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Finally, the challenges to this program of research and 
approaches for meeting those challenges will be outlined.

The Habit Framework as a Guide for Studying 
Neurocognitive Mechanisms of Anorexia Nervosa

Habits are learned behaviors that through repetition become 
fixed and relatively insensitive to their outcomes [5, 6]. 
This process is adaptive, allowing efficient execution of fre-
quent behaviors, freeing cognitive resources for other tasks. 
However, in psychiatric illness, this learning process may 
be co-opted towards maladaptive ends. Habits may begin 
as intentional, goal-directed behaviors, guided by response-
outcome associations but, through repeated reinforcement, 
shift to automatic responses triggered by specific cues or 
contexts (i.e., guided by stimulus-response associations) [6, 
7, 8, 9, 10] (see Fig. 1).

Maladaptive eating behaviors observed in AN, such as 
extreme food restriction, align with this habit framework. 
Restrictive eating behavior may begin as casual dieting, 
reinforced by positive feedback or a sense of achievement, 
but over time it may persist without reinforcement—despite 
awareness of its harmful consequences [11, 12]. Similar 
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Anorexia nervosa (AN) is a severe psychiatric illness with 
a high rate of mortality [1]. Long-term outcomes are often 
disappointing, marked by high rates of relapse and chro-
nicity [2, 3, 4]. Understanding why maladaptive behaviors 
persist, even in individuals seeking recovery, is crucial. To 
do so researchers have turned to the neurocognitive mecha-
nisms underlying these behaviors, increasingly with partic-
ular attention to habits. This review examines the status of 
neurocognitive research on the role of habits in AN, focus-
ing on recent insights from task-based assessments and 
their contributions to advancing our understanding. Recent 
studies of the relevant neural circuitry and general methods 
of assessing habits will be briefly reviewed, followed by a 
more detailed analysis of the main task-based approaches. 
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trajectories may apply to other behaviors, such as excessive 
exercise [13]. The automaticity of habits is also relevant. 
Behavioral routines can become “chunked” into sequences 
that, once initiated, continue until conclusion without delib-
erate control [14]. In a similar vein, eating behavior in AN 
can take on a relatively stereotyped character, including lim-
ited diet variety [15, 16, 17] and rigid routines around eating 
[18, 19]. The challenge associated with avoiding automatic 
behavior patterns and the effort required to modify or elimi-
nate entrenched routines, is a challenge familiar even in 
everyday habits (e.g., when you take the usual route home 
instead of buying groceries as intended).

Considering behaviors as habits is only a starting point 
for understanding the neurocognitive mechanisms of AN 
and improving treatment [12, 20, 21, 22]. The habit model 
provides a framework for investigating AN at neural and 
behavioral levels, leveraging extensive research on habits 

in psychology and neuroscience. The distinction between 
goal-directed and habitual behaviors has been studied in 
the context of learning theory, cognitive neuroscience, and 
computational models [6, 8, 9, 10, 23, 24, 25, 26, 27, 28]. 
Behavioral paradigms to measure habitual and goal-directed 
behavior [29] complement self-report measures [30], while 
studies across animals and humans [27, 31, 32, 33, 34, 35] 
have identified ventral and dorsal frontostriatal circuits 
(Fig. 2) [6, 36, 37] and dopamine as critical for learning and 
behavior [38, 39, 40, 41].

Building on this literature, research on AN has begun to 
examine the neural circuits involved in habit formation and 
goal-directed behavior. Recent studies have linked neural 
abnormalities to habitual tendencies, and a small, but grow-
ing, number of behavioral experiments directly examine 
habits in this population. These efforts will be the focus of 
the current review.

Abnormalities in Frontostriatal Circuits Associated 
with Habitual and Goal-Directed Behavior

If dysregulation of habitual vs. goal-directed control of 
behavior plays a role in AN, neural circuits supporting these 
behaviors should show evidence of dysfunction. Indeed, 
structural neuroimaging studies, across a variety of mea-
sures [42, 43, 44, 45, 46, 47, 48], have identified abnor-
malities in frontostriatal circuits. Functional neuroimaging 
studies, both resting state [21, 49, 50, 51] and task-based 
[52, 53, 54, 55, 56, 57, 58, 59, 60, 61], provide additional 
evidence for abnormalities in these circuits.

Most studies have not, thus far, assessed habits directly, 
but some recent studies have attempted to do so indirectly. 
One study reported greater white-matter connectivity mea-
sures in habit-associated pre-motor/SMA-putamen circuits 
among individuals with AN, relative to healthy controls, 
and that connectivity measures were associated with sever-
ity on the Rituals subscale of the Yale-Brown-Cornell 
Eating Disorder Scale [46] among individuals with AN. 
Another study reported an association between cerebral 
metabolite measures in inferior frontal cortex and Automa-
ticity scores on the Creature of Habit Scale1 among indi-
viduals with the binge-eating/purging subtype of AN [62]. 
Finally, Lloyd et al. [63] reported (in exploratory analyses) 
that among individuals with AN, choice-related activity on 
a Food Choice Task [64] in the anterior caudate region of 
the striatum was associated with scores on the Self-Report 
Habit Index (SRHI). Other recent neuroimaging studies 
have linked abnormalities in frontostriatal circuits to weight 

1  The Creature of Habit Scale may have limitations for use in eating 
disorders research. The Automaticity subscale consists mainly (all but 
one) of questions related to impulsivitiy around food and eating rather 
than food restriction [62].

Fig. 2 Frontostriatal circuits loops involved in habitual and goal-
directed behavior

 

Fig. 1 Habit development. Habits are learned behaviors that emerge 
through repetition. Behavior may begin as an intentional and goal-
directed action (dieting to lose weight) in response to a stimulus or set-
ting (food/mealtime) and reinforced by a rewarding outcome (weight 
loss). As the behavior is repeated and reinforced, it may shift to a more 
automated response triggered by food stimuli or contexts, regardless of 
whether the outcome of the action is still desired
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or food intake. For example, Gorrell et al. [65] found that 
OFC response among patients with AN when expecting a 
sweet taste was related to longer-term BMI and BMI change 
after treatment. A set of studies using the Food Choice task 
showed associations between food choice-related activa-
tion in the caudate and caloric intake in a laboratory meal 
[56] and between pre- to post-treatment changes in caudate 
activity and changes in food choices [55] among individu-
als with AN. Although these studies do not affirm a role for 
habits in food restriction or other maladaptive behaviors, 
they demonstrate that dysfunction in brain circuits impli-
cated in habitual and goal-directed behaviors is related to 
self-reported habitual tendencies or illness.

