance-abusing 
patients. Effects on treatment response. Journal of Cognitive Rehabilitation. 2003; 21(4):10–17.

Guerrieri R, Nederkoorn C, Jansen A. The interaction between impulsivity and a varied food 
environment. Its influence on food intake and overweight. International Journal of Obesity. 2007; 
32(4):708–714. [PubMed: 18059403] 

Guerrieri R, Nederkoorn C, Jansen A. Disinhibition is easier learned than inhibition. The effects of 
(dis) inhibition training on food intake. Appetite. 2012; 59(1):96–99. [PubMed: 22521403] 

Haedt-Matt AA, Keel PK. Revisiting the affect regulation model of binge eating. A meta-analysis of 
studies using ecological momentary assessment. Psychological Bulletin. 2011; 137(4):660. 
[PubMed: 21574678] 

Juarascio et al. Page 12

Appetite. Author manuscript; available in PMC 2016 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Halmi K, et al. Predictors of treatment acceptance and completion in anorexia nervosa. Implications 
for future study designs. Archives of General Psychiatry. 2005; 62(7)):776. [PubMed: 15997019] 

Hartley C, Phelps E. Changing fear. The neurocircuitry of emotion regulation. 
Neuropsychopharmacology. 2010; 35(1):136–146. [PubMed: 19710632] 

Hay P, et al. Psychological treatments for bulimia nervosa and binging. Cochrane Database of 
Systematic Reviews. 2009; (4):CD000562. [PubMed: 19821271] 

Holliday J, et al. Is impaired set-shifting an endophenotype of anorexia nervosa? American Journal of 
Psychiatry. 2005; 162(12):2269–2275. [PubMed: 16330590] 

Houben K. Overcoming the urge to splurge. Influencing eating behavior by manipulating inhibitory 
control. Journal of Behavior Therapy and Experimental Psychiatry. 2011; 42(3):384–388. 
[PubMed: 21450264] 

Houben K, Jansen A. Training inhibitory control. A recipe for resisting sweet temptations. Appetite. 
2011; 56(2):345–349. [PubMed: 21185896] 

Houben K, Jansen A. Chocolate equals stop. Chocolate-specific inhibition training reduces chocolate 
intake and go associations with chocolate. Appetite. 2015; 87:318–323. [PubMed: 25596041] 

Houben K, Wiers R, Jansen A. Getting a grip on drinking behavior training working memory to reduce 
alcohol abuse. Psychological Science. 2011; 22(7):968–975. [PubMed: 21685380] 

Houben K, et al. Resisting temptation. Decreasing alcohol-related affect and drinking behavior by 
training response inhibition. Drug and Alcohol Dependence. 2011; 116(1):132–136. [PubMed: 
21288663] 

Jaeggi SM, et al. The role of individual differences in cognitive training and transfer. Memory & 
Cognition. 2014; 42(3):464–480. [PubMed: 24081919] 

Jones A, Field M. The effects of cue-specific inhibition training on alcohol consumption in heavy 
social drinkers. Experimental and Clinical Psychopharmacology. 2013; 21(1):8. [PubMed: 
23181512] 

Kahn C, Pike K. In search of predictors of dropout from inpatient treatment for anorexia nervosa. 
International Journal of Eating Disorders. 2001; 30(3):237–244. [PubMed: 11746282] 

Kanakam N, Treasure J. A review of cognitive neuropsychiatry in the taxonomy of eating disorders. 
State, trait, or genetic? Cognitive Neuropsychiatry. 2013; 18(1–2):83–114. [PubMed: 22994309] 

Kass A, Kolko R, Wilfley D. Psychological treatments for eating disorders. Current Opinion in 
Psychiatry. 2013; 26(6):549–555. [PubMed: 24060917] 

Kemps E, et al. Selective working memory deficits in anorexia nervosa. European Eating Disorders 
Review. 2006; 14(2):97–103.

