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Abstract

Models of anorexia nervosa (AN) posit that symptoms are maintained through deficient reward
and enhanced punishment processing. However, theoretical and empirical inconsistencies highlight
the need for a more nuanced conceptualization of this literature. Our goal was to comprehensively
review the research on reward and punishment responding in AN from a cue-specific lens to
determine which stimuli evoke or discourage reward and punishment responses in this population,
and, ultimately, what properties these rewarding and punishing cues might share. A systematic
review interrogating reward and punishment responses to specific cues yielded articles (7= 92)
that examined responses to disorder relevant (e.g., food) and irrelevant (e.g., money) stimuli across
self-report, behavioral, and biological indices. Overall, in most studies individuals with AN
exhibited aversive responses to cues signaling higher body weights, social contexts, and monetary
losses, and appetitive responses to cues for weight loss behaviors and thinness. Findings were
more mixed on responses to palatable food and monetary gains. Results highlight that reward and
punishment responding in AN are context specific and may be affected by varied stimulus
qualities (e.g., predictability, controllability, delay, effort). Increasing specificity in future research
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on reward and punishment mechanisms in AN will better inform development of precisely-
targeted interventions.
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Anorexia nervosa (AN) is a serious eating disorder characterized by elevated physical and
psychological morbidity (Braun, Sunday, & Halmi, 1994; Mitchell & Crow, 2006) and a
premature mortality rate as high as any other psychiatric disorder (Crow et al., 2009).
Although family-based therapy has strong empirical support for treating adolescents with
AN, less than half receiving this approach achieve remission (Lock & Le Grange, 2019).
Further, no specific treatment has been identified as superior for adults with AN and
treatment outcomes are often poor in this population (Murray, Quintana, Loeb, Griffiths, &
Le Grange, 2019). As a result, AN recovery rates are low (Ackard, Cronemeyer, Richter, &
Egan, 2015) and even when healthy weight restoration is achieved, psychological symptoms
often endure (Murray et al., 2019).

Many theoretical models have been proposed to account for the complexity and persistence
of AN (Pennesi & Wade, 2016). However, these models have not resulted in the
development of treatments that achieve greater rates of long-term remission. This may be
due to a lack of precision in the field’s knowledge of the basic psychological and
neurobiological mechanisms implicated in this disorder (Walsh, 2013), which is an area of
research that is rapidly expanding (Frank, Shott, & DeGuzman, 2019). In order to improve
upon existing theoretical models and ultimately enhance treatment outcomes, there is a need
to better characterize the basic mechanistic processes that contribute to clinical symptoms in
AN.

One mechanistic domain that has received increasing attention in relation to AN is reward
and punishment processing. Prominent models suggest that AN is characterized by deficits
in reward valuation (the ability to identify desirable outcomes warranting approach) coupled
with excesses in reward inhibition (the ability to exert cognitive and behavioral control to
temper reward pursuit) (Kaye, Wierenga, Bailer, Simmons, & Bischoff-Grethe, 2013;
Wierenga et al., 2014). This imbalance is hypothesized to maintain clinical symptoms by
simultaneously reducing orientation towards food rewards and allowing strict control over
intake. In contrast, punishment processes are relatively under-investigated in AN; however,
existing theories posit that enhanced punishment sensitivity maintains AN symptoms
through avoidance of the perceived aversive properties of food and weight gain (Harrison,
O’Brien, Lopez, & Treasure, 2010). These more generalized perspectives on reward and
punishment in AN have been helpful in promoting research in this area, but fail to account
for the potential heterogeneity in responding based on specific features of rewarding or
punishing cues.

The word “cue” or “stimulus” is generally used to refer to any object or experience that can
serve as a response probe by signaling the availability of reward or punishment (e.g., food
cues can signal the potential for reward through satiety or punishment through weight gain).
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Although the outcome, rather than the cue itself can be considered the reward or
punishment, there is evidence that antecedent conditions signaling reward or punishment can
develop an appetitive or aversive value themselves over time (Oleson, Gentry, Chioma, &
Cheer, 2012; Schultz, Dayan, & Montague, 1997); therefore, the stimulus itself can develop
reward value over time. Notably, investigations of generalized reward deficits or punishment
surpluses in the AN literature without explicit consideration of the cues used to evoke these
responses may contribute to an incomplete and inconsistent body of literature for several
reasons.

First, from a behavioral perspective, reward (used here synonymously with reinforcement) is
the process by which any behavior is perpetuated, and punishment and/or non-reward (e.g.,
extinction) are the processes by which a behavior is diminished (Skinner, 1976). Models of
psychopathology predicated upon widespread deficits in reward and surpluses in punishment
responding implicate a near absence of all behavior (such as is often seen in depressive
episodes), given that punishment results in behavioral dissolution and the ability to pursue
reward is necessary for the initiation and continuation of any behavior. However, AN is
associated with certain extremely motivated behavioral excesses (e.g., driven behavior
towards weight loss) that are insensitive to consequences most would consider punishing,
such as hunger and fatigue (Guarda, Schreyer, Boersma, Tamashiro, & Moran, 2015). There
is also a robust link between AN and perfectionism, which promotes persistence in goal-
directed activities not directly related to the eating disorder (Lloyd, Yiend, Schmidt, &
Tchanturia, 2014). This suggests that individuals with AN may be sensitive to rewards
associated with certain actions (e.g., weight loss, perfectionistic behaviors). Thus, reward
and punishment processes in AN may reflect nuanced patterns that many studies in this area
have not been designed to examine.

Second, it is well documented that there are individual differences in the reward or
punishment value of any stimulus, such that experiences that outwardly seem aversive (e.g.,
physical pain) can be experienced as rewarding (e.g., through alleviation of tension; Iwata,
Dorsey, Slifer, Bauman, & Richman, 1994) and, likewise, experiences that are ostensibly
positive (e.g., praise) can be experienced as punishing (e.g., due to discomfort with directed
attention; Dozier, lwata, Thomason-Sassi, Worsdell, & Wilson, 2012). However, many of the
standard paradigms used to probe reward and punishment responsivity implicitly assume a
universal value to certain cues (e.g., food, money), despite evidence that myriad factors alter
their desirability. This assumption of fixed stimulus value can at times yield incorrect or
imprecise conclusions about general reward and punishment processing capabilities. For
instance, monetary delay discounting tasks are frequently used to infer heightened
impulsivity surrounding reward pursuit (Lempert, Steinglass, Pinto, Kable, & Simpson,
2018). However, there is evidence that this measure is sensitive to factors such as income, as
immediate receipt of money is more valuable to individuals in greater financial need. This
quality has sometimes led to incorrect conclusions about reward pursuit between
economically disparate groups (da Matta, Gongalves, & Bizarro, 2012). For this reason,
there is a need for careful examination of which cues have been utilized to infer underlying
reward and punishment processes in AN to determine whether the cue features or underlying
reward or punishment processing drive observed effects.
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Third, models of reward and punishment focusing on overarching deficits and surpluses may
contribute to an inconsistent body of results due to overlooking heterogeneity of context and,
thereby, direct investigation away from important lines of inquiry. However, such
inconsistencies also could be usefully leveraged to identify qualitative similarities in the cues
that are or are not associated with reward or punishment responses in AN. This approach
would promote an empirical shift from investigating whetherthere are problems with reward
or punishment responding in AN to examining what signals reward or punishment, and
ultimately why or how certain stimuli are associated with reward or punishment
expectancies in AN. Such a perspective is especially important when considering the
maintaining factors associated with AN; whereas, more global processes can be useful in
identifying and modifying risk factors in a broad population, targeting causal factors
demands greater mechanistic precision.