Notably, frontostriatal circuits are critically innervated 
by dopamine [66], which is thought to be important for both 
habitual and goal-directed behaviors [39, 40, 67]. Dopamine 
plays a role in propagating learning signals and conveying 
motivational significance [41, 68, 69, 70, 71] and has been 
linked to feeding in animals [72, 73]. Consequently, it is 
speculated that dopaminergic dysfunction plays some role 
in AN and, though they do not measure dopamine function, 
fMRI studies are often discussed as implicating a role for 
dopamine. Few studies have directly measured dopamine 
function in individuals with AN and have yielded mixed 
result—increased, decreased, or no differences in dopamine 
levels or activity [74, 75, 76]. Until recently, examination 
of dopamine has depended on somewhat invasive measures 
(lumbar puncture, PET, blood draws), but developments in 
imaging techniques [77] will likely yield more investiga-
tions of dopamine function in AN (e.g [78]).

Studying Habits in Anorexia Nervosa: Self-Report

Several studies testing the role of habits in AN have used 
the Self-Reported Habit Index (SRHI; [30] and found that 
habit strength of food restriction predicted (self-reported) 
restriction [79], that interventions to interrupt maladaptive 
eating routines by interfering with trigger cues can decrease 
habit strength [22], and that longer illness duration and ill-
ness severity is associated with greater habit strength [80]. 
These studies established that behaviors central to illness 
were characterized as habitual in nature by individuals with 
AN.

A recent study used ecological momentary assessments 
(EMA) to assess the frequency of both food and non-food 
related (hygiene) habits in daily life [81] and found that 
patients with AN reported more food and non-food habits 
relative to healthy controls. However, surprisingly, patients 
with AN did not report higher habit strength, per the SRHI, 
for those habits relative to controls, nor for food relative 
to non-food habits. Perhaps the sample, comprising mainly 
adolescents with a short duration of illness, or the types of 

habits it is possible to report in an inpatient setting, played 
a role. Regardless, capturing habits more directly, as they 
unfold in the real world, will be important to better under-
stand how they contribute to illness.

Studying Habits in Anorexia Nervosa: Learning 
Tasks

A promise of the habit framework is that it might illumi-
nate the mechanisms of maladaptive eating (and other) 
behaviors—how they arise, are maintained, why they are 
so persistent, and why they are prone to reoccurrence after 
treatment. Self-report questionnaires are not informative 
on this topic and more experimental behavioral research 
to examine habit mechanisms in AN has been encouraged 
[21]. Yet studies remain scarce and results mixed.

The limited number of studies directly examining habits 
may stem from the inherent challenges of studying them in 
a laboratory setting [29] paired with additional challenges 
in eating disorder populations. In real-world contexts, habits 
develop gradually over time, and much of our understanding 
of habits comes from animal studies with extensive training 
sessions. One paradigm that captured habitual behavior over 
extended training relied on consumption of desirable foods 
until satiation [32] making it unsuitable for use in individu-
als with AN in addition to the practical difficulty with long 
training protocols. However, other approaches developed to 
study habits in humans (Fig. 3) have been employed widely 
in psychiatric illnesses (e.g., OCD [82]; substance use dis-
order [83]; alcohol dependence [84]) and have now been 
applied to the study of AN.

Outcome Devaluation Tasks

Outcome devaluation, decreasing the motivational value 
of an outcome (e.g., pairing a food with illness or feeding 
until satiation), is a standard tool to test whether behavior 
is habitual or goal-directed [84, 85, 86]. If an action is trig-
gered by cues in the environment rather than the value of its 
associated outcome, then behavior should be insensitive to 
the value shift resulting from devaluation.

Godier and colleagues, who conducted one of the first 
task-based assessment of habits in AN, used two tasks with 
outcome devaluation procedures [88]. One, the Slips of 
Action task, pits habitual stimulus-response learning and 
goal-directed response-outcome learning against each other 
to assess their relative influence (see Fig. 3b). Participants 
learn whether to make a left or right button response in the 
presence of a discriminative stimulus to receive a specific 
outcome picture and reward. In an outcome devaluation 
manipulation, participants are informed which outcomes no 
longer are valuable and which still are valuable. Then, in a 
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signaled by discriminative cues. Following training, one 
outcome is “devalued”, in this study by disconnecting the 
headphone delivering noise to one ear, and participants con-
tinue to make responses to the discriminative cues. Habitual 
behavior is indicated by continued response to cues signal-
ing devalued outcomes. In this study, individuals with AN 
and control participants did not differ significantly [88].

Two recent task-based assessments of habits among AN 
used Slips of Action tasks. Favier and colleagues found a 
shift towards habits among patients with the restricting sub-
type of AN [89], whereas Westwater and colleagues, who 
included only AN participants with the binge-eating/purg-
ing subtype, did not find significant differences between AN 
and control participants [62]. Thus, for outcome devaluation 
type tasks, a preponderance of the evidence does not indi-
cate a stronger propensity towards habits among individuals 
with AN.

Two-Step Tasks

Two-step Markov decision tasks have been used extensively 
in psychiatric populations [83] and recently also with indi-
viduals with AN [90, 91]. The task design stems from the 
idea that habitual and goal-directed behaviors are associ-
ated with distinct computational algorithms identified as 
model-free and model-based learning [26, 38]. Whereas 
model-free learning is characterized by direct reinforcement 
of actions that lead to reward, model-based learning addi-
tionally accounts for task structure when evaluating actions. 
To capture this distinction, the task proceeds in two steps. 
Choices at the first step lead to distinct second steps at which 
choice can lead to reward (or punishment). Critically, choice 
at the first step is probabilistically associated with a transi-
tion to a given second-step cue pair. This transition structure 
allows dissociation of model-free and model-based learn-
ing: model-free behavior favors repeating first-step choices 
that result in reward at the second step, whether following 
a high- or low-probability transition, whereas model-based 
learning considers the transition probability when deciding 
the best first-step choice to get to the desired second-step 
outcome. Typically, reinforcement learning models are used 
to assess the model-based and model-free learning contribu-
tions for participants.