Klingberg T. Training and plasticity of working memory. Trends in Cognitive Sciences. 2010; 14(7):
317–324. [PubMed: 20630350] 

Klingberg T, Forssberg H, Westerberg H. Training of working memory in children with ADHD. 
Journal of Clinical and Experimental Neuropsychology. 2002; 24(6):781–791. [PubMed: 
12424652] 

Klingberg T, et al. Computerized training of working memory in children with ADHD. A randomized, 
controlled trial. Journal of the American Academy of Child & Adolescent Psychiatry. 2005; 44(2):
177–186. [PubMed: 15689731] 

Koningsbruggen GM, et al. Comparing two psychological interventions in reducing impulsive 
processes of eating behaviour. Effects on self-selected portion size. British Journal of Health 
Psychology. 2014; 19(4):767–782. [PubMed: 24147757] 

Koob G, Volkow N. Neurocircuitry of addiction. Neuropsychopharmacology. 2010; 35(1):217–238. 
[PubMed: 19710631] 

Kurtz MM, et al. Computer-assisted cognitive remediation in schizophrenia. What is the active 
ingredient? Schizophrenia Research. 2007; 89(1):251–260. [PubMed: 17070671] 

Lang K, et al. Central coherence in eating disorders. An updated systematic review and meta-analysis. 
The World Journal of Biological Psychiatry. 2014; 0:1–13.

Lena S, Fiocco A, Leyenaar J. The role of cognitive deficits in the development of eating disorders. 
Neuropsychology Review. 2004; 14(2):99–113. [PubMed: 15264711] 

Juarascio et al. Page 13

Appetite. Author manuscript; available in PMC 2016 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lock J, et al. Is outpatient cognitive remediation therapy feasible to use in randomized clinical trials 
for anorexia nervosa? International Journal of Eating Disorders. 2013; 46(6):567–575. [PubMed: 
23625628] 

Lopez C, et al. Central coherence in eating disorders. A systematic review. Psychological Medicine. 
2008; 38(10):1393–1404. [PubMed: 18447964] 

Lopez C, et al. Weak central coherence in eating disorders. A step towards looking for an 
endophenotype of eating disorders. Journal of Clinical and Experimental Neuropsychology. 2009; 
31(1):117–125. [PubMed: 18608648] 

Mahon J. Dropping out from psychological treatment for eating disorders. What are the issues? 
European Eating Disorders Review. 2000; 8(3):198–216.

McCormick L, et al. Implications of starvation-induced change in right dorsal anterior cingulate 
volume in anorexia nervosa. International Journal of Eating Disorders. 2008; 41(7):602–610. 
[PubMed: 18473337] 

McGurk S, et al. A meta-analysis of cognitive remediation in schizophrenia. American Journal of 
Psychiatry. 2007; 164(12):1791–1802. [PubMed: 18056233] 

Medalia A, Saperstein AM. Does cognitive remediation for schizophrenia improve functional 
outcomes? Current Opinion in Psychiatry. 2013; 26(2):151–157. [PubMed: 23318663] 

Miyake A, et al. The unity and diversity of executive functions and their contributions to complex 
“frontal lobe” tasks. A latent variable analysis. Cognitive Psychology. 2000; 41(1):49–100. 
[PubMed: 10945922] 

Morrison AB, Chein JM. Does working memory training work? The promise and challenges of 
enhancing cognition by training working memory. Psychonomic Bulletin & Review. 2011; 18(1):
46–60. [PubMed: 21327348] 

Moser DJ, et al. Neuropsychological functioning pretreatment and posttreatment in an inpatient eating 
disorders program. International Journal of Eating Disorders. 2003; 33(1):64–70. [PubMed: 
12474200] 

Munsch S, et al. Binge eating in binge eating disorder. A breakdown of emotion regulatory process? 
Psychiatry Research. 2012; 195(3):118–124. [PubMed: 21849214] 