For these reasons, in this paper we review the reward and punishment literatures in AN
through the lens of identifying cue-specific (versus generalized) differences in these
processes, and begin to posit the stimulus qualities that might distinguish reward versus
punishment responses to particular cues in AN. In line with these aims, the manuscript
includes a: (1) brief overview of the research on generalized reward and punishment
abnormalities in AN; (2) systematic review of the cue-specific literature on reward and
punishment abnormalities in AN, focusing on specific stimuli associated with punishment or
reward responses; and (3) discussion of the shared qualities that may unite the cues
generating reward or punishment responses in AN, with suggestions for how these qualities
may inform future research.

Overview of Research on Generalized Reward and Punishment

Abnormalities in AN

Models of general reward deficits and punishment excesses in AN have been reviewed
previously (e.g., Kaye et al., 2013; Wierenga et al., 2014), and it is beyond the scope of this
manuscript to thoroughly detail that literature. However, we provide an abbreviated
overview as a foundation for interpreting cue-based findings on reward and punishment in
AN.

Self-report Personality/Temperament Assessments

On self-report measures, individuals with AN have consistently endorsed higher harm
avoidance or punishment sensitivity, indicating increased awareness of and desire to avoid
aversive experiences, compared to non-eating disorder comparison groups (NCs) and, in
some cases, those with other eating disorders (Atiye, Miettunen, & Raevuori-Helkamaa,
2015; Glashouwer, Bloot, Veenstra, Franken, & de Jong, 2014). Although the findings
related to punishment orientation in AN are consistent, evidence supporting lower self-
reported reward sensitivity and responsivity is mixed. Several studies suggest that
individuals with AN, especially restricting subtype (AN-R), endorse less responsivity to
rewards compared to NCs and those with other eating disorders, at least during acute illness
(Atiye et al., 2015). Individuals with AN have often scored lower on measures of sensation-
seeking, which capture reactions to immediate novel rewards, compared to NCs and those
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with bulimia nervosa (BN) or binge eating disorder (BED; Matton, Goossens, Vervaet, &
Braet, 2015; Rotella et al., 2018). However, in discrepant research, individuals with AN have
scored higher on trait reward measures, indicating /ncreased sensitivity and responsivity to
rewards, especially long-term, social, or appearance rewards, compared to NCs and those
with other eating disorders (Glashouwer et al., 2014; Jappe et al., 2011; Rotella et al., 2018).
These inconsistencies have yet to be reconciled.

Structural and Resting Functional Brain Abnormalities

Neuroimaging data frequently have been referenced to provide support for generalized
differences in reward and punishment processing in AN. The brain regions and circuits
involved in the processing of reward and punishment are complex and often overlapping
(Haber, 2016). However, the structures most commonly cited as involved in the processing
of reward salience and learning include the basal ganglia (e.g., ventral and dorsal striatum)
and areas of the frontal cortex, such as the orbitofrontal cortex (OFC) (Haber, 2016). Those
most frequently implicated in aversive processing include limbic regions (e.g., amygdala,
insula), corresponding with certain parts of the frontal cortex (e.g., anterior cingulate cortex
[ACC]) (Hartley & Phelps, 2012). Compared to NCs, individuals with AN in different
illness stages have been shown to exhibit decreased grey matter volume in reward-related
areas, such as the striatum and OFC (Frank, Shott, Hagman, & Mittal, 2013; Titova, Hjorth,
Schidth, & Brooks, 2013) and, in one study, greater grey matter volume in the anterior insula
(Frank et al., 2013). However, evidence suggests that grey matter volume normalizes with
weight restoration and, therefore, may represent a consequence, rather than cause, of AN
symptoms (Bernardoni et al., 2016). Structural alterations in white matter connectivity
between reward regions (e.g., striatum and OFC) also have been reported in AN across
various illness stages (Cha et al., 2016; Via et al., 2014).

Studies of resting functional connectivity between brain regions have indicated
disorganization of neural networks associated with reward in AN, although the direction of
the findings has been inconsistent: two studies reported reduced connectivity (Haynos et al.,
2018; Kullmann et al., 2014b) and one found increased connectivity between the striatum
and prefrontal cortex (PFC; Cha et al., 2016). Other studies have detected aberrant
functional connectivity of limbic regions associated with punishment, although the precise
nature of these patterns has varied by analysis (Gaudio, Wiemerslage, Brooks, & Schidth,
2016). Thus, initial data suggest altered organization of brain regions associated with reward
and punishment in AN. However, this research is nascent and some findings are mixed.
Additionally, both brain structure and function are sensitive to nutritional status independent
of the psychopathology of AN (Yoncheva, Castellanos, Pizinger, Kovtun, & St-Onge, 2016;
Zamroziewicz, Talukdar, Zwilling, & Barbey, 2017), which presents a common confound to
this research.

Neurotransmitter Abnormalities

The role of dopamine in reward salience and learning is well recognized (Wise, 2004) and
evidence suggests that the dopamine production may be altered in AN. Several studies have
found that weight-restored individuals with AN have more dopamine receptor availability in
the ventral striatum (Frank et al., 2005) and reduced production of homovanillic acid, a
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dopamine metabolite (Kaye, Frank, & McConaha, 1999), compared to NCs. Further,
alterations in the serotonergic system, which is involved in mediating punishment-related
learning (Cools, Roberts, & Robbins, 2008), have been implicated in AN. Some data suggest
that tryptophan, a precursor to serotonin, and 5-Hydroxyindoleacetic acid, a metabolite of
serotonin, are reduced in acute AN (Attia, Wolk, Cooper, Glasofer, & Walsh, 2005), but
elevated following weight restoration (Kaye et al., 1988). Tryptophan depletion also has
been found to reduce anxiety in acute and weight-restored AN (Kaye et al., 2003). It has
been hypothesized that individuals with AN restrict food intake to regulate an over-active
serotonergic system and its associated aversive subjective experience (Bailer & Kaye, 2011).
Starvation may simultaneously inhibit dopamine metabolism, reducing reward sensitivity
(Kaye et al., 2013). However, other findings run contrary to this hypothesis. Some studies
find that tryptophan levels remain low (Gauthier et al., 2014) or are no different than NCs
(Attia et al., 2005) after weight restoration, and other studies have failed to replicate
evidence of reduced dopamine production (e.g., Broft et al., 2015).

Data derived from self-report and neurobiological metrics have informed models
emphasizing general anomalies in reward and punishment processes in AN. This literature
suggests an overall tendency in AN towards higher punishment sensitivity and away from
immediate high-intensity rewards. Differences in brain structure and function (e.g., fronto-
striatal and limbic circuit, dopamine, and serotonin irregularities) have been found that may
contribute to these propensities. Though this literature provides a broad view of the reward
and punishment processes that may characterize AN, certain incongruities remain
unexplained. Analysis of the specific cues used to probe reward and punishment processes,
and their shared features, may enhance understanding of how response tendencies interact
with context in AN.

