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ABSTRACT
Objective: Avoidant/restrictive food intake disorder (ARFID) is characterized by 
food avoidance or dietary restriction not primarily motivated by body weight/shape 
concerns. Individuals with ARFID can report early satiation, post-prandial fullness, and 
high intermeal satiety, but whether these symptoms are related to differences in the 
biology underlying appetite regulation is unknown. In male and female children and 
adolescents, we hypothesized that fasting levels of cholecystokinin (CCK), a satiety 
hormone, would be elevated in participants with ARFID (full or subthreshold) versus 
healthy controls (HCs). Within the ARFID group, we also explored the relations of CCK 
with weight status, subjective appetite ratings, and ARFID severity and phenotypes.

Methods: A total of 125 participants (83 with full/subthreshold ARFID (per DSM-5) 
and 42 HCs, aged 10.2–23.7 years; 61% female; July 2014–December 2019) underwent 
fasting blood draws for CCK, completed self-report measures assessing subjective state 
and trait appetite ratings, and completed a semistructured interview assessing ARFID 
severity.

Results: Fasting CCK was higher in those with full/subthreshold ARFID versus HCs with 
a large effect (F1 = 25.0, P < .001, ηp

2 = 0.17), controlling for age, sex, and body mass 
index (BMI) percentile. Within the ARFID group, CCK was not significantly related to BMI 
percentile, subjective appetite ratings, or ARFID characteristic measures.

Conclusions: CCK may contribute to etiology and/or maintenance of ARFID, as children 
and adolescents with heterogeneous presentations of avoidant/restrictive eating 
appear to show elevated fasting levels compared to healthy youth. Further research 
is needed to understand relations between CCK and appetite, weight, and eating 
behavior in ARFID.
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Avoidant/restrictive food intake 
disorder (ARFID) is a recently 

classified eating disorder defined by food 
avoidance or restrictive eating that is not 
primarily motivated by body shape/weight 
concerns. In contrast to other restrictive 
eating disorders (eg, anorexia nervosa), 
avoidant/restrictive eating in ARFID is 
motivated by 1 of 3 prototypes that often 
co-occur—sensory sensitivities to food 
characteristics, disinterest in food/eating 
or low appetite, and/or fear of aversive 
consequences (eg, choking, vomiting).1 
Medical (eg, weight loss, low-weight status, 
dependence on supplemental nutrition) 
and/or psychosocial (eg, social eating 
difficulty) impairments are sequelae of 
limited food variety and/or volume in 
ARFID.1 While early satiation, post-
prandial fullness, and high intermeal satiety 
are commonly reported as associated with 
avoidant/restrictive eating in ARFID, 
whether biological abnormalities in 
appetite regulation underlie ARFID is 
largely unknown.

Satiety hormones may be particularly 
relevant to ARFID, given their role 
in other restrictive eating disorder 
presentations with disrupted appetite 
signaling.2,3 While the motivations for 
food restriction are different in ARFID, 
ARFID shares dysregulated eating patterns 
(eg, avoidance of specific foods, low food 
volume intake, absence of food intake for 
long intervals) with other eating disorders. 
Research has shown that other restrictive 
eating disorders (eg, anorexia nervosa) 
are characterized by disturbances in gut-
derived satiety hormones.3 As ARFID 
is often characterized by high intermeal 
fullness and disinterest in eating,1 
elevations in cholecystokinin (CCK), a 
satiety-promoting gut-derived satiety 
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hormone, may be particularly relevant. CCK is a gut-brain 
peptide secreted from I cells in the small bowel, signaling 
satiation in response to food intake as well as satiety (ie, 
between meals).4 Fasting CCK has been shown in some 
studies to be elevated in anorexia nervosa, but other studies 
show no differences from controls.5 However, no studies to 
date have investigated CCK levels in ARFID.

