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1 | INTRODUCTION

Avoidant Restrictive Food Intake Disorder (ARFID) was codified in the
Diagnostic and Statistical Manual for Mental Disorders, 5th edition
(American Psychiatric Association, 2013) to characterize individuals
who engage in clinically impairing food restriction/avoidance without
exhibiting the weight and shape concerns associated with anorexia

nervosa or bulimia nervosa. ARFID is an elaboration and expansion of

Abstract

Background: Individuals with extreme food avoidance such as Avoidant Restrictive Food Intake
Disorder (ARFID) experience impairing physical and mental health consequences from nutrition
of insufficient variety or/and quantity. Identifying mechanisms contributing to food avoidance is
essential to develop effective interventions. Anxiety figures prominently in theoretical models
of food avoidance; however, there is limited evidence that repeated exposures to foods
increases approach behavior in ARFID. Studying disgust, and relationships between disgust and
anxiety, may offer novel insights, as disgust is functionally associated with avoidance of contam-
ination from pathogens (as may occur via ingestion) and is largely resistant to extinction.
Method: This exploratory, cross-sectional study included data from 1,644 adults who completed
an online questionnaire. Participant responses were used to measure ARFID classification, picky
eating, sensory sensitivity, disgust, and anxiety. Structural equation modeling tested a measure-
ment model of latent disgust and anxiety factors as measured by self-reported frequency of dis-
gust and anxiety reactions. Mediational models were used to explore causal ordering.

Results: A latent disgust factor was more strongly related to severity of picky eating (B ~ 0.4)
and ARFID classification (B ~ 0.6) than the latent anxiety factor (B ~ 0.1). Disgust partially
mediated the association between anxiety and picky eating and fully mediated the association
between anxiety and ARFID. Models testing the reverse causal ordering demonstrated poorer
fit. Findings suggest anxiety may be associated with food avoidance in part due to increased
disgust.

Conclusions: Disgust may play a prominent role in food avoidance. Findings may inform novel

approaches to treatment.
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the diagnosis Feeding Disorder of Infancy and Early Childhood
(American Psychiatric Association, 2000). This re-articulation allows
for diverse presentations that may have unique (or overlapping) moti-
vations for food avoidance (Katzman, Norris, & Zucker, 2018). We
examine the role of negative affect, particularly anxiety and disgust, in
contributing to food avoidance/restriction in adults with ARFID.
Anxiety figures prominently in theoretical models of food avoid-

ance. Evidence indicates elevated anxiety symptoms in children with
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ARFID or selective eating (Farrow & Coulthard, 2012; Norris et al.,
2014). Additionally, one putative motivation for food avoidance in
ARFID is fearing negative consequences of eating (e.g., choking or
gagging, American Psychiatric Association, 2013; Fisher et al., 2014).
Indeed, some ARFID cases characterized by fear of choking appear to
respond to exposure based treatments (de Roos & de Jongh, 2008).
However, unlike anxiety disorders where exposure-based treatments
have been highly efficacious (Kaczkurkin & Foa, 2015), daily exposure
to the sights, smells, and innocuous consequences of others' food
consumption alone does not seem to increase approach behavior in
many with persisting food avoidance/ARFID (Mascola, Bryson, &
Agras, 2010; Wildes, Zucker, & Marcus, 2012).

Potential hypotheses for why exposures do not increase approach
behavior in selective eating/ARFID (Mascola et al., 2010; Zucker et al.,
2018) include that individuals' cognitive formulations prevent learning
via experience (Clark & Beck, 2010) or that food ingestion may be
essential for exposures to increase sustained approach (Wardle et al.,
2003). Disgust is implicated in the development of a range of anxiety
disorders and OCD symptoms (Muris, van der Heiden, & Rassin, 2008;
Olatunji, Cisler, McKay, & Phillips, 2010; Olatunji, Ebesutani, Haidt, &
Sawchuk, 2014). However, disgust has not been fully explored in
understanding disorders of food avoidance, and may also play a critical
role (Anderson et al., 2018; Attwood & Scarpa, 2013; Davey, Buckland,
Tantow, & Dallos, 1998; Hildebrandt et al., 2015; Kauer, Pelchat,
Rozin, & Zickgraf, 2015; Troop, Murphy, Bramon, & Treasure, 2000).

According to some theorists, the primary function of disgust is to
help humans avoid poisons and pathogens (Curtis, 2011; Curtis, de
Barra, & Aunger, 2011; Rozin & Fallon, 1987). Affective motivational
systems, such as disgust, that dictate an individual's probability of
accepting or rejecting nutrition, thus may be paramount to survival
and healthy development of eating behaviors. One prominent theory
of disgust (Rozin & Fallon, 1987; Rozin, Haidt, & McCauley, 2008) for-
mulates disgust as having originated as an adaptive food rejection
response, noting the relationship between a physiological correlate of
disgust (nausea) and the expulsion of inappropriate foods; further-
more, they note that disgusting objects tend to be appraised as dis-
tasteful (possessing aversive sensory properties such as a bad taste,
smell, or texture). Key to this conceptualization is that the disgust
experience and reaction (the curled-up lip, the scrunched nose, the
head turn) happens before—and presumably prevents—ingestion or
contact with a possibly spoiled or unsafe substance (Curtis et al.,
2011; Tybur, Lieberman, Kurzban, & DeScioli, 2013).