Systematic Review of Cue-Specific Reward and Punishment Abnormalities

in AN Search Criteria and Results

To examine cue features associated with reward and punishment in AN, a systematic
literature review of PubMed and PsycINFO was conducted according to PRISMA guidelines
(Moher et al., 2009), which included search terms “reward” and “punishment” crossed with
“anorexia nervosa.” A meta-analysis was not conducted due to the extensive heterogeneity
of the methodology in this area. All published studies through July 1, 2019 were
interrogated, including those published online. Inclusion criteria required that papers: (1) be
empirical; (2) be available in English; (3) include human participants; (4) include individuals
with a diagnosis of AN; (5) involve exposure to a specific cue; and (6) examine a domain of
reward or punishment responsivity (e.g., self-report, physiological, neurobiological).
Because this review focused on mechanism, treatment studies were excluded. Reference lists
of retrieved studies were examined to identify other appropriate manuscripts. Study selection
was determined by title and abstract review for initial selection, followed by full-text review
of potentially eligible studies to determine final inclusion. Data were extracted pertaining to
sample characteristics and size, cue category, unit of analysis measured as reward or
punishment response, and primary relevant findings (see Supplemental Table 1). When
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possible, differences between restricting (AN-R) and binge eating/purging (AN-BP)
subtypes were highlighted; however, many studies combined subtypes or investigated only
one subtype. The initial search resulted in 355 non-duplicate studies, 92 of which were
included in the review (see details in Figure 1). Studies not included due to lacking cue
exposure examined temperament, genetics, and resting biology. Studies excluded for not
focusing on reward examined topics not directly relevant to this investigation (e.g., taste
perception). Below, we review the search results organized according to cues associated with
(a) non-reward/punishment; or (b) reward.

Stimuli Associated with Non-Reward and/or Punishment in AN

This section reviews the studies reporting results consistent with reward deficits or
punishment excesses in relation to specific cues in AN. Data on non-reward and punishment
are reviewed together because most studies do not clearly distinguish between these
processes and there is limited information on whether there are distinct biobehavioral
profiles associated with absence of reward versus punishment (Kim, Shimojo, & O’Doherty,
2006). Based on theory, results reflecting negative reactions are referred to as punishment,
whereas reactions that indicate the absence or reduction of appetitive cue responding are
considered non-reward.

Palatable food.—Our review revealed much evidence suggesting that individuals with AN
demonstrate non-reward or punishment responses to palatable food cues. Across several
studies, ill and recovered individuals with AN have rated visual, olfactory, and taste cues for
high-fat and high-calorie foods as less pleasant and have described “liking” (i.e.,
experiencing pleasure from) and “wanting” (i.e., desiring) these foods less than NCs and
individuals with other eating disorders (Cowdrey, Finlayson, & Park, 2013; Godier, Scaife,
Braeutigam, & Park, 2016; Horndasch et al., 2018; Jiang, Soussignan, Carrier, & Royet,
2019; Jiang, Soussignan, Rigaud, & Schaal, 2010; Neimeijer, Roefs, Glashouwer, Jonker, &
de Jong, 2019; Soussignan, Jiang, Rigaud, Royet, & Schaal, 2010; Stoner, Fedoroff,
Andersen, & Rolls, 1996; Uher et al., 2004). In one study with a small AN sample (/7= 6),
participants with AN reported increased negative and decreased positive affect after normal
meals (Anderson, Crow, & Peterson, 2014), which could indicate that this experience was
aversive. A reverse pattern has been shown for loss of control eating, with decreased
negative affect and increased positive affect following the behavior (Engel et al., 2013). This
suggests that binge eating might function differently than other types of eating. Indeed,
individuals with AN-BP have been found to engage in more effort to access certain food
rewards than individuals with BN and NCs (Schebendach et al., 2017).

Similar findings have emerged from studies examining physiological correlates of reward
and punishment response to palatable food cues. High-calorie food cues have been found to
be more emotionally salient in AN. For instance, a study using magnetoencephalography
found enhanced early neural responses to high-calorie food cues, suggesting increased
attention (which could be positively or negatively valanced), among currently ill individuals
with AN-R versus NCs or those recovered from AN (Godier et al., 2016). Similar findings
have emerged from research on event related potentials from electroencephalogram (EEG)
to high-calorie foods (Blechert, Feige, Joos, Zeeck, & Tuschen-Caffier, 2011). Further, in
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response to high-calorie food cues, individuals with AN have displayed marked lower
zygomatic (Soussignan, Schaal, Rigaud, Royet, & Jiang, 2011) and higher corrugator
(Soussignan et al., 2010) activity, indicating less positive and more negative facial
expression, compared to NCs. These findings correspond with experimenter ratings of
observed facial affect, which have demonstrated that individuals with AN smile less in
response to palatable food cues (Soussignan et al., 2010). Behavioral tasks to measure
implicit food attitudes and motivations have revealed similar findings reflecting non-
appetitive or aversive implicit responses to palatable foods relative to NCs (Cowdrey et al.,
2013; Neimeijer, de Jong, & Roefs, 2015; Neimeijer et al., 2019; Payne, Cheng, Govorun, &
Stewart, 2005; Spring & Bulik, 2014; Veenstra & de Jong, 2011).

The neuroimaging findings on reward responses to palatable food cues are more mixed.
Findings from several functional magnetic resonance imaging (fMRI) studies have been
interpreted as highlighting deficient reward responding and enhanced punishment
responding to food cues. For instance, in some studies, individuals with AN have exhibited
less activation in reward-related regions (e.g., ventral tegmental area, dorsal striatum) in
response to palatable food cues compared to those with BN (Brooks et al., 2011; Jiang et al.,
2019). Additional research has identified reduced responding in regions such as the dorsal
striatum, insula, amygdala, ACC, and OFC in response to palatable food tastes, scents, and
images in ill and recovered individuals with AN compared to NCs (Holsen et al., 2012; Jiang
et al., 2019; McFadden, Tregellas, Shott, & Frank, 2014; Oberndorfer et al., 2013a), which
has varied depending on hunger and satiety level. The hypoactivity patterns identified in
these studies were interpreted as evidence of reward disturbance, although several of these
identified regions (e.g., amygdala, insula) have been implicated in aversive responding
(Hartley & Phelps, 2012). Indeed, other studies have cited Ayperactivity of these regions to
anticipation and receipt of palatable food cues in various stages of AN as evidence of
heightened punishment responding to these stimuli (Cowdrey, Park, Harmer, & McCabe,
2011; Ellison et al., 1998; Joos et al., 2011; Oberndorfer et al., 2013b; Vocks, Herpertz,
Rosenberger, Senf, & Gizewski, 2011). In addition, one study found that reward- and
punishment-related circuitry responses depended on internal state. When experiencing
greater stomach sensations, individuals with AN showed less activity in the ventral
tegmental area and more activity in the amygdala and ACC in response to palatable versus
less palatable food cues (Kerr, Moseman, Avery, Bodurka, & Simmons, 2017).

A parallel line of evidence has highlighted enhanced activation of frontal regions associated
with reward inhibition (e.g., medial PFC; ACC) in response to high-calorie food cues among
acute and recovered individuals with AN (Kerr et al., 2017; Uher et al., 2003; 2004). Further,
during food prediction error (reflecting the difference between anticipated and actual receipt
of a sweet versus neutral taste), functional connectivity between the striatum and
hypothalamus has been associated with higher OFC and insula responding for individuals
with AN (Frank et al., 2018), which could also signal enhanced cognitive control over food
reward. However, this study examined absolute prediction error, not response to unexpected
food receipt specifically; thus, it cannot be determined if these effects reflect response
patterns to all unanticipated events, or just unexpected sweet taste delivery. Finally, one
study of individuals with AN reported hypoactivity in the putamen during a food-related
go/no-go inhibition task in which they were expected to inhibit prepotent responses to food
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stimuli, suggesting that they required less engagement of inhibitory networks to restrain
food-related responses (Kullmann et al., 2014a). However, this pattern of neural responding
was also found for a go/no-go task not related to food. Together these data suggest that
responses to palatable food cues may be characterized by less reward, more aversion, and
inhibition in AN.