Olesen PJ, Westerberg H, Klingberg T. Increased prefrontal and parietal activity after training of 
working memory. Nature Neuroscience. 2004; 7(1):75–79. [PubMed: 14699419] 

Price J, Drevets W. Neurocircuitry of mood disorders. Neuropsychopharmacology. 2010; 35(1):192–
216. [PubMed: 19693001] 

Roberts ME, Tchanturia K, Treasure JL. Exploring the neurocognitive signature of poor set-shifting in 
anorexia and bulimia nervosa. Journal of Psychiatric Research. 2010; 44(14):964–970. [PubMed: 
20398910] 

Roberts ME, et al. A systematic review and meta-analysis of set-shifting ability in eating disorders. 
Psychological Medicine. 2007; 37(08):1075–1084. [PubMed: 17261218] 

Rosval L, et al. Impulsivity in women with eating disorders. Problem of response inhibition, planning, 
or attention? International Journal of Eating Disorders. 2006; 39(7):590–593. [PubMed: 
16826575] 

Schag K, et al. Food-related impulsivity in obesity and Binge Eating Disorder. A systematic review. 
Obesity Reviews. 2013; 14(6):477–495. [PubMed: 23331770] 

Serpell L, et al. Anorexia nervosa. Friend or foe? International Journal of Eating Disorders. 1999; 
25(2):177–186. [PubMed: 10065395] 

Shapiro JR, et al. Bulimia nervosa treatment. A systematic review of randomized controlled trials. 
International Journal of Eating Disorders. 2007; 40(4):321–336. [PubMed: 17370288] 

Shapiro J, et al. Bulimia nervosa treatment. A systematic review of randomized controlled trials. 
International Journal of Eating Disorders. 2007; 40(4):321–336. [PubMed: 17370288] 

Spielmans GI, et al. Specificity of psychological treatments for bulimia nervosa and binge eating 
disorder? A meta-analysis of direct comparisons. Clinical Psychology Review. 2013; 33(3):460–
469. [PubMed: 23454220] 

Spierer L, Chavan CF, Manuel AL. Training-induced behavioral and brain plasticity in inhibitory 
control. Frontiers in human neuroscience. 2013; 7(427)

Juarascio et al. Page 14

Appetite. Author manuscript; available in PMC 2016 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Surgenor L, Maguire S, Beumont P. Drop-out from inpatient treatment for anorexia nervosa. Can risk 
factors be identified at point of admission? European Eating Disorders Review. 2004; 12(2):94–
100.

Svaldi J, Brand M, Tuschen-Caffier B. Decision-making impairments in women with binge eating 
disorder. Appetite. 2010; 54(1):84–92. [PubMed: 19782708] 

Tchanturia, K. Cognitive Remediation Therapy (CRT) for eating and weight disorders. Routledge; 
New York, NY: 2014. 

Tchanturia K, Lloyd S, Lang K. Cognitive remediation therapy for anorexia nervosa. Current evidence 
and future research directions. International Journal of Eating Disorders. 2013; 46(5):492–495. 
[PubMed: 23658098] 

Tchanturia K, Lounes N, Holttum S. Cognitive remediation in anorexia nervosa and related conditions. 
A systematic review. European Eating Disorders Review. 2014; 22(6):454–462. [PubMed: 
25277720] 

Tchanturia K, et al. Cognitive flexibility and clinical severity in eating disorders. PLoS ONE. 2011; 
6(6):e20462. [PubMed: 21698277] 

Urben S, et al. Computer-assisted cognitive remediation in adolescents with psychosis or at risk for 
psychosis. A 6-month follow-up. Acta Neuropsychiatrica. 2012; 24(6):328–335. [PubMed: 
25287174] 

van Elburg A, Treasure J. Advances in the neurobiology of eating disorders. Current Opinion in 
Psychiatry. 2013; 26(6):556–561. [PubMed: 24060915] 

Van den Eynde F, et al. Neurocognition in bulimic eating disorders. A systematic review. Acta 
Psychiatrica Scandinavica. 2011; 124(2):120–140. [PubMed: 21477100] 