The disgust reaction may initially be triggered by sensitivities to
the experience of a certain odor, texture, or visual anomaly that leads
to subsequent avoidance. As emotional reactions occur, in part, in
response to perceptions, the intensity of sensory experiences and cor-
responding strong emotional reactions may be linked. Correspond-
ingly, individual differences in sensitivity to sensory features of smell,
texture, and visual features (e.g., a lower threshold for experiencing a
sensory experience as strong or atypical) may index a propensity for
an individual to experience heightened disgust (e.g., Kauer et al,
2015; Mataix-Cols et al., 2008; Sherlock, Zietsch, Tybur, & Jern,
2016). Indeed, adult picky eaters who endorse higher levels of disgust
sensitivity are more likely to refuse foods that are mixed or “lumpy”

and report more intense taste responses than non-picky adults (Kauer

et al.,, 2015). Someone sensitive to visual flaws or details (such as a
brown spot on a French fry) may also experience an aberrant visual
feature as signaling danger. Thus, it is interesting to consider whether
sensitivity in a given sensory modality increases intensity of emotional
experiences generally, or to particular emotions specifically.

Greater precision in characterizing the nature of sensory sensitivi-
ties and ARFID etiology might mean, for example, discovering that
sound sensitivity is linked more closely with anxiety while sensitivity
to smell is more related to disgust. To this point, evidence indicates
that more individuals are able to identify smells that elicit disgust than
can identify odors that elicit anxiety (Croy, Olgun, & Joraschky, 2011).
Moreover, a near infra-red spectroscopy study reported increased
hemodynamic responses and temporal-parietal activation to sounds
associated with fear (i.e., screams of fear/pain) compared to sounds of
disgust (i.e., vomiting/diarrhea) (Kochel, Schéngassner, & Schienle,
2013). Taken together with evidence that an individual's smell-taste
capacity and endocrine system may be related to features of anorexia
nervosa, another restrictive eating disorder (Ferndndez-Aranda et al.,
2016), these findings suggest that identifying potentially distinct sen-
sory pathways related to disgust and anxiety may help to better
understand restrictive eating disorders such as ARFID. As such,
greater precision characterizing the nature of sensory sensitivities
may help differentiate the phenomenology of disgust relative to anxi-
ety, especially as it concerns the pathophysiology of ARFID.

To understand the potential contribution of disgust to eating dis-
orders, it is crucial to acknowledge that disgust and anxiety may not
be operating completely independently of one another. Indeed, dis-
gust has been linked to the development and maintenance of other
anxiety disorders (e.g., Olatuniji et al., 2010) while, in some cases, dis-
gust reactions may be manifestations of heath anxiety or a fear of
sickness (e.g., Goetz, Lee, Cougle, & Turkel, 2013; Hedman et al,,
2016). Moreover, in a study by Marzillier and Davey (2005), the inves-
tigators found that induced anxiety produced increases in reported
disgust, while induced disgust showed no effect on reported anxiety.
Disgust and anxiety are supported by distinct neural systems and may
respond differently to exposure and extinction paradigms (for exam-
ple, see the classic study on the one-trial avoidance learning associ-
ated with conditioned taste aversion (Garcia, Kimeldorf, & Koelling,
1955). Thus the boundaries and overlap of these affective motiva-
tional systems are complex.

The current exploratory study looked at the contributions of sen-
sory sensitivity, anxiety, and disgust experience to elucidate the
potential role of disgust in food avoidance in ARFID. Given the known
relationships between anxiety and disgust, we chose to do a media-
tion analysis of the relative contributions of disgust and anxiety to
ARFID diagnosis. We hypothesized that anxiety, as a future-oriented
emotion, operates to influence food avoidance, in part, through the
anticipation of prior or novel disgusting experiences. As such, disgust
would partially mediate the relationship between anxiety and ARFID
diagnosis. Our cross-sectional design precludes causal inferences.
However, results may provide more information about the complex
relationship between these emotions, may help identify a more proxi-
mal target for treatment, and may serve as a springboard with which
to consider alternative approaches. For example, better understanding

of the potential role played by disgust in the maintenance of food
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avoidance may guide development of interventions that can comple-
ment/are less reliant on exposure-based approaches.

Using an online sample of 1,644 adults self-identifying as “picky
eaters,” we hypothesized that: (1) food related disgust and anxiety
would contribute unique variance to an ARFID classification and picky
eating severity; (2) disgust would be a stronger correlate of ARFID
diagnosis/picky eating severity than anxiety; (3) disgust would be
more strongly associated with sensitivity to taste and smell relative to
anxiety; and (4) relationships of anxiety to ARFID and picky eating
would be partially mediated by disgust. To clarify the possible symp-
tom profile related to ARFID symptomatology, we test models that
examine the relative contributions of anxiety and disgust in an adult
sample to add to emerging research investigating disgust in ARFID
(Ellis et al., 2018; Kauer et al., 2015) and to help develop a more com-

prehensive understanding of ARFID and food avoidance.

