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Introduction: It is unclear whether core symptoms of attention deficit hyperactivity
disorder (ADHD) relate to specific types of disordered eating and little is known about the
mediating mechanisms. We investigated associations between core symptoms of ADHD
and binge/disinhibited eating and restrictive eating behavior and assessed whether
negative mood and/or deficits in awareness and reliance on internal hunger/satiety cues
mediate these relationships.

Methods: In two independent studies, we used a dimensional approach to study
ADHD and disordered eating. In Study 1, a community-based sample of 237 adults
(72.6% female, 18-60 years [M = 26.8, SE = 0.6]) completed an online questionnaire,
assessing eating attitudes/behaviors, negative mood, awareness, and reliance on
internal hunger/satiety cues and ADHD symptomatology. In Study 2, 142 students
(80.3% female, 18-32 years [M = 19.3, SE = 0.1]) were recruited to complete the same
questionnaires and complete tasks assessing interoceptive sensitivity and impulsivity
in the laboratory.

Results: In each study, core symptoms of ADHD correlated positively with both binge/
disinhibited and restrictive eating and negative mood mediated the relationships.
Deficits in awareness and reliance on internal hunger/satiety signals also mediated the
association between inattentive symptoms of ADHD and disordered eating, especially
binge/disinhibited eating. The results from both studies demonstrated that inattentive
symptoms of ADHD were also directly related to binge/disinhibited eating behavior, while
accounting for the indirect pathways of association via negative mood and awareness
and reliance on internal hunger/satiety signals.

Conclusion: This research provides evidence that core symptoms of ADHD are
associated with both binge/disinhibited eating and restrictive eating behavior. Further
investigation of the role of inattentive symptoms of ADHD in disordered eating may be
helpful in developing novel treatments for both ADHD and binge eating.

Keywords: attention deficit hyperactivity disorder, inattention, binge eating, restrictive eating, implications for
therapy
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is one of the most
debilitating childhood disorders, defined by age inappropriate
impulsiveness, inattention, and hyperactivity (1), with symptoms
of the disorder persisting into adulthood in approximately 75% of
cases (2). ADHD is linked with a number of adverse outcomes (3),
and accumulating evidence suggests that there is a strong asso-
ciation between ADHD and eating disorders (EDs)/disordered
eating (4-7). Findings from previous studies suggest that specific
symptoms of ADHD, mainly in the areas of attention (i.e., inatten-
tive symptoms) and behavior regulation (i.e., impulsivity symp-
toms) may relate to disordered eating (8-11). Thus, impulsivity
symptoms of ADHD have been consistently, positively associated
with bulimic and binge eating behavior (12-14). However, the
evidence to date for an association between inattentive symptoms
of ADHD and EDs/disordered eating is mixed. For example, Seitz
et al. (15) reported that in females seeking treatment for bulimia
nervosa (BN), the severity of BN was best predicted by inattentive
symptoms, rather than impulsivity or hyperactivity symptoms of
ADHD. In contrast, Yilmaz et al. (11) found that a combination
of “inattentive and hyperactive/impulsive” symptoms in children
was the best predictor of higher eating disorder symptomatol-
ogy during late adolescence. Limited evidence also exists for an
association between hyperactive symptoms of ADHD and EDs/
disordered eating, particularly restrictive eating behavior in men
[for a review see Ref. (4)]. Therefore, further research is required
to assess whether core symptoms of ADHD, namely inattentive,
hyperactive, and impulsive symptoms, relate to specific subtypes
of disordered eating (e.g., binge/disinhibited eating and/or
restrictive eating behavior).

Disordered eating refers to patterns of eating behavior that
deviate from normal, but do not meet all the criteria for a clinical
diagnosis of an ED. Although the recorded ED prevalence rate is
around 0.5-3%, depending on the specific ED diagnosis, disor-
dered eating symptomatology in the general population has been
found to be as high as 12% (16). This is a concern not only because
of the associated psychopathology, but also because disordered
eating is a risk factor for full-syndrome eating disorders (17). It is,
therefore, important to explore risk factors for disordered eating,
such as ADHD symptomatology, in the general population. This
approach is predicated on the assumption that personality factors
and symptoms of a disorder are best conceptualized dimension-
ally and occur with normal variation in the population (18). This
dimensional approach ensures that potential confounds associ-
ated with clinical research in patients (e.g., medication status)
can be minimized. Furthermore, the National Institute of Mental
Health Research Domain Criteria Initiative (RDoC) encourages
research on dimensions of observable behavior rather than a
categorical, symptom-based approach to the study of mental
health (19).

It is plausible that mood changes associated with depression,
anxiety, and stress mediate the relationship between ADHD and
risk for disordered eating. Indeed, several studies have reported
that depression and anxiety are the most frequently reported
psychiatric comorbidities in ADHD patients (20-23). A strong
positive association between ADHD symptoms in adulthood

and levels of self-perceived stress has also been reported (24).
Furthermore, EDs, including binge/purging type (e.g., BN) and
restrictive type [e.g., anorexia nervosa (AN)], are often comorbid
with anxiety, depression, and/or mood disorders (25-27). Thus,
it is possible that disordered eating may not be directly related
to ADHD, and may be mediated (at least in part) by comorbid
anxiety disorders and mood disorders (28-30). It is conceivable
that individuals with ADHD could engage in disordered eating
in an attempt to deal with frustrations and negative affect caused
by the outcomes of attention difficulties (e.g., poor work perfor-
mance) and/or impulsive responses at the cost of planned goals
(31). Taken together, this evidence indicates that core symptoms
of ADHD may relate to disordered eating, including both binge/
disinhibited and restrictive eating indirectly via negative mood.

Another possibility is that the relationship between ADHD
and disordered eating is mediated by lack of awareness of
internal signals of hunger and satiety, which could contribute to
a disturbed pattern of eating behavior. For instance, individuals
with high inattentive symptoms of ADHD may forget about
eating when engaged in other activities, leading to subsequent
overeating or lack of control over eating (32). A lack of awareness
and knowledge of internal signals of hunger and satiety may also
contribute to restrictive eating pathology if external control, such
as restricting food intake is used to override internal signals to
adhere to a culturally imposed thin-ideal stereotype (33). Hence,
core symptoms of ADHD may contribute to both binge/disinhib-
ited eating and restrictive eating indirectly by a lack of awareness
of internal signs of hunger and satiety.

Despite this evidence to the best of our knowledge no media-
tional studies have been conducted to date to assess whether
negative mood and/or awareness and reliance on internal hunger/
satiety signs provide pathways of association between ADHD
symptomatology and disordered eating. The current research
investigated the potential associations between core symptoms of
ADHD and disordered eating, including both binge/disinhibited
eating and restrictive eating behavior, and examined whether
negative mood and/or deficits in awareness and reliance on
internal hunger/satiety cues might mediate these relationships.
Two studies were conducted: Study 1 was an online study,
which investigated the hypothesized mediational pathways of
association between hyperactivity/impulsivity and inattentive
symptoms of ADHD and disordered eating via negative mood
and/or deficits in awareness and reliance on internal hunger/
satiety cues. Study 2 was a laboratory study, which investigated
whether the findings from Study 1 could be replicated in an
independent sample, and assessed the specific contributions
(if any) of hyperactivity and impulsivity to disordered eating.

