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Abstract

Objective: Anorexia Nervosa (AN) is a serious disorder, with a mortality rate the highest of any

psychiatric illness. It is notoriously challenging to treat and mechanisms of illness are not well

understood. Reward system abnormalities have been proposed across theoretical models of the

persistence of AN. Feedback learning is an important component of how reward systems shape

behavior and we hypothesized that individuals with AN would show poorer learning from

feedback.

Methods: We administered the acquired equivalence task to measure both learning from incre-

mental feedback and generalization of that learning to novel stimuli. Participants were individuals

with AN (n536) before and after intensive weight restoration treatment and healthy comparison

participants (HC, n526) tested twice. Performance was assessed as accuracy during the Learning

and Test phases, for both trained and novel stimuli. The relationship between task performance

and eating disorder severity at baseline was also assessed.

Results: Both before and after treatment, individuals with AN showed reduced learning from feed-

back in the Learning phase (F3,18052.75, p5 .048) and lower accuracy during the Test phase

(F1,6054.29, p5 .043), as compared with HC. Individuals with AN did not differ from HC in accu-

racy for novel stimuli (F1,6051.04, p5 .312), indicating no deficit in generalization. Decreased

acquisition of feedback learning was associated with longer illness duration and with greater eating

disorder symptom severity at baseline.

Conclusions: Individuals with AN show reduced learning from feedback or reinforcement, which

may contribute to difficulties in changing maladaptive behaviors.
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1 | INTRODUCTION

Anorexia Nervosa (AN) is a serious disorder, with a mortality rate

among the highest of any psychiatric illness (Arcelus, Mitchell, Wales, &

Nielsen, 2011; Rosling, Sparen, Norring, & von Knorring, 2011). AN is

characterized by persistent restrictive intake that is inadequate to

maintain a healthy body weight, combined with a disturbance in body

image (American Psychiatric Association, 2013); it is notoriously chal-

lenging to treat, and for older adolescents and adults, no psychological

or pharmacologic intervention has emerged as a treatment of choice

(Watson & Bulik, 2013). As many as 50% of hospitalized patients with

AN require rehospitalization within a year of discharge (Pike, 1998),

and the mortality rate increases with duration of illness (Fichter &

Quadflieg, 2016; Sullivan, 1995). Treatment that helps an individual

succeed with weight restoration leads to improvement in many psychi-

atric symptoms—including mood and anxiety—yet the core behavioral

disturbance in eating behavior (i.e., restricted caloric intake) persists

even after intensive treatment (Mayer, Schebendach, Bodell, Shingle-

ton, & Walsh, 2012; Sysko, Walsh, Schebendach, & Wilson, 2005).

Neuropsychological tasks can be used as a probe of brain systems, and
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can help clarify mechanisms that contribute to the persistent and

entrenched nature of illness.

Abnormalities in reward systems are a common element in theo-

retical models attempting to elucidate the persistence and maintenance

of this complex illness, even though the models differ in emphasis

(Godier & Park, 2014; O’Hara, Campbell, & Schmidt, 2015; Walsh,

2013). There is mounting evidence that neural processing of reward is

anomalous in AN (Decker, Figner, & Steinglass, 2015; Frank et al.,

2012; Wagner et al., 2007) and neuroimaging studies have found dif-

ferences compared with healthy comparison participants (HC) in

response to rewarding stimuli (both hyper- (Cowdrey, Park, Harmer, &

McCabe, 2011; Wagner et al., 2007) and hypo-activation (Holsen et al.,

2012) in fMRI). Additionally, it has been proposed that individuals with

AN may experience “reward contamination,” such that stimuli generally

thought to be aversive are experienced as rewarding and vice versa

(Cowdrey et al., 2011; Keating, 2010). These studies suggest that

reward processes differ in AN (as compared with HC), yet reward proc-

essing is a multifarious construct and the aspects of response to reward

and learning from reward that may be abnormal are not well

characterized.

