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Abstract

Background Avoidant/restrictive food intake disorder (ARFID) and anorexia nervosa (AN) are the two primary restric-
tive eating disorders; however, they are driven by differing motives for inadequate dietary intake. Despite overlap

in restrictive eating behaviors and subsequent malnutrition, it remains unknown if ARFID and AN also share com-
monalities in their cognitive profiles, with cognitive alterations being a key identifier of AN. Discounting the present
value of future outcomes with increasing delay to their expected receipt represents a core cognitive process guid-
ing human decision-making. A hallmark cognitive characteristic of individuals with AN (vs. healthy controls [HC])

is reduced discounting of future outcomes, resulting in reduced impulsivity and higher likelihood of favoring delayed
gratification. Whether individuals with ARFID display a similar reduction in delay discounting as those with AN (vs.

an opposing bias towards increased delay discounting or no bias) is important in informing transdiagnostic ver-

sus disorder-specific cognitive characteristics and optimizing future intervention strategies.

Method To address this research question, 104 participants (ARFID: n=57, AN: n=28, HC: n=19) completed a com-
puterized Delay Discounting Task. Groups were compared by their delay discounting parameter (/n)k.

Results Individuals with ARFID displayed a larger delay discounting parameter than those with AN, indicating steeper
delay discounting (M+SD=-6.10+2.00 vs. —7.26+ 1.73, p=0.026 [age-adjusted], Hedges'g=0.59), with no difference
from HC (p=0.514, Hedges'g=—0.35).

Conclusion Our findings provide a first indication of distinct cognitive profiles among the two primary restrictive
eating disorders. The present results, together with future research spanning additional cognitive domains and includ-
ing larger and more diverse samples of individuals with ARFID (vs. AN), will contribute to identifying maintenance
mechanisms that are unique to each disorder as well as contribute to the optimization and tailoring of treatment
strategies across the spectrum of restrictive eating disorders.
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Plain English Summary

Avoidant/restrictive food intake disorder (ARFID) and anorexia nervosa (AN) are both restrictive eating disorders. How-
ever, the reasons for restricting food intake differ between the two diagnoses. A key question in further understanding
similarities and differences between ARFID and AN is to understand whether individuals with these disorders process

information and make decisions in similar or distinct ways. When humans decide between two different outcomes
(e.g., a smaller immediate or a larger delayed reward), outcomes decrease in their value the farther in the future we
expect to receive them (delay discounting). Individuals with AN exhibit a reduced discounting of future outcomes,
which makes them more likely to forego immediate gratification for later rewards. However, whether this holds true
for individuals with ARFID too (or whether they show the opposite or no bias) is unknown. Our investigation is the first
to compare delay discounting between individuals with ARFID, AN, and healthy controls (HC). Our results show

that individuals with ARFID show more delay discounting than those with AN, with no difference from HC. Knowing
how rewards are being chosen and decisions made (and knowing differences between diagnoses) will be helpful

in further optimizing and tailoring treatments for restrictive eating disorders.

Background

Avoidant/restrictive food intake disorder (ARFID) is
a psychological disorder defined by impaired growth/
weight loss, nutritional deficiencies, dependence on tube
feeding or nutritional supplements, and/or significant
psychosocial impairment. While ARFID shares the key
symptom of dietary restriction with anorexia nervosa
(AN), individuals with ARFID do not describe shape
and weight concerns as motives for dietary restriction.
Rather, typical reasons for restriction in ARFID include
sensitivity to sensory characteristics (e.g., taste, smell,
texture) of food; fear of aversive consequences of eating
(e.g., choking, vomiting, gastrointestinal pain); or lack of
interest in eating or food.

Because cognitive profiles in AN are shown to relate
to specific symptoms of the disorder, the similarities in
disordered eating behaviors between ARFID and AN
raise the question of whether the two conditions might
also share commonalities in their cognitive profiles. Dif-
ferences in cognitive functioning in AN compared to
healthy controls (HC) are well-documented and con-
sidered to contribute to manifestation and maintenance
of eating disorder pathology, including dietary restric-
tion (e.g., [1, 2]). In contrast, whether/how cognitive
functioning might be altered in individuals with ARFID
is unknown, but important to study to inform diagnos-
tic differences as well as possible mechanisms underly-
ing reasons for restrictions—which may offer additional
treatment targets.

Discounting the present value of future outcomes with
increasing delay to their expected receipt represents a
key cognitive process in guiding human decision-making,
where different outcomes (e.g., rewards) with varying
value and time lag to their attainment need to be weighed
against each other to guide current behavior. The degree
to the present value of a future outcome is discounted,
and thus how future consequences of current actions are

valued differs across individuals. In general, steeper dis-
counting of the present value of a delayed outcome trans-
lates into a higher likelihood of choosing more immediate
rewards over favoring long-term outcomes, and thus
higher impulsivity. Conversely, less discounting results in
a higher valuation of future action consequences, which
has been associated with higher self-control [3, 4]. A
hallmark cognitive characteristic of individuals with AN
(vs. HC) is a reduced discounting of future outcomes and
pronounced preference for future versus more immediate
outcomes. When choosing between smaller, more imme-
diate and larger, delayed monetary rewards, individuals
with AN (compared to HC) display a stronger prefer-
ence for delayed choices together with a lower delay dis-
counting rate [3, 5, 6]. While documented independent of
food, delay discounting is associated with the excessive
self-control over food intake that is clinically observed in
individuals with AN, in which individuals with AN often
restrict consumption of highly palatable foods to sup-
port a long-term aim of excessive weight loss (e.g., [5, 7]).
Moreover, in a prospective investigation following indi-
viduals with acute AN undergoing inpatient treatment
to restore weight, differences in delay discounting (of
monetary rewards) between individuals with AN and HC
established pretreatment were no longer present follow-
ing successful weight restoration [8].