2 | METHOD

2.1 | Participants

Participants were recruited via links in articles on adult picky eating
and a southeastern academic medical center website (http://dukedpn.
qualtrics.com/jfe/form/SV_3mZELWkUII4Y4Sx). The survey went
online October 25, 2012 and included validated questionnaires and
guestions on demographics, eating habits, sensory sensitivity, disgust,
and anxiety. Individuals self-selected to participate by clicking the link,
completing a mandatory electronic consent process, and filling-out
questions. Stipulations for inclusion were that participants were >18
years of age, self-identified as “picky-eaters,” and that picky eating
was not due to: medical conditions, structural/physical limitations
affecting eating, food allergies, or pregnancy. At data extraction
(December 15, 2016), 2,002 participants had filled out the survey.
Nine participants were excluded after indicating they were under
18 years of age, 349 individuals were excluded due to a comorbid
threshold or subthreshold eating disorder diagnosis (further detail in
results) and data analysis was conducted on the remaining 1,644. All
research activities were approved by the Duke Medical Center Institu-
tional Review Board prior to data collection (Protocol #00019967).

22 |

Demographics were assessed through questions adapted from the

Measures

United States Census. Disgust was assessed with a 25-item version of
the Disgust Scale-Revised (DS-R, Haidt, McCauley, & Rozin, 1994;
Olatunji, Williams, et al., 2007) measuring three domains: (1) core dis-
gust (food, animals, bodily functions), (2) animal-reminder disgust
(death), and (3) contamination disgust (disease transmission). The DS-R
has two question sets with different response options, a 5-point Likert
scale (strongly disagree to strongly agree) and a six-point “not disgust-
ing at all” to “extremely disgusting” scale. Internal consistency estimates
are above 0.70 (Olatunji, Williams, et al., 2007; van Overveld, de Jong,
Peters, & Schouten, 2011). The measure had good internal consistency

in the current sample (Cronbach's alpha = 0.88).

EATING DISORDER

Disgust and anxious reactions associated with selective eating/
ARFID as well as sensory sensitivities to food were also assessed via
investigator crafted questions presented as part of a 20-item ques-
tionnaire. Items assessing anxious and disgusted reactions were devel-
oped using parallel structure such that the only thing that differed
between items was the emotional state (anxious and disgusted). Fur-
ther, affective state was assessed in response to the presentation of a
new food and a familiar food that had previously been disliked
(e.g., Do you feel disgusted/anxious when presented with a new/
disliked food?). Additional questions assessed sensory experience,
the perceived relationship between sensory experience and food
avoidance, experiences of gagging, and social discomfort with eat-
ing (see Appendix 1). Questions were presented on a five-point
Likert scale (“all the time” to “rarely or never”).

Item responses on the 20-item questionnaire as a whole reflected
good internal consistency (Cronbach's alpha = 0.88). Questions partic-
ular to disgust reactions (“Do you feel disgusted when presented with
a new food?”; “Do you feel disgusted with presented with a disliked
food”); gagging (“Do you gag when tasting a new food?”, “Do you gag
when tasting a disliked food?) and food-related anxiety (“Do you feel
afraid or nervous when presented with a new food?”; and “Do you
feel afraid or nervous when presented with a disliked food”) were
included in statistical models. Item responses to the four items asses-
sing disgust and gagging also reflected good internal consistency
(Cronbach's alpha = 0.83) and those assessing anxiety related to being
presented with a new or disliked food (Cronbach's alpha = 0.86).
Finally, sums of the texture and smell items from the same 20-item
scale were included and covariation of items examined to understand
potential group differences associated with ARFID classification.

Symptoms of OCD were measured with the Maudsley Obsessive
Compulsive Inventory (MOCI, Hodgson & Rachman, 1977) a 30 item,
true-false response measure. The MOCI has good convergent validity
with other measures of OCD and adequate internal consistency
(Cronbach's alpha =0.65-0.89) (Emmelkamp, Kraaijkamp, & Van den
Hout, 1999; Olatunji, Williams, et al., 2007). The MOCI contains items
that may be relevant for picky/selective eating such as contamination
concerns (Bryant-Waugh, Markham, Kreipe, & Walsh, 2010) and dem-
onstrated adequate reliability in the current sample (Cronbach's
alpha = 0.65). Eating disorder symptoms were assessed with the Eat-
ing Disorder Diagnostic Scale (EDDS, Stice, Telch, & Rizvi, 2000) a
22-item self-report measure based on DSM-IV (American Psychiatric
Association, 2000) criteria for anorexia nervosa, bulimia nervosa, and
binge eating disorder. The EDDS has strong test-retest validity
(Kappa = 0.71-0.95) and criterion validity (Kappa = 0.74-0.93) (Stice,
Fisher, & Martinez, 2004; Stice et al., 2000). It showed adequate inter-
nal consistency in the current sample (Cronbach's alpha = 0.78).