In the current study, we compared fasting concentrations 
of plasma CCK between adolescents and young adults with 
ARFID and healthy controls (HCs). For our primary aim, 
we hypothesized that, similar to some findings for anorexia 
nervosa,3 fasting CCK levels would be high in youth with 
ARFID compared to HCs. We then explored relations of CCK 
with ARFID characteristics including weight status (by body 
mass index [BMI] percentile), subjective appetite ratings, 
and avoidant/restrictive eating severity and phenotypes in 
the ARFID group.

METHODS

Participants
One-hundred twenty-five male and female participants 

aged 10 to 23 years were consecutively recruited for one or 
both of two National Institute of Mental Health–funded 
studies on the neurobiology of ARFID or low-weight 
eating disorders between July 2014 and December 2019. 
Participants included 83 with full/subthreshold ARFID 
([49% female, mean [SD] age = 15.4 [3.7] years) and 42 HCs 
(83% female, mean [SD] age = 18.5 [3.0] years). Participants 
completed a screening visit to determine eligibility, which 
included a detailed medical history, physical examination 
including height and weight, a blood sample to rule out 
anemia, urine pregnancy test, and the Kiddie Schedule 
for Affective Disorders and Schizophrenia–Present and 
Lifetime version (KSADS-PL). We measured height on a 
wall-mounted stadiometer in triplicate and weight on an 
electronic scale.

Eligibility. Participants in the full/subthreshold ARFID 
group6,7 were eligible if they met full criteria for ARFID 
on the Eating Disorder Assessment for DSM-5 (EDA-5)8 
or endorsed ARFID symptoms on the KSADS-PL Eating 
Disorder and Substance-Related Disorders Supplements.9 
History of any other feeding or eating disorders (other than 
ARFID) were ruled out via a clinically significant score (ie, 

global score of 4 or higher) or endorsement of self-induced 
vomiting, fasting, laxatives, diuretics, or compensatory 
exercise in the last 28 days on the Eating-Disorder 
Examination-Questionnaire (EDE-Q).10 Participants met 
full criteria for ARFID if they restricted their intake by 
volume and/or variety and met DSM-5 criteria A, B, C, and 
D on the Pica, ARFID, and Rumination Disorder Interview 
(PARDI).11 Participants met subthreshold criteria for ARFID 
if they restricted their intake by volume and/or variety 
and met DSM-5 criteria B, C, and D, but did not meet any 
subcriteria for criterion A (medical and/or psychosocial 
impairment) at the level required on the PARDI (eg, a score 
of 3 out of 6 on a psychosocial impairment item, when 4 out 
of 6 was required for full syndrome diagnosis).

Exclusion criteria for both full/subthreshold ARFID 
and HC groups included systemic hormone use, current 
pregnancy, breastfeeding within the 8 weeks prior to the 
study visit, psychosis history, active substance abuse, 
hematocrit < 30%, gastrointestinal (GI) tract surgery history, 
or other medical conditions (eg, diabetes) that could lead 
to low weight or appetite hormone dysregulation. Inclusion 
criteria for the HC group were 15th−85th BMI percentiles 
for age, regular menses (if ≥ 2 years post-menarcheal), 
no pubertal delay history (ie, menarche at > 16 years or 
thelarche at > 13 years), < 10 hours of exercise or < 25 miles 
of running per week in the 3 months prior (as greater levels 
of exercise have been shown to influence appetite-regulating 
hormones),12 and no lifetime history of any psychiatric 
disorder by KSADS-PL.

Informed consent. We obtained written informed 
consent from participants ≥ 18 years old and from parents of 
subjects < 18 years old; we obtained assent from subjects < 18 
years old. All study procedures were approved by the Mass 
General Brigham Institutional Review Board.

Procedures
The study visit occurred within 8 weeks of the screening 

visit. A research nurse practitioner captured an updated 
medical history and performed a physical examination, 
including height (on a wall-mounted stadiometer in 
triplicate) and weight (in a gown on an electronic scale). 
Participants were asked to fast (with the exception of water 
intake) for at least 8 hours prior to fasting blood draw.