The first study using a two-step task to examine AN, 
administered versions with monetary and food outcomes 
[90] to examine illness-specific versus general habit tenden-
cies and to address the possibility that monetary outcomes 
are less salient for inpatients (of relevance as attention 
and motivation may be critical for goal-directed learning 
on this task [92, 93]). Foerde and colleagues [90] found 
decreased goal-directed (model-based) learning among 
patients with AN while habitual (model-based) learning 

“slips-of-action” phase, participants are shown the discrimi-
native stimuli and should respond to those that lead to still-
valuable outcomes and not to those that lead to devalued 
outcomes. Stronger stimulus-response habits should yield 
more responses to the stimuli that previously led to reward 
despite the outcomes no longer being valuable. Across two 
experiments, the balance between habitual and goal-directed 
responding did not differ between individuals with AN and 
controls [88].

Another experiment reported by Godier and colleagues 
used an avoidance task in which participants learn by trial-
and-error to make responses to avoid an aversive outcome 
(here an unpleasant noise, commonly a mild electric shock) 

Fig. 3 (A) Investigating habits. Understanding the role of habits in AN 
will likely require a multi-method approach. Development of rigor-
ous task-based assessments is valuable to uncover cognitive mecha-
nisms underlying habitual behavior. In addition, computerized tasks 
provide a way to more directly link behavior to dysfunction in neural 
circuits and regions through the use of neuroimaging. The addition 
of self-report questionnaires and ecological momentary assessments 
(daily diary methods) further support links between neurobiology and 
illness-related behaviors. (B) Slips of Action task. First, in the Instru-
mental Learning phase (top panel), participants learn which response 
in the presence of a discriminative stimulus leads to an outcome pic-
ture and reward (e.g., 5 points). Next, in the Outcome Devaluation 
phase (middle panel), participants are instructed that some outcomes 
no longer are valuable (lead to a loss of points/reward): devalued out-
comes are “crossed out” while still valuable outcomes are shown not 
“crossed out”. In the “slips-of-action” phase (bottom panel), partici-
pants are shown the discriminative stimuli and must make appropriate 
responses to gain points and, to avoid losing points, not make responses 
that lead to devalued outcomes. In this phase, participants may respond 
automatically according to stimulus-response habits for stimuli that 
previously led to reward points, despite instruction that the outcomes 
no longer are valuable. Note that only a few example associations are 
depicted, but multiple discriminations usually are trained concurrently. 
(C) Two-step task. The transition structure between stages is designed 
to disambiguate “model-based” from “model-free” computational 
learning styles, believed to underlie goal-directed and habitual behav-
iors, respectively (top panel). In Step 1, participants choose between 
two cues that lead to Step 2, in which a new cue-pair is presented. 
Choice at Step 2 leads to reward (or punishment) with a probability 
that slowly changes across trials for each Step 2 cue, such that con-
tinuous learning is necessary (middle panel). Critically, each Step 1 
cue is probabilistically associated with the transition to the Step 2 cue 
pairs—one choice leads to Step 2 cue pair 70% of the time but to the 
other cue pair 30% of the time. Each type of learning makes a different 
prediction about how a Step 1 choice is influenced by the final outcome 
at Step 2. A habitual approach is ignorant of transition structure and 
favors repeating Step 1 choices that ultimately result in reward, even by 
way of low probability transitions. For example, choosing the yellow 
triangle, then seeing the blue cues, choosing the dark blue square, then 
receiving reward, would lead to choosing the yellow triangle on the 
following trial. By contrast, a goal-directed approach uses transition 
contingencies to guide choices and the same experience should lead to 
switching to choose the yellow circle to get to the dark blue square and 
reward. Thus, model-based (goal-directed) learning predicts that the 
previous trial’s reward outcome will interact with whether it follows 
a Common (high probability) or Rare (low probability) transition to 
determine subsequent Step 1 choices, whereas model-free (habitual) 
learning predicts a main effect of reward (bottom panel)
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‘chocolate’ and ‘vegetable’ coins, on a subset of trials in 
the presence of the Pavlovian cues. While no overall differ-
ences were seen between patients and controls, there was an 
association between responding for low-calorie (vegetable) 
outcomes and eating disorder pathology, suggestive of more 
rigorous responding for outcomes associated with restric-
tive eating.

Though not the focus of the Vogel study, several aspects 
point to considerations for future studies. Individuals with 
AN exhibited poorer learning of the Pavlovian associations 
than did controls. Moreover, fewer than one third of the 
AN group were classified as “aware” of those associations 
(compared with more than half of the control group), based 
on whether expectancy ratings during the Pavlovian phase 
differed significantly between cues at the end of training. 
This distinction was critical because PIT effects only were 
observed among “aware“ individuals. Consequently, despite 
an initially adequate sample, the sample in which the effect 
could be studied was quite small. Deficits in learning have 
been reported among individuals with AN in previous stud-
ies [95, 96, 97] and differential acquisition of associations 
could, as suggested by the authors of the PIT study [97], 
be addressed with more extensive training to ensure that 
groups are equated on relevant factors.

What Can be Learned to Make the Most of Future 
Research on Habits?

Though only a handful of experimental examinations of 
habits among individuals with AN exist, most are recent, 
emerging following initial calls for investigations of the role 
of habit in AN [12, 21]. While an overall summary of the 
reviewed studies appears inconclusive, with group differ-
ences emerging in about half, the pattern of results suggests 
some directions for future work. Among the studies using 
tasks with outcome devaluation procedures [62, 88, 89], 
only one found group differences [89], whereas both studies 
using Two-step tasks found differences. Some limitations in 
the study using the PIT paradigm preclude firm conclusions. 
The pattern of results could suggest that tasks vary in their 
sensitivity or suitability when examining individuals with 
AN. Additionally, available studies included populations 
that differed across multiple dimensions. Task and popula-
tion factors to consider in future studies are outlined below.