Whether individuals with ARFID display a similar
reduction in delay discounting as those with AN (vs. an
opposing bias towards increased delay discounting or no
bias) is unknown. Although food restriction in ARFID
is not motivated by weight or shape concerns, individu-
als with ARFID similarly demonstrate difficulty eating—
even when hungry—if preferred foods are not available.
For example, individuals with sensory sensitivity or fear
of aversive consequences as part of their ARFID pres-
entation may resist immediate hunger and food cues for
later, more desired or safer foods, and individuals with
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lack of interest may or may not find food rewarding at all.
Thus, it is conceivable that those with ARFID may exhibit
an ability to delay reward similar to what has been docu-
mented in those AN. On the other hand, clinical obser-
vation points towards people with ARFID potentially
showing a preference for more short-term rewards. In
line with this, a first investigation in children and adoles-
cents with ARFID (age 6—18 years) showed lower behav-
ioral inhibition compared to age-based norm values [9].
Unlike in AN, individuals with ARFID are not pursuing
a long-term goal of controlling their shape or weight.
Rather, food avoidance and restriction in ARFID seems
to be characterized by inability to tolerate strong aver-
sion or fear when it comes to food itself, with individuals
instead opting for the immediate reward of avoidance. In
the sensory sensitivity presentation, individuals describe
avoiding tastes, textures, and smells that they experience
as unpleasant or even disgusting. Individuals with a fear
of aversive consequences presentation report attempts
to avoid feared consequences of eating, such as choking,
vomiting, or gastrointestinal pain. Finally, for those with
a lack of interest presentation, it is common to experi-
ence a near or total lack of hunger cues, having a very
low appetite, and feeling that eating is a chore, such that
eating itself is unpleasant and preferably avoided. Across
presentations, individuals with ARFID express that they
wish to be able to eat a larger amount or variety of foods,
but that their ARFID symptoms present an insurmount-
able barrier [10]. As such, it is conceivable that individu-
als with ARFID prefer the immediate rewarding effects
of dietary avoidance/restriction compared to the delayed
rewarding effects of expanding dietary intake and vari-
ety, resulting in steeper delay discounting and thus the
opposing cognitive bias to the one observed in those with
AN.
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To the best of our knowledge, no study has examined
delay discounting in individuals with ARFID, nor has
any published work compared cognitive functioning in
a sample with ARFID to that in a sample with AN—a
comparison which is critical in order to clarify any
potential relationship between dietary restriction and
cognitive alterations in those with ARFID. Thus, the
current study was designed to extend prior research by
comparing delay discounting in a sample of individu-
als with ARFID, spanning both adolescents and young
adults, to individuals with AN and to HC. Given that
this is the first published work on delay discounting in
adolescents and adults with ARFID, our primary aim
was to investigate whether the ARFID group differed
from the AN and HC groups. We tested this difference
bi-directionally to include the possibility that individu-
als with ARFID could display a bias towards less pro-
nounced discounting of future rewards (resembling the
cognitive profile of AN as they resemble their restric-
tive eating behavior; Hypothesis #1) or a bias towards
steeper discounting matching their increased impulsive
behavior with increased impulsive choice (Hypothesis
#2). Given that ARFID symptoms are heterogeneous
across the three ARFID presentations, we additionally
aimed to explore whether in the present study sample,
ARFID presentation type (i.e., sensory sensitivity, fear
of aversive consequences, lack of interest in eating or
food) over and above the diagnosis of ARFID would be
related to delay discounting rate.

Method

Participants

Table 1 provides demographic characteristics of the
study sample.

Table 1 Demographic characteristics of the avoidant/restrictive food intake disorder (ARFID), anorexia nervosa (AN), and healthy

control (HC) groups

ARFID (n=57) AN (n=28) HC (n=19)

Age, M [SD] - 1742 [5.38] 20.75 [3.76] 21.32[7.60]
Sex, female N (%) - 34 (60%) 28 (100%) 7 (37%)
Race, N (%) American Indian/Alaska Native 1 (2%) 0 (0%) 0 (0%)

Asian 1 (2%) 2 (7%) 2 (11%)

Black/African American 4 (7%) 0 (0%) 3(16%)

Native Hawaiian/Other Pacific Islander 0 (0%) 0 (0%) 1 (5%)

White 51 (89%) 26 (93%) 13 (68%)
Ethnicity, N (%) Hispanic/Latinx 2 (4%) 2 (7%) 1 (5%)

Not Hispanic/Latinx 55 (96%) 26 (93%) 18 (95%)
Body Mass Index (BMI), M [SD] BMI percentile for age<18 36.9[32.8] 27.61[19.1] 583[314]

Absolute BMI for age > 18 24.016.1] 18.5[2.2] 28.1[10.5]
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ARFID and AN samples

We recruited treatment-seeking individuals with ARFID
(n=57) and AN (n=28), ages 10-30 years from the Eat-
ing Disorders Clinical and Research Program, an outpa-
tient eating disorders specialty clinic at Massachusetts
General Hospital. To match our population of study, we
purposefully included a broad age range in our sample.
As an additional inclusion criterion, only individuals
diagnosed with the restricting subtype of AN, as opposed
to the binge-purge subtype, were considered for this
investigation, given that binge eating and purging are
not part of the pathology of ARFID and that we sought
to compare across eating disorders where restriction is
the primary symptom. Diagnoses were conferred during
a routine clinical interview by each participant’s treating
psychologist or psychiatrist according to DSM-5 criteria
[11, 12]. For study participants with ARFID, clinicians
additionally evaluated which of the three presentations
(sensory sensitivity, fear of aversive consequences, and/or
lack of interest in eating or food) the participant’s symp-
toms were most consistent with [13]. Clinicians could
select more than one presentation for each participant
if appropriate, given that ARFID presentations can co-
occur [14, 15]. With regard to ARFID presentation, based
on clinical interviews, 45 participants endorsed sensory
sensitivity, 18 endorsed fear of aversive consequences,
and 24 participants endorsed lack of interest in eating or
food.