CCK
Fasting blood was drawn around 8:45 am by trained 

nursing staff. Plasma samples were immediately placed 
on ice following venipuncture and spun in a refrigerated 
centrifuge (all samples were stored at −80°C until analysis). 
Enzyme-linked immunosorbent assays were used to 
assess plasma total CCK (RayBio: Peachtree Corners, GA; 
intraassay CV < 10% and interassay CV < 15%; lower limit 
of detection, 0.2 pg/mL).

Measures
Visual analog scales. Visual analog scales (VAS) for 

subjective appetite assessment include an electronic 

Clinical Points
 ■ Avoidant/restrictive food intake disorder (ARFID) is 

associated with early satiation, post-prandial fullness, and 
high intermeal satiety, but whether these symptoms are 
related to differences in the biology underlying appetite 
regulation is unknown.

 ■ Cholecystokinin (CCK), a satiety-promoting hormone, may 
contribute to etiology and/or maintenance of ARFID, as 
children/adolescents with heterogeneous presentations of 
avoidant/restrictive eating appear to show elevated fasting 
levels compared to healthy youth.
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scale from 0 to 100 to assess levels of hunger and satiety. 
Participants in both studies completed VAS ratings 
immediately prior to the fasting blood draw. Questions 
and rating scales used in this study are as follows: (a) “How 
hungry do you feel?” (0 = “I am not hungry at all,” 100 = “I 
have never been more hungry”), (b) “How satisfied do you 
feel?” (0 = “I am completely empty,” 100 = “I can’t eat another 
bite”), and (c) “How full do you feel?” (0 = “not at all full”; 
100 = “totally full”).

Adult Eating Behavior Questionnaire. The Adult Eating 
Behavior Questionnaire (AEBQ)13 is a self-report measure 
of appetite and interest in eating with a 5-point Likert scale 
(1 = strongly disagree to 5 = strongly agree). We used the 
5-item hunger subscale, with lower scores indicating lower 
ratings of trait hunger, and the 4-item satiety responsiveness 
subscale, with higher scores indicating greater satiety and 
early satiation. Participants in one study (R01MH108595) 
completed this measure.

Pica, ARFID, and Rumination Disorder Interview. 
PARDI11 is a validated semistructured clinical interview that 
captures ARFID symptoms. We used an overall symptom 
severity rating, and severity ratings for 3 prototypical 
ARFID presentations—sensory sensitivity, lack of interest 
in food or eating, and fear of aversive consequences. PARDI 
scores range from 0 (no symptoms) to 6 (extreme severity). 
Participants in one study (R01MH108595) completed this 
measure.

Statistical Analysis
We used SPSS Statistics v.24 (2022) for statistical analyses. 

Variables were screened prior to analysis, including outlier 
removal (by determining if any values fell beyond 3 standard 
deviations of the mean). Log-transformation improved 
non-normal distributions for CCK and AEBQ-hunger 
scores, but not BMI percentile, age, PARDI-sensory scores, 
PARDI-fear scores, or PARDI–lack of interest scores. For 

Table 1. Sample Characteristics

Characteristic
Full/Subthreshold  

ARFID (n = 83)
HC

(n = 42) U, F, or χ2a P Value Cohen d/η2

Age, mean (SD), range, y 15.3 (3.6), 10.2–23.7 18.5 (3.0), 10.9–22.7 865.0 < .001 0.732
Sex, female, n (%) 41 (49) 35 (83) 13.9 < .001 …
Race, n (%) … … …

American Indian/Alaskan Native
Asian/Asian American
Native Hawaiian or Other Pacific Islander
Black/African American
White
More than 1 race

0 (0)
3 (4)
0 (0)
2 (2)

74 (89)
4 (5)

0 (0)
8 (19)
0 (0)
0 (0)

33 (79)
1 (2)