Task Factors

Paradigms The Two-step tasks appeared most likely to 
identify group differences [90, 91] (but also included the 
largest sample sizes, about double that of studies using the 
outcome devaluation tasks). The Two-step and outcome 
devaluation tasks differ in how habitual and goal-directed 

was unaffected—both for monetary and food outcomes and 
at the beginning and end of inpatient treatment (after treat-
ment and weight restoration). Though the habitual compo-
nent was not increased, the decrease in goal-directed control 
suggested a shift in the habit-goal balance towards habitual 
behavior. Indeed, this pattern has been found across other 
clinical populations [83, 94] and, in a large, online, non-
clinical sample, reduced goal-directed control was associ-
ated with eating disorder-related symptomatology [95].

A recent study by Brown and colleagues [91] used two-
step tasks with monetary gains or losses in adolescents with 
AN restricting subtype, AN binge eating/purging subtype, 
and control participants. For patients with the restricting 
subtype, model-based learning was significantly decreased 
for losses and at trend-level for gains, while model-free 
learning was decreased for losses but increased for gains. 
Patients with binge eating/purging subtype did not differ 
significantly from controls. The earlier study by Foerde et al. 
[90], though not designed to compare restricting and binge-
eating/purging subtypes of AN, reported more pronounced 
decreases in model-based learning among the binge-eating/
purging subtype [90].

Overall, studies with Two-step tasks point to a tendency 
for habitual control of behavior among individuals with AN, 
but the exact conditions under which this occurs, and for 
which subgroups, awaits clarification.

Pavlovian Instrumental Transfer

Pavlovian Instrumental Transfer (PIT) tasks, also inspired 
by animal experiments, have garnered increasing interest 
for studies in psychiatric populations and addiction [84, 96]. 
The PIT task comprises several phases: In one phase, associ-
ations are learned between responses and outcomes (Instru-
mental) and in a separate phase, associations are learned 
between cues and outcomes (Pavlovian). In a Transfer 
phase, the acquired instrumental responses are made, some-
times in the presence of the acquired Pavlovian cues. Of 
interest is whether responding for an outcome is increased 
in the presence of a Pavlovian cue not previously associated 
with the instrumental response. The PIT task can be paired 
with outcome devaluation and invigorated responding can 
happen for outcomes that are no longer valuable, suggesting 
habitual responding.

A study by Vogel and colleagues used a PIT task [97] 
in which participants responded on different keys to earn 
‘chocolate’ and ‘vegetable’ coins in the instrumental phase. 
Participants learned to associate abstract stimuli with choco-
late and vegetable images in the Pavlovian phase—learning 
of associations was assessed by asking about expectancy of 
a chocolate or vegetable images on each trial. In the trans-
fer phase, participants continued to make responses to earn 
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on restricting [88, 89] or binge-eating/purging [62] sub-
type, and only one study was designed to compare subtypes 
[91]. However, differences relative to control participants 
were found both for the restricting [89, 91] and the binge-
eating/purging subtype ( [90]; post hoc, as the study was 
not designed to study subtypes). Although individuals 
diagnosed with different subtypes may not differ on central 
illness behaviors (e.g., restrictive eating [105]), they may 
differ in learning-related disturbances, with consequences 
for how behavior is acquired and changed. Clarifying such 
potential differences could be valuable for understating the 
role of habits.

Treatment Stage, Medication, and Comorbidity Across 
studies, patients may have differed as to when in treatment 
assessment occurred (if in treatment), with implications 
for how underweight patients were at the time of study, 
though it should be noted that the study by Foerde et al. [90] 
found deficient goal-directed behavior both at the begin-
ning (within 1 week of admission) and end of treatment and 
weight restoration. Inclusion/exclusion criteria also varied 
regarding medications and co-morbid diagnoses, poten-
tially relevant for habitual and goal-directed behavior (e.g., 
OCD). Careful consideration and reporting of these factors 
will facilitate interpretation of future studies.

Age The reviewed studies included mostly adults [62, 88, 
89], with some also including older adolescents [90] or a 
range from adolescent through young adults [97], and one 
study including only adolescents [91]. Though results did 
not appear to vary by age, further studies of the develop-
ment of maladaptive behaviors among adolescents will 
be important. Adolescence is a unique time of rapid brain 
development while learning and exploring new behaviors 
[106]. Eating disorders often emerge during adolescence 
[107], and the incidence of AN may be increasing among 
younger adolescents [108]. Given the potential for long-
term illness, understanding mechanisms, such as habits, that 
may contribute to persistence is critical.

Conclusions

Examination of the role of habits in AN remains nascent 
and more studies are needed. Pursuit of two distinct paths in 
parallel may offer progress.

One path must grapple with the challenges of experimen-
tal examination of habits in general. Habits are difficult to 
capture in the lab and available paradigms are imperfect [29]. 

behaviors are assessed. The outcome devaluation proce-
dures are explicit, directly instructing participants as to 
which outcomes are valuable and should be responded to. 
By contrast, the Two-step task relies on observing behav-
ioral patterns as a function of underlying task structure, a 
design difference that may render this class of tasks more 
sensitive. Another possibility is that computational model-
based data analyses allow for more sensitive assessment of 
the dynamics underlying behavior. Nonetheless, measures 
of goal-directed control in the two types of tasks are cor-
related across individuals [101].

The PIT task, despite unclear results regarding AN, 
could be an interesting paradigm for future studies. It may 
be relevant when cue-triggered relapse is a concern and has 
increasingly been used to examine smoking and alcohol use 
[102]. Numerous variations on the paradigm exist [84, 96] 
and it could provide a promising complement to the Slips of 
Action and Two-step tasks that dominate current research.

Valence Appetitive (gaining rewards) vs. aversive (avoid-
ing losses) contexts is a theoretically relevant factor when 
considering learning in AN [103]. Two studies included 
aversive outcomes, with one finding no group differences 
[88] and one finding decreased habitual and goal-directed 
behavior with punishment [91]. Valence does not account for 
the current pattern of results across studies, but examination 
of avoidance habits is of clear importance when considering 
restrictive eating behavior in AN. Notably, avoidance habits 
may be more complex than, and not just mirror reflections 
of, approach habits [104], presenting additional challenges.