In contrast, other research has identified enhanced activation in reward circuitry in response
to palatable food cues in AN. Studies have found increased brain activity in reward-related
regions, such as the ventral and dorsal striatum, OFC, and dorsolateral PFC to the sight and
taste of palatable food among individuals with AN in different illness stages compared to
NCs (Cowdrey et al., 2011; Frank et al., 2012; Monteleone et al., 2017; Rothemund et al.,
2011; Sanders et al., 2015). One group found that individuals with AN exhibited greater
activity in the striatum and insula corresponding with sweet taste absolute prediction error
compared to NCs (Frank et al., 2018) and enhanced ACC activation associated with the
value of an expected food reward compared to NC and BN groups (Olsavsky, Shott,
DeGuzman, & Frank, 2018). This suggests that individuals with AN may closely track food
contingencies. Similar findings have emerged from studies of individuals recovered from
AN, including one that found increased activation relative to NCs in the ventral striatum to a
chocolate taste (Cowdrey et al., 2013). Another identified elevated insula activity after
omission of an expected food reward, potentially reflecting aversion to food omission
(Frank, Collier, Shott, & O’Reilly, 2016).

In sum, self-report and implicit measures have captured reduced reward and enhanced
punishment responses to palatable food cues in AN, except in the case of binge eating.
Several neuroimaging studies similarly suggest reduced reward and enhanced aversion and
inhibition responses to palatable food cues in AN, but there are also a number of studies
reporting an opposite pattern in which reward response to food cues is enhanced in AN.

Normal- or higher- weight bodies.—Contrasting the literature on responses to
palatable food in AN, research on reactions to cues of normal or higher body mass have
more consistently demonstrated an aversive reaction to these cues among individuals with
AN. 11l and weight-restored individuals with AN have been found to rate visual cues of
normal and overweight bodies more negatively than NCs (Cserjési et al., 2010; Horndasch et
al., 2018; Spring & Bulik, 2014; Sweitzer et al., 2018). Implicit measures have also found
individuals with AN to display stronger automatic attentional biases (Redgrave et al., 2008)
and implicit negative biases (Cserjési et al., 2010; Spring & Bulik, 2014) to overweight cues.
Additionally, relative to NCs or people with BN, ill and weight-restored individuals with AN
have demonstrated elevated amygdala response to body-focused visual stimuli, such as
pictures of their body distorted to be larger, pictures of normal weight women, or negative
body image words (Miyake, Okamoto, Onoda, Kurosaki, et al., 2010; Miyake, Okamoto,
Onoda, Shirao, et al., 2010; Pruis, Keel, & Janowsky, 2012; Seeger, Braus, Ruf, Goldberger,
& Schmidt, 2002; Vocks et al., 2010). Individuals with current or recent AN also have shown
lower striatal activation relative to NCs to normal or higher weight body cues (Fladung,
Schulze, Schéll, Bauer, & Gron, 2013; Sweitzer et al., 2018). Thus, across measures, stimuli
of normal and higher weight bodies have been associated with non-reward and punishment
responses in AN.
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Social contexts.—Social stimuli have also been found to elicit reduced reward responding
and evidence of punishment in AN. Compared to NCs, individuals with current or lifetime
AN have been found to display greater attentional biases towards angry or rejecting social
cues (Cardi, Di Matteo, Corfield, & Treasure, 2013; Cserjési, Vermeulen, Lénard, &
Luminet, 2011), more accurate recall of rejection experiences (Via et al., 2015), and
hyperactivation of attentional networks during social rejection (Via et al., 2015). These
findings suggest that negative social experiences may be especially salient for individuals
with AN. Studies have also found individuals with AN to report less positive ratings and
display more negative affect (Davies, Schmidt, & Tchanturia, 2013) and avoidance (Davies,
Schmidt, Stahl, & Tchanturia, 2011) related to aversive social stimuli. Further, individuals
with AN have demonstrated elevated insula activation relative to NCs when exposed to
pictures of infants displaying negative affect (Leppanen et al., 2017b). Thus, negative social
stimuli tend to yield punishment-consistent responses for those with AN.

A less expected set of findings are those that have indicated less reward responding and, in
fact, more punishment responding to positive social stimuli for individuals with AN. Studies
have found individuals with AN to rate positive social cues, such as accepting faces and
social touch, as less pleasant than NCs (Cardi et al., 2015; Crucianelli, Cardi, Treasure,
Jenkinson, & Fotopoulou, 2016; Davies et al., 2013). Additionally, individuals in different
stages of AN have been shown to display less positive and more negative facial affect in
response to positive social cues (Cardi et al., 2015; Davies et al., 2013) and are more
avoidant of these cues (Cardi et al., 2013; Watson, Werling, Zucker, & Platt, 2010) compared
to NCs. Consistent with this literature, individuals with AN have been found to exhibit
elevated amygdala and insula reactivity to faces displaying positive affect (Leppanen et al.,
2017h, 2017a). Individuals with AN also have shown aberrant activity of brain regions
associated with cognitive control in response to positive social stimuli, though the direction
of these findings is mixed (Boehm et al., 2018; Leppanen et al., 2017b; Via et al., 2015).
Additionally, one study did not find any difference in neural activity between individuals
with AN and NCs in response to social cues (Sweitzer et al., 2018). This literature also
contrasts with data suggesting self-reported sensitivity to social rewards in AN (Glashouwer
et al., 2014), which may indicate that responses to social cues may vary according to stage
of illness (e.g., risk versus maintenance) or the quality or intensity of the social stimuli.
However, the clinical presentation of AN is often associated with social anhedonia,
submission, and avoidance (Hartmann, Zeeck, & Barrett, 2010; Tchanturia et al., 2012) and
elevated threat and reduced reward responses to social cues may underlie these interpersonal
difficulties.

Monetary gains.—A notable literature has suggested that individuals with AN (especially
AN-R) orient less towards immediate monetary gain compared to NCs (Decker, Figner, &
Steinglass, 2015; Steinglass et al., 2017a) or individuals with BN or BED (Bartholdy et al.,
2017; Chan et al., 2014; Steward et al., 2017), preferring instead to opt for greater monetary
gains at a later time. Additionally, individuals with AN have been shown to under-value
immediate receipt of monetary rewards relative to interpersonal processes such as fairness in
money-sharing games (Isobe et al., 2018). In acute and recovered stages of AN, these
monetary choice preferences have corresponded with different patterns of responding in
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reward- and control- related brain regions. For instance, relative to NCs, individuals with AN
have demonstrated less activation in the striatum and ACC when delaying monetary receipt
(Decker et al., 2015), as well as poorer differentiation between monetary wins and losses in
the ventral striatum (Wagner et al., 2007). Further, whereas NCs have demonstrated greater
positive affect and reward circuit activation following immediate monetary gains when
hungry and more cognitive control circuit activation in response to monetary decision-
making when full, positive affect and reward and control circuit activation has been found to
be unrelated to hunger in different stages of AN (Piccolo et al., 2019; Wierenga et al., 2015).
Other studies have found PFC function to differ for individuals with a history of AN during
decision-making and anticipation regarding monetary gains, though the direction of these
findings has varied (Ehrlich et al., 2015; King et al., 2016). These studies provide evidence
that immediate monetary gain may be less salient for individuals with AN.

However, a discrepant literature suggests that reward responding to immediate monetary
gain may be the same or enhanced in AN relative to NCs. Some research has found no
difference in preferences for immediate receipt of money between individuals with current
or past AN and NCs (King et al., 2016; Ritschel et al., 2017). Similarly, several studies
suggest that positive affect and reward circuit activation to anticipation or receipt of
monetary gains are no different (Bernardoni et al., 2018; Bischoff-Grethe et al., 2013; Murao
et al., 2017; Piccolo et al., 2019) or elevated (DeGuzman, Shott, Yang, Riederer, & Frank,
2017) in AN versus NC participants. Additionally, weight-restored groups with AN have
displayed greater activation of the striatum, ACC, and dorsolateral PFC during monetary
choice and gain compared to NCs, especially when sated (Decker et al., 2015; Wagner et al.,
2007; Wierenga et al., 2015). Thus, data on response to monetary gains in AN are mixed and
potentially affected by other factors (e.g., hunger, weight).