Behavior is shaped through reward processing via learning from

feedback. Through direct experience with the consequences of behav-

ior, individuals learn from rewards and feedback to adapt choices in the

future. Moreover, once learned, memories can be used to generalize to

similar and overlapping contexts and guide responses to stimuli that

have not been directly experienced (Shohamy & Wagner, 2008). This

raises questions about how maladaptive behavior forms and persists. It

has been proposed that reward-based learning resulting in habit forma-

tion is central to the persistence of maladaptive eating behavior in AN

(O’Hara et al., 2015; Walsh, 2013): that is, restrictive food intake

becomes a habit. Once established, the core behaviors of AN are

remarkably resistant to change, even among those seeking treatment.

Individuals with AN have great difficulty learning new behaviors or

changing maladaptive behaviors. In this way, individuals, once ill, seem

impaired at learning from feedback. Additionally, stereotyped behaviors

are thought to be responses specific to stimuli and are not easily

applied in novel contexts. In contrast, generalization of learning from

one context to another is important for normal, flexible behavior. Many

maladaptive behaviors appear stereotyped and generalization of learn-

ing in AN merits further exploration. Furthermore, acutely ill patients

with AN are also, by definition, significantly underweight and starvation

itself may contribute to problems with reward-based learning (Carroll,

France, & Meisch, 1981; Carroll & Meisch, 1980; Thanos, Michaelides,

Piyis, Wang, & Volkow, 2008). Reward based choices and neural

reward systems have been shown to change with weight restoration in

AN (Decker et al., 2015), raising the question of whether learning from

feedback changes with acute treatment and weight restoration.

Multiple brain systems are involved in learning (Squire, 1992), and

the systems contributing to feedback learning and generalization have

been dissociated both behaviorally and neurally (Myers et al., 2003;

Shohamy & Wagner, 2008) using the Acquired Equivalence task—a

learning task designed to measure both learning from feedback and the

ability to generalize learning to novel contexts. In the Acquired Equiva-

lence task, participants are first trained to learn associations between

different images (stimuli) through feedback; participants are then tested

on whether they have learned these associations and how well they

are able to generalize what they have learned to new sets of associa-

tions (see Figure 1). Previous studies comparing patients with striatal or

medial temporal lobe damage have elucidated components of learning

and memory processes, showing that feedback learning depends crit-

ically on the striatum, whereas generalization relies on the hippocam-

pus (Myers et al., 2003; Shohamy & Wagner, 200). The task has been

used in populations with schizophrenia (Shohamy et al., 2010), sub-

stance abuse (Mattyassy et al., 2012), and Alzheimer’s Disease (Bodi,

Csibri, Myers, Gluck, Keri, 2009) to demonstrate learning abnormalities

associated with psychopathology and neuropathology, and is therefore

well-suited to test these learning mechanisms in individuals with AN.

In this study, we tested the main hypotheses that: (1) individuals

with AN, as compared with healthy peers, show reduced feedback

learning and (2) this persist after weight restoration. In addition, we

explored the hypotheses that (3) individuals with AN have reduced

generalization of learning, and (4) reduced feedback learning is related

to severity of illness in AN.

2 | METHODS

2.1 | Participants

Participants were individuals with AN and healthy comparison partici-

pants (HC) who presented to the Columbia Center for Eating Disorders

(Table 1). Eligible patients were between 16 and 45 years old, met

DSM-5 (American Psychiatric Association, 2013) criteria for AN—

restricting (AN-R) or binge-purge (AN-BP) subtype, and were receiving

inpatient treatment at the New York State Psychiatric Institute (NYSPI).

HC were recruited through the community and were compensated for

participation. Individuals were excluded if they had an estimated

IQ<80 (measured by Wechsler Test of Adult Reading; WTAR, Wechs-

ler, 2001), a history of a neurological, bipolar, or psychotic disorder, or

substance abuse in the last 6 months. Anxiety and depressive disorders

were not an exclusion, as these commonly co-occur with AN (Hudson,

Hiripi, Pope, & Kessler, 2007). HC were group-matched for age, sex,

and ethnicity and were included if they had no psychiatric or significant

medical illness, no psychotropic medications, and had a body mass index

(BMI) in the normal range (18–25 kg/m2). This study was approved by

the NYSPI Institutional Review Board, and after complete description of

the study to the participants, written informed consent was obtained.