HC

We recruited HC (n=19), ages 10-30 years to match
the age range of the ARFID and AN groups, who had
either served as healthy controls from an NIMH-funded
study (ROIMH108595) investigating the neurobiology of
ARFID (n=4), learned about the study from Rally (a Mass
General Brigham-wide recruitment platform; n=4), or
participated via Amazon Mechanical Turk (MTurk, an
online recruitment platform for survey research; n=11).
HC from the neurobiology study did not meet criteria for
any current psychiatric disorder on the Kiddie Schedule
for Affective Disorders and Schizophrenia [16]. Adults
and children from MTurk and Rally were classified as HC
if they scored below clinical cut points of <2.3 on the Eat-
ing Disorder Examination-Questionnaire [17], <44 on
the State—Trait Anxiety Inventory — Trait scale [18],<16
on the Center for Epidemiological Studies Depression
Scale [19], and <10, 9, and 10, respectively, on the Picky
Eating, Appetite, and Fear subscales of the Nine-Item
ARFID Scale [13, 20]. To ensure data quality for indi-
viduals recruited through MTurk, survey settings pre-
vented individuals from participating twice. Additionally
and in line with recommendations for analyzing MTurk
data [21], we ensured there were no duplicate entries
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by collecting MTurk worker IDs. To ensure the absence
of “bots” or non-human workers in our dataset, we also
embedded one or two validity checks in each measure (a
practice which has been supported by Kung et al. [22]),
later removing any MTurk participants who failed these
validity checks [21]. Participant compensation varied by
recruitment source. Clinic participants received no com-
pensation as they completed the necessary measures as
part of routine care. HC drawn from our team’s neurobi-
ology of ARFID study received up to $300 (because the
broader study involved two multi-hour visits, including
not just questionnaires but also functional magnetic res-
onance imaging scans, test meals, and blood draws; the
full protocol is outlined in [23]. MTurk and Rally partici-
pants received $1 for completing a pre-screener and $15
for completing a battery of questionnaires.

Measures

Demographics

All participants self-reported their age, sex, race, and
ethnicity.

Delay Discounting Task

Participants completed a web-based Delay Discounting
Task designed for self-administration via testmybrain.
org [24]. In this task, participants made repeated hypo-
thetical decisions about whether they preferred different
amounts of money now or in the future, with both the
size of the monetary reward and the length of time the
participant would have to wait for the reward increas-
ing gradually. The task included seven delay periods (two
weeks, one month, six months, one year, three years, five
years, and ten years). Participants completed six trials
for each of the seven delay periods, plus four catch tri-
als, for a total of 46 trials. Participants who scored <50%
on catch trials were ultimately excluded from analyses
(n=1 participant was excluded after implementing this
criterion, which did not alter our results). Trials began
with choosing between US$500 now (present outcome
option) and US$1,000 (future outcome option) after the
delay period in question. Based on their response, the
present outcome option was adjusted in consecutive tri-
als using the following procedure: A change amount was
calculated as 500/(2"(count-1)) with count representing
the trial count for the respective delay period. If a par-
ticipant selected the present outcome option, the pre-
sent outcome option for the consecutive trial was set
as current present outcome — change amount. If a par-
ticipant chose the future outcome option, the present
outcome option in the following trial was calculated as
present outcome +change amount. The future outcome
option was kept constant at US$1,000. Four catch trials
with clearly preferred reward outcomes were included
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to confirm participants’ attention to the task. An indi-
vidual’s delay discounting parameter k was calculated as
an average across the seven series of choices, with higher
scores indicating a steeper discounting of the value of
delayed rewards.

Eating Disorder Examination-Questionnaire (EDE-Q)

The EDE-Q [17] is a well-established measure of patho-
logical eating behaviors and related attitudes and cogni-
tions. Participants rate the number of days over the past
28 days in which they engaged in behaviors. The EDE-Q
generates four subscale scores, and a global score is cal-
culated by taking the average of the subscale scores. In
the current study, we used a cut-off score of 2.3 on the
EDE-Q Global Score [25] to rule out eating disorders
other than ARFID in the ARFID and HC groups. Internal
consistency for the EDE-Q in our sample was excellent
(Cronbach’s alpha=10.96).

Data analysis

We conducted all analyses in R [26]. Packages used for
analyses included: dplyr [27], psych [28], corrplot [29],
tidyverse [30], ggplot2 [31], stringr [32], finsb [33], rstatix
[34]. To approximate normal distribution of k, k values
were log-transformed using natural log prior to data
analysis ([/n]k). Scores for parameter (In)k are always neg-
ative, with higher (closer to 0) scores reflecting steeper
discounting of the value of delayed rewards.