Picky eating classification was based on responses to “Do you
consider yourself to be a picky eater?” presented on a five-point Likert
scale (“all of the time” to “rarely or never”). An exploratory ARFID clas-
sification was based on questions reflecting diagnostic criteria
(American Psychiatric Association, 2013): individuals had to (1) con-
sider themselves a picky eater “all of the time;” (2) indicate their eating
problems led to significant: weight loss, nutritional deficiency, and/or
interference with job functioning, relationships and/or avoidance of

social situations involving food, and (3) not have anorexia or bulimia
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nervosa (as determined by responses on the EDDS). Individuals meet-
ing threshold or subthreshold symptoms of anorexia nervosa, bulimia
nervosa, or binge eating disorder were excluded from the ARFID
group.

2.3 | Data analysis

To identify which measures might best assess latent constructs of
anxiety and disgust and show the strongest associations with ARFID
diagnosis and picky eating, two exploratory principal components ana-
lyses (PCA) with promax rotation (eigenvalues >1) were conducted
using IBM SPSS® version 25. The first PCA included the 12 items from
the DS-R Core Disgust subscale (Haidt et al., 1994; Olatunji, Williams,
et al., 2007) as well as the four items related specifically to food gag-
ging and disgust as described above. The second PCA included the
30 MOCI items (Hodgson & Rachman, 1977) as well as the two items
specifically assessing anxiety related to food. Listwise deletion was
used to exclude the 4.5% of participants with missing data. There
were no significant differences between participants with and without
missing data on the variables included in the PCAs. Factor scores from
these two PCAs were calculated using the standard regression
method in SPSS in order to examine bivariate correlations with picky
eating and ARFID classification.

Results from the bivariate correlations were used to test a mea-
surement model of disgust and anxiety latent factors. Sums of texture
and smell items also were included in this model representing a sensory
sensitivities factor. After identifying a measurement model represent-
ing anxiety, disgust, and sensory sensitivities, SEMs were constructed
to predict two separate outcomes: severity of picky eating and ARFID
diagnosis. Mediation models of indirect and direct effects were also
tested to identify potential causal ordering of the latent factors as pre-
dictors of these two outcomes.

All SEMs and measurement models were conducted using MPlus
(Muthén & Muthén, 2010). For SEMs with ARFID classification as the
outcome, we used the weighted least squares means and variance
adjusted (WLSMV) algorithm, which is appropriate for categorical and
non-multivariate normal data in large samples (Flora & Curran, 2004).
Maximum likelihood estimation was used for all other models. For
the mediation models, indirect and direct effects were computed
using bias-corrected bootstrapping procedures with 5,000 samples
(MacKinnon, Lockwood, & Williams, 2004). Standard methods for
assessing goodness of fit were used, including the maximum likelihood
goodness-of-fit chi-square test (P > .05), the comparative fit index
(CFI > 0.95), and the root mean square error of approximation
(RMSEA <0.08)(Kline, 2011). Missingness was unrelated to the vari-
ables included in the analyses, and we thus employed full information
maximum likelihood imputation as implemented by Mplus (Enders,
2010). To examine whether sex moderated our results, we conducted
goodness of fit comparisons between the models for males and
females. This analysis indicated that a model with different path
weights by sex did not provide a better fit than a model with equal
weights, suggesting that the paths did not significantly differ by sex.
Hence, results focus on models with equal weights for sex. The results

of these analyses can be found in Supporting Information Material 1.

3 | RESULTS

Initially, 2002 individuals completed the survey at the time of data
extraction. Nine individuals were excluded due to age (<18 years),
223 participants were excluded who met criteria for at least one other
eating disorder, and 126 who reported subthreshold eating disorder
symptomes, leaving a final sample of 1,644. Table 1 presents the demo-
graphic features and scale scores of the sample, broken down by
ARFID classification. Of the resulting sample (N = 1,644), 1,144
(69.1%) met criteria for ARFID. Overall, the sample was 26.8% male,
predominately white (90.2%), highly educated (48.6% had a 4-year-
college degree or greater), and between 18 and 34 years old
(69.8%). The average age was 30.9 + 15.7 (standard deviation).
Groups (ARFID vs. No ARFID) significantly differed on levels of
Core Disgust, Food Disgust, and Food Anxiety (P < .001), Table 1.
See Supporting Information Material 2 for additional descriptive data
such as group differences in experiences of gagging across levels of
picky eating (e.g., gagging in response to new foods, F(2) = 105,
P < .001: ARFID>High Picky>Low Picky).

3.1 | Preliminary analyses for model construction

The first PCA identified four factors: gagging and disgust to food
items loaded together on Factor 1; the Core Disgust subscale items
from the DS-R loaded on Factors 2-4 (see Supporting Information
Materials 3). The second PCA identified eight factors: anxiety to food
items loaded on Factor 4; the MOCI items loaded on Factors 1-3 and
5-8 (see Supporting Information Materials 3). Factor scores from
these PCAs were calculated and bivariate correlations were con-
ducted. These results showed that Factor 1 from the first PCA includ-
ing the gagging and disgust to food items was positively related to
picky eating (r = .426) and ARFID classification (r = .438) (P's < .001).
Factors 2 through 4 from the first PCA were either negatively
(P's < .001) or weakly positively related to (P's < .05) picky eating and
ARFID diagnosis (see Table 2). Similarly, Factor 4 from the second
PCA including the anxiety to food items was positively related to
picky eating (r = .398) and ARFID classification (r = .407) (P's < .001).
Factors 1-3 and 5-8 from the second PCA were either unrelated (all
P's > .075) or weakly negatively (P's < .05) related to picky eating and
ARFID diagnosis. These results suggest that the gagging, disgust, and
anxiety to food items most strongly relate to picky eating and ARFID
classification.