2.2 | Procedures

Diagnoses were established via Semi Structured Interview for DSM-IV

(SCID; First, Spitzer, Gibbon, & Williams, 2002), with the exception that

amenorrhea was not required (consistent with DSM-5 criteria), and Eat-

ing Disorder Examination (EDE; Fairburn & Cooper, 1993). Testing

occurred twice. Individuals with AN were tested within 1 week of hospi-

tal admission (Session 1) and again after weight restoration treatment to
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90% ideal body weight (Metropolitan Life Insurance, 1959) (Session 2).

Time between sessions was group matched for HC (MHC561.4637.6

days, MAN553.7615.1 days, t30.8750.997, p5 .33). Height and

weight were obtained on a beam balance scale (Detecto, Webb, MO) on

the day of testing. Severity of eating disorder psychopathology was

measured by the Eating Disorder Examination Questionnaire (EDE-Q;

Fairburn, 2008) and Eating Disorder Inventory (EDI; Garner & Olmsted,

1984). Three subscales of the EDI were examined—Drive for Thinness,

Bulimia, and Body Dissatisfaction—as these three subscales are most

relevant for AN psychopathology (Garner, Olmsted, & Polivy, 1983).

2.3 | Neurocognitive battery

To assess global cognitive functioning, participants were administered

a cognitive battery including the WTAR (estimated IQ) (Wechsler,

2001), the Stroop Task (attention and cognitive control) (Golden,

1978), Trail Making Test (TMT, attention) (Bowie & Harvey, 2006), and

Letter Number Sequencing (LNS; a working memory subtest of the

Wechsler Adult Intelligence Scale-III (WAIS-III) (Wechsler, 1997) in

counterbalanced order. Details of task administration are provided in

the Supporting Information. Higher scores indicate better performance.

2.4 | Task

The acquired equivalence task (Shohamy & Wagner, 2008; Figure 1)

was presented using Matlab (Natick, MA) and the Psychophysics tool-

box (Brainard, 1997). In the Learning phase, participants were pre-

sented with a face and two landscapes and learned which landscape

the face “preferred” by trial and error (associative learning). Participants

indicated by button press whether the face “preferred” the left or right

landscape and received feedback (the word “Correct” or “Incorrect,”

Figure 1a). The response window was 2.5 sec. Once a choice was

made, the selected option was highlighted and remained on the screen

until the end of the response window. Next, feedback was displayed

for 1.5 sec followed by a 0.5 sec intertrial interval.

Eight face and eight landscape images were used. The associations

between faces and scenes were structured such that two faces (F1, F2)

were paired with the same two scenes (S1, S2). Four associations stem

from this relationship: F1-S1, F2-S1, F1-S2, and F2-S2. Two additional

faces were presented with the same scene stimuli, but with opposite

preferences, so that no single scene was always a correct response.

Only three of the four associations were trained in the Learning phase

(F1-S1, F2-S1, F1-S2; Figure 1b), resulting in 12 individual associations

across the eight faces and eight landscapes. Associations were pre-

sented in an interleaved fashion throughout training (Shohamy &

FIGURE 1 Task structure and trial types. (a) In the Learning phase, participants learned a series of individual face-scene associations based
on feedback (12 individual associations in total). A face-scene pair was presented on each trial, followed by performance-dependent feed-
back. (b) The Learning phase was followed by a Test phase, where participants received no feedback and were asked to respond to both
previously experienced (Trained) trials and novel untrained face-scene association (Generalized) trials. (c) The Learning phase had three
event types: Individual associations shared overlapping features such that two faces always were associated with a common scene (i and ii),
and one of those faces was also associated with a second scene (iii). A scene that was the incorrect choice for one face was the correct

choice for another face, such that simple stimulus-response learning strategies could not support learning. In the Test phase, novel associa-
tions (iv, Generalized trials) were presented intermixed with trials that tested knowledge for previously trained associations (Trained trials)
[Color figure can be viewed at wileyonlinelibrary.com]
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Wagner, 2008). Participants completed 96 learning trials across four

blocks (eight repetitions of each association).