To test whether the ARFID, AN, and HC groups differ
in their delay discounting, we compared group means of
(In)k using an analysis of covariance (ANCOVA), with
age as a covariate in all analyses. We then ran Bonferroni-
corrected pairwise t-tests based on age-adjusted means
to conduct planned comparisons with each group.

For the exploratory analysis of delay discounting within
each ARFID presentation, we built a multiple linear
regression model for the ARFID group regressing (In)k
on ARFID presentation type (sensory sensitivity, fear of
aversive consequences, and lack of interest) and control-
ling for age. The three ARFID presentations were entered
as dichotomous independent variables with responses
coded as 0 or 1, where 1 represented having the presenta-
tion. We used multiple regression to account for overlap
between presentations.

Results

Delay discounting in ARFID, AN, and HC groups

Group means and results for the hypotheses-testing
ANCOVA are presented in Tables 2 and 3 and in Fig. 1.
The ANCOVA showed a significant main effect of group
on the delay discounting parameter (In)k (F, 15,=5.93,
p=0.004, etap2=0.11). Bonferroni-corrected post hoc
pairwise comparisons revealed that the ARFID group
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Table 2 Age-adjusted scores on the (log-transformed) delay
discounting parameter (In)k for the sample with avoidant/
restrictive food intake disorder (ARFID), the sample with anorexia
nervosa (AN), and the healthy control (HC) sample

ARFID AN (n=28) HC(n=19) F Omnibus p
(n=57)

kscore, M 003[0.12]  0.006[0.02] 0.01[0.02] N/A N/A

(SD]

In(k), M [SD] —6.1 [2] -7.301.7] -54[1.5] 593 0.004

Age, M [SD] 17.4[54] 20.8[3.8] 213[7.6] 547 0.006

Table 3 Results of Bonferroni-corrected pairwise t-tests for the
(log-transformed) delay discounting parameter (In)k and age
between the ARFID, AN, and HC groups

Parameter ARFID-AN AN-HC ARFID-HC
In(k), p (Hedges'g) 0.026 (0.59) 0.004 (-1.09) 0.514 (-0.35)
Age, p (Hedges'g) 0.03 (-=0.67) 1.00 (=0.10) 0.03 (-=0.64)

showed a higher delay discounting parameter (/n)k than
the AN group (p=0.026), while no difference between
the ARFID and HC groups was observed (corrected
p=0.51). Finally, consistent with prior literature, the AN
group scored significantly higher than HC (corrected
p=0.004; Fig. 1). A post hoc analysis of achieved power
indicated that we had sufficient statistical power to test
our hypotheses (etap2=0.11, 1-8 err prob=0.88).

Delay discounting across ARFID presentations

Our exploratory multiple linear regression model evalu-
ating the contribution of ARFID presentation to delay
discounting was not significant (F=1.99, p=0.109,
adjusted R-squared=0.07). In other words, in our sam-
ple, none of the ARFID presentations contributed signifi-
cantly to the delay discounting parameter (/n)k (B=-1.37
[p=0.068] for sensory sensitivity, B=—0.64 [p=0.321]
for fear of aversive consequences, and B=-0.95
[p=0.073] for lack of interest).

Discussion

Alterations in preference for delayed reward are a hall-
mark of AN. The current research is the first to exam-
ine whether differences in delay discounting might exist
in adults and children with ARFID compared to those
with AN and to HC. Consistent with our Hypothesis
#2, we found that those with ARFID exhibited a steeper
discounting of future monetary outcomes (translating
into a higher likelihood of choosing more immediate
outcomes) than those with AN (with no difference to
HC). This finding fits previous clinical observations.
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Group

ARFID

-4
-5

-6 I

-7

Delay discounting parameter (In)k

-8

Fig. 1 Bar graph of age-adjusted group means and between-group Analysis of Covariance (ANCOVA) with planned pairwise comparisons
for the (log-transformed) delay discounting parameter (/n)k. Note: Error bars represent SEM. ARFID =avoidant/restrictive food intake disorder;

AN =anorexia nervosa; HC = healthy controls

More specifically, individuals with AN may exert cogni-
tive control to reduce food intake, thus delaying reward
(i.e., food) notably compared to healthy individuals.
On the other hand, those with ARFID may find food
in itself less rewarding, and thus may not experience a
need to utilize cognitive control resources to delay/pre-
vent dietary intake. In other words, these findings indi-
cate that the individual’s motivation for restriction may
matter significantly in understanding disorder persis-
tence, over and above the restriction behaviors them-
selves. Another possible interpretation of our findings
is that preference for more immediate reward may even
offer an explanation for some of the challenges many
individuals with ARFID seem to face: namely, opting
for the short-term reward of safe foods and avoiding
negative feelings over the long-term reward of expand-
ing dietary variety or volume. Additionally, while we
did not observe a statistically significant difference
in delay discounting between those with ARFID and
healthy individuals, the large difference in mean scores
between the two groups may be a signal to investigate
other approaches—for example, examining delay dis-
counting with severity of ARFID symptoms rather than
the binary outcome of having ARFID or not. Future
research following this signal (e.g., investigating delay
discounting as a mediator between avoidance behav-
iors and disorder persistence) and attempting to further
understand the possible role of delay discounting in the
maintenance of ARFID is warranted.