Monetary losses.—Findings demonstrating that monetary losses yield punishment
responses for individuals with AN are less equivocal. On behavioral tasks, individuals with
AN at various stages of illness have been found to direct greater attention to monetary losses
(Giannunzio et al., 2018), learn contingencies more readily after losses (Bernardoni et al.,
2018), and shift away from decisions that lead to losses (Geisler et al., 2017; Ritschel et al.,
2017) compared to NCs. In contrast, two studies suggested that individuals with AN
demonstrated less aversion to monetary losses than NCs and individuals with BN (Chan et
al., 2014; Verharen et al., 2019). In neuroimaging studies, individuals with AN have
exhibited elevated ACC activation prior to making behavioral changes after monetary loss
(Geisler et al., 2017) and elevated ACC and insula response to anticipated or actual
monetary loss (Bischoff-Grethe et al., 2013; Murao et al., 2017). Further, compared to NCs,
individuals acutely ill with or recovered from AN also have exhibited elevated response to
monetary loss or omission in brain regions such as the medial frontal cortex and OFC
(Bernardoni et al., 2018; Bischoff-Grethe et al., 2013; DeGuzman et al., 2017; Ritschel et
al., 2017; Wagner et al., 2007), suggesting that monetary loss may engage circuitry that
assists in learning from the aversive experience.

Summary.—Several studies utilizing self-report, implicit measures, and neuroimaging
methods have suggested deficits in reward responding to palatable food cues in AN.
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However, a discrepant neuroimaging literature has suggested potentially enhanced reward
responding to palatable food cues among individuals with AN. A growing literature using
monetary cues to assess deficits in reward and punishment responsivity has generally
identified monetary loss as aversive to individuals with AN, but is mixed in terms of
responding to monetary gains. The literatures on reactions to social cues and normal- and
higher-weight stimuli are less developed, but both consistently suggest that these cues are
associated with punishment in AN.

Stimuli Associated with Reward and/or Non-Punishment

The following section reviews studies indicating cues for which there is evidence of
subsequent enhanced reward response or decreased aversive response in AN. These data are
not yet reconciled within theories of global reward and punishment processing abnormalities
in AN.

Restrictive eating.—Restrictive eating precedes the development of AN (Affenito, Dohm,
Crawford, Daniels, & Striegel-Moore, 2002), persists following treatment (Mayer,
Schebendach, Bodell, Shingleton, & Walsh, 2012), and predicts relapse (Schebendach et al.,
2011). Thus, it can be hypothesized that restrictive eating cues would be associated with
enhanced reward responding in AN. This idea is supported by initial data from ecological
momentary assessment (EMA) studies examining real-time affective patterns relative to
disordered eating. EMA studies in AN have found: (1) positive affect to be higher and
negative affect to be lower before, during, and after restrictive eating episodes compared to
normal meals (Fitzsimmons-Craft et al., 2015), (2) positive affect lability to be associated
with greater restrictive eating (Selby et al., 2015), and (3) restrictive eating to be associated
with subsequent decreases guilt in AN and increases in self-assurance for individuals
specifically with AN-R (Haynos et al., 2017). These studies suggest that restrictive eating is
associated with seemingly desirable emotional outcomes in AN.

Studies examining reactions to low-calorie food items as a proxy for restrictive eating also
have yielded data consistent with greater reward responding to these cues. Individuals with
AN have been found to show greater attentional bias to low-calorie foods compared to NCs
(Blechert et al., 2011; Novosel et al., 2014). Further, relative to NCs, individuals with AN in
different illness stages have rated healthier foods as tastier (Foerde, Steinglass, Shohamy, &
Walsh, 2015) and displayed more explicit (Cowdrey et al., 2013; Scaife et al., 2016; Stoner
et al., 1996) and implicit (Cowdrey et al., 2013; Neimeijer et al., 2015) “liking” and
“wanting” of low-calorie foods (one study found less liking of low-calorie foods; Veenstra &
de Jong, 2011).

Findings from neuroimaging studies also have indicated that exposure to low-calorie food
items is associated with reactions consistent with reward. One study found that compared to
NCs, individuals with AN exhibited greater functional connectivity between the dorsal
striatum and dorsolateral PFC in response to food choices, which correlated with lower test
meal caloric intake (Foerde et al., 2015). Another found a significant positive association
between OFC activation in response to low-calorie food cues and fasting acylated ghrelin for
individuals with AN-R, which was interpreted as hunger enhancing the value of low-calorie
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foods (Holsen et al., 2014). Additional research also demonstrated decreased activation of
the frontal pole in response to low-calorie food images, which may imply less engagement
of brain regions involved with cognitive inhibition (Scaife et al., 2016). The sum of these
findings suggest that low-calorie foods may be associated with reward salience and value in
AN.

Thinness.—Another characteristic of AN is a drive towards thinness (APA, 2013). Thus,
thinness cues would be expected to prompt reward responses in AN. Findings have been
mixed on explicit liking of thin bodies; in some studies individuals across various stages of
AN have rated thin bodies more positively (Fladung et al., 2010; Horndasch et al., 2018) and
in others no differently (Cserjési et al., 2010; Horndasch, Heinrich, Kratz, & Moll, 2012;
Spring & Bulik, 2014; Watson et al., 2010) than NCs. However, when examining implicit
indicators, a consistent picture has emerged supporting thinness cues as signaling reward in
AN. In one study, conducted on a small sample (7= 12), individuals with AN showed
greater attentional bias to thinness cues compared to NCs (Redgrave et al., 2008). In another
study utilizing eye tracking data, weight-restored individuals with AN, when shown a
picture of a slender female, looked longer at her body, whereas NCs looked longer at her
face (Watson et al., 2010). Individuals with AN also may be motivated by their own
thinness; weighing and body checking have been associated with negative and positive affect
lability in EMA research (Engel et al., 2013; Selby et al., 2015).

There is also behavioral evidence that thin bodies generate appetitive responses among
individuals with AN. In a monetary choice task, in which subjects could sacrifice money to
view images, individuals weight-restored from AN sacrificed monetary gain to a greater
degree to view thinner bodies (Watson et al., 2010), which suggests greater reward value of
thinness over monetary gain. Psychophysiological research yields similar data. Studies have
found elevated skin conductance, decreased eyeblink startle, and increased EEG late positive
potential to underweight stimuli among individuals with current or lifetime AN, indicative of
increased salience and appetitive responding to these cues (Clarke, Ramoz, Fladung, &
Gorwood, 2016; Horndasch et al., 2018; Horndasch et al., 2012; O’Hara, Keyes, Renwick,
Giel, et al., 2016a). Further, viewing underweight bodies has been associated with greater
ventral striatum activation compared to viewing normal weight bodies for individuals with
AN (Fladung et al., 2013; Fladung et al., 2010). Another study found that viewing words
depicting thinness was associated with hyperactivation in the insula and frontal lobes, which
was interpreted as reflecting reward responsivity (Redgrave et al., 2008). Thus, across
methods, there has been evidence that thinness cues are associated with appetitive
responding in AN.