In the Test phase, trials included the trained associations (Trained

trials) as well as the novel untrained associations (F2-S2; Generalized tri-

als; Figure 1c). The Test phase comprised 96 trials: 72 Trained trials

and 24 Generalized trials (six repetitions of each association). No feed-

back was provided in the Test phase.

Two versions of the task were used with different combinations of

stimuli, such that different associations had to be learned at Session 1

versus Session 2. Performance was assessed by accuracy and response

times (see details below).

2.5 | Data processing and analysis

Clinical characteristics and neuropsychological tasks were compared

using Student t tests for independent samples. Performance accuracy

on the acquired equivalence task Learning phase was measured as the

proportion of correct trials on each of four blocks of 24 trials. In the

Test phase, proportion correct was averaged separately for Trained

and Generalized trials. Because generalization of learning is limited by

how well an individual has learned the trained associations, we also

assessed generalization relative to the performance reached by each

individual participant by dividing their performance score on trials with

novel associations by their performance score on directly learned asso-

ciations (Generalized/Trained). Response times were calculated as the

median response times on correct trials for each block in the Learning

phase, and for Trained and Generalized trials separately in the Test

phase (see Supporting Information for results of response time analy-

ses). Data were analyzed using mixed ANOVAs with Huynh–Feldt cor-

rection for nonsphericity. Effect size was measured using both partial

eta squared (hp
2) and generalized eta squared (hG

2) as recommended

for mixed ANOVAs (Bakeman, 2005; Lakens, 2013; Olejnik & Algina,

2003). For partial eta-squared small, medium and large effect sizes are

0.01, 0.06, and 0.14 respectively, whereas 0.02, 0.13, and 0.26 are sug-

gested for generalized eta squared (Bakeman, 2005).

To assess correlations between learning and clinical characteristics,

accuracy was averaged across Learning phases at Session 1 and Ses-

sion 2 to generate an overall learning score per individual. Relationships

between overall accuracy and measures of eating disorder severity

(EDE-Q, EDI-Drive for Thinness, EDI-Bulimia, EDI-Body Dissatisfaction,

BMI, and duration of illness) in the AN group at baseline were assessed

using Pearson correlations or Spearman rank-order correlations for

non-normal data. For the exploratory analyses of correlations between

learning and eating disorder severity, Bonferroni correction for multiple

comparisons results in an alpha level of 0.008 (0.05/6). Data were ana-

lyzed using the IBM SPSS Statistics 22 analysis package.

One hundred one individuals met inclusion criteria for the study

(61 AN, 40 HC). Data were lost from one AN and two HC due to com-

puter errors, 13 AN and eight HC did not participate in Session 2 (12

AN left treatment prior to weight restoration, one AN did not want to

participate at Session 2), leaving 77 participants (47 AN, 30 HC) with

data at both Session 1 and 2. The proportion of individuals participat-

ing only once did not differ significantly between groups (v2150.005,

p51; further information about the group that did not participate at

Session 2 is provided in the Supporting Information).

TABLE 1 Participant clinical characteristics at baseline (Session 1)

HC (n5 26) AN (n5 36) HC v AN
M SD M SD p

Demographics

Age (years) 22.9 5.6 24.7 8.1 .28
Gender (F/M) 24/2 35/1
Ethnicity (C/AA1H/As) 22/3/1 34/1/1
Years of education 15.1 3.0 14.0 2.2 .11
Body Mass Index (kg/m2) 21.6 1.7 16.8 1.3 < .001
Duration illness (years) 8.1 7.4
Subtype (restricting/binge-purge) 19/17