STUDY 1

The primary aims of Study 1 were: (i) to investigate the associa-
tions between core symptoms of ADHD and disordered eating,
including both binge/disinhibited eating and restrictive eating
behavior, and (ii) to test whether negative mood and/or and
deficits in awareness and reliance on internal hunger/satiety cues
might mediate these relationships, controlling important poten-
tial confounders (e.g., gender, BMI, and ADHD medication). The
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moderating effect of age, gender, BMI, and ADHD medication in
any relationship between core symptoms of ADHD and disor-
dered eating was also investigated.

MATERIALS AND METHODS

Participants and Procedure

Participants were recruited from the general population, through
social media (e.g., Facebook), postings on web sites, such as
ADHD support groups, and advertisements at the University
of Birmingham, UK. Adult men and women, aged 18-60 years,
differing in severity of ADHD symptoms were eligible for this
study. Individuals receiving medication for ADHD treatment
were not excluded, but medication status was controlled for in the
analysis. Participants were required to be fluent in English. Since
no mediational studies have been conducted to date to investi-
gate the role of negative mood and/or awareness and reliance
on internal hunger/satiety signals in mediating the relationship
between symptoms of ADHD and disordered eating behavior,
a formal power calculation was not conducted. However, Fritz
and MacKinnon (34) report that for medium size pathways of
association, a sample size of 71 participants would be adequate
for 0.8 Power when using a bias-corrected bootstrap method, as
we used in this study. From November 2015 to March 2016, a total
of 265 individuals completed an online survey. All participants
provided online informed consent before participation. After
informed consent was obtained, participants were directed to a
URL to complete the online survey. The survey took approxi-
mately 45 min to complete. All participants were informed that
they could enter a prize draw to win a £50 gift voucher for their
participation. The protocol was approved by the University of
Birmingham Research Ethics Committee.

Measures

Data Quality

Due to the self-administered nature of online surveys, measure-
ment error is a common problem. In the present study, certain
techniques were used to allow a quality assessment of the col-
lected responses. These are described in brief below.

Trap Questions

Trap questions (e.g., for data quality purposes, please select 4)
were used for every 50-100 survey items (3 in total) (35) to
identify participants who were not paying sufficient attention to
instruction and not providing consistent responses.

Self-Report of Study Engagement

At the end of the survey, participants were asked to self-report
the quality of the data they provided (35). Specifically, they
were asked to respond to the following question: “Finally, it is
vital to our study that we only include responses from people
who devoted their full attention to this study. In your honest
opinion, should we use your data?” It was emphasized that par-
ticipants could still enter the prize draw to win the gift voucher
for their participation regardless of how they responded to the
question.

To minimize measurement error, which may lead to biased
results it was decided a priori that responses from participants
who answered all three of the trap questions incorrectly would
be removed from any further analysis. A similar approach was
followed for participants who responded negatively to the self-
report measure of study engagement.

Demographics

Demographics, including age, sex, ethnicity, education level,
and professional status were recorded. Body mass index (BMI;
kg/m?) was calculated based on self-reported measures of
height and body weight. A proxy measure of socio-economic
status (SES) was calculated based on the participants’ responses
about their highest education level completed and their current
profession. The education level was collapsed into six categories,
including some secondary or high school education (includ-
ing O Levels and GCSEs); A levels, high school diploma, high
school certificate, etc.; vocational qualifications; University or
college graduate; Master’s degree, post-graduate certificate or
diploma, and professional or doctoral degree. Profession sta-
tus was categorized as: unemployed; student; semi-skilled or
unskilled manual worker; skilled manual worker; supervisor
or clerical, junior managerial, administrative or professional;
intermediate managerial, administrative or professional;
higher managerial, administrative or professional. A 6- and
7-point scale was used to score the education and profession
variables, respectively, with higher scores representing higher
education level completed and higher managerial, administra-
tive, or professional status. The SES was calculated as the mean
score of the two variables.

Current Symptoms of ADHD

The Conners’ Adult ADHD Rating Scale-Self-Report
Screening Version (CAARS-S: SV)

The Conners’ Adult ADHD Rating Scale-Self Report Screening
Version (36) was used to assess current ADHD symptoms. The
CAARS is a suitable instrument for evaluating ADHD symptoms
in adults (37) and utilizes a 4-point format in which respondents
areasked to rate items pertaining to their problems. The CAARS-S:
SV has 30 items that assess ADHD symptoms according to the
fourth edition of the diagnostic and statistical manual of mental
disorders. The subscales derived from the questionnaire are:
(a) Inattentive Symptoms (9 items); (b) Hyperactive-Impulsive
Symptoms (9 items); (c) Total ADHD Symptoms; (d) ADHD
Index (12 items). In this study, the Cronbach’s alpha was 0.94,
0.89,0.95, and 0.88 for the “Inattentive Symptoms,” “Hyperactive-
Impulsive Symptoms,” “Total ADHD Symptoms,” and “ADHD
Index” subscales, respectively.

Participants were also asked to report whether they had
been diagnosed with ADHD by a healthcare professional.
If they answered in the affirmative, they were asked at what
age the diagnosis took place, and if they were currently taking
medication as part of their treatment protocol or if they received
medication during the previous year. If medication was taken,
the participant was asked to report the type of medication
(e.g., stimulant). ADHD medication use was coded as a dichoto-
mous variable. Other psychological/psychiatric comorbidities
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were categorized as present, including any other psychological/
psychiatric disorders diagnosed by a healthcare professional
apart from ADHD and/or anxiety, depression, and eating dis-
orders, or not present.

Disordered Eating
Several established measures of disordered eating were included
in the survey:

The Dutch Eating Behavior Questionnaire (DEBQ) (38),a33-item
self-report questionnaire, was used to assess three aspects of eat-
ing behavior: “emotional eating” (Factor [—13 items), “external
eating” (Factor II—10 items), and “dietary restraint” (Factor
III—10 items). These subscales have been shown to have good
reliability and validity (38). In this study, the Cronbach’s alpha
was 0.96, 0.89, and 0.93 for the “emotional eating,” “external
eating,” and “dietary restraint” subscales, respectively.
The Loss of Control over Eating Scale (LOCES) (39), short ver-
sion, a 7-item scale, was used to assess subjective perceptions
of being compelled to eat or unable to resist or stop eating,
resulting in initiating eating when not intended, and/or eating
more than originally intended, and/or difficulty stopping eat-
ing. The 7-item LOCES utilizes a 5-point scale and responders
are asked to rate how often in the past 4 weeks they experienced
each one of the 7 specified items during a time when they were
eating (e.g., my eating felt like a ball rolling down a hill that
just kept going and going). The tool has been shown to have
good test-retest reliability (r = 0.82, p < 0.001) and validity
(Cronbach’s alpha = 0.93). In this study, the Cronbach’s alpha
was 0.95.

The Binge Eating Scale (BES) (40), a 16-item self-report ques-
tionnaire, was used to assess binge eating pathology. The BES
yields a continuous measure of binge eating pathology of 0-46.
The BES has good test-retest reliability (r = 0.87, p < 0.001) and
moderate associations with binge eating severity as measured
by food records (r = 0.20-0.40, p < 0.05) (41). The Cronbach’s
alpha in this study was 0.92.