Domain Specificity Inconsistent findings across studies 
could arise if habit tendencies mainly emerge for illness-
related behaviors and only sporadically as a general ten-
dency. One study incorporated illness specific outcomes 
(food) in comparison with monetary outcomes and found 
group differences regardless of outcome type, indicating a 
domain-general effect [90]. Consistent with this, the EMA 
study of daily habits found that both food and hygiene hab-
its were more frequent among individuals with AN than 
control participants [81]. Thus, available evidence points 
towards general effects, if a predilection towards habits is 
present in AN.

Population Factors

Subtype Inclusion of individuals with restricting or binge 
eating/purging subtype of AN varied across studies: some 
included both subtypes [88, 90, 97], some focused either 
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This study reported enhanced habit formation 
among individuals with anorexia nervosa restricting 
subtype. Additionally, it was demonstrated in mice 
that cholinergic dysfunction in the dorsal striatum 
facilitated a shift from goal-directed to habitual be-
havior, providing a mechanistic link between neural 
dysfunction and maladaptive eating.

 ● Brown, C.S., et al., Greater reliance on model-free 
learning in adolescent anorexia nervosa: An examina-
tion of dual-system reinforcement learning. medRxiv, 
2024.

This study examined habitual and goal-directed be-
havior using a Two-step task with both monetary 
reward and loss conditions among adolescents with 
either binge-eating/purging or restricting subtype 
of anorexia nervosa. Among individuals with re-
stricting subtype, a general tendency for decreased 
goal directed behavior was found, whereas habitual 
behavior increased with reward outcomes and de-
creased with loss outcomes.
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Laboratory tasks adapted from animal models often involve 
learning simple contingencies and are quickly acquired by 
humans. While this approach improves feasibility, it raises 
questions about whether these tasks adequately capture the 
complexity and gradual formation of real-world habits [109, 
110]. This calls for continued development of paradigms 
and incorporation of promising paradigms used trans-diag-
nostically, such as PIT tasks [102]. Additionally, approaches 
better suited to capture habits as they occur outside the lab, 
in the real world (e.g., EMA; [81]) should be adopted. This 
could also ensure that habitual behaviors relevant for illness 
are understood, which is needed for effectively targeted 
treatment. Overall, this path favors innovation and imple-
mentation of novel approaches.

A second path favors coalescing around shared para-
digms across researchers to better understand the role of 
varied characteristics across participants: What is the role 
of development? Is habit proneness vs. resistance charac-
teristic of (pre)adolescence, when illness commonly starts? 
What is the role of starvation in acquiring and maintaining 
habits? Are there individual differences that could inform 
illness course? Studies are often conducted across age 
groups, illness stages, and severity. Variations in choice of 
paradigms, or analysis streams of similar paradigms, make 
comparisons difficult. Standardization would facilitate com-
parison across studies to elucidate for whom habit may play 
a role in illness. Open sharing of tasks and resources would 
be a simple way to move towards standard procedures.

Hopefully these potentially promising avenues will be 
pursued. The role of habits in AN deserves continued, rigor-
ous study given the need to understand the neurocognitive 
mechanisms of AN.

Key References

 ● Seidel, M., et al., Increased Habit Frequency in the 
Daily Lives of Patients with Acute Anorexia Nervosa. 
Nutrients, 2022. 14(19): p. 3905.

This study is the first to examine habits among in-
dividuals with anorexia nervosa using ecological 
momentary assessment and found increased habit-
ual behaviors not only related to eating but also in 
broader contexts like hygiene.

 ● Favier, M., et al., Cholinergic dysfunction in the dorsal 
striatum promotes habit formation and maladaptive eat-
ing. Journal of Clinical Investigation, 2020. 10(15): p. 
111 − 16.

1 3

183

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Current Psychiatry Reports (2025) 27:176–186

26. Daw ND, Niv Y, Dayan P. Uncertainty-based competition 
between prefrontal and dorsolateral striatal systems for behav-
ioral control. Nat Neurosci. 2005;8(12):1704–11.

27. Yin HH, Knowlton BJ. The role of the basal ganglia in habit for-
mation. Nat Rev Neurosci. 2006;7(6):464–76.

28. Dickinson A, Balleine B. The role of learning in the operation of 
motivational systems, in Steven’s handbook of experimental psy-
chology (3rd ed.), Vol. 3: Learning, motivation, and emotion., H. 
Pashler and R. Gallistel, Editors. 2002, John Wiley & Sons, Inc: 
New York, NY, US. pp. 497–533.

29. Watson P, de Wit S. Current limits of experimental research into 
habits and future directions. Curr Opin Behav Sci. 2018;20:33–9.

30. Verplanken B, Orbell S. Reflections on Past Behavior: a self-report 
index of habit strength. J Appl Soc Psychol. 2003;33(6):1313–30.

31. Balleine BW, O’Doherty JP. Human and rodent homologies in 
action control: corticostriatal determinants of goal-directed and 
habitual action. Neuropsychopharmacology. 2010;35(1):48–69.

32. Tricomi E, Balleine BW, O’Doherty JP. A specific role for poste-
rior dorsolateral striatum in human habit learning. Eur J Neurosci. 
2009;29(11):2225–32.

33. O’Doherty JP, et al. Temporal difference models and reward-
related learning in the human brain. Neuron. 2003;38(2):329–37.

34. Valentin VV, Dickinson A, O’Doherty JP. Determining the neural 
substrates of goal-directed learning in the human brain. J Neuro-
science: Official J Soc Neurosci. 2007;27(15):4019–26.

35. Salmon DP, Butters N. Neurobiology of skill and habit learning. 
Curr Opin Neurobiol. 2001;5(2):1–7.

36. Alexander GE, DeLong MR, Strick PL. Parallel organization of 
functionally segregated circuits linking basal ganglia and cortex. 
Annu Rev Neurosci. 1986;9:357–81.

37. Lehéricy S, et al. Diffusion tensor fiber tracking shows distinct 
corticostriatal circuits in humans. Ann Neurol. 2004;55(4):522–9.

38. Daw ND, et al. Model-based influences on humans’ choices and 
striatal prediction errors. Neuron. 2011;69(6):1204–15.

39. Sharp M, et al. Dopamine selectively remediates model-
based reward learning: a computational approach. Brain. 
2016;139(2):355–64.

