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Opinion statement

Attention deficit/hyperactivity disorder (ADHD) is a disorder characterized by impulsivity,
hyperactivity, and inattention. Binge-eating behavior is often impulsive and is the hallmark of the
two eating disorders, binge-eating disorder (BED) and bulimia nervosa (BN), both of which are
associated with significant health impairment. Bingeing behavior is also seen in the binge purge
subtype of anorexia nervosa. Individuals with AN of the binge purge subtypes, BN and BED, have
been found to exhibit impulsive behaviors that are often not limited to binge eating alone. There is
preliminary evidence linking ADHD to BN and to BED in both adults and children. The
neurobiological mechanisms behind these associations are only beginning to emerge; however,
they suggest that impulse control deficits may play a role in these eating disorders. Additionally,
although they may not meet full criteria for one of these eating disorders, some adults and children
with ADHD present with dysregulated, impulsive eating disorder behaviors and there is a growing
association between ADHD, obesity, and binge-eating behavior in both children and adults. The
relationship between ADHD and binge eating is novel, supported by growing evidence and worthy
of further research. We will review the underlying neurobiological underpinnings, neuroimaging
data, and possible psychopharmacological treatment options, which target both ADHD and binge-
eating behaviors as well as future research and treatment directions.
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Introduction

Attention deficit/hyperactivity disorder (ADHD) is defined in Diagnostic and Statistical
Manual-5 (DSM-5) by symptoms of persistent inattention and/or hyperactivity and
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impulsivity in two or more settings, beginning prior to 12 years of age. ADHD has two
subtypes, inattentive and hyperactive/impulsive, and is a common impairing disorder often
accompanied by comorbid psychiatric conditions such as anxiety or depression. It has been
estimated to occur in 5 % of children in the United States by the DSM-5 [1, 2]. Eating
disorders, including binge purge-type anorexia nervosa (AN-P), bulimia nervosa (BN), and
binge-eating disorder (BED), also frequently co-occur with anxiety, mood, or substance
abuse disorders and result in poor function and physical complications with significant
public health implications. Both ADHD and eating disorders tend to begin early in life but
can be chronic and persist into adulthood. We will focus predominantly on BN and BED
since most of the evidence discussing possible links between eating disorders and ADHD
have focused on these two disorders, both of which are more common than AN-P. This
manuscript will present adult data except where the term child or adolescent is used as data
are available.

Officially introduced in DSM-5