Neuropsychological tests

WTAR estimated IQ 110.5 11.4 108.8 7.9 .51
LNS (total number correct)a 12.2 2.2 11.6 2.2 .36
Stroop (interference)a 8.34 9.7 4.94 7.0 .13
Trail making testa 0.46 0.2 0.56 0.3 .15

Psychological measures

EDE-Q global 0.1 0.2 4.0 1.5 <.001
EDI-drive for thinness 0.3 0.8 12.8 6.9 < .001
EDI-body dissatisfaction 1.6 3.1 16.2 7.8 < .001
EDI-bulimia scale 0.1 0.6 2.8 4.4 .001
BDI 1.2 1.8 25.8 12.2 <.001
STAI 27.5 5.7 59.6 9.8 <.001

Note. HC5healthy comparison participant, AN5Anorexia Nervosa, F/M5 female/male, C/AA1H/As5Caucasian/African American and/or Hispanic/
Asian, WTAR5Wechsler Test of Adult Reading, LNS5 Letter-Number Sequencing, EDE-Q5 Eating Disorder Examination questionnaire, EDI5Eating Disorder
Inventory. Data were missing from 1 HC for WTAR, LNS, EDE-Q, and EDI. Data were missing from 1AN for WTAR, trail making test, and EDI-body dissatisfaction.
aHigher scores indicate better performance. See Supporting Information for scoring and metrics of neuropsychological tests.
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Response rates and accuracy from 77 participants (47 AN, 30 HC)

who completed both Sessions were examined. We excluded partici-

pants if they responded on fewer than 90% of trials (4 AN, 2 HC). Fol-

lowing standard procedure (Shohamy, Myers, Onlaor, & Gluck, 2004),

we excluded participants who showed <50% accuracy during the Test

phase on Trained trials (7 AN and 2 HC), that is, those who failed to

demonstrate any learning. Data from these non-learners were excluded

from analyses to aid interpretation of performance on the novel trials

in the Test phase, as “generalization” on those trials relies on learning

of the trained associations in the Learning phase (see Figure 1). The

proportion of participants excluded based on poor performance did not

differ significantly between groups (v2151.18, p5 .38) and the pattern

of results reported below did not differ when including all 77 partici-

pants (see Supporting Information analyses). Both AN and HC individu-

als excluded due to poor performance showed poorer cognitive

performance on neuropsychological tests (see Supporting Information).

Sixty-two participants, 36 AN and 26 HC, were included in the

analyses reported here (AN, restricting subtype n519, AN, binge-

purge subtype n517; subtype comparisons are provided in the Sup-

porting Information). The AN and HC groups did not differ in age, edu-

cation, gender, ethnicity, and measures of general cognitive functioning

(see Table 1). As expected, groups differed in BMI and psychological

measures at Session 1. In the AN group, 11 participants had a comorbid

diagnosis. Seven participants had an anxiety disorder (2 specific phobia,

3 social phobia, 4 PTSD, 1 OCD, 1 panic disorder), three had a depres-

sive disorder (2 MDD, 1 dysthymia); some participants had multiple

diagnoses. Four participants were taking antidepressant medication

(SSRI or SNRI) and one was taking a benzodiazepine.

3 | RESULTS

3.1 | Learning phase

Performance across the learning phases was examined in a 2 (Session

1/Session 2) 3 2 (HC/AN) 3 4 (Block) repeated measures ANOVA.

There was no main effect of Diagnosis (F1,6051.72, p5 .195). There

was a main effect of Block, indicating that, as expected, participants

improved performance with practice (F3,180593.31, p< .001,

hp
250.609, hG

250.24). There was a significant interaction between

Block and Diagnosis (F3,18052.75, p5 .048, hp
250.044, hG

250.009),

suggesting that individuals with AN exhibited reduced feedback learning

relative to HC. As seen in Figure 2a, patients with AN and HC performed

similarly at the beginning of learning, but the AN group improved less

than HC. There were no effects of Session or interactions with Session

(ps>0.14), suggesting that the decreased feedback learning in individu-

als with AN was present both before and after treatment.