Based on the PCA and bivariate correlation results above, the
measurement model was constructed such that the two disgust
items and the two gagging to food items loaded on the latent disgust
factor and the two anxiety to food items loaded on the latent anxiety
factor. Sums of texture and smell items loaded on a sensory sensitivi-
ties latent factor as well. Disgust, anxiety, and sensory sensitivities
factors could correlate. An examination of residuals indicated the
presence of correlated errors between the two gagging items (“gag-
ging to new foods”, “gagging to disliked foods”), the two disgust
items (“disgust to new foods”, “disgust to disliked foods”), the three

» o«

dislike items (“disgust to disliked foods,” “gagging to disliked foods”,
“anxiety to disliked foods”), which were added to the model.

Although the final model fit the data adequately (X2[12] =163.131,
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TABLE1 Demographic and clinical profile of sample
Features® N (%)ARFID (1144) N (%)No ARFID (500)
Sex of selective eater
Male 510 (25.6) 125 (25.0)
Female 1,440 (72.2) 360 (72.0)
Not reported 43(2.2) 15 (3.0)
Age of selective eater
18-19 126 (11.0) 46(9.2)
20-24 331(28.9) 102 (20.4)
25-34 371(32.4) 171 (34.2)
35-44 162 (14.2) 94 (18.8)
45-54 108 (9.4) 61(12.2)
55-64 38 (3.3) 20 (4.0)
65 years and over 8(0.7) 6(1.2)
Race/ethnicity of selective eater
White 1,036 (90.6) 446 (89.2)
African American/Black 28 (2.4) 15 (3.0)
Hispanic 43 (3.8) 12 (2.4)
Asian 4(0.3) 11(2.2)
Native American 9(0.8) 4(0.8)
Other 24(2.1) 10(2.0)
Not reported 2(0.4)
Highest level of education
Less than high school 14 (1.2) 2(0.4)
High school/GED 134 (11.7) 49 (9.8)
Some college 387 (33.8) 119 (23.8)
2-year college degree 107 (9.4) 32(6.4)
4-year college degree 351 (30.7) 173 (34.6)
Master's degree 123 (10.8) 90 (18.0)
Doctoral degree 8(0.7) 15 (3.0)
Professional degree (JD, MD) 19 (1.7) 18 (3.6)
Not reported 1(0.1) 2(0.4)
ARFID* No ARFID*
Mean (standard 95th% confidence interval Mean (standard 95th% confidence interval
Features® deviation) for mean deviation) for mean
Average of food disgust Items® 4.02 (0.83)** 3.97-4.07 3.08 (1.04)** 2.98-3.17
Disgust scale revised—Average animal 2.21(0.94) 2.16-2.27 2.14 (0.90) 2.06-2.22
Reminder?
Disgust scale revised—Average 1.43(0.86) 1.38-1.48 1.39 (0.82) 1.32-1.47
Contamination®
Disgust scale revised—Average Core 2.65 (0.68)** 2.61-2.69 2.49 (0.70)** 2.43-2.56
Disgust?
Average of food anxiety Items® 4.34 (0.93)** 4.29-4.40 3.29 (1.34)** 3.16-3.40
Maudsley obsessive compulsive 7.21(4.92) 6.92-7.51 6.82(4.77) 6.39-7.25

inventory

2 The initial sample at data extraction included 2002 participants. Nine were excluded due to age and 349 due to eating disorder diagnosis, resulting in a

sample of 1,644.

b The model was computed on 1,644 subjects with missing data imputed. For scale scores, we present raw scores without imputed values. Sample size

ranges from 1,549 to 1,639.

¢ To be consistent with Disgust-Scale Scoring, we present the average of food disgust and food anxiety items.
9 It is recommended that average scores for the Disgust-Scale-Revised be computed.

**p < .001.

P < .001; CFl = 0.978; TLI = 0.948; RMSEA = 0.088), the sensory
sensitivities and disgust factors were so highly correlated (r = .917)
it was not possible to distinguish them, which provided support for

our third hypothesis that disgust would be a stronger predictor of

sensory sensitivities than anxiety. Thus, we removed the sensory
sensitivities factor from the model. We also removed the gagging
items from the disgust factor and allowed them to load on the anxi-

ety factor to determine whether these items better represented
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TABLE 2 Bivariate correlations of factors from the principal
components analyses (PCAs) and ARFID diagnosis and picky eating

Factor scores ARFID diagnosis Picky eating

PCA 1
Factor 1 0.438#:#* 0.426%*
Factor 2 —0.091##* —0.093s#s#*
Factor 3 —0.124#%* —0.1023#s#*
Factor 4 0.051* 0.057*