Ethnicity, n (%) … … …
Hispanic/Latino
Non-Hispanic/Latino

7 (8)
76 (92)

5 (12)
37 (88)

BMI (kg/m2), mean (SD) 19.3 (5.5) 21.7 (2.2) 945.5 < .001 0.42
Percentile 35.4 (34.5) 54.3 (17.6) 1,060.5 < .001 0.75

BMI categories for < 20 years old (percentiles), n (%)b … … …
Underweight (< 5th)
Normal weight (5th to < 85th)
Overweight (85th to < 95th)
Obesity (≥ 95th)

17 (21)
46 (55)

2 (2)
4 (5)

0 (0)
28 (67)

0 (0)
0 (0)

BMI categories for ≥ 20 years old (kg/m2), n (%) … … …
Underweight (< 18.5)
Normal weight (18.5–24.9)
Overweight (25.0–29.9)
Obesity (≥ 30.0)

3 (4)
6 (7)
2 (2)
3 (4)

0 (0)
12 (29)

2 (5)
0 (0)

VAS scales (0–100), mean (SD)
“How hungry do you feel?”
“How satisfied do you feel?”
“How full do you feel?”

58.0 (25.2)
31.5 (20.2)
27.4 (22.6)

60.8 (18.2)
34.5 (17.9)
24.2 (19.1)

3.1
0.5
0.5

.078

.480

.480

0.026
0.004
0.004

AEBQ Hunger scale (0–5), mean (SD)c 2.3 (0.7) 2.1 (0.5) 1.1 .289 0.015
AEBQ Satiety Responsiveness scale (0–5), mean (SD)c 2.4 (0.9) 2.2 (0.8) 4.6 .035 0.058
PARDI severity scores (0–6), mean (SD)d

Overall Severity
Sensory Sensitivity
Lack of Interest
Fear of Aversive Consequences

2.4 (0.9)
1.5 (1.1)
1.9 (1.6)
0.3 (0.7)

0.2 (0.2)
0.0 (0.0)
0.1 (0.1)
0.0 (0.0)

144.5
37.5
20.7

1.9

< .001
< .001
< .001

.173

0.649
0.325
0.210
0.024

aMann-Whitney U tests used for age and BMI comparisons. Analysis of covariance used for VAS appetite scores, AEBQ hunger (log-
transformed), AEBQ satiety responsiveness, and ARFID severity scores (log-transformed), with age (log-transformed), sex, and BMI 
percentile (log-transformed) as covariates. χ2 Tests used with categorical variables.

bBMI percentile categories based on the Centers for Disease Control and Prevention guidelines. HC participants were included in this 
study if they were in the 15th–85th percentile range.

cData available for n = 68 in the ARFID group and n = 12 in the HC group.
dData available for n = 71 in the ARFID group and n = 12 in the HC group.
Abbreviations: AEBQ = Adult Eating Behavior Questionnaire; ARFID = avoidant/restrictive food intake disorder; BMI = body mass index; 

HC = healthy control; PARDI = Pica, ARFID, Rumination Disorder Interview; VAS = visual analog scale.
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Table 2. Current Psychiatric/Neurodevelopmental 
Comorbidities and Medications in the Full/Subthreshold 
ARFID Group (n = 83)

Variable n (%)
Diagnosis
Generalized anxiety disorder 20 (24)
ADHD/other specified ADHDª 16 (19)
Social anxiety disorder 7 (8)
Specific phobia 6 (7)
Obsessive-compulsive disorder 3 (4)
Autism spectrum disorder 2 (2)
Oppositional defiant disorder/other specified disruptive, 

impulse-control, and conduct disorder
2 (2)

Agoraphobia 1 (1)
Tourette disorder 1 (1)
Medication
Antidepressants 22 (27)
Psychostimulants 8 (10)
Antipsychotics 2 (2)
aDiagnoses were conferred based on the Kiddie Schedule for Affective 

Disorders and Schizophrenia–Present and Lifetime version (KSADS-PL).
Abbreviation: ADHD = attention-deficit/hyperactivity disorder, 

ARFID = avoidant/restrictive food intake disorder.

associated with BMI percentile (ρ = 0.026, P = .814), appetite 
VAS scores (ρ = –0.035 to 0.013, P values = 0.758 to 0.950), 
AEBQ-hunger scores (ρ = 0.062, P = .616), AEBQ–satiety 
responsiveness scores (ρ = 0.067, P = .589), or PARDI scores 
(ρ = –0.123 to 0.054, P values = 0.309 to 0.746).