Physical activity and compensatory behavior.—Many individuals with AN engage
in excessive exercise and/or compensatory behavior, such as purging (APA, 2013).
Accordingly, there is also evidence that physical activity and purging are associated with
reward responding in AN. Across several studies, individuals with AN have exhibited
greater attentional bias to physical activity cues (Giel et al., 2013; O’Hara et al., 2016a),
rated these cues as more pleasant (Giel et al., 2013), and reported greater positive affect
lability on days with more physical activity (Selby et al., 2015). Further, ill and recovered
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participants with AN have been found to exert more effort to engage in physical activity
compared to NCs (Klein et al., 2010; O’Hara, Keyes, Renwick, Leyton, et al., 2016b),
although this tendency has been shown to be more pronounced when underweight (Gianini
etal., 2016). For compensatory behavior, EMAmeasured negative affect has been found to
decrease after vomiting, suggesting that this behavior is also associated with desirable
affective consequences (Engel et al., 2013).

Neuroimaging evidence suggests that physical activity may be more difficult for individuals
with AN to inhibit. In one study, individuals with AN displayed increased PFC activation
during a go/no-go task with physical activity cues compared to NCs, suggesting more
cognitive effort to resist responding to these cues (Kullmann et al., 2014a). The same group
found an association between elevated physical activity and reduced functional connectivity
between frontal brain regions involved in motor inhibition for individuals with AN
(Kullmann et al., 2014a). In the context of the broader literature, these data suggest that
reward derived from exercise may make inhibition of such behavior more challenging
among those with AN.

Physical pain.—Several studies have suggested that individuals with AN display elevated
tolerance to thermally and mechanically induced pain compared to NCs (e.g., Bér, Berger,
Schwier, Wutzler, & Beissner, 2013; Lautenbacher, Pauls, Strian, Pirke, & Krieg, 1990,
1991). Although there has been little examination of whether this heightened pain tolerance
reflects lesser punishment from pain or greater distress tolerance, one study found that
participants with AN had less insula activation compared to NCs during exposure to
thermally-induced pain, which could indicate that physical pain leads to less aversive
responding in AN (Bér et al., 2013). Further investigation is needed to better understand the
function of physical pain in AN.

Summary.—Self-report, behavioral, psychophysiological, and neuroimaging data converge
to suggest that several disorder-relevant stimuli, including cues for restrictive eating,
thinness, physical activity, and purging are associated with enhanced reward and decreased
punishment response in AN. It is unclear whether there are stimuli unrelated to the disorder
associated with enhanced reward or reduced punishment for individuals with AN relative to
NCs. Emerging data suggest that this could be the case for physical pain, but more research
is needed.

Discussion

In this systematic review, we investigated the literature on reward and punishment
responding using a cue-specific lens to determine: (1) whether there were studies that ran
counter to prevailing theories suggesting that individuals with AN are globally over-
responsive to punishment and under-responsive to reward and; (2) if so, whether information
could be gleaned from these discrepancies to better understand the reward and punishment
properties salient to this population. Many studies were identified that demonstrated
heightened punishment and decreased reward responding in AN; however, there were also
many demonstrating an opposite pattern. Importantly, this indicates that individuals with AN
do have the capacity for heightened reward and decreased punishment responding under
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certain conditions. With a few exceptions, these patterns of responding were organized
according to the specific cues presented to participants. Considered in the context of the
temperamental and neurobiological data demonstrating more widespread patterns of
punishment versus reward sensitivity in AN, the findings of this review suggest that, while
individuals with AN might tend towards prioritizing safety over pursuit of novelty, these
tendencies do not apply to all contexts. Indeed, given these pre-existing response patterns,
the situations that elicit reward responding and/or decrease aversive responding in this
population can be considered to be particularly potent reinforcers.

One anticipated finding of this review was that reward and punishment responding were
consistent with disorder-specific patterns reflecting the phenomenology of AN. Normal- and
higher- weight cues reliably evoked punishment responses, whereas restrictive eating,
exercise, purging, and thinness contexts consistently prompted reward responses. Reactions
to palatable food cues were highly variable, which corresponds with the ambivalence with
which individuals with AN interact with food in a way that results in a paradoxical
combination of avoidance (e.g., restrictive eating) and approach (e.g., preoccupation, binge
eating) (Murray & Strigo, 2018). In contrast, fewer studies examined responses to cues not
directly related to core eating disorder symptoms, such as social stimuli and monetary
rewards. Although studying responses to disorder-specific cues has provided important data
about experiences surrounding symptom engagement, this approach cannot yield
information about the more generalized functioning of response systems, which could
represent shared mechanisms with other psychiatric illnesses.

While there was variability in the literature across different cues, the findings relating to
punishment responding emerged as more consistent than those related to reward responding.
To our knowledge, all studies investigating self-reported temperament have identified
elevated punishment sensitivity in AN (Atiye et al., 2015; Harrison et al., 2010).
Additionally, cues typically considered aversive (e.g., social threat, monetary loss) were
reliably met with responses consistent with punishment in AN. One potential exception may
be that of physical pain, which some evidence suggested might be less punishing for
individuals with AN (Bér et al., 2013), although more research is needed in this area. In
contrast, the literature on reward responding was far more mixed with multiple exemplars in
which reward response was heightened in AN. These findings indicate that the tendency to
excessively respond to punishment may be more generalized than the tendency to orient
away from reward in this population. However, punishment responding is heightened in
other psychiatric disorders (Miettunen & Raevuori, 2012), potentially signaling a non-
specific distress marker versus a unique mechanism of AN.

Shared Properties of Rewarding and Punishing Cues in AN

A primary goal of our systematic review was to closely examine the specific variables
associated with reward and punishment experiences in AN to determine if there were
properties shared among these cues that could inform why or how certain experiences
become rewarding or punishing in this population. Therefore, below we present suggestions
about several qualities that may unite the cues evoking reward or punishment responding for
individuals with AN.
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Predictability versus unpredictability.—Intolerance of uncertainty, reflecting a
negative reaction to unpredictable contexts, has been noted as being salient for individuals
with AN (Brown et al., 2017). Human and animal studies suggest that, for most organisms,
unpredictable punishment is more aversive than predictable punishment, but that this
tendency is enhanced in certain psychiatric disorders (Grillon et al., 2017). In contrast,
unpredictable rewards are usually associated with greater appetitive responding than
predictable rewards (Berns, McClure, Pagnoni, & Montague, 2001), resulting from elevated
short-term phasic dopamine response (Hernandez et al., 2007). However, there is evidence
that rapid dopamine release may be anxiogenic, rather than pleasurable, in AN (Bailer et al.,
2012), making unpredictable reward potentially less positive for this population.
Furthermore, there is evidence suggesting that individuals in different stages of AN make
slower (Piccolo et al., 2019) and poorer (Giannunzio et al., 2018) decisions than NCs in
uncertain or ambiguous contexts. Studies have also found enhanced insula responses to
unexpected punishment and reward in AN (DeGuzman et al., 2017; Frank et al., 2016),
potentially signaling an aversive reaction to both such consequences.

For individuals with AN, pursuit of weight loss may constitute a process associated with
relatively predictable outcomes. There is evidence that AN is associated with genetically
determined metabolic tendencies towards leanness (Watson et al., 2019); therefore, weight
loss behaviors are likely to reliably lead to the valued state of thinness in this group.
Similarly, the immediate aversive consequences (e.g., hunger, fatigue) of weight loss
behaviors are expected physiological outcomes. This matches the framework of studies
investigating pain tolerance in AN, in which participants were predictably alerted to
impending pain administration. Thus, one quality that restrictive eating, thinness, exercise,
and physical pain cues may share is that they signal predictable, rather than unpredictable,
expectancies of short-term reward and punishment. Supporting this idea, activity in the
dorsal striatum, which has been shown to be especially reactive to food cues in AN (Foerde
etal., 2015; Sanders et al., 2015; Zhu et al., 2012), tends to be more active in situations
signaling predictable versus unpredictable rewards (Tanaka et al., 2006). In contrast, social
and eating situations are often associated with uncertainty due to multifaceted factors
producing fluctuations in human behavior and momentary weight, perhaps contributing to
their punishing and/or non-rewarding qualities in AN.