The current research is a compelling introduction to
a distinct cognitive profile of ARFID on which future
research can expand. This research offers novel findings
as it is the first to examine delay discounting in individu-
als with ARFID. We used a well-supported measure of
this cognitive construct (i.e., the testmybrain.org Delay
Discounting Task), which is important considering the
task impurity problem common in cognitive and neu-
ropsychological testing [1, 24]. Prior research suggests
that discounting for hypothetical and real rewards pro-
duces very similar results, supporting the validity of the
testmybrain.org Delay Discounting Task [35]. To date,
only one published study has explored aspects of cog-
nitive functioning in youth with ARFID [9], and to our
knowledge, no prior studies have explored aspects of
cognitive functioning in adults with ARFID or charac-
terized delay discounting in any ARFID sample. The cur-
rent study indicates that those with ARFID may have a
cognitive profile that is distinct from those with AN.
Understanding similarities and differences in the cogni-
tive profile underlying ARFID compared to that in AN
may contribute to the pursuit of improved clinical care
in ARFID, given current conceptualizations of ARFID as
cognitive-behavioral in nature [36]. Gaining an increased
understanding of how cognition might be similar or dif-
ferent in those with ARFID compared to those with AN
and other eating disorders treated with cognitively-ori-
ented treatments (i.e., cognitive-behavioral therapy) may
elucidate cognition treatment targets. For example, those
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with ARFID might exhibit some cognitive features that
are similar to what is seen in AN, such as cognitive rigid-
ity [37, 38] or all-or-nothing thinking [39]. Thinking of
this nature has been observed in individuals with ARFID
in an outpatient setting [10]. These and other potential
cognitive similarities and differences between those with
ARFID and those with AN provide a compelling avenue
for future research.

Limitations of the current research should be recog-
nized. Generalizability is a potential limitation of this
research, given that our measure of delay discounting uti-
lized monetary rewards; future research should seek to
replicate these findings with food rewards, to investigate
the possibility that individuals with ARFID may respond
differently to rewards that are more salient to their disor-
der. While the overall sample was moderate in size, some
presentations within the ARFID group (though only con-
sidered in a follow-up exploratory analysis) contained
a relatively small number of participants (i.e., =18 for
fear of aversive consequences). Further, the HC group
was small due to cleaning measures applied to the data
(e.g., applying an age cutoff to match the age range of
the ARFID and AN groups). Replication in samples with
greater numbers of both participants with ARFID and
healthy control participants is needed to corroborate
our findings. While all individuals in the HC group were
equivalently screened for eligibility, we employed a het-
erogeneous sample recruited from multiple sources. Low
racial and ethnic diversity bears on the generalizability of
the study to diverse populations, given that these aspects
of cognitive processing are known to vary between dif-
ferent populations and cultural contexts (e.g., [40—45]).
Additionally, while we controlled for age in the present
study to account for the wide developmental range of our
sample (ages 10-30), developmental age is an important
consideration for future research.

Conclusions

Future research should aim to expand on this promis-
ing initial finding by investigating potential relationships
between delay discounting and severity of ARFID symp-
toms as well as examining these constructs longitudi-
nally. Further, there are many other domains of cognitive
functioning that may be worthwhile to examine together
in samples with ARFID to evaluate the full cognitive pro-
file. Understanding similarities and differences in the
cognitive mechanisms underlying ARFID compared to
AN may help elucidate new maintenance mechanisms for
this condition.

Abbreviations
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EDE-Q Eating Disorder Examination-Questionnaire
ANCOVA  Analysis of covariance

Acknowledgements
Not applicable.

Author contributions

CMS: Investigation, Methodology, Data curation, Formal analysis, Visualiza-
tion, Writing—original draft, Writing—review & editing. IM: Writing—origi-
nal draft, Writing—review & editing. MJD: Data curation, Formal analysis,
Writing—review & editing. KC: Conceptualization, Investigation, Methodol-
ogy, Writing—review and editing. LLP: Formal analysis, Writing—review &
editing. JG: Data curation, Writing—review & editing. HG: Writing—review &
editing. LTG: Formal analysis, Writing—review & editing. NT: Formal analysis,
Writing—review & editing. SBW: Writing—review & editing. LB: Data curation,
Writing—review & editing. KTE: Data curation, Writing—review & editing. JJT:
Supervision, Data curation, Writing—original draft, Writing—review & edit-
ing. FP: Supervision, Conceptualization, Methodology, Data curation, Formal
analysis, Writing—original draft, Writing—review & editing. KRB: Supervision,
Conceptualization, Methodology, Data curation, Formal analysis, Writing—
original draft, Writing—review & editing.

Funding

Research reported in this publication was supported by the Charles A. King
Trust (FP), the National Institutes of Health: National Institute of Mental Health
ROTMH108595 (JJT), ROTMH103402 (KTE), RO3MH 103402 (LB), KL2TR002542
(LB), F31TMH125495 (SBW), and K23MH125143 (KRB), and the National Science
Foundation (SBW, DGE-1745303). The content is solely the responsibility of the
authors and does not necessarily represent the official views of the funding
agencies.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon request.

Declarations

Ethics approval and consent to participate

The study was conducted according to the Declaration of Helsinki and
study protocol was approved by the Institutional Review Board (Protocol
2013P002614). Written informed consent was obtained from all participants.

Consent for publication
The authors consent for this manuscript to be published. There are no other
parties involved in the decision to publish.

Competing interests

Drs. Becker, Eddy, and Thomas receive royalties from Cambridge University
Press for the sale of their books on ARFID. Dr. Breithaupt is a consultant for
Otsuka Pharmaceuticals. Dr. Thomas receives royalties for book sales from
Oxford University Press for her forthcoming book on rumination syndrome.