3.2 | Test phase

In the Test phase, performance was compared between trials in which

the associations had been experienced directly in the Learning phase

(Trained, Figure 1) and novel trials in which generalization to new pairs

was required (Generalized) using a 2 (Session 1/Session 2) 3 2 (HC/

AN) 3 2 (trial type: trained/generalized) mixed ANOVA (Figure 2b).

There were main effects of Diagnosis (F1,6054.29, p5 .043,

hp
250.067, hG

250.038) and Trial type (F1,60597.23, p< .001,

hp
250.618, hG

250.24), but no interaction between Diagnosis and

Trial type (F1,6050.74, p5 .40). This pattern of results indicated that,

as in the Learning phase, AN participants’ feedback learning was poorer

than that of healthy controls, but generalization of learning on trials

with novel associations was not specifically worse. As in the Learning

phase, there was no main effect of Session (F1,6050.66, p5 .42), or

any interactions with Session (ps>0.2).

Relative generalization accuracy (Generalized trials divided by

Trained trials) did not differ between groups (F1,6051.04, p5 .312;

Figure 2c), suggesting that AN generalized learning at a level similar to

controls when taking into account how well they had learned the

associations.

FIGURE 2 Acquired equivalence task performance. (a) In the Learning phase, AN showed significantly decreased learning compared with
HC (F3,18052.75, p5 .048). Shown is performance collapsed across Sessions 1 and 2, as there was no effect of Session. (b) Accuracy in the
Test phase was significantly lower for AN than HC (F1,6054.29, p5 .043). As expected, participants were more accurate for the Trained
trials than for the novel Generalized trials (F1,60597.23, p< .001). The interaction was not significant, indicating that AN were impaired on
both trial types, without a specific impairment in Generalization. (c) To account for baseline learning, groups were compared on Generalized
trials divided by Trained trials; they did not differ significantly (F1,6051.04, p5 .312). HC5healthy comparison participants; AN5Anorexia
Nervosa
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3.3 | Changes in clinical severity with treatment

As expected, weight restoration treatment led to a significant increase

in BMI from Session 1 to Session 2 in the AN group (16.861.3 vs.

20.360.7, t355217.5, p< .001). Several additional measures of clini-

cal severity improved from Session 1 to Session 2: EDE-Q Global score

(4.061.5 vs. 2.661.4, t3455.7, p< .001); EDI-Drive for Thinness

(12.866.9 vs. 10.267.0, t3452.3, p5 .029); EDI-Bulimia (2.964.4

vs. 0.961.7, t3453.1, p5 .003). EDI-Body dissatisfaction did not

change significantly from Session 1 to Session 2 (15.967.8 vs. 17.06

8.1, t33520.9, p5 .34).

3.4 | Associations between task performance

and clinical severity

Within the AN group, feedback learning (across Session 1 and 2)

showed a significant negative correlation with eating disorder severity,

as measured by the EDE-Q Global score at Session 1 (q34520.50,

p5 .002, Figure 3a). The correlations between overall feedback

learning and the EDI subscales were all negative (Drive for Thinness

(q34520.35, p5 .039), Body Dissatisfaction (q33520.39, p5 .021),

and Bulimia (q34520.34, p5 .044)), but did not reach significance

when correcting for multiple comparisons. BMI at baseline (Session 1)

was not correlated with feedback learning (q34520.07, p5 .69).

Longer illness duration was associated with poorer performance

on overall feedback learning (q34520.35, p5 .037; Figure 3b), but this

correlation did not reach the threshold of significance when correcting

for multiple comparisons. Duration of illness was strongly associated

with age, as expected (q3450.74, p< .001). However, feedback learn-

ing was not related to age among HC (q3450.09, p5 .66) or among

AN (q34520.32, p5 .058).