PCA 2
Factor 1 -0.015 0.002
Factor 2 0.014 0.008
Factor 3 -0.045 -0.027
Factor 4 0.407#%* 0.398%**
Factor 5 -0.014 -0.014
Factor 6 -0.036 -0.017
Factor 7 -0.025 -0.011
Factor 8 —0.058* —-0.008

Note. PCA 1 included the Core Disgust subscale items from the DS-R and
the gagging and disgust to food items. PCA 2 included the MOCI items
and the anxiety to food items. Factor 1 from PCA 1 includes the gagging
and disgust to food items. Factors 2-4 from PCA 1 include the Core Dis-
gust subscale items. Factors 1-3 and 5-8 from PCA 2 include MOCI items.
Factor 4 from PCA 2 includes anxiety to food items. *P < .05, ***P < .001.

latent anxiety. This model did not fit the data well (X3(2) = 173.501,
P <.001; CFl=0.969; TLI =0.769; RMSEA = 0.228), suggesting
that gagging may better represent latent disgust. The final model

with gagging items loading on the disgust factor and the removal of
the sensory sensitivities factor fit the data well: X3(3) = 1.736,
P =.629; CFl = 1.00; TLI = 1.00; RMSEA<0.001. The disgust and
anxiety latent factors were strongly correlated (r = .772). All subse-
quent SEM and mediation analyses are presented in Table 3 and
included this basic structure.

3.2 | Structural equation and mediation models

The latent disgust factor predicted picky eating frequency (standard-
ized B = 0.407) approximately four times more strongly than the
latent anxiety factor (standardized B = 0.141; Table 3 and Figure 1),
suggesting that disgust may be a better predictor of picky eating
behavior than anxiety in support of our first and second hypotheses.
Mediation models testing whether disgust mediated anxiety or anxi-
ety mediated disgust in predicting the outcomes were conducted to
explore the complex relationship between anxiety and disgust to gen-
erate ideas for future research. These analyses showed that both dis-
gust (standardized B = 0.313) and anxiety (standardized B = 0.109)
partially mediated prediction of picky eating, as the direct effects
remained significant (P's < .01) with the addition of the mediator in
the models (Table 3). However, disgust served as a stronger mediator
in predicting picky eating than anxiety.

Like picky eating results, disgust was a much stronger predictor of
the study-derived ARFID classification (standardized B = 0.605) than
anxiety (standardized B = 0.056; Table 3 and Figure 2), which was

TABLE3 Goodness of fit indices and standardized weights of paths in structural equation and mediation models for picky eating and ARFID

diagnosis outcomes

Picky eating ARFID
Path/goodness of fit Estimate S.E. P value Estimate S.E P value
SEM
Disgust — DV 0.407 0.049 <.001 0.605 0.061 <.001
Anxiety — DV 0.141 0.047 .003 0.056 0.058 .337
Disgust < Anxiety 0.769 0.018 <.001 0.769 0.017 <.001
Mediation models
Path A: Disgust — Anxiety 0.769 0.023 <.001 0.769 0.024 <.001
Path B: Anxiety — DV 0.141 0.054 .009 0.055 0.066 404
Path C: Disgust — DV 0.523 0.023 <.001 0.651 0.028 <.001
IE: Disgust — Anxiety — DV 0.109 0.041 .008 0.042 0.050 402
DE: Disgust — DV 0.407 0.052 <.001 0.605 0.068 <.001
Path A: Anxiety — Disgust 0.769 0.023 <.001 0.769 0.024 <.001
Path B: Disgust — DV 0.407 0.052 <.001 0.606 0.068 <.001
Path C: Anxiety — DV 0.435 0.022 <.001 0.517 0.026 <.001
IE: Anxiety — disgust — DV 0.313 0.044 <.001 0.465 0.060 <.001
DE: Anxiety — DV 0.141 0.054 .009 0.055 0.066 406
Model fit
X2/df 26.419/7 17.059/7
CFI 0.997 0.994
TLI 0.990 0.982

RMSEA (90% Cl) 0.041 (0.025, 0.058)

0.030 (0.012, 0.048)

Note. Results are shown for each structural equation and mediation model with picky eating (left panel) and ARFID diagnosis (right panel) as two separate
outcomes. N = 1,644. Abbreviations: ARFID: Avoidant/Restrictive Food Intake Disorder; S.E. = standard error; |IE = indirect effect; DE = direct effect
(including mediator in the model); DV = dependent variable; — = “predicts;” < = “correlates with;” df = degrees of freedom; CFl = Comparative Fit Index;

TLI = Tucker-Lewis Index; RMSEA = root mean square error of approximation.
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FIGURE 1  Structural equation model of disgust and anxiety latent factors predicting picky eating. Standardized weights are shown. N = 1,644.
Abbreviations: Disgnew = disgust to a new food; disgdis = disgust to a disliked food; gagnew = gagging to a new food; gagdis = gagging to a
disliked food; anxnew = anxiety to a new food; anxdis = anxiety to a disliked food; disgust = disgust latent factor; anxiety = anxiety latent factor;

picky = are you a picky eater (yes = picky all the time/no)

unrelated to ARFID classification. However, in this case, disgust fully
mediated (standardized B = 0.465) the association between anxiety
and ARFID classification given that the direct effect of anxiety to