Author details

'Eating Disorders Clinical and Research Program, Massachusetts General Hos-
pital, 2 Longfellow Place, Suite 200, Boston, MA 02114, USA. 2Neuroendocrine
Unit, Massachusetts General Hospital, Boston, USA. *Department of Psychol-
ogy, Rutgers University, New Brunswick, USA. “Institute for Technology in Psy-
chiatry, McLean Hospital, Belmont, USA. >Department of Psychology, Carleton
University, Ottawa, Canada. ®Mental Health and Well-Being Research and Train-
ing Hub, Carleton University, Ottawa, Canada. ’Department of Psychology,
Harvard University, Cambridge, USA. ®Department of Psychiatry, Harvard
Medical School, Cambridge, USA. °Athinoula A. Martinos Center for Biomedi-
cal Imaging, Massachusetts General Hospital, Charlestown, USA. '®Department
of Medicine, Harvard Medical School, Cambridge, USA.

Received: 13 July 2023 Accepted: 18 December 2023
Published online: 29 January 2024



Stern et al. Journal of Eating Disorders

(2024) 12:19

References

1.

Dann KM, Hay P, Touyz S. Are poor set-shifting and central coher-

ence associated with everyday function in anorexia nervosa? A
systematic review. J Eat Disord. 2021;9(1):40. https://doi.org/10.1186/
540337-021-00392-x.

Schmidt U, Treasure J. Anorexia nervosa: valued and visible. A cognitive-
interpersonal maintenance model and its implications for research and
practice. Br J Clin Psychol. 2006;45(Pt 3):343-66. https://doi.org/10.1348/
014466505x53902.

Amlung M, Marsden E, Holshausen K, Morris V, Patel H, Vedelago L,

Naish KR, Reed DD, McCabe RE. Delay discounting as a transdiagnos-

tic process in psychiatric disorders: a meta-analysis. JAMA Psychiat.
2019;76(11):1176-86. https://doi.org/10.1001/jamapsychiatry.2019.2102.
Rachlin H. The science of self-control. Cambridge: Harvard University
Press; 2000.

Steinglass JE, Figner B, Berkowitz S, Simpson HB, Weber EU, Walsh BT.
Increased capacity to delay reward in anorexia nervosa. J Int Neuropsy-
chol Soc. 2012;18(4):773-80. https://doi.org/10.1017/513556177120004
46.

Steinglass JE, Lempert KM, Choo TH, Kimeldorf MB, Wall M, Walsh BT,
Simpson HB. Temporal discounting across three psychiatric disorders:
Anorexia nervosa, obsessive compulsive disorder, and social anxiety
disorder. Depress Anxiety. 2017,34(5):463-70. https://doi.org/10.1002/da.
22586.

Steward T, Mestre-Bach G, Vintré-Alcaraz C, Aguiera Z, Jiménez-Murcia S,
Granero R, Fernandez-Aranda F. Delay discounting of reward and impul-
sivity in eating disorders: from anorexia nervosa to binge eating disorder.
Eur Eat Disord Rev. 2017;25(6):601-6. https://doi.org/10.1002/erv.2543.
Decker JH, Figner B, Steinglass JE. On weight and waiting: delay discount-
ing in anorexia nervosa pretreatment and posttreatment. Biol Psychiatry.
2015;78(9):606-14. https://doi.org/10.1016/j.biopsych.2014.12.016.

Basile C, Gigliotti F, Colaiori M, Santo FD, Terrinoni A, Ardizzone |, Sabatello
U. Comparison of neuropsychological profiles in children and adolescent
with anorexia nervosa and avoidant/restrictive food intake disorder
(ARFID). Eur Psychiatry. 2021;64(S1):5351-2. https://doi.org/10.1192/j.
eurpsy.2021.942.

Thomas JJ, Becker KR, Eddy KT. The picky eater’s recovery book. Cam-
bridge University Press; 2021.

. American Psychiatric Association. Diagnostic and Statistical Manual of

Mental Disorders. 5th ed. American Psychiatric Association; 2013.
Becker KR, Keshishian AC, Liebman RE, Coniglio KA, Wang SB, Franko DL,
Eddy KT, Thomas JJ. Impact of expanded diagnostic criteria for avoidant/
restrictive food intake disorder on clinical comparisons with anorexia
nervosa. Int J Eat Disord. 2019;52(3):230-8. https://doi.org/10.1002/eat.
22988.

Burton Murray H, Dreier MJ, Zickgraf HF, Becker KR, Breithaupt L, Eddy
KT, Thomas JJ. Validation of the nine item ARFID screen (NIAS) subscales
for distinguishing ARFID presentations and screening for ARFID. Int J Eat
Disord. 2021;54(10):1782-92. https://doi.org/10.1002/eat.23520.

Reilly EE, Brown TA, Gray EK, Kaye WH, Menzel JE. Exploring the Cooc-
currence of behavioural phenotypes for avoidant/restrictive food

intake disorder in a partial hospitalization sample. Eur Eat Disord Rev.
2019;27(4):429-35. https://doi.org/10.1002/erv.2670.

Thomas JJ, Lawson EA, Micali N, Misra M, Deckersbach T, Eddy KT.
Avoidant/restrictive food intake disorder: a three-dimensional model of
neurobiology with implications for etiology and treatment. In: Current
Psychiatry Reports (Vol. 19, Issue 8, pp. 1-9). Current Medicine Group LLC
1;2017. https://doi.org/10.1007/511920-017-0795-5

Kaufman J, Birmaher B, Axelson D, Perepletchikova F, Brent D, Ryan N.
K-SADS-PL DSM-5 November 2016 (2016). Retrieved from https://www.
pediatricbipolar.pitt.edu/sites/default/files/KSADS_DSM_5_SCREEN_
Final.pdf.