4 | DISCUSSION

Individuals with AN showed decreased acquisition of learning from

feedback (compared with HC) both before and after weight restoration

treatment. Moreover, the reduction in feedback learning was associ-

ated with eating disorder psychopathology, as suggested by associa-

tions with some eating disorder symptom severity scales and with

illness duration (though not with BMI). In contrast, relative to their

feedback learning performance, patients with AN performed similarly

to HC when generalizing from what they had learned. Thus, individuals

with AN had poorer feedback learning, which was not remediated by

weight restoration and intensive treatment, yet were able to generalize

learning and apply what they have learned to novel stimuli. Psychologi-

cal symptoms did improve with weight restoration treatment, yet feed-

back learning did not. In this population, AN and HC were well

matched on measures of global cognition (IQ, working memory, atten-

tion), suggesting a circumscribed cognitive abnormality.

Our results come from a behavioral task, and do not directly assess

brain function. Nonetheless, the findings are consistent with other

studies that have investigated forms of striatal-based learning in AN

(Firk et al., 2015; Lawrence et al., 2003; Shott et al., 2012). Additionally,

previous studies using the Acquired Equivalence task in patients with

Parkinson’s disease, who are known to have striatal dysfunction, have

shown a pattern of learning impairment similar to that seen in the pres-

ent study (Myers et al., 2013), suggesting that striatal function may be

impaired in AN.

Functional neuroimaging studies in AN also suggest striatal abnor-

malities. In one study, individuals with AN showed equivalent striatal

response for receipt of monetary gains and losses during a card guess-

ing task (Wagner et al., 2007). In a study of temporal discounting, indi-

viduals with AN showed decreased striatal activity when choosing

delayed rewards before treatment, and increased striatal activity after

treatment (Decker et al., 2015). These studies and others like them

measure neural systems directly, yet do not assess learning and there-

fore do not assess how feedback and rewards may be used to shape

behavior. Our results suggest that the fronto-striatal abnormalities

found in prior studies may have consequences for learning, and

thereby for behavior, and that these do not improve with short-term

weight gain.

FIGURE 3 Task performance and clinical severity. (a) Accuracy in the Learning phase was significantly associated with the Eating Disorder
Examination questionnaire (EDE-Q) global score at Session 1 (q34520.50, p5 .002). (b) Accuracy in the Learning phase was also associated
with duration of illness (q34520.35, p5 .037) but this correlation did not reach the threshold of significance when correcting for multiple
comparisons. AN5Anorexia Nervosa
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In contrast to the compromised feedback learning, and counter to

our hypothesis, we found that generalization processes thought to rely

on the medial temporal lobe (hippocampus) were intact both before

and after weight restoration. This finding is consistent with a study by

Lawrence et al. (2003), who used a learning task sensitive to striatal

dysfunction and a memory test sensitive to medial temporal lobe dam-

age in a small sample of individuals with AN, tested while underweight,

and found a dissociation between learning thought to depend on the

striatum versus the medial temporal lobes. Here we find that this pat-

tern remains after weight restoration. While hippocampal volume

abnormalities have been demonstrated in AN (Burkert, Koschutnig,

Ebner, & Freidl, 2015), such abnormalities may not be associated

with changes in cognitive function (Connan et al., 2006). Thus a host of

neural changes may accompany AN, but it is critical to link neural

changes to relevant cognition and behavior.