DISCUSSION

ARFID is often associated with characteristics of fullness, 
such as early satiation, post-prandial fullness, and high 
intermeal satiety. Given the recent debut of ARFID in the 
DSM-5, research on biological differences that may underlie 
dysregulated appetite in ARFID is nascent. The current study 
investigated the role of satiety-promoting CCK in a fasting 
state in full/subthreshold ARFID, including exploration of 
associations with subjective appetite measures. Among male 
and female children and adolescents, we found that fasting 
CCK was significantly elevated (over 3 times higher on 
average) in those with full/subthreshold ARFID compared 
to healthy controls. Despite the significant elevation in 
CCK in the full/subthreshold ARFID group, CCK was not 
significantly associated with BMI percentile, age, subjective 
appetite ratings, or ARFID characteristic measures among 
those with full/subthreshold ARFID. Our study establishes 
early support for CCK dysregulation in ARFID. However, 
further longitudinal research is needed, as it is not yet clear 
whether elevated CCK contributes to development of, is 
a manifestation of, and/or contributes to maintenance of 
avoidant/restrictive eating.

Elevated CCK may relate to gut-brain dysregulation in 
avoidant/restrictive eating in ARFID. Many individuals at 
all body weights with ARFID describe low appetite and 
gastrointestinal pain around eating.11 In fact, ARFID has 
significant overlap with a disorder of gut-brain interaction 
characterized by dysregulation in satiety called functional 
dyspepsia (specifically, the post-prandial distress syndrome 

Figure 1. Fasting Post-Prandial CCK Levels in Participants 
With Avoidant/Restrictive Food Intake Disorder (ARFID) 
and Healthy Controls (HCs)a

aError bars = standard error of the mean; hormone levels after an overnight 
fast of 8+ hours; between-group comparisons conducted using ANCOVA, 
controlling for age, sex, and BMI percentile.

Abbreviations: ANCOVA = analysis of covariance, BMI = body mass index, 
CCK=cholecystokinin.
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descriptive purposes, we compared clinical characteristics 
between groups using Mann-Whitney U tests for age and 
BMI comparisons, analysis of covariance (ANCOVA) for 
appetite variables and ARFID severity scores (with age, sex, 
and BMI percentile as covariates), and χ2 tests for categorical 
variables.

For our primary aim, we conducted an ANCOVA to 
compare fasting CCK levels between groups, controlling for 
age, sex, and BMI percentile because descriptive analyses 
showed differences in these variables between groups (see 
the Results section). In an exploratory fashion, within the 
full/subthreshold ARFID group, we conducted a series of 
Spearman correlations between non–log-transformed CCK 
levels and each of the following: BMI percentile, appetite VAS 
scores, AEBQ-hunger scores, AEBQ–satiety responsiveness 
scores, and PARDI severity scores (applying a Bonferroni 
correction for multiple testing setting the α at P < .004).

RESULTS

Most of the sample identified as White (85.6%; n = 107) 
and non-Hispanic/Latino (90.4%; n = 113). Compared to the 
HC group, the full/subthreshold ARFID group was younger 
(P < .001), had a greater proportion of males (P < .001), and 
had lower BMI percentiles (P = .001) (Table 1). Frequencies of 
current psychiatric and neurodevelopmental comorbidities 
and psychiatric medications in the full/subthreshold ARFID 
group are included in Table 2.