Fairburn C, Beglin S. Eating disorder examination questionnaire. Cogn
Behav Ther Eat Disord. 2008;309:313.

Spielberger C, Gorsuch R, Lushene R, Vagg P, Jacobs G. Manual for the
state-trait anxiety inventory. Consulting Psychologists Press; 1983.
Radloff LS. The CES-D Scale: a self-report depression scale for research in
the general population; 1977.

Zickgraf HF, Ellis JM. Initial validation of the Nine Item Avoidant/Restric-
tive Food Intake disorder screen (NIAS): a measure of three restrictive

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

Page 8 of 9

eating patterns. Appetite. 2018;123:32-42. https://doi.org/10.1016/j.
appet2017.11.111.

Kambanis PE, Bottera AR, de Young KP. Eating disorder prevalence among
Amazon MTurk workers assessed using a rigorous online, self-report
anthropometric assessment. Eat Behav. 2021;41: 101481. https://doi.org/
10.1016/J.EATBEH.2021.101481.

Kung FY, Kwok N, Brown DJ. Are attention check questions a threat to
scale validity? Appl Psychol. 2018;67(2):264-83.

Burton Murray H, Becker KR, Harshman S, Breithaupt L, Kuhnle M, Dreier
MJ, Hauser K, Freizinger M, Eddy KT, Misra M, Kuo B, Micali N, Thomas JJ,
Lawson EA. Elevated fasting satiety-promoting cholecystokinin (CCK) in
avoidant/restrictive food intake disorder compared to healthy controls. J
Clin Psychiatry. 2022;83(5):14111. https://doi.org/10.4088/jcp.21m14111.
Germine LT, Joormann J, Passell E, Rutter LA, Scheuer L, Martini P Hwang
I, Lee S, Sampson N, Barch DM, House SL, Beaudoin FL, An X, Stevens JS,
Zeng D, Linnstaedt SD, Jovanovic T, Clifford GD, Neylan TC, Kessler RC.
Neurocognition after motor vehicle collision and adverse post-traumatic
neuropsychiatric sequelae within 8 weeks: initial findings from the
AURORA study. J Affect Disord. 2022;298:57-67. https://doi.org/10.1016/].
jad.2021.10.104.

Mond JM, Hay PJ, Rodgers B, Owen C, Beumont PJV. Validity of the Eating
Disorder Examination Questionnaire (EDE-Q) in screening for eating dis-
orders in community samples. Behav Res Ther. 2004;42(5):551-67. https://
doi.org/10.1016/50005-7967(03)00161-X.

R Core Team. R: A language and environment for statistical computing.

R Foundation for Statistical Computing. Vienna Austria: R Foundation for
Statistical Computing (2018). Available from https.//www.r-project.org/.
Wickham H, Francois R, Henry L, Muller K. dplyr: A Grammar of Data
Manipulation (2022). https://dplyrtidyverse.org, https://github.com/tidyv
erse/dplyr.

Revelle W. psych: Procedures for Psychological, Psychometric, and Per-
sonality Research. Northwestern University, Evanston, lllinois. R package
version 2.2.9 (2022). https://CRAN.R-project.org/package=psych.

WeiT, Simko V. R package ‘corrplot”: Visualization of a Correlation Matrix.
(Version 0.92) (2021). https://github.com/taiyun/corrplot.

Wickham H, Averick M, Bryan J, Chang W, McGowan LD, Francois R,
Grolemund G, Hayes A, Henry L, Hester J, Kuhn M, Pedersen TL, Miller E,
Bache SM, Muller K, Ooms J, Robinson D, Seidel DP, Spinu V, Takahashi K,
Vaughan D, Wilke C, Woo K, Yutani H. Welcome to the tidyverse. J Open
Source Softw. 2019;4(43):1686. https://doi.org/10.21105/j0ss.01686.
Wickham H. ggplot2: Elegant Graphics for Data Analysis. Springer New
York; 2016. ISBN 978-3-319-24277-4, https://ggplot2.tidyverse.org.
Wickham H. stringr: Simple, Consistent Wrappers for Common String
Operations (2022). https://stringr.tidyverse.org, https://github.com/tidyv
erse/stringr.

Nakazawa M. fmsb: Functions for medical statistics book with some
demographic data (2022). Available from https://cran.r-project.org/web/
packages/fmsb/index.html.

Kassambara A. Pipe-friendly framework for basic statistical tests [R pack-
age rstatix version 0.7.11. The Comprehensive R Archive Network (2022).
Retrieved January 29, 2023, from https://cran.r-project.org/web/packa
ges/rstatix/index.html

Lawyer SR, Schoepflin F, Green R, Jenks C. Discounting of hypothetical
and potentially real outcomes in nicotine-dependent and nondepend-
ent samples. Exp Clin Psychopharmacol. 2011;19(4):263-74. https://doi.
0rg/10.1037/a0024141.

Thomas JJ, Eddy KT. Cognitive-behavioral therapy for avoidant/restric-
tive food intake disorder: children, adolescents, & adults. Cambridge:
Cambridge University Press; 2019.

Tchanturia K, Campbell IC, Morris R, Treasure J. Neuropsychological stud-
ies in anorexia nervosa. Int J Eat Disord. 2005,37(Suppl):572-89. https://
doi.org/10.1002/eat.20119.

Tchanturia K, Davies H, Roberts M, Harrison A, Nakazato M, Schmidt U,
Morris R. Poor cognitive flexibility in eating disorders: examining the
evidence using the Wisconsin Card Sorting Task. PLoS ONE. 2012;7(1):
e28331.