ARFID became non-significant (P = .404) when the mediator was

disgnew

N

\

350

812

disgdis
568 —_

706
/
524

/

gagnew

769

401 gagdis

anxnew

197

e

anxdis

1.000,

added to the model. Alternatively, anxiety was not a significant
mediator of the association between disgust and ARFID classifica-
tion (standardized B = 0.042, P = .402) with the addition of the
direct effect of disgust to ARFID in the model (Table 3 and Figure 3).
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FIGURE 2  Structural equation model of disgust and anxiety latent factors predicting avoidant/restrictive food intake disorder diagnosis.
Standardized weights are shown. N = 1,644. Abbreviations: disgnew = disgust to a new food; disgdis = disgust to a disliked food;

gagnew = gagging to a new food; gagdis = gagging to a disliked food; anxnew = anxiety to a new food; anxdis = anxiety to a disliked food,;
disgust = disgust latent factor; anxiety = anxiety latent factor; arfiddx = do you have a diagnosis of avoidant restrictive food intake disorder

(ARFID; yes/no response)
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FIGURE 3 Mediation model of disgust as a significant mediator of
the association between anxiety and avoidant/restrictive food intake
disorder diagnosis. Standardized weights are shown. N = 1,644. The
direct path from anxiety to ARFID diagnosis (p = 0.517, P < .001)
becomes non-significant with the addition of disgust as a mediator

(B = 0.055, P = .406). The indirect path of anxiety mediated by disgust
was significant, p = 0.465, P < .001. Abbreviations: disgnew = disgust to
a new food; disgdis = disgust to a disliked food; gagnew = gagging to a
new food; gagdis = gagging to a disliked food; anxnew = anxiety to a
new food; anxdis = anxiety to a disliked food; disgust = disgust latent
factor; anxiety = anxiety latent factor; arfiddx = diagnosis of avoidant
restrictive food intake disorder (ARFID; Coded yes/no). ***P < .001. See
Table 3 for results with Picky Eating as the outcome [Color figure can be
viewed at wileyonlinelibrary.com]

This suggests that the indirect effect of anxiety to disgust predicting
ARFID diagnosis better explained the data than the indirect effect of
disgust to anxiety predicting ARFID diagnosis, which supports our
fourth hypothesis.

4 | DISCUSSION

Results suggest that disgust is strongly associated to picky eating
severity and ARFID classification. Both SEM and mediation models
were consistent with this conclusion: mediation models aimed at bet-
ter understanding differential contributions of disgust and anxiety
demonstrated that a model positioning disgust as a mediator of the
association between anxiety and picky eating/ARFID provided a more
robust model fit than when anxiety was positioned as a mediator of
the association between disgust and picky eating/ARFID. Data also
revealed that the association of disgust with sensory features of smell,
taste, and texture was so robust as to preclude model fitting due to
collinearity. Given proven associations between anxiety and disgust
(e.g., Goetz, Lee, Cougle, & Turkel, 2013; Hedman et al., 2016;
Olatunji et al., 2010) and because cross-sectional data cannot adjudi-
cate the causal order of these factors, we offer tentative hypotheses
to motivate further exploration.

Exaggerated disgust experience may establish initial learning of a
stimulus as potentially noxious, and maintain subsequent avoidance
via the potency of visceral memories (Mayer, 2011). Indeed, as shown
here, disgust is associated with feelings of nausea/gastrointestinal
malaise. In a seminal study of conditioned taste aversion (Garcia et al.,
1955), the (often single) pairing of a taste with gastrointestinal dis-

comfort resulted in a potent form of avoidance learning resistant to

extinction and maintaining of avoidance. Although conditioned taste
aversion is not a proxy for disgust and may reflect other processes,
the resistance to extinction draws into question the role of anxiety
and provides a new avenue for thinking about complementary inter-
ventions. If primarily to avoid pathogens, disgust would be highly sen-
sitized to stimuli that could violate or penetrate a protective body
boundary (e.g., food). The strong association (r = .92) of disgust with
sensory features associated with eating (e.g., smell) is not surprising
given these features may signal contamination. Seemingly, for our par-
ticipants, disgust motivates avoidance of potentially contaminating
stimuli. However, experimental evidence of disgust generalization is
limited. Perhaps the fear-learning architecture is co-opted to support
elaborate avoidance behaviors and situations motivated by disgust, a
potential mechanism supported by distinct neural circuitry consti-
tuting fear relative to disgust learning (Hildebrandt et al., 2015).
Thus, consistent with our findings, disgust would have a strong
direct association with food avoidance and more strongly mediate
the association between anxiety and food avoidance than vice-
versa. Longitudinal research is needed to test these hypotheses.
Our findings suggest that interventions developed primarily for
anxiety may have limited efficacy in managing food avoidance (but
see Anderson et al. 2018 for evidence of sex differences). Disgust has
been found to be more resistant to extinction than anxiety with some
reports indicating a failure for extinction processes to occur
(Engelhard, Leer, Lange, & Olatunji, 2014; Mason & Richardson, 2010;
Olatunji, Forsyth, & Cherian, 2007). Repeated presentations of a food
may not reduce the disgust reaction precisely because disgust is an
adaptive strategy for disease avoidance and, as such, less susceptible
to extinction via repeated exposure. Yet, research on the developmen-
tal course of picky eating, suggests that a certain subset of picky chil-
dren “grow out of it” with age. Further, individuals sometimes do
repeatedly approach disgusting things (e.g., medical provider treating
gangrene). Thus, approaching disgusting stimuli may require a highly
valued motivation (Charland, 2011). As such, the approach may
become associated with the valued motivation rather than changing
the nature of the disgusting stimuli itself. It could be that, in condi-
tions of pathology, the intensity of aversion cannot be superseded by
valued motivations or that a powerful motivator has not been identi-
fied or is challenging to identify due to deficits in approach motivation
more broadly. As such, treatments for ARFID may require flexible,
nuanced approaches taking into account all of the potential motiva-
tions for food avoidance (e.g., Thomas et al. 2017). Indeed, it may be
that the goal of treatment in ARFID for those with severe sensory
aversion is the capacity to approach and consume foods without the
expectation that food preferences will change. This would be a signifi-