40. Wunderlich K, Smittenaar P, Dolan RJ. Dopamine enhances 
model-based over model-free choice behavior. Neuron. 
2012;75(3):418–24.

41. Faure A, et al. Lesion to the nigrostriatal dopamine sys-
tem disrupts stimulus-response habit formation. J Neurosci. 
2005;25(11):2771–80.

42. Friederich H-C, et al. Grey Matter abnormalities within cortico-
limbic-striatal circuits in acute and weight-restored anorexia ner-
vosa patients. NeuroImage. 2012;59(2):1106–13.

43. Frank GK, et al. Alterations in brain structures related to taste 
reward circuitry in ill and recovered anorexia nervosa and in buli-
mia nervosa. Am J Psychiatry. 2013;170(10):1152–60.

44. Titova OE, et al. Anorexia nervosa is linked to reduced brain 
structure in reward and somatosensory regions: a meta-analysis 
of VBM studies. BMC Psychiatry. 2013;13(1):110.

45. Walton E, et al. Brain structure in acutely underweight and par-
tially weight-restored individuals with Anorexia Nervosa: a 
coordinated analysis by the ENIGMA eating disorders Working 
Group. BPS. 2022;92(9):730–8.

46. Tadayonnejad R et al. White matter tracts characteristics in habit-
ual decision-making circuit underlie ritual behaviors in anorexia 
nervosa. Sci Rep, 2021 11(1), 15980.

47. Lloyd EC, et al. Large-scale exploration of whole-brain structural 
connectivity in anorexia nervosa: alterations in the connectivity 
of frontal and subcortical networks. Biol Psychiatry: Cogn Neu-
rosci Neuroimaging. 2023;8(8):864–73.

48. Murray SB, et al. White matter microstructure in habit and reward 
circuits in anorexia nervosa: insights from a neurite orientation 

References

1. Arcelus J, et al. Mortality rates in patients with Anorexia Nervosa 
and other Eating disorders: a Meta-analysis of 36 studies. Arch 
Gen Psychiatry. 2011;68(7):724–31.

2. Steinhausen HC. The outcome of anorexia nervosa in the 20th 
century. Am J Psychiatry. 2002;159(8):1284–93.

3. Watson HJ, Bulik CM. Update on the treatment of anorexia ner-
vosa: review of clinical trials, practice guidelines and emerging 
interventions. Psychol Med. 2013;43(12):2477–500.

4. Khalsa SS et al. What happens after treatment? A systematic 
review of relapse, remission, and recovery in anorexia nervosa. 
2017: pp. 1–12.

5. Gardner B, et al. What is habit and how can it be used to change 
real-world behaviour? Narrowing the theory‐reality gap. Soc Pers 
Psychol Compass. 2024;18(6):e12975.

6. Graybiel AM. Habits, rituals, and the evaluative brain. Annu Rev 
Neurosci. 2008;31:359–87.

7. Balleine BW, Liljeholm M, Ostlund SB. The integrative function 
of the basal ganglia in instrumental conditioning. Behav Brain 
Res. 2009;199(1):43–52.

8. Dezfouli A, Balleine BW. Habits, action sequences and reinforce-
ment learning. Eur J Neurosci. 2012;35(7):1036–51.

9. Yin HH, Knowlton BJ, Balleine BW. Lesions of dorsolateral stri-
atum preserve outcome expectancy but disrupt habit formation in 
instrumental learning. Eur J Neurosci. 2004;19(1):181–9.

10. Yin HH, Knowlton BJ, Balleine BW. Blockade of NMDA recep-
tors in the dorsomedial striatum prevents action-outcome learning 
in instrumental conditioning. Eur J Neurosci. 2005;22(2):505–12.

11. Walsh BT. The importance of eating behavior in eating disorders. 
Physiol Behav. 2011;104(4):525–9.

12. Walsh BT. The enigmatic persistence of anorexia nervosa. Am J 
Psychiatry. 2013;170(5):477–84.

13. Rizk M et al. Physical activity in eating disorders: a systematic 
review. Nutrients, 2020. 12(1).

14. Jog MS, et al. Building neural representations of habits. Science. 
1999;286(5445):1745–9.

15. Schebendach J, et al. Dietary energy density and diet variety as 
risk factors for relapse in anorexia nervosa: a replication. Int J Eat 
Disord. 2012;45(1):79–84.

16. Hadigan CM, et al. Assessment of macronutrient and micronu-
trient intake in women with anorexia nervosa. Int J Eat Disord. 
2000;28(3):284–92.

17. Mayer LE, et al. Eating behavior in anorexia nervosa: before and 
after treatment. Int J Eat Disord. 2012;45(2):290–3.

18. Herpertz-Dahlmann B. Adolescent eating disorders: definitions, 
symptomatology, epidemiology and comorbidity. Child Adolesc 
Psychiatr Clin N Am. 2009;18(1):31–47.

19. Tchanturia K, Lloyd S, Lang K. Cognitive remediation therapy 
for anorexia nervosa: current evidence and future research direc-
tions. Int J Eat Disord. 2013;46(5):492–5.

20. Steinglass J, Walsh BT. Habit learning and anorexia ner-
vosa: a cognitive neuroscience hypothesis. Int J Eat Disord. 
2006;39(4):267–75.

21. Uniacke B, et al. The role of habits in anorexia nervosa: where we 
are and where to go from here? Curr Psychiatry Rep. 2018;20:1–8.

22. Steinglass JE, et al. Targeting habits in anorexia nervosa: a proof-
of-concept randomized trial. Psychol Med. 2018;48(15):2584–91.

23. James W. The principles of psychology. 1890, New York: Henry 
Holt

24. Gabrieli JD. Cognitive neuroscience of human memory. Annu 
Rev Psychol. 1998;49:87–115.

25. Hirsh R. The hippocampus and contextual retrieval of informa-
tion from memory: a theory. Behav Biology. 1974;12(4):421–44.

1 3

184



Current Psychiatry Reports (2025) 27:176–186

71. Bayer HM, Glimcher PW. Midbrain dopamine neurons 
encode a quantitative reward prediction error signal. Neuron. 
2005;47(1):129–41.