Veling H, Aarts H, Papies EK. Using stop signals to inhibit chronic dieters' responses toward palatable 
foods. Behaviour Research and Therapy. 2011; 49(11):771–780. [PubMed: 21906724] 

Veling H, Aarts H, Stroebe W. Using stop signals to reduce impulsive choices for palatable unhealthy 
foods. British Journal of Health Psychology. 2013; 18(2):354–368. [PubMed: 23017096] 

Veling H, et al. Targeting impulsive processes of eating behavior via the internet. Effects on body 
weight. Appetite. 2014; 78:102–109. [PubMed: 24675683] 

Vinogradov S, Fisher M, de Villers-Sidani E. Cognitive training for impaired neural systems in 
neuropsychiatric illness. Neuropsychopharmacology. 2011; 37(1):43–76. [PubMed: 22048465] 

Vinogradov S, Fisher M, Nagarajan S. Cognitive training in schizophrenia. Golden age or wild west? 
Biological Psychiatry. 2013; 73(10):935–937. [PubMed: 23628236] 

Vitousek K, Watson S, Wilson G. Enhancing motivation for change in treatment-resistant eating 
disorders. Clinical Psychology Review. 1998; 18(4):391–420. [PubMed: 9638355] 

Wolinsky FD, et al. The ACTIVE cognitive training interventions and the onset of and recovery from 
suspected clinical depression. The Journals of Gerontology. Series B, Psychological Sciences and 
Social Sciences. 2009; 64(5):577–585.

Wonderlich, S. Eating disorders research society. Bethesda, MD: 2013. Negative reinforcement models 
and new treatments for bulimia nervosa. 

Wonderlich SA, Connolly KM, Stice E. Impulsivity as a risk factor for eating disorder behavior. 
Assessment implications with adolescents. International Journal of Eating Disorders. 2004; 
36(2):172–182. [PubMed: 15282687] 

Wonderlich S, et al. A randomized controlled comparison of integrative cognitive-affective therapy 
(ICAT) and enhanced cognitive-behavioral therapy (CBT-E) for bulimia nervosa. Psychological 
Medicine. 2013:1–11.

Wu M, et al. Inhibitory control in bulimic-type eating disorders. A systematic review and meta-
analysis. PLoS ONE. 2013; 8(12):e83412. [PubMed: 24391763] 

Wu M, et al. Set-shifting ability across the spectrum of eating disorders and in overweight and obesity. 
A systematic review and meta-analysis. Psychological Medicine. 2014; 26:1–21.

Wykes T, et al. A meta-analysis of cognitive remediation for schizophrenia. Methodology and effect 
sizes. American Journal of Psychiatry. 2011; 168(5):472–485. [PubMed: 21406461] 

Juarascio et al. Page 15

Appetite. Author manuscript; available in PMC 2016 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Zakzanis KK, Campbell Z, Polsinelli A. Quantitative evidence for distinct cognitive impairment in 
anorexia nervosa and bulimia nervosa. Journal of Neuropsychology. 2010; 4(1):89–106. 
[PubMed: 19619407] 

Zipfel S, et al. Focal psychodynamic therapy, cognitive behaviour therapy, and optimised treatment as 
usual in outpatients with anorexia nervosa (ANTOP study). Randomised controlled trial. The 
Lancet. 2014; 383(9912):127–137.

Juarascio et al. Page 16

Appetite. Author manuscript; available in PMC 2016 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Current treatments for eating disorders
	Aims of the current paper
	Neurocognitive deficits in eating disorders
	Neurocognitive training for related conditions
	Cognitive remediation therapy for AN
	Description of CRT
	Preliminary data for CRT
	Limitations of existing research on CRT

	Extending neurocognitive training paradigms for treatment of conditions related to ED
	Cognitive flexibility training
	Inhibitory control training
	Working memory training

	Future directions
	References