Garner DM, Bemis KM. A cognitive-behavioral approach to anorexia
nervosa. Cogn Ther Res. 1982;6:123-50.

Egbert A, Hunt RA, Williams K, Burke NL, Jennings MK. Reporting racial
and ethnic diversity in eating disorder research over the past 20 years. Int
J Eat Disord. 2021;55:455-62. https://doi.org/10.31234/0sf.io/ys6xz.


https://doi.org/10.1186/s40337-021-00392-x
https://doi.org/10.1186/s40337-021-00392-x
https://doi.org/10.1348/014466505x53902
https://doi.org/10.1348/014466505x53902
https://doi.org/10.1001/jamapsychiatry.2019.2102
https://doi.org/10.1017/S1355617712000446
https://doi.org/10.1017/S1355617712000446
https://doi.org/10.1002/da.22586
https://doi.org/10.1002/da.22586
https://doi.org/10.1002/erv.2543
https://doi.org/10.1016/j.biopsych.2014.12.016
https://doi.org/10.1192/j.eurpsy.2021.942
https://doi.org/10.1192/j.eurpsy.2021.942
https://doi.org/10.1002/eat.22988
https://doi.org/10.1002/eat.22988
https://doi.org/10.1002/eat.23520
https://doi.org/10.1002/erv.2670
https://doi.org/10.1007/s11920-017-0795-5
https://www.pediatricbipolar.pitt.edu/sites/default/files/KSADS_DSM_5_SCREEN_Final.pdf
https://www.pediatricbipolar.pitt.edu/sites/default/files/KSADS_DSM_5_SCREEN_Final.pdf
https://www.pediatricbipolar.pitt.edu/sites/default/files/KSADS_DSM_5_SCREEN_Final.pdf
https://doi.org/10.1016/j.appet.2017.11.111
https://doi.org/10.1016/j.appet.2017.11.111
https://doi.org/10.1016/J.EATBEH.2021.101481
https://doi.org/10.1016/J.EATBEH.2021.101481
https://doi.org/10.4088/jcp.21m14111
https://doi.org/10.1016/j.jad.2021.10.104
https://doi.org/10.1016/j.jad.2021.10.104
https://doi.org/10.1016/S0005-7967(03)00161-X
https://doi.org/10.1016/S0005-7967(03)00161-X
https://www.r-project.org/
https://dplyr.tidyverse.org
https://github.com/tidyverse/dplyr
https://github.com/tidyverse/dplyr
https://CRAN.R-project.org/package=psych
https://github.com/taiyun/corrplot
https://doi.org/10.21105/joss.01686
https://ggplot2.tidyverse.org
https://stringr.tidyverse.org
https://github.com/tidyverse/stringr
https://github.com/tidyverse/stringr
https://cran.r-project.org/web/packages/fmsb/index.html
https://cran.r-project.org/web/packages/fmsb/index.html
https://cran.r-project.org/web/packages/rstatix/index.html
https://cran.r-project.org/web/packages/rstatix/index.html
https://doi.org/10.1037/a0024141
https://doi.org/10.1037/a0024141
https://doi.org/10.1002/eat.20119
https://doi.org/10.1002/eat.20119
https://doi.org/10.31234/osf.io/ys6xz

Stern et al. Journal of Eating Disorders (2024) 12:19

41.

42.

43.

44,

45.

Goel NJ, Jennings Mathis K, Egbert AH, Petterway F, Breithaupt L, Eddy
KT, Franko DL, Graham AK. Accountability in promoting representation
of historically marginalized racial and ethnic populations in the eating
disorders field: a call to action. Int J Eat Disord. 2022;55(4):463-9. https://
doi.org/10.1002/eat.23682.

Ishii K, Eisen C, Hitokoto H. The effects of social status and culture on
delay discounting. Jpn Psychol Res. 2017;59(3):230-7. https://doi.org/10.
1111/jpr.12154,

Kim B, Sung YS, McClure SM. The neural basis of cultural differences in
delay discounting. Philos Trans R Soc B: Biol Sci. 2012,367(1589):650-6.
https://doi.org/10.1098/rstb.2011.0292.

Lao J, Vizioli L, Caldara R. Culture modulates the temporal dynamics of
global/local processing. Cult Brain. 2013;1(2-4):158-74. https://doi.org/
10.1007/540167-013-0012-2.

Qishi S, Jaswal VK, Lillard AS, Mizokawa A, Hitokoto H, Tsutsui Y. Cultural
variations in global versus local processing: a developmental perspective.
Dev Psychol. 2014. https://doi.org/10.1037/a0038272.supp.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9


https://doi.org/10.1002/eat.23682
https://doi.org/10.1002/eat.23682
https://doi.org/10.1111/jpr.12154
https://doi.org/10.1111/jpr.12154
https://doi.org/10.1098/rstb.2011.0292
https://doi.org/10.1007/s40167-013-0012-2
https://doi.org/10.1007/s40167-013-0012-2
https://doi.org/10.1037/a0038272.supp

	Avoidantrestrictive food intake disorder differs from anorexia nervosa in delay discounting
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Background
	Method
	Participants
	ARFID and AN samples
	HC

	Measures
	Demographics
	Delay Discounting Task
	Eating Disorder Examination-Questionnaire (EDE-Q)

	Data analysis

	Results
	Delay discounting in ARFID, AN, and HC groups
	Delay discounting across ARFID presentations

	Discussion
	Conclusions
	Acknowledgements
	References