The Bulimic Investigatory Test, Edinburgh (BITE) (42), is a
33-item self-report questionnaire, designed as an objective
screening test to identify subjects with bulimic symptoms. The
BITE consists of two subscales: the symptoms scale (30 items)
and the severity scale (3 items). Results from the symptoms
scale were analyzed in this study. The symptoms scale score
ranges from 0 to 30. Internal consistency of the BITE symptom
scale is high (0.96) (42). In this study, the Cronbach’s alpha
was 0.92.

The Eating Attitudes Test (EAT-26) (43), a 26-item self-report
questionnaire, has been widely applied as an index of the symp-
toms of AN. The EAT-26 comprises three subscales, Dieting
(Factor I—13 items), Bulimia and Food preoccupation (Factor
II—6 items), and Oral Control (Factor III—7 items), which are
summed to obtain a total score. The tool has been used in both
clinical and non-clinical settings and has been found to have
strong psychometric properties (43-45). The Cronbach’s alpha
measures in this study were 0.88, 0.87, 0.82, and 0.66 for the
EAT Total score, and the Dieting, Bulimia, and Oral Control
subscales, respectively.

Awareness and Reliance on Internal

Hunger/Satiety Cues

The Reliance on Internal Hunger/Satiety

Cues Subscale

The Reliance on Internal Hunger/Satiety Cues subscale of the
21-item Intuitive Eating Scale (IES) (46) was used to assess
awareness and use of internal hunger/satiety cues to guide one’s
eating behavior. The Reliance on Internal Hunger/Satiety Cues
subscale comprises six items (e.g., “I can tell when I'm slightly
hungry”), and item responses are rated on a scale that ranges
from 1 (strongly disagree) to 5 (strongly agree). After appropriate
items are reverse-scored, item responses are averaged to arrive at
a total score. Higher total scores correspond with higher levels of
awareness and use of internal hunger/satiety cues to determine
one’s eating behavior. The Reliance on Internal Hunger/Satiety
Cues subscale has been found to be positively correlated with
interoceptive sensitivity, as assessed by the heartbeat perception
task (47). In this study, the Cronbach’s alpha was 0.85.

Negative Mood

Negative mood was modeled as a latent variable comprising
three emotional factors associated with anxiety and depression
and with stress perception: anxiety and depression levels were
assessed by the 14-item Hospital Anxiety and Depression Scale
(HADS) (48). The HADS is a valid tool to measure anxiety and
depression levels in the general population and performs well in
screening for the separate dimensions of anxiety and depression
(49). The Cronbach’s alpha in this study was 0.85 and 0.82 for
the anxiety and depression subscales, respectively. To assess
perception of stress, participants were asked to complete the
10-item Perceived Stress Scale (PSS) (50). The PSS has consist-
ently shown high internal validity (Cronbach’s alpha > 0.70) and
good test-retest reliability (Rho > 0.70) (51, 52). In this study,
the Cronbach’s alpha was 0.90.

Alcohol and Drug Use

Alcohol abuse was assessed by the Short Michigan Alcohol
Screening Test (SMAST) (53). Evaluation data indicate that it is
an effective diagnostic instrument, and does not have a tendency
for false positives. In this study, the Cronbach’s alpha was 0.73.
Drug abuse was assessed by the Drug Abuse Screening Test-10
(DAST-10) (54), a 10-item self-report scale that consists of items
that parallel those of the Michigan Alcoholism Screening Test
(MAST). The DAST-10 has exhibited valid psychometric proper-
ties for use as a clinical or research tool in a variety of popula-
tions (55). In this study, the Cronbach’s alpha was 0.68. Twelve
participants had missing data; therefore, the available sample size
for the internal consistency reliability analysis was limited to 225
participants.

ANALYSIS PLAN

Data Reduction

To condense the information contained in the disordered eating
variables into a smaller set of new composite dimensions, with
a minimum (min) loss of information, a principal component
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analysis (PCA) with varimax rotation was applied, using SPSS.
PCA revealed that measures of disordered eating loaded onto
two components (for component loadings, see Table S1, Data
Sheet S1 in Supplementary Material). Together the components
explained 73% of the variance observed. The first component
(eigenvalue = 5.03), which accounted for 56% of the variance,
was labeled “Binge/Disinhibited Eating.” The second component
(eigenvalue = 1.56) accounted for a further 17% of the variance
and was labeled “Restrictive Eating” A high score on the “Binge/
Disinhibited Eating” component is related to a pattern of behavior
that involves a tendency toward overeating and eating opportun-
istically. This can include eating in response to negative affect,
overeating in response to the palatability of food and not being
able to resist temptation to eat despite negative consequences. The
mean composite score for this component was 31.4 with a SD
of 21.3. A high score on the “Restrictive Eating” component is
related to a pattern of behavior to limit food intake as a means
of controlling body weight. The mean composite score for this
component was 11.9 with a SD of 9.7.

Negative Mood

A composite score reflecting an overall psychological distress was
calculated for the three emotional factors associated with anxiety
and depression (HADS-Anxiety and HADS-Depression), and
stress perception (PSS) using PCA. The extracted component
accounted for 74% of the variance in the three emotional scales,
and all three loaded strongly on this factor (loadings ranged
from 0.806 to 0.897). The mean composite score was 35.7 with a
SD of 14.8.

Models

Mediation and moderation effects were examined using PROCESS
for SPSS (56). Specifically, Model 4 with multiple parallel
mediators (negative mood, awareness, and reliance on internal
hunger/satiety cues) was tested to investigate the hypothesized
relationships between core symptoms of ADHD and both
binge/disinhibited and restrictive eating behavior. Indirect
(i.e., mediating) effects were evaluated with 95% bias-corrected
confidence intervals based on 10,000 bootstrap samples. When
the confidence interval does not contain zero, this indicates
that the indirect effect can be considered statistically significant
(56). To assess whether age, gender, BMI, or ADHD medication
moderates any relationship between core symptoms of ADHD
and disordered eating, Model 5 was tested. Moderation is found
if any of the tested interactions (e.g., inattentive symptoms
of ADHD X gender) is statistically significant (p < 0.005).
Continuous variables were mean centered as recommended
by Howell (57). All analysis was conducted using SPSS 22.0
software (IBM Corp., Armonk, NY, USA).

Covariates

Based on their potential for having associations with disordered
eating and/or ADHD, it was decided a priori to include eight
variables in the statistical analyses: age, gender, BMI, SES, cur-
rent ADHD medication use, other psychological/psychiatric
comorbidities, alcohol, and drug use. Alcohol and drug abuse
were coded as continuous variables.