cant change in terms of aligning expectations for treatment.

4.1 | Limitations

Limitations include the non-representative, self-selected sample
and the cross-sectional design, which precludes causal inferences
based on the results of the mediation analyses. ARFID classification
was derived based on a study-specific algorithm meant to reflect
diagnostic criteria. The high percentage of those meeting for the

study-derived ARFID classification in this sample may reflect that
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only highly motivated individuals would participate in such a pro-
ject. As such, these estimates may be conservative as we lack a
non-picky control group but rather use a control group with less
severe pickiness. Further, our sample was racially homogenous
(90% white) and findings may not generalize. Although consistent
with other studies (Mascola et al., 2010), we only used one item
to assess degree of picky eating and diagnosis of ARFID was via
self-report (note, validated measures of ARFID as assessed via self-
report had not yet been published at the time this study was con-
ducted). Importantly, despite including questions related to food
neophobia and expected taste aversion within our anxiety con-
struct (see Appendix 1) we cannot be certain that our measure of
disgust does not encompass some expected taste dislike or food
neophobia. It is also possible that investigator-constructed items
were correlated in factor analyses due to method variance. How-
ever, the finding that these items loaded on separate factors in an
exploratory analysis of all items lessens this concern. Finally, we did
not include a validated measure of sensory sensitivity but rather
employed face valid items that directly linked sensory experience

to food avoidance.

4.2 | Future directions

This study highlights the need for considering disgust, and its possible
relationship with anxiety, in selective eating and ARFID—especially
with high levels of sensory sensitivity. Given exciting findings regard-
ing the up-regulation of the disgust system during times in which
immunity may be compromised or the need for protection from path-
ogens greater (e.g., pregnancy, sickness (Curtis et al., 2011; Fessler,
Eng, & Navarrete, 2005; Stevenson et al., 2012)-the role of disgust in
food avoidance may lead to interventions targeted at key develop-
mental phases or vulnerable periods. Incorporating measurement tools
that capture food-related disgust (Ammann, Hartmann, & Siegrist,
2018; Hartmann & Siegrist, 2018), changing the context of the experi-
ence of disgust (e.g., making it playful), creating developmentally sen-
sitive tools to help children and adolescents define and pursue valued
goals, and exploring whether and/or when food preferences change

may be important domains for future research.
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APPENDIX

The following questions were presented as part of an online
questionnaire.

Instructions: Please select the response that best describes your
CURRENT experiences.
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All of More than half About half Less than Rarely or
the time (1) the time (2) the time (3) half the time (4) never (5)
1. Are you willing to try a food you have never eaten before? O O @] O O
2. Do you get anxious about social situations because you @] @] @] @] @]
will be expected to eat?
3. Do you avoid social situations that involve food? O O O O O
4. Do you lie to avoid eating in social situations? O O O O O
5. Do you gag when tasting a new food? O O O O O
6. Do you gag when tasting a disliked food? Q @] Q O Q
7. Do you feel disgusted when presented with a new food? Q Q Q Q Q
8. Do you feel disgusted when presented with a disliked QO @] @] @] @)
food?
9. Do you feel afraid or nervous when presented with a new O O O O O
food?
10. Do you feel afraid or nervous when presented with a @) O O O Q
disliked food?
11. Are you sensitive to the smells of food? Q Q QO Q Q
12. Does sensitivity to smells keep you from trying new O O O O O
foods?
13. Does sensitivity to smells keep you from eating a variety Q Q Q Q Q
of foods?
14. Does sensitivity to smells keep you from participating in O @) O O @)
social gatherings with food?
15. Does sensitivity to food smells make you gag? QO Q Q Q QO
16. Are you sensitive to the textures of food? QO @) @) @] O
17. Does sensitivity to the textures of food keep you from O O O O O
trying new foods?
18. Does sensitivity to food textures keep you from eating a O O O O O
variety of foods?
19. Does sensitivity to the textures of foods keep you from Q Q Q Q Q
participating in social gatherings with food?
20. Does sensitivity to food texture make you gag? O O O O O
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