If feedback learning is indeed compromised in AN, a central question

is, how is this related to maladaptive behavior in AN? We have proposed

that persistent maladaptive restrictive intake is related to overlearned

behavior and related to habit mechanisms (Foerde, Steinglass, Shohamy,

& Walsh, 2015; Walsh, 2013). The maladaptive, yet very effective, learn-

ing that may occur when establishing AN appears paradoxical in light of

our finding of decreased feedback learning. One possibility is that malad-

aptive behaviors may be established during a developmental window of

learning sensitivity. For example, adolescence, a time when maladaptive

eating behavior is most commonly established (Treasure, Stein, &

Maguire, 2012), also represents a time of accelerated learning. Hypersen-

sitivity to reward in adolescence has been established across many stud-

ies (Casey, Getz, & Galvan, 2008), and a recent study demonstrated

enhanced learning from feedback during adolescence (Davidow, Foerde,

Galvan, & Shohamy, 2016). If so, it may be that adolescence is a window

during which it is very easy to acquire new behavioral patterns. However,

the learning mechanisms supporting this learning may change as a result

of normal development (aging). Or, perhaps having AN affects neurocog-

nitive processes such that feedback learning worsens the longer an indi-

vidual is affected by illness, making it increasingly difficult to overcome

maladaptive behavior. Our data lend some support to the idea that illness

may affect learning by showing a potential relationship between reduced

feedback learning and duration of illness. Although duration of illness and

age are highly related, the absence of an association between age and

feedback learning in HC compels further consideration of this relationship

in AN. In particular it will be important to assess learning across a broader

range of illness duration paired with a broader range of illness onset to

disentangle the contributions of illness and age.

Decreased learning from feedback may have implications for treat-

ment response. If the presence of a feedback learning problem at base-

line (regardless of how and when the behavioral pattern is acquired) is

associated with failure to respond to treatment, it could be a potential

marker for a more chronic course of illness. Treatment interventions

may be improved by considering the possibility of reinforcement learn-

ing difficulties. Individuals with poor learning from feedback may take

longer, or require more intensive feedback, to integrate the behavioral

learning that is central to treatment of eating disorders. Distinguishing

between feedback learning difficulties at baseline versus acquired as a

consequence of disease is challenging, and points to the need for more

longitudinal studies of individuals with AN.

4.1 | Limitations and future directions

This study found that individuals with AN had reduced learning

from feedback relative to HC, in the absence of impairment in ability to

generalize from what had been learned. This is consistent with reward-

based models of AN (Godier & Park, 2014; O’Hara et al., 2015;

Walsh, 2013). To better evaluate these models, this finding needs to

be replicated in other samples of individuals with AN, and the link

between feedback learning and eating behavior needs to be examined.

Additionally, tasks that include losses would allow for better evaluation

of learning impairment related to negative feedback that cannot be

distinguished in the acquired equivalence task.

Data from the current study need to be considered cautiously in light

of the following limitations. Menstrual cycle influences on learning (Die-

khof & Ratnayake, 2016) were not controlled for. It would be beneficial to

assess feedback learning after more long-term recovery and restoration of

menstrual cycle has occurred and to study participants during the early

follicular phase. Additionally, the finding of decreased performance in the

Learning phase represented a small effect, and the association with dura-

tion of illness did not survive correction for multiple comparisons. These

findings, therefore, warrant further study to replicate the findings and test

the hypothesis that there is a relationship with chronicity of illness.

In this initial study of feedback learning before and after treatment,

we aimed to examine an inclusive and representative clinical sample of

individuals diagnosed with AN. As a result the sample is heterogene-

ous. Studies of more homogeneous samples, or with larger samples

would be needed to test hypotheses about subtypes of AN.

Further consideration should also be given to the role of comorbid

depression and anxiety in learning impairments. Previous work examin-

ing similar learning in patients with Parkinson’s disease found particular

learning impairments in those with depressive illness (Herzallah et al.,

2010). Individuals with AN in the present study were significantly more

depressed and anxious, as measured with the BDI and STAI, than HC

(Table 1). BDI and STAI scores improved with treatment, whereas

learning performance did not. In AN, anxiety and depression are likely

tightly linked with overall illness severity, and in this sample BDI and

STAI were both positively correlated with EDE-Q Global (BDI:

q50.65, p< .001; STAI: q50.55, p5 .001) and with each other

(q50.71, p< .001). It is therefore difficult to discern whether there are

important distinct associations. Future work should further assess the

contributions of depression and anxiety to learning.

The data from this study suggest a relationship between reduced

feedback learning and clinical features during the intensive treatment

phase of illness. However, the current study did not directly measure

the involvement of brain systems and future studies are needed to

directly link fronto-striatal dysfunction observed in AN to learning and

to probe the role of fronto-striatal circuits in the persistence of AN.
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