RESULTS

Participants
A total of 265 individuals completed the online survey. Nine
participants (3.4%) categorized themselves as “other” gender, and
due to the small representation of this group in our sample popu-
lation, these individuals were excluded from analyses. Further, 19
participants were excluded because of: (1) failure to meet inclu-
sion criteria (n = 1; aged >60 years old); (2) non-existent or very
incomplete responses (>80% of missing data) (n = 11); or (3) low
quality responses based on self-report measure of study engage-
ment (n = 7). The final sample consisted of 237 individuals.
Participants’ age ranged between 18 and 60 years old, with a
mean of 26.8 years (SE = 0.6). Most of the participants were
females (72.6%) and were of White/White British (78.1%)
ethnicity. Other ethnic groups included: 10.1% Asian/Asian
British; 1.7% Black/African/Caribbean/Black British; 4.2%
Mixed/multiple ethnic groups, and 5.9% reported Other ethnic
group. The majority of the participants were European (57.4%)
or North American (35.0%) residents, while smaller represen-
tation included Australia/New Zealand (3.4%), Asia (3.0%),
South America (0.4%), and Other (0.8%). More than half of the
participants were highly educated (55.3%); 30.4% were university
or college graduates, 23.6% had completed a Master’s degree,
post-graduate certificate, or diploma; and 1.3% had a professional
or doctoral degree. Among the remaining participants: 30.8%
had completed A Levels, High School Diploma, High School
Certificate, etc.; 5.5% Vocational qualifications; 3.0% Some
secondary or high school education (including O Levels and
GCSEs); and 5.5% reported Other highest education completed.
Most of the respondents were students (59.5%). Other professions
reported were: higher managerial, administrative or professional
(2.1%); intermediate managerial, administrative or professional
(11.0%); supervisor or clerical, junior managerial, administrative
or professional (9.7%); skilled manual worker (1.3%); semi-
skilled or unskilled manual worker (3.4%); unemployed (7.6%).
A wide range of BMIs (12.49-68.52 kg/m?*) was represented, with
a mean of 24.6 kg/m? (SE = 0.4). Most of the participants, 127
(53.6%) had a BMI within the normal range; 53 (22.4%) were
classified as overweight; 32 (12.5%) as obese; and 21 (8.9%) as
underweight. Four participants had missing data and, therefore,
their BMI could not be calculated.

Data Quality

The vast majority of the responders (97.5%) answered all of the
three trap questions correctly, suggesting that they were paying
close attention to directions.

Current ADHD Symptoms

Table 1 presents the mean and SE, as well as the minimum (min)
and the maximum (max) scores for the four subscales derived
from the CAARS: S-SV. Of the 237 individuals, 79 (33.3%)
(males = 20; females = 59) had received a diagnosis of ADHD
and 59 (24.9%) were currently being treated with medication
(stimulant = 50; non-stimulant = 9). The mean reported age of
ADHD diagnosis was 20.06 years (SE = 1.18); 35.4% reported
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being diagnosed before the age of 18 years and 64.6% reported
being diagnosed in adult life.

Multiple Mediation Analyzes

The path coefficients, SEs, and other statistics pertinent to the
models are superimposed on the statistical diagrams in Figures 1
and 2. Age, gender, BMI, SES, other comorbid psychiatric dis-
orders, current ADHD medication use, and alcohol use were
covariates in the models. Drug use was found to be significantly
correlated with alcohol use (r = 0.33), and, therefore, was not
included as an additional covariate.

Inattentive symptoms of ADHD predicted binge/disinhibited
eating both directly (¢’ = 0.359, p = 0.041) and indirectly through
an effect on negative mood, a;b; = 0.264 BCa CI [0.114, 0.456]
and on awareness and reliance on internal hunger/satiety cues,
ab, = 0.357 BCa CI [0.157, 0.602] (for details on all path coef-
ficients see Figure 1). The mediating effect of negative mood

TABLE 1 | Mean, SE, min, and max scores on the four subscales derived from
the CAARS: S-SV.

Total sample (n = 237)

was of similar strength to the mediating effect of awareness
and reliance on internal hunger/satiety cues BCa CI [—0.378,
0.162]. Inattentive symptoms of ADHD also predicted restrictive
eating, but only indirectly through an effect on negative mood,
a;b; =0.223 BCa CI [0.130, 0.345] and on awareness and reliance
oninternal hunger/satiety cues, a;b, =0.077 BCa CI[0.022,0.178]
(for details on all path coeflicients see Figure 1). The mediating
effect of negative mood was stronger than the mediating effect of
awareness and reliance on internal hunger/satiety cues BCa CI
[0.023, 0.278].

Hyperactive/impulsive symptoms of ADHD also indirectly
predicted binge/disinhibited eating through an effect on negative
mood, a;b; = 0.184 BCa CI [0.066, 0.351] (for details on all path
coeflicients see Figure 2). Hyperactive/impulsive symptoms of
ADHD also predicted restrictive eating indirectly through an
effect on negative mood, a;b; = 0.130 BCa CI [0.059, 0.225] (for
details on all path coefficients see Figure 2).

Moderation Analyses

Conditional path analysis indicated that none of the relation-
ships between core symptoms of ADHD and disordered eating
were moderated by age, gender, BMI, or ADHD medication
(ps > 0.005).

Current attention deficit hyperactivity Mean SE Min Max
disorder (ADHD) symptoms
Inattentive symptoms (0-27) 13.80 0.50 1 27 STU DY 2
Hyperactive-impulsive symptoms (0-27) 10.18 0.41 0 27 . . . .
Total ADHD symptoms (0-54) 23.97 0.85 3 54 The aim of Study 2 was to investigate whether the findings from
ADHD index (0-36) 16.67 0.52 3 34 Study 1, which was conducted online, could be replicated in a
R2=0.340
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FIGURE 1 | Attention deficit hyperactivity disorder (ADHD) inattentive symptoms [Conners” Adult ADHD Rating Scale-Self-Report Screening Version, “Inattentive
Symptoms” subscale] and their relation to binge/disinhibited eating and restrictive eating. Test for mediation through negative mood (composite measure) and awareness
and reliance on internal hunger/satiety cues (self-report measure). Estimates are unstandardized regression coefficients; R? is their explained variance for the
consequents; numbers in parentheses are bootstrapped SEs. All analyses controlled for age, gender, BMI, socio-economic status, other comorbid psychiatric disorders,
current ADHD medication use, and alcohol use. Simple arrows: significant path coefficients, dotted arrows: non-significant path coefficients.”P < 0.05; **P < 0.01.
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FIGURE 2 | Attention deficit hyperactivity disorder (ADHD) hyperactive/impulsive symptoms [Conners’ Adult ADHD Rating Scale-Self-Report Screening Version,
“Hyper active-Impulsive” symptoms subscale] and their relation to binge/disinhibited eating and restrictive eating. Test for mediation through negative mood
(composite measure) and awareness and reliance on internal hunger/satiety cues (self-report measure). Estimates are unstandardized regression coefficients; R? is
their explained variance for the consequents; numbers in parentheses are bootstrapped SEs. All analyses controlled for age, gender, BMI, socio-economic status,
other comorbid psychiatric disorders, current ADHD medication use, and alcohol use. Simple arrows: significant path coefficients, dotted arrows: non-significant
path coefficients.*P < 0.05; **P < 0.01.