Controllability versus uncontrollability.—Related to predictability is the construct of
controllability, with the latter representing a state in which consequences are not only
expected, but also under one’s volition. Substantial data suggest that humans and other
animals prefer controllable over uncontrollable punishments (Rigoli, Pavone, & Pezzulo,
2012). Similarly, most individuals prefer controllable rewards (Miura, Tanabe, Sasaki,
Harada, & Sadato, 2017) and perform better on tasks that provide a sense of outcome
controllability (Murayama et al., 2015).

This preference may be enhanced in AN. Iliness narratives of AN often indicate that eating
disorder symptoms provide a sense of control when other aspects of life are uncontrollable
(Espindola & Blay, 2009). Because adolescents and adults are mostly responsible for their
own eating and exercise habits, and there is evidence that individuals with AN have an

enhanced capacity for leanness (Watson et al., 2019), weight loss and associated behaviors
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may represent situations in which the consequences are perceived as controllable. An
orientation towards controllable outcomes could also explain the high academic achievement
that has been reported in AN (Sundquist, Ohlsson, Winkleby, Sundquist, & Crump, 2016).
Academic contexts that reward effort in addition to ability represent situations in which
outcomes can be under one’s control. This may also contribute to initial findings of
heightened pain tolerance in AN, given that most pain studies allow participants to control
when painful stimuli are terminated. This preference for controllability could also explain
the aversive nature of social situations for those with AN, as social outcomes are often out of
one’s control. Indeed, individuals with AN express a reduced sense of control over social
situations (Soh, Surgenor, Touyz, & Walter, 2007).

Immediacy versus delay.—Individuals with AN pursue weight loss efforts despite the
initially distal nature of the rewarding outcome (Walsh, 2013). One explanation for this
pattern is that individuals with AN are drawn to long-term rewards. Most organisms devalue
rewards delivered later over those delivered immediately (da Matta et al., 2012) and this
tendency is heightened in most externalizing psychiatric disorders (Lempert et al., 2018).
However, as previously noted, there is evidence that individuals with AN may show
enhanced preference for delayed over immediate monetary gains compared to NCs and other
eating disorder and psychiatric groups (Lempert et al., 2018). On delay discounting tasks,
individuals with AN have been shown to make quicker decisions (Ritschel et al., 2015),
especially when accepting delayed rewards (Decker et al., 2015), suggesting an automaticity
of this response. Although a common interpretation has been that individuals with AN are
engaging enhanced self-control to inhibit short-term reward pursuit (Steward et al., 2017), an
alternative explanation is that individuals with AN experience longer-term rewards as more
gratifying than short-term rewards. Valuable delayed rewards activate reward circuitry
(Prévost, Pessiglione, Météreau, Cléry-Melin, & Dreher, 2010), suggesting that these neural
systems can facilitate desire for long-term rewards. Less is known about preferences for
immediate versus delayed punishments; however, some research suggests that most people
prefer immediate punishment to mitigate dread (Story et al., 2013). Although this has not
been directly tested in AN, it is possible that this tendency is enhanced among this group,
which has been shown to exhibit enhanced insula activation to punishment anticipation
(Frank et al., 2016; Murao et al., 2017).

The pursuit of weight loss often involves immediate discomfort in exchange for a long-term
desired outcome. In contrast, food reward is relatively immediate and negative health
consequences from persistent over-consumption are delayed. Thus, preference for immediate
punishment in the service of delayed rewards may contribute to symptoms of AN. This
tendency may be enhanced if weight loss yields positive outcomes, as data suggest that
preference for a delay cue is enhanced with positive conditioning to the delayed outcome
(Fobbs & Mizumori, 2017). Further, willingness to tolerate short-term discomfort has been
found to be enhanced when long-term outcomes are highly valued (da Matta et al., 2012).
Thus, an alternate possibility is that individuals with AN are not more inclined towards long-
term rewards, but rather certain long-term rewards (e.g., thinness) are so compelling that
they override automatic tendencies to over-emphasize short-term outcomes. More research is
needed to investigate these hypotheses.
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Effortful versus non-effortful.—For most organisms, mental and physical effort is
considered aversive and actively avoided. High effort activities have been associated with
physiological (Van Boxtel & Jessurun, 1993) and neurobiological (Massar, Libedinsky,
Weiyan, Huettel, & Chee, 2015) responses consistent with aversion. As such, humans and
non-human animals have been shown to typically select low effort work options when
available and to forgo rewards to avoid effort (Inzlicht, Shenhav, & Olivola, 2018). Thus,
most theories conceptualize effort as a punishing experience. However, a contrasting
literature suggests that effort can be rewarding. Outcomes following high effort have been
associated with greater subjective value (Inzlicht et al., 2018) and activation in reward
circuitry (Dobryakova, Jessup, & Tricomi, 2017). Consequently, effortful behavior itself can
be conditioned to become rewarding (Eisenberger, 1992). Individual differences in the desire
to engage in effortful actions have been found, as some people more readily seek mental and
physical challenges than others (Chevalier, 2018).

As noted, individuals with AN have been found to demonstrate an elevated propensity
towards persistence (e.g., Lloyd et al., 2014). Thus, it is possible that individuals with AN
tend towards experiencing appetitive, rather than aversive effects from sustained effort. This
preference could account for why behaviors such as restrictive eating and physical activity
have been shown to generate reward responding, as each require sustained effort to obtain
the desired outcome. This corresponds with the finding from some research that individuals
with AN will work harder to exercise than NCs (Klein et al., 2010). In contrast, other stimuli
that have not been shown to be as clearly rewarding to individuals with AN either typically
do not require sustained effort to obtain (e.g., food, immediate monetary reward), or else do
not benefit from effortful action (e.g., effort does not necessarily lead to positive social
interactions).

Summary.—We posit that cue properties may contribute an experience being rewarding or
punishing for individuals with AN. Based on the prior research, we expect that individuals
with AN may be drawn to reward cues that are predictable, controllable, delayed, and/or
effortful and may avoid punishment cues that are unexpected, uncontrollable, and/or
delayed.

There are several considerations to be noted regarding the reviewed research. A first major
limitation of the research on reward and punishment responding in AN is that many
interpretations have been predicated on reverse inference derived from implicit or biological
metrics. Although the accumulation of neuroimaging and psychophysiological data on
reward- and punishment- associated processes is a relative strength of this literature, caution
is needed when extrapolating psychological experience or intention from biology alone.
Interpretation based solely on biological indices can often lead to circular logic (e.g., food
cues evoke different striatal responses between individuals with AN and NCs, thus reward
responding must be different because it is known that food is a reward based on striatal
responses from NCs). Further, there is evidence of significant functional overlap between the
neural and physiological responses associated with reward and punishment (Haber, 2016),
which has led to inconsistencies in the interpretation of which biological patterns constitute
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reward versus punishment and complicated the synthesis of results across studies. Activation
in the same regions (e.g., insula, amygdala) has at times been interpreted as reflecting
reward responding (Holsen et al., 2012; Oberndorfer et al., 2013a), and at others as
demonstrating punishment responding (Ellison et al., 1998; Joos et al., 2011; Vocks et al.,
2011). Similarly, many implicit (e.g., attention bias) and psychophysiological (e.g., heart
rate) measures capture salience, not valence, and therefore have been alternatively suggested
to highlight appetitive or aversive interest (e.g., Redgrave et al., 2008). Indeed, often
biological differences have been detected without evidence of different behavior between
groups, leading to confusion in how to interpret findings. For parallel reasons, little attention
has been paid to untangling punishment from non-reward, or positive from negative
reinforcement (Kim et al., 2006), limiting the specificity with which the mechanisms
promoting eating disorder behavior are understood. This is particularly confusing in the case
of behavioral patterns like restrictive eating, which could constitute states motivated by
reward (i.e., approaching thinness) or punishment (i.e., avoiding weight gain).

Additionally, studies in this area, like many in the eating disorders field, have enrolled small
samples. The median size for AN samples across reviewed studies was n= 20 (range: n=3
to 121), with over 70% of papers included fewer than 30 participants with AN. Studies
utilizing fMRI in particular tended to include smaller AN samples (median: 7= 16). As a
result, a substantial amount of work in this area is likely to be underpowered and non-
conclusive. The samples have also been homogeneous (mostly enrolling Caucasian females)
and potentially not generalizable to the broader population with AN. Further, inconsistencies
in stimulus sets, even in the same cue category (e.g., palatable foods), have introduced
variability limiting the ability to compare across studies. For example, most studies finding
an enhanced reward response to food cues used sweet stimuli (e.g., Frank et al., 2018, 2012;
Olsavsky et al., 2018), and studies finding reduced reward responding to food used high-fat
stimuli (e.g., Brooks et al., 2011; Cowdrey et al., 2013; Godier et al., 2016). Given that
restrictive eating in AN focuses on eliminating foods higher in fat, not carbohydrate content
(Mayer et al., 2012), such differences can impact findings.

Other factors may contribute to the variability in findings on reward and punishment
responding in AN. This literature spans across different versions of diagnostic classification
systems; therefore, the criteria used for AN diagnosis were not consistent. Additionally,
diagnostic subtype received variable treatment across studies: some reported separate results
for subtypes, many combined subtypes, and others focused only on AN-R. Most research
also did not control potential confounding variables (e.g., food intake, menstrual status,
medication use, co-morbidities), despite evidence that these variables alter bio-behavioral
responding (Frank, Favaro, Marsh, Ehrlich, & Lawson, 2018). Further, few studies
considered the relationship of duration of illness in reward and punishment responding,
despite models suggesting that contingency patterns shift over stages of illness (Walsh,
2013). Similarly, neurodevelopmental stage impacts reward- and punishment-based
decision-making (Braams, van Duijvenvoorde, Peper, & Crong, 2015), yet few studies
compared response patterns in adolescents versus adults with AN. Finally, our review may
have been limited by considering only published studies available in English, as well as by
not requiring a comparison group or control condition, which yielded a more comprehensive
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survey of the literature in this area, but also may have allowed the inclusion of certain
studies of comparatively lesser quality in the review.

Future Directions

Based on this review, it is clear that contextual variables, both those that pertain to sample
characteristics (e.g., age, chronicity, hunger) and those that reflect stimulus properties (e.g.,
type of reward/punishment cue, including qualities of when and how these outcomes occur),
warrant further attention in the research on reward and punishment processes in AN. In
future investigations of reward and punishment, contextual variables should be either
carefully considered when drawing conclusions to avoid overgeneralization or manipulated
to investigate their specific influence in AN. Theories on reward and punishment have been
more fully specified to account for a range of relevant environmental and biological
variables in other areas of the behavioral sciences, such as addictive and mood disorders
(e.g., Berridge & Robinson, 2016; Dygdon & Dienes, 2013). However, more research
informed by these and other models is needed to produce a fine-grained analysis of the
reward and punishment mechanisms in AN that considers the influence of cue qualities.
Several recommendations may support this goal.

First, our review suggested that most research in this area (nearly two-thirds of the reviewed
studies) has focused on disorder-relevant cues (e.g., food). Even personality or temperament
measures, which proport to assess generalized reward and punishment tendencies, include
disorder-relevant items (e.g., pertaining to appearance or eating) that limit their ability to
determine broader psychological functioning in AN (Glashouwer et al., 2014). To better
understand basic learning processes that contribute to AN, it will be essential to examine
responses to cues or prompts not directly related to eating or weight (e.g., pleasant videos)
and to compare responses between disorder-relevant versus irrelevant stimuli. It will also be
crucial to include designs that allow researchers to parse whether any motivational
differences to varied stimuli constitute risk factors, maintenance factors, symptoms, or
consequences of AN. Further, because appetitive and aversive processes are complex and
interconnected, multimodal assessments integrating biological, behavioral, and subjective
inputs, as well as more precise and informative experimental designs, are encouraged to
develop more accurate interpretations of the findings in this area. Along these lines, it will
be essential to take subjective value of a reward under consideration when interpreting
behavioral, physiological, neurobiological findings to distinguish differential functioning of
appetitive and aversive systems from typical functioning of these response systems under
matched stimulus value (e.g., lower activity of reward-related neurobiology to food cues
could mean that individuals with AN are less biologically disposed to reward reactivity than
NCs, or equally reward-oriented, but food is less valued).

Additionally, research capitalizing on emerging computational methods to parse relations
between specific reward and punishment qualities (e.g., predictability, effort) and eating
disorder outcomes holds promise for advancing this literature. Computational approaches
can identify distinct decision-making disruptions in AN by creating mathematical models of
aberrant behavior patterns in response to contextual manipulations (e.g., reward probability)
and comparing them to observed behavior (Ferrante et al., 2019). Research using these
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approaches to examine psychiatric mechanisms is emerging, but very few such
investigations have been conducted in AN (Steinglass, Dalack, & Foerde, 2019). Small
sample sizes have been a particular limitation of studies in this area, and in order to enhance
the future literature, larger and well-powered multisite studies will be needed to develop a
better understanding of the neurobiological correlates of reward and punishment in AN.

Finally, expanding beyond generalized aberrations to a more nuanced understanding of
reward and punishment processing in AN can increase the potential for more precisely
targeted interventions. Most treatments for adults with AN have been derived from models
adapted from mood and anxiety disorders that target heightened punishment responding
(Pennesi & Wade, 2016). There is some emerging work to develop treatments accounting for
AN-specific reward processes (Wierenga et al., 2018); however, in general, clinical
approaches that target reward processes by enhancing alternative non-destructive rewards
with functional equivalence to eating disorder behaviors (e.g., Craske, Meuret, Ritz, Treanor,
& Dour, 2016) have not been tested in AN. Further, with more information about the reward
and punishment value of varied types of experiences that maintain symptoms of AN,
treatments can be developed to directly modify the expected or experienced appetitive or
aversive properties of these contexts. Thus, more fully specified data on cue features that
may be rewarding and punishing for those with AN can aid in optimizing interventions to
account for specific learning processes that promote this illness.

Conclusions

Although there is some evidence of biological and behavioral patterns reflecting enhanced
punishment and decreased reward sensitivity in AN, upon closer examination it is apparent
that this population demonstrates elevated reward and diminished punishment responding in
certain contexts. Several factors, such as level of predictability, controllability, immediacy,
and effort may modify the rewarding and punishing qualities of various experiences, and
further research is needed to specify the relationship of these factors to symptom
provocation in AN. Continued research building on existing reward and punishment models
using finer-grained analyses of mechanism will move the field towards a deeper
understanding of the properties salient to the behavior that become entrenched and life
threatening in AN.
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Highlights

. Theories suggest low reward and high punishment responding in anorexia
nervosa (AN)

. A systematic review identified cues associated with reward and punishment in
AN

. Overweight, social, and money loss cues are punishing and weight loss cues
rewarding

. Evidence is mixed for whether food, monetary gain, and pain are rewarding in
AN

. Reward and punishment in AN may be affected by context-specific stimulus
qualities
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Studies included in
qualitative synthesis
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No AN participants (n = 7)
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