Consistent with our hypothesis, participants with full/
subthreshold ARFID had higher fasting CCK than HCs 
(P < .001), controlling for age, sex, and BMI percentile 
(Figure 1). Mean (SD; range) CCK levels in the full/
subthreshold ARFID group were 458.6 (490.6; 39.8 to 
2,816.6) pg/mL and in the HC group were 143.6 (87.2; 54.6 
to 392.6) pg/mL with a large effect (ηp

2 = 0.17). Within the 
full/subthreshold ARFID group, CCK was not significantly 
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subtype, with ARFID observed in up to 40%).14,15 The 
core symptoms of post-prandial distress syndrome include 
high satiety, early satiation, and post-prandial fullness. 
Similar to our findings in ARFID, pilot studies have shown 
elevated fasting CCK in functional dyspepsia compared to 
controls.16 In addition, although individuals with anorexia 
nervosa (another primary restrictive eating disorder) do 
not consistently show higher CCK than healthy controls,2,17 
there is evidence that elevated CCK levels at treatment 
initiation are associated with fullness, pain, and constipation 
during refeeding.17 CCK antagonists could be a potential 
therapeutic option for ARFID and have previously been 
proposed for functional dyspepsia,18 anorexia nervosa,19 
and bulimia nervosa.20 However, further research is needed, 
as we were unable to identify relations between CCK and 
subjective appetite.

Our exploratory analyses showed no relationships 
between CCK and weight status (BMI percentile), self-
report measures of appetite or interest in eating, or ARFID 
symptoms. It is possible that other factors may better explain 
differences in CCK levels—for example, recent findings 
suggest that classical conditioning may better explain 
dysregulation in CCK and other gut-derived appetite 
hormones.4 It is possible that avoidant/restrictive eating 
in ARFID may lead to the deconditioning of CCK as a 
signal for satiation in response to meal ingestion, leading 
to dysregulation in secretion patterns and circulating levels 
in a fasted state. Instead, cues for reduced intake (volume 
and/or variety) in ARFID may become reliant on other 
cues related to motivations underlying avoidant/restrictive 
eating (eg, sensory characteristics of food, fear of aversive 
consequences) instead of appetite. Identifying subjective 
appetite may have also been difficult for many in this 
sample, as younger adolescents and children may have less 

insight into their symptoms,11 and research suggests low 
interoceptive awareness in other eating disorder samples.21 
Further, individuals’ having feeding/eating difficulties for 
a majority of their lifetime22 may make it challenging to 
identify and describe appetite cues without a memory 
of normal cues. Overall, future longitudinal research is 
needed to explore if CCK levels influence appetite and 
eating behavior over time, particularly following treatment 
interventions.

To our knowledge, this study is the first to explore levels 
of CCK in children and adolescents with full/subthreshold 
ARFID. Strengths include a large sample of individuals 
with full/subthreshold ARFID diagnosed via structured 
interview and heterogeneous characteristics in terms of age, 
sex, weight status, and ARFID presentations. This study is 
cross-sectional; therefore, we cannot determine if elevated 
CCK levels in youth with ARFID represent a consequence 
of malnutrition that could be remediated with treatment 
or a precursor to ARFID symptoms. It is also possible that 
some of our ARFID assessments may not have adequately 
captured state and trait appetite in our sample—future 
research is needed to validate these measures among 
different populations with ARFID. The sample was also 
predominantly White, and it is not clear that findings 
generalize to other populations. Finally, while we controlled 
for the effects age, sex, and weight status on CCK levels, 
future research should explore if difference in CCK levels 
relates to changes in appetite and food intake in ARFID, as 
well as other factors that could affect risk and maintenance 
of ARFID such as generalized anxiety.

In sum, our results provide preliminary support for CCK 
dysregulation in ARFID, but future studies are needed to 
determine the role of abnormal CCK levels in the etiology 
and/or maintenance of avoidant/restrictive eating.
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