well-defined clinical laboratory sample. In Study 2, we also
investigated the specific contributions (if any) of hyperactivity
and impulsivity to disordered eating. As the derived subscales of
the CAARS-S:SV, do not provide separate scores for hyperactive
and impulsive symptoms of ADHD, it is unclear whether both
hyperactive and impulsive symptoms relate to binge/disinhibited
and restrictive eating or whether specific ADHD symptoms relate
to specific types of disordered eating. In Study 2, we tested the
hypothesis that impulsivity symptoms specifically predict disor-
dered eating behavior by including behavioral and self-reported
measures of impulsivity and comparing a model using those
measures as predictors of disordered eating with a model using
the CAARS-S: SV “Hyperactive-Impulsive” Symptoms subscale
(which measures both impulsivity and hyperactivity symptoms)
asa predictor of disordered eating behavior. We hypothesized that
both measures of impulsivity would correlate positively with the
hyperactive/impulsive symptoms subscale of the CAARS-S: SV.
In Study 2, we assessed awareness and reliance on internal
hunger/satiety cues via a self-report measure, as used in Study 1,
but in addition used a performance-based measure of intero-
ceptive sensitivity, the heartbeat perception task. The heartbeat
perception task has been related to the ability to detect changes
in other autonomically innervated organs, such as the activity of
the stomach (58, 59), highlighting its role as an indicator of a
generalized sensitivity for visceral processes in situations evoking
interoceptive signals (60), such as during food deprivation and
feeling hungry (61). We hypothesized that inattentive symptoms
of ADHD would relate negatively to interoceptive sensitivity,

and decreased interoceptive sensitivity would relate positively to
disordered eating.

Overall, Study 2 aimed to: (i) investigate whether the find-
ings from Study 1 can be replicated using a well-defined sample
tested in the laboratory, (ii) investigate the specific contributions
(if any) of hyperactivity and impulsivity to disordered eating,
and (iii) investigate whether interoceptive sensitivity as assessed
objectively via a heartbeat perception task provides another
pathway of association between inattentive symptoms of ADHD
and disordered eating as found in Study 1, when we used a self-
report measure of awareness and reliance on internal hunger/
satiety cues.

MATERIALS AND METHODS

Participants and Procedure

Students from the University of Birmingham, UK were recruited
in exchange for course credits or cash payment. From October
2016 to December 2016, a total 142 individuals completed the
study. Participants were required to be fluent in English. The
study was advertised as a two-part study, and participants had to
complete an online questionnaire before a laboratory meeting was
arranged to complete the second part of the study and receive full
reimbursement for their participation. All participants provided
online informed consent before completion of the online ques-
tionnaire. After informed consent was obtained, participants were
directed to a URL to complete an online survey as described in
Study 1. Following completion of the survey, a laboratory meeting
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was arranged and participants came to the School of Psychology,
University of Birmingham to complete a battery of behavioral
measures. Informed consent was also obtained before completion
of the behavioral measures. The protocol was approved by the
University of Birmingham Research Ethics Committee.

Measures

Data Quality

Trap questions and a self-report measure of study engage-
ment were used to enable a quality assessment of the collected
responses, as described for Study 1.

Demographics

Demographics including age, sex, ethnicity, education level, and
professional status were reported as in Study 1. Participants height
and body weight were measured to calculate current BMI (kg/m?).

Current Symptoms of ADHD

The Conners’ Adult ADHD Rating Scale-Self-Report
Screening Version

The Conners’ Adult ADHD Rating Scale-Self-Report Screening
Version (36) was used to assess current ADHD symptoms. In
this study, the Cronbach’s alpha was 0.87, 0.84, 0.90, and 0.80 for
the “Inattentive Symptoms,” “Hyperactive-Impulsive Symptoms,”
“Total ADHD Symptoms,” and “ADHD Index” subscales,

respectively.

Questionnaire Measures

Questionnaire measures were the same as in Study 1. For the
Cronbach’s alpha values in this study, see Table S2, Data Sheet S1
in Supplementary Material.

Impulsivity

The Barratt Impulsivity Scale (BIS)

The Barratt Impulsivity Scale (BIS) (62), a 30-item self-report
questionnaire, was used in Study 2 to assess impulsivity. Its psy-
chometric properties have been determined in both clinical and
non-clinical subjects (62, 63). In this study, the total score was used
and the Cronbach’s alpha was 0.85.

Go/No-Go Task

Impulsivity was also assessed behaviorally using a go/no-go task assess-
ing the ability to inhibit instigated, “prepotent” responses (response
inhibition). Participants were instructed to press the space bar in
response to explicitly instructed “go” stimuli and withhold any
response to “no-go” stimuli. Participants used their preferred hand to
respond and complete two tasks: (a) a neutral go/no-go task and (b)
afood go/no-go task (see Figure S1, Data Sheet S1 in Supplementary
Material). The measure of interest was the number of commission
errors (responses incorrectly made in “no-go” trials). Because
commission errors are responses that occur when no response is
required, they are suggested to reflect impulsivity. For details on the
Go/No-Go task, see Data Sheet S1 in Supplementary Material.

Interoceptive Sensitivity: The Heartbeat

Perception Task

For the heartbeat task, participants’ heart rate was monitored
with a pulse oximeter (PulseOximeterOnline.com) to obtain their

average heart rate. Following the well-validated Mental Tracking
Method of Schandry (64), data were recorded for two time inter-
vals (45, 60 s). While participants” heart rate was monitored with
a pulse oximeter, participants were asked to count silently their
own heartbeats, without taking their pulse or attempting any
other physical manipulation that could facilitate the detection of
heartbeats. Participants were given verbal instructions when to
start and when to stop counting. At the end of each time interval,
participants were asked to verbally report how many heartbeats
they counted. No feedback on the duration of the counting phases
or the quality of their performance was given. Interoceptive sen-
sitivity was measured according to the following transformation:
1/2 S (1-(Jrecorded heartbeats-counted heartbeats|)/recorded
heartbeats). The heartbeat perception score varies between 0 and
1. The maximum (max) score of 1 indicates absolute accuracy of
heartbeat perception.

ANALYSIS PLAN

Data Reduction

Disordered Eating

As in Study 1, composite scores were created for “Binge/
Disinhibited Eating” and for “Restrictive Eating.” In this study, the
mean composite score for “Binge/Disinhibited Eating” was 25.1
with a SD of 17.9 and the mean composite score for “Restrictive
Eating” was 9.5 with a SD of 9.1.

Negative Mood

In this study, the extracted component accounted for 77% of the
variance in the three emotional scales, and all three scales loaded
strongly on this factor (range from 0.855 to 0.893). The mean
composite score was 29.6 with a SD of 12.4.

Models

Mediation and moderation effects were examined using PROCESS
for SPSS (56) (for details see Analysis Plan Study 1). To investi-
gate whether both measures of impulsivity correlated positively
with the hyperactivity/impulsivity symptoms subscale of the
CAARS-S:SV as hypothesized, Spearman’s correlations for non-
normally distributed variables were computed. Spearman’s cor-
relations were also computed to assess whether inattentive symp-
toms of ADHD correlated negatively to interoceptive sensitivity,
and decreased interoceptive sensitivity correlated positively to
disordered eating.

Covariates

Asin Study 1, the following variables were included in the statisti-
cal analyses: age, gender, and BMI. Current ADHD medication
use and other psychological/psychiatric comorbidities were not
included in the statistical analyses, as none of the participants
reported either use of ADHD medication or any psychological/
psychiatric comorbidity. In addition, SES was not included in the
statistical analysis, as all participants were students. The internal
consistency for the SMAST questionnaire was poor in the present
study (Cronbach’s alpha = 0.51). In addition, only 7 (4.9%) par-
ticipants in total reported a score equal to or greater than 3, which
has been suggested to indicate a borderline alcohol problem or
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potential alcohol abuse. Therefore, alcohol use was not included
as a covariate in the statistical analysis.

RESULTS

Participants

A total of 142 participants completed the study. Age ranged from
18 to 32 years old, with a mean of 19.3 years (SE = 0.1). Most
of the participants were females (80.3%) and were of White/
White British (68.3%) ethnicity. Other ethnic groups included:
19.0% Asian/Asian British; 7.0% Black/African/Caribbean/Black
British; 2.8% Mixed/multiple ethnic groups; and 2.8% reported
Other ethnic group. BMIs ranged between 14.7-34.4 kg/m?, with
amean of 21.4 kg/m? (SE = 0.3). The majority of the participants,
93 (65.5%) had a BMI within the normal range; 26 (18.3%) were
classified as underweight; 20 (14.1%) as overweight; and 2 (1.4%)
as obese. One participant had missing data and, therefore, their
BMI could not be calculated.

Data Quality

The vast majority of the responders (98.6%) answered all of the
three trap questions correctly, suggesting that they were paying
close attention to directions.

Current ADHD Symptoms

Table 2 presents the mean and SE, as well as the minimum (min)
and the maximum (max) scores for the four subscales derived
from the CAARS: S-SV.

Multiple Mediation Analyzes

Aim 1

To investigate whether the findings from Study 1 can be replicated
using a well-defined sample tested in the laboratory.

The path coefficients, SEs, and other statistics pertinent to the
models are superimposed on the statistical diagrams in Figures 3
and 4. Age, gender, and BMI were covariates in the models.

Inattentive symptoms of ADHD predicted binge/disinhibited
eating both directly (c/ = 0.666, p = 0.012) and indirectly through
an effect on negative mood, a,b; = 0.600 BCa CI [0.299, 1.013]
and on awareness and reliance on internal hunger/satiety cues,
ab, = 0.227 BCa CI [0.012, 0.544] (for details on all path coef-
ficients see Figure 3). The mediating effect of negative mood
was of similar strength to the mediating effect of awareness
and reliance on internal hunger/satiety cues BCa CI [—-0.016,
0.770]. Inattentive symptoms of ADHD predicted also restrictive

TABLE 2 | Mean, SE, min, and max scores on the four subscales derived from
the CAARS: S-SV.

Total sample (n = 142)

Current attention deficit hyperactivity Mean SE Min Max

disorder (ADHD) symptoms

Inattentive symptoms (0-27) 9.23 0.43 0 24
Hyperactive-impulsive symptoms (0-27) 7.25 0.40 0 22
Total ADHD symptoms (0-54) 16.49 0.75 0 45
ADHD index (0-36) 11.71 0.47 2 31

eating, but only indirectly through an effect on negative mood,
aib; = 0.276 BCa CI [0.117, 0.490]. Although increased inatten-
tive symptoms of ADHD predicted lower levels of awareness and
reliance on internal hunger/satiety cues (a, = —0.021), and lower
levels of awareness and reliance on internal hunger/satiety cues
predicted higher restrictive eating (b, = —3.066), a bias-corrected
bootstrap confidence interval for the indirect effect (a;b; = 0.066)
based on 10,000 bootstrap samples was below zero (—0.003 to
0.227), suggesting that the mediating effect was not significant
(for details on all path coefficients see Figure 3).
Hyperactive/impulsive symptoms of ADHD predicted binge/
disinhibited eating both directly (¢’ = 0.939, p < 0.01) and indi-
rectly through an effect on negative mood, a;b; = 0.478 BCa CI
[0.243, 0.848] (for details on all path coefhicients see Figure 4).
Hyperactive/impulsive symptoms of ADHD also predicted
restrictive eating both directly (¢’ = 0.334, p = 0.036) and indi-
rectly through an effect on negative mood, a;b; = 0.223 BCa CI
[0.110, 0.406] (for details on all path coefficients see Figure 4).

Moderation Analyzes

Conditional path analysis indicated that none of the relation-
ships between core symptoms of ADHD and disordered eating
were moderated by age, gender, or BMI (p, > 0.005).

Aim 2
To investigate the specific contributions (if any) of hyperactivity
and impulsivity to disordered eating.

As hypothesized, hyperactivity/impulsivity symptoms of
ADHD, assessed by the hyperactive-impulsive subscale of the
CAARS-S: SV, were positively correlated with self-reported levels
of impulsivity (r = 0.54; p; < 0.001), assessed by the BIS. Contrary
to our hypothesis, hyperactivity/impulsivity symptoms of ADHD,
were not significantly correlated with either the number of com-
mission errors on the neutral no-go trials (r = 0.13; p; = 0.13) or
the food no-go trials (r = 0.14; p;=0.11), although the correlation
coeflicients are suggestive of positive associations. Therefore, to
investigate the specific contributions (if any) of hyperactivity and
impulsivity to disordered eating, we tested the same model as
shown in Figure 4, but this time we used impulsivity as assessed
by the BIS as the predictor variable (see Figure 5).

As shown in Figure 5, a similar pattern of results as those
presented in Figure 4 was observed when impulsivity assessed
by the BIS was used as a predictor variable. However, although
there was evidence that impulsivity was associated with binge/
disinhibited eating independent of an effect on mood (¢’ = 0.242,
p =0.035), there was no evidence of a direct effect of impulsivity
on restrictive eating (¢’ = —0.007, p = 0.915).

Aim 3

To investigate whether interoceptive sensitivity mediates the
association between inattentive symptoms of ADHD and disor-
dered eating.

The mean score of interoceptive sensitivity was 0.71 (SE = 0.02).
One participant performed poorly on the task (score <3 SD from
the mean), therefore, their score was removed from the subse-
quent analysis. There was no evidence of a significant association
between inattentive symptoms of ADHD and interoceptive
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FIGURE 3 | Attention deficit hyperactivity disorder (ADHD) inattentive symptoms [Conners’ Adult ADHD Rating Scale-Self-Report Screening Version, “Inattentive
Symptoms” subscale] and their relation to binge/disinhibited eating and restrictive eating. Test for mediation through negative mood (composite measure) and
awareness and reliance on internal hunger/satiety cues (self-report measure). Estimates are unstandardized regression coefficients; R? is their explained variance for
the consequents; numbers in parentheses are bootstrapped SEs. All analyses controlled for age, gender, and BMI. Simple arrows: significant path coefficients,
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FIGURE 4 | Attention deficit hyperactivity disorder (ADHD) hyperactive/impulsive symptoms [Conners’ Adult ADHD Rating Scale-Self-Report Screening Version,
“Hyperactive-Impulsive” subscale] and their relation to binge/disinhibited eating and restrictive eating. Test for mediation through negative mood (composite
measure) and awareness and reliance on internal hunger/satiety cues (self-report measure). Estimates are unstandardized regression coefficients; R? is their

explained variance for the consequents; numbers in parentheses are bootstrapped SEs. All analyses controlled for age, gender, and BMI. Simple arrows: significant
path coefficients, dotted arrows: non-significant path coefficients.*P < 0.05; **P < 0.01.
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FIGURE 5 | Impulsivity symptoms (Barratt Impulsivity Scale total score) and their relation to binge/disinhibited eating and restrictive eating. Test for mediation
through negative mood (composite measure) and awareness and reliance on internal hunger/satiety cues (self-report measure). Estimates are unstandardized
regression coefficients; R? is their explained variance for the consequents; numbers in parentheses are bootstrapped SEs. All analyses controlled for age, gender,
and BMI. Simple arrows: significant path coefficients, dotted arrows: non-significant path coefficients.*P < 0.05; **P < 0.01.

sensitivity (r = 0.01, p, = 0.94), nor between interoceptive sensi-
tivity and binge/disinhibited (r = —0.01, p; = 0.91) or restrictive
eating (r = —0.07, p. = 0.40). Thus, no mediational analysis was
conducted. Similarly interoceptive sensitivity scores were not
significantly correlated with scores on the Reliance on Internal
Hunger/Satiety Cues subscale of the Intuitive Eating Scale
(r = —0.02, p, = 0.80).

DISCUSSION

The results of the two studies demonstrated that both the inat-
tentive and hyperactive/impulsive symptoms of ADHD were
associated with both binge/disinhibited and restrictive eating.
In addition, in both studies negative mood, a composite index
reflecting anxiety, depression and stress was a significant mediator
of the association between core symptoms of ADHD and disor-
dered eating. Furthermore, deficits in awareness and reliance on
internal hunger/satiety signals were another mediator. However
inattentive, but not hyperactive/impulsive, symptoms of ADHD
were associated with lower levels of awareness and reliance on
internal hunger/satiety cues, which in turn were associated with
disordered eating, especially binge/disinhibited eating. In Study
2, interoceptive sensitivity assessed by a heartbeat task was found
not to mediate the relationship between inattentive symptoms of
ADHD and disordered eating. The results from both studies dem-
onstrated that inattentive symptoms of ADHD directly related
to binge/disinhibited eating behavior, while accounting for the
indirect pathways of association via negative mood and aware-
ness and reliance on internal hunger/satiety signals. In Study 2,
hyperactive/impulsive symptoms of ADHD were also found to

directly associate with both binge/disinhibited and restrictive eat-
ing (while controlling for the mediator variables). Impulsivity, as
assessed via the BIS, directly predicted binge/disinhibited eating,
but there was no evidence for a direct association with restrictive
eating, which by implication suggests a specific contribution of
impulsivity symptoms of ADHD to binge/disinhibited eating and
hyperactivity symptoms to restrictive eating. Moderation analysis
showed that none of the relationships between the core symptoms
of ADHD and disordered eating were influenced by age, gender,
ADHD medication, or BMI.

While there is strong consistent evidence for a positive associa-
tion between ADHD and binge/disinhibited eating (8, 9, 65, 66),
an association between ADHD and restrictive eating behavior
has rarely been investigated in previous studies, and the findings
have been inconsistent [for a review see Ref. (4)]. In this study,
we used a composite index of restrictive eating which reflects a
pattern of behavior to limit food intake as a means of controlling
body weight, and found that ADHD symptoms, including both
inattentive and hyperactive/impulsive symptoms, were positively
associated with restrictive eating behavior in two independent
samples.

Negative mood was a significant mediational pathway of
association between core symptoms of ADHD and both binge/
disinhibited and restrictive eating behavior. These findings sug-
gest that anxiety, depression, and stress symptoms frequently
reported in individuals with ADHD may provide an underlying
mechanism for disordered eating behaviors. Schweickert et al.
(31) suggested that compulsive eating in individuals with ADHD
may be a compensatory mechanism to control frustration and
anxiety associated with attention and organizational difficulties.
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In line with this hypothesis, Yates et al. (67) studied a population
of inpatient women with EDs and found that depression scores
were positively associated with current ADHD inattention
symptoms and Nazar et al. (68) reported that depressive symp-
toms were the strongest predictor of binge eating in a sample of
clinically obese women. In addition, stress and depression levels
are predictive of binging behavior in both individuals with an
eating disorder and a student population (69, 70). Similarly,
restrictive eating may also be used as a coping mechanism for
negative affect, and significant weight loss through extreme
restrictive eating, as seen in AN, is another means of emotional
regulation resulting in a short-term decrease in negative mood
(71). These findings suggest that disordered eating, both binging
and restrictive eating, may assist individuals with ADHD to con-
trol negative affect, especially in the absence of any other coping
mechanisms. Our results extend the current state of knowledge
by demonstrating how negative mood, potentially reflecting
aspects of psychological distress, associated with ADHD symp-
toms (even at subclinical levels) can lead to eating pathology.
This provides the first evidence for a mechanistic pathway of
association between the core symptoms of ADHD and eating
pathology via negative affect.

Decreased awareness of internal signals of hunger and
satiety has been suggested as a possible pathway of association
between inattentive symptoms of ADHD and disordered eating
(8), but to the best of our knowledge this hypothesis had not
been investigated in previous studies. The present results show
that the inattentive symptoms of ADHD were associated with
decreased awareness of internal signals of hunger and satiety,
and in turn these deficits were positively associated with disor-
dered eating, particularly binge/disinhibited eating. Decreased
awareness and/or poor knowledge of internal hunger/satiety
cues could indicate that individuals with ADHD primarily use
external cues to guide their eating behavior. Avoidance of eating
when hungry, in combination with decreased reliance on satiety
signals, may foster overeating and explain an inability of indi-
viduals with ADHD to stop eating, especially in the presence of
highly palatable foods.

We found no evidence of an association between inattentive
symptoms of ADHD and interoceptive sensitivity as assessed by
the heartbeat perception task. Similarly, we found that interocep-
tive sensitivity was not associated with disordered eating. Pollatos
etal. (72) used a heartbeat perception task and found that patients
with AN displayed significantly decreased interoceptive sensitiv-
ity compared to controls. However, more recently Eshkevari
et al. (73) did not find any differences in a heartbeat detection
task between individuals with EDs and healthy controls. These
apparently contradictory findings suggest that further studies
are required to investigate the use of a heartbeat task as an index
of interoceptive sensitivity in individuals with EDs/disordered
eating. In contrast to the report of Herbert et al. (47) we did not
find that interoceptive sensitivity correlated with the Reliance on
Internal Hunger/Satiety Cues subscale of the 21-item IES (46).
This may suggest that the Reliance on Internal Hunger/Satiety
Cues subscale indexes a distinct component of interoception
from the heartbeat task, at least within our sample population.
Specifically, the self-report questionnaire indexes both awareness

and reliance on bodily signals (hunger/satiety), whereas the
heartbeat task measures somatic awareness only.

It is of particular interest that inattentive symptoms of
ADHD directly predicted binge/disinhibited eating, independ-
ent of any influence of mood and awareness and reliance on
internal hunger/satiety cues, suggesting that these pathways
are not the sole mechanisms through which inattentive symp-
toms are associated with binge/disinhibited eating pathology.
Several experimental studies have shown that distraction
while eating (e.g., watching TV) affects the memory encoding
of a meal and is associated with increased subsequent snack
intake. Conversely, attentive eating has been found to enhance
memory encoding and reduce later snack intake [for a review
see Ref. (74)]. It is, therefore, plausible that individuals with
pronounced inattentive symptoms of ADHD may be easily dis-
tracted when eating, resulting in impaired memory for recent
eating, and subsequent overeating, especially in the presence
of highly palatable foods. Further research is warranted to test
this hypothesis.