72. Hernandez L, Hoebel BG. Feeding and hypothalamic stimulation 
increase dopamine turnover in the accumbens. Physiol Behav. 
1988;44(4–5):599–606.

73. Taber M, Fibiger H. Feeding-evoked dopamine release in the 
nucleus accumbens: regulation by glutamatergic mechanisms. 
Neuroscience. 1997;76(4):1105–12.

74. Castro-Fornieles J, et al. Psychopathological and nutritional cor-
relates of plasma homovanillic acid in adolescents with anorexia 
nervosa. J Psychiatr Res. 2008;42(3):213–20.

75. Frank G.K., et al. Increased dopamine D2/D3 receptor binding 
after recovery from Anorexia Nervosa measured by Positron 
Emission Tomography and [(11)C]Raclopride. Biol Psychiatry. 
2005;58(11):908–12.

76. Broft A, et al. Striatal dopamine type 2 receptor availabil-
ity in anorexia nervosa. Psychiatry Research: Neuroimaging. 
2015;233(3):380–7.

77. Horga G, Wengler K, Cassidy CM. Neuromelanin-Sensitive Mag-
netic Resonance Imaging as a Proxy marker for catecholamine 
function in Psychiatry. JAMA Psychiatry, 2021;78(7):788-9.

78. Murray SB, et al. Assessing midbrain neuromelanin and its rela-
tionship to reward learning in anorexia nervosa: stage 1 of a reg-
istered report. Brain Behav. 2024;14(6):e3573.

79. Coniglio KA et al. Won’t stop or can’t stop? Food restriction as 
a habitual behavior among individuals with anorexia nervosa or 
atypical anorexia nervosa. Eating behaviors, 2017: pp. 1–20.

80. Davis L, et al. Habits are stronger with longer duration of illness 
and greater severity in anorexia nervosa. Int J Eat DisordersNu-
trients. 20202022;360(5):500–7.

81. Seidel M, Increased Habit Frequency in the Daily Lives of 
Patients with Acute Anorexia Nervosa. Nutrients, 2022. 14(19): 
p. 3905.

82. Voon V, et al. Motivation and value influences in the relative bal-
ance of goal-directed and habitual behaviours in obsessive-com-
pulsive disorder. Translational Psychiatry. 2015;5(11):e670–8.

83. Voon V, et al. Disorders of compulsivity: a common bias towards 
learning habits. Mol Psychiatry. 2015;20(3):345–52.

84. Garbusow M, et al. Pavlovian-to-instrumental transfer effects in 
the nucleus accumbens relate to relapse in alcohol dependence. 
Addict Biol. 2016;21(3):719–31.

85. Adams CD. Variations in the sensitivity of instrumental respond-
ing to reinforcer devaluation. Q J Experimental Psychol. 
1982;34(2):77–98.

86. Adams CD, Dickinson A. Instrumental responding follow-
ing reinforcer devaluation. Q J Experimental Psychol Sect B. 
1981;33(2b):109–21.

87. Dickinson A. Actions and habits: the development of behavioural 
autonomy. Philosophical Trans Royal Soc Lond B Biol Sci. 
1985;308(1135):67–78.

88. Godier LR et al. An investigation of habit learning in Anorexia 
Nervosa. Psychiatry Research, 2016. 244(C): pp. 214–222.

89. Favier, M.,et al., Cholinergic dysfunction in the dorsal striatum 
promotes habit formation and maladaptive eating. Journal of 
Clinical Investigation, 2020. 10(15): pp. 111– 16.

90. Foerde K, et al. Deficient goal-directed control in a population 
characterized by extreme goal pursuit. J Cogn Neuroscience. 
2021;33(3):463–81.

91. Brown CS, et al Greater reliance on model-free learning in ado-
lescent anorexia nervosa: An examination of dual-system rein-
forcement learning. medRxiv, 2024.

92. Otto AR, et al. The curse of planning: dissecting multiple rein-
forcement-learning systems by taxing the central executive. Psy-
chol Sci. 2013;24(5):751–61.

dispersion and density imaging study. Acta Psychiatr Scand. 
2023;147(2):134–44.

49. Cha J et al. Abnormal reward circuitry in anorexia nervosa: 
a longitudinal, multimodal MRI study. Hum Brain Mapp, 
201637(11):3835-46.

50. Haynos AF, et al. Resting state functional connectivity of net-
works associated with reward and habit in anorexia nervosa. Hum 
Brain Mapp. 2019;40(2):652–62.

51. Muratore AF et al. Reduced dorsal fronto-striatal connectivity at 
rest in anorexia nervosa. Psychol Med, 2024;54(9):2200-2209.

52. Zhu Y, et al. Processing of food, body and emotional stimuli in 
anorexia nervosa: a systematic review and meta-analysis of func-
tional magnetic resonance imaging studies. Eur Eat Disorders 
Rev. 2012;20(6):439–50.

53. Fladung A-K, et al. Role of the ventral striatum in developing 
anorexia nervosa. Translational Psychiatry. 2013;3(10):e315–315.

54. Foerde K, et al. Neural mechanisms supporting maladaptive food 
choices in anorexia nervosa. Nat Neurosci. 2015;18(11):1–18.

55. Foerde K, et al. Changes in brain and behavior during food-based 
decision-making following treatment of anorexia nervosa. J Eat 
Disorders. 2021;9:1–12.

56. Foerde K, et al. Restrictive eating across a spectrum from healthy 
to unhealthy: behavioral and neural mechanisms. Psychol Med. 
2022;52(9):1755–64.

57. King JA, et al. Altered neural efficiency of decision making dur-
ing temporal reward discounting in Anorexia Nervosa. J Am 
Acad Child Adolesc Psychiatry. 2016;55(11):972–9.

58. Decker JH, Figner B, Steinglass JE. On Weight and Waiting_ 
Delay Discounting in Anorexia Nervosa Pretreatment and Post-
treatment. BPS, 2015: pp. 1–9.

59. Bischoff-Grethe A, et al. Altered brain response to reward and 
punishment in adolescents with Anorexia nervosa. Psychiatry 
Research: Neuroimaging. 2013;214(3):331–40.

60. Frank GKW, et al. Association of brain reward learning response 
with harm avoidance, Weight Gain, and hypothalamic effective 
connectivity in adolescent Anorexia Nervosa. JAMA Psychiatry. 
2018;75(10):1071–80.

61. DeGuzman M, et al. Association of elevated reward prediction 
Error Response with Weight Gain in Adolescent Anorexia Ner-
vosa. Am J Psychiatry. 2017;174(6):557-65.

62. Westwater ML, et al. Characterizing cerebral metabolite profiles 
in anorexia and bulimia nervosa and their associations with habit-
ual behavior. Transl Psychiatry. 2022;12(1):103.

63. Lloyd EC et al. Food choice and neural reward systems in ado-
lescents with anorexia nervosa and atypical anorexia nervosa. J 
Child Psychol Psychiatry.2025;66(3):378–389. 

64. Steinglass J, et al. Restrictive food intake as a choice—A para-
digm for study. Int J Eat Disord. 2015;48(1):59–66.

65. Gorrell S, et al. Neural response to expecting a caloric sweet taste 
stimulus predicts body mass index longitudinally among young 
adult women with anorexia nervosa. Biol Psychiatry: Cogn Neu-
rosci Neuroimaging. 2024;9(3):298–304.

66. Hauber W. Dopamine release in the prefrontal cortex and stria-
tum: temporal and behavioural aspects. Pharmacopsychiatry. 
2010;43(Suppl 1):S32–41.

67. Deserno L, et al. Ventral striatal dopamine reflects behavioral and 
neural signatures of model-based control during sequential deci-
sion making. Proc Natl Acad Sci U S A. 2015;112(5):1595–600.

68. Schultz W, Dayan P, Montague PR. A neural substrate of predic-
tion and reward. Science. 1997;275(5306):1593–9.

69. Glimcher PW. Understanding dopamine and reinforcement learn-
ing: the dopamine reward prediction error hypothesis. Proc Natl 
Acad Sci U S A. 2011;108(Suppl 3):15647–54.

70. Steinberg EE et al. A causal link between prediction errors, dopa-
mine neurons and learning. Nat Neurosci, 2013;16(7):966-73.

1 3

185



Current Psychiatry Reports (2025) 27:176–186

103. Keating C. Theoretical perspective on anorexia nervosa: the con-
flict of reward. Neurosci Biobehav Rev. 2010;34(1):73–9.

104. LeDoux J, Daw ND. Surviving threats: neural circuit and compu-
tational implications of a new taxonomy of defensive behaviour. 
Nat Rev Neurosci. 2018;19(5):269–82.

105. Uniacke B, et al. A comparison of food-based decision‐mak-
ing between restricting and binge‐eating/purging subtypes of 
anorexia nervosa. Int J Eat Disord. 2020;53(10):1751–6.

106. Casey BJ. Beyond simple models of self-control to circuit-
based accounts of adolescent behavior. Ann Rev Psychol. 
2015;66(1):295–319.

107. Herpertz-Dahlmann B. Adolescent eating disorders: update on 
definitions, symptomatology, epidemiology, and comorbidity. 
Child Adolesc Psychiatr Clin N Am. 2015;24(1):177–96.

108. van Eeden AE, et al. Increase in incidence of anorexia nervosa 
among 10-to 14‐year‐old girls: a nationwide study in the Nether-
lands over four decades. Int J Eat Disord. 2023;56(12):2295–303.

109. Buabang EK, et al. Don’t make a habit out of it: impaired learn-
ing conditions can make goal-directed behavior seem habitual. 
Motivation Sci. 2021;7(3):252.

110. De Houwer J, et al. Kicking the habit: why evidence for habits in 
humans might be overestimated. Motivation Sci. 2018;4(1):50.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

93. Patzelt EH et al. Incentives Boost Model-Based Control Across a 
Range of Severity on Several Psychiatric Constructs. BPS, 2018: 
pp. 1–9.

94. Gillan CM, et al. Functional neuroimaging of avoidance 
habits in obsessive-compulsive disorder. Am J Psychiatry. 
2015;172(3):284–93.

95. Gillan CM et al. Characterizing a psychiatric symptom dimension 
related to deficits in goal-directed control. Elife, 2016. 5.

96. Cartoni E, Balleine B, Baldassarre G. Appetitive pavlovian-
instrumental transfer: a review. Neurosci Biobehav Rev. 
2016;71:829–48.

97. Vogel V, et al. Pavlovian-to-instrumental transfer in Anorexia 
Nervosa: a pilot study on conditioned learning and instrumental 
responding to low- and high-calorie food stimuli. Eur J Neurosci. 
2020;51(8):1794–805.

98. Foerde K, Steinglass JE. Decreased feedback learning in anorexia 
nervosa persists after weight restoration. Int J Eat Disord. 
2017;50(4):415–23.

99. Shott ME, et al. Altered implicit category learning in anorexia 
nervosa. Neuropsychology. 2012;26(2):191–201.

100. Wierenga CE, et al. Altered reinforcement learning from reward 
and punishment in Anorexia Nervosa: evidence from computa-
tional modeling. J Int Neuropsychol Soc. 2022;28(10):1003–15.

101. Sjoerds Z, et al. Slips of action and sequential decisions: a Cross-
validation Study of tasks assessing habitual and goal-Directed 
Action Control. Front Behav Neurosci. 2016;10:234.

102. Garbusow M et al. Pavlovian-to-Instrumental Transfer across 
Mental Disorders: A Review. Neuropsychobiology, 2022: pp. 
1–20.

1 3

186


	Exploring Habits in Anorexia Nervosa: Promise, Pitfalls, and Progress
	Abstract
	Introduction
	The Habit Framework as a Guide for Studying Neurocognitive Mechanisms of Anorexia Nervosa
	Abnormalities in Frontostriatal Circuits Associated with Habitual and Goal-Directed Behavior
	Studying Habits in Anorexia Nervosa: Self-Report
	Studying Habits in Anorexia Nervosa: Learning Tasks
	Outcome Devaluation Tasks
	Two-Step Tasks
	Pavlovian Instrumental Transfer


	What Can be Learned to Make the Most of Future Research on Habits?
	Task Factors
	Paradigms
	Valence
	Domain Specificity


	Population Factors
	Subtype
	Treatment Stage, Medication, and Comorbidity
	Age

	Conclusions
	Key References
	References