In contrast to the findings from Study 1, the results from Study
2 provided evidence for a direct relationship between hyperactive/
impulsive symptoms of ADHD and both binge/disinhibited eat-
ing and restrictive eating independent of the pathways via nega-
tive mood, and awareness and reliance on internal hunger/satiety
cues. These findings may be attributed to differences in sample
population characteristics and more specifically to the severity
of ADHD symptoms. The Study 1 sample included individuals
who reported a previous diagnosis of ADHD (33.3% of the total
sample), whereas in Study 2, none of the participants reported a
diagnosis of ADHD. Higher scores in the self-reported symptoms
of ADHD suggest that participants in Study 1 had higher levels of
ADHD symptoms than the participants in Study 2. It is, therefore,
plausible that in individuals with lower levels of hyperactivity/
impulsivity symptoms of ADHD, there are other pathways that
may link their symptoms to disordered eating in addition to
negative mood, which was found to be a significant mediator.
However, at higher levels of hyperactivity/impulsivity no direct
relationship is observed, and the effect of hyperactive/impulsive
symptoms of ADHD on disordered eating is entirely mediated
by negative mood. Interestingly, in Study 2 while impulsivity, as
assessed by the BIS, directly predicted binge/disinhibited eating
there was no evidence for a direct association with restrictive
eating, thus, by implication, providing evidence for a specific
contribution of impulsivity symptoms of ADHD to binge/
disinhibited eating and hyperactivity symptoms of ADHD to
restrictive eating. Further studies are warranted to replicate these
initial findings.

To the best of our knowledge, no studies have examined the
influence of age, BMI, and ADHD medication on the association
between ADHD and disordered eating behavior using formal
moderation analysis. In addition, only three previous studies
conducted a formal moderation analysis to examine the effect
of gender on the relationship between ADHD and disordered
eating (75-77). Our findings are in agreement with the majority
of previous evidence for a non-significant effect of gender on
the association between ADHD symptomatology and binging
behavior (76-81). Similarly, Alfonsson et al. (82) reported no
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significant gender effect on the association between ADHD
and loss of control over eating, a core feature of binge eating.
However, there is some limited evidence for a stronger asso-
ciation between the hyperactivity symptoms of ADHD and a
drive for thinness in men than women (81, 83), which warrants
further investigation.

Particular strengths of our studies are the relatively large
sample sizes, the control for important confounds in the models
and the simultaneous assessment of both binge/disinhibited eat-
ing, and restrictive eating behavior using well-validated measures
both online and in a laboratory setting. The use of non-clinical
samples ensures that confounds associated with clinical research
in patients (e.g., medication status) can be minimized, providing
a practical approach that allows mechanism testing. Furthermore,
recruitment from the general population enables generalization
of the findings to individuals in the population who experience
symptoms of ADHD and EDs, but do not meet diagnostic criteria
for the disorders.

Despite these strengths, there are certain limitations of our
studies. First, the cross-sectional nature of the studies precludes
causal inferences. For example, it cannot be excluded that the
inattention symptoms may be secondary to malnutrition and
eating pathology (84). In addition, despite the use of well-
validated measures, most of the data collected in the present
studies were based on self-reports, and it would, therefore,
be valuable to validate these initial findings using objectively
assessed measures. For example, the QbTest could be used to
evaluate the core symptoms of ADHD (see https://www.qbtech.
com/). In our studies, although we attempted to examine the
specific contributions of hyperactive and impulsive symptoms
of ADHD to disordered eating, we are aware that conclusions
should be tempered, as no objective measure of hyperactivity
was used. Furthermore, while findings from our studies suggest
that core symptoms of ADHD relate both to binge/disinhibited
and restrictive eating pathology, it remains unclear whether
binge/disinhibited eating and restrictive eating characterize two
distinct groups within our sample population or whether the
core symptoms of ADHD predispose individuals to increased
eating pathology, with cycling between binging and restrictive
eating. To the best of our knowledge, no longitudinal study has
examined the complex interaction that may arise due to cyclical
shifting between different subtypes of EDs (85) and the change
of predominant symptoms of ADHD that may occur during the
lifetime (86). Our study is a valuable initial step toward elu-
cidating the mediating factors that might explain the complex
relationship between core symptoms of ADHD and disordered
eating. Another potential issue for Study 1 is that internet-based
data collection can result in selection or response bias, threaten-
ing the quality of web surveys (87). However, response rate was
as high as 95.8% in the Study 1 online survey, suggesting that
responders did not differ from non-responders. Furthermore,
evidence suggests that questionnaire scores obtained online
are comparable to those collected using traditional paper-and-
pencil formats, and that psychometric properties of question-
naires are not adversely affected by computerized data collection
(88). Indeed, it has been suggested that anonymous, web-based
surveys may be more useful when collecting data on sensitive

issues, such as eating- and body-related questions (89). Finally,
despite the fact that the studies were advertised so that both
males and females could take part, the sample in both studies
comprised mainly female participants. There is also a potential
sampling bias, as in both studies the participants were mainly
highly educated adults. Future studies are warranted to replicate
and extend the current findings in more representative and
equally distributed samples of males and females. Given that
participants in these studies were recruited from the general
population, the results cannot be generalized to other popula-
tion samples, such as adults with ADHD recruited from clinics
and/or hospitalized patients with EDs, and future studies should
also extend the present research to those populations.

The present findings suggest that prevention and intervention
programs for eating pathology would be likely to benefit from
treating mood disorders and interoception deficits in individuals
who score highly on ADHD symptomatology. The direct relation-
ship we identified between inattentive symptoms of ADHD and
binge/disinhibited eating suggests that treatments and behavioral
therapies that directly target attention deficits may be particularly
effective in the management of both ADHD and binge eating
disorder. Further, our findings of a possible association between
ADHD and restrictive eating question whether the recently
approved drug for the treatment of moderate to severe BED, lis-
dexamfetamine (90) would be an effective therapy for individuals
with ADHD who exhibit restrictive eating. Ultimately, a better
understanding of the range of specific eating problems experienced
by individuals with ADHD and their underlying mechanisms will
facilitate more effective and personalized treatment. Finally, as
mood disorders are associated with the development of a range
of psychopathologies including EDs (91), interventions targeting
mood regulation may provide a transdiagnostic approach to resil-
ience and mental health promotion programs and the prevention
and treatment of psychopathology more broadly.

In conclusion, these studies showed that in two independent
adult samples, ADHD symptoms were positively related to dis-
ordered eating, including both binge/disinhibited and restrictive
eating and that negative mood mediated the relationships. Deficits
in awareness and reliance on internal hunger/satiety signals
provided another mechanistic pathway of association between
inattentive symptoms of ADHD and disordered eating, especially
binge/disinhibited eating. Notably, in both studies inattentive
symptoms of ADHD were directly related to binge/disinhibited
eating. These findings could have important implications for pre-
vention and early intervention programs, which might usefully
focus on mood regulation in individuals with ADHD symptoms
at risk for developing disordered eating. Further investigation
of the role of the inattentive symptoms of ADHD in disordered
eating may be helpful in developing novel treatments for both
ADHD and binge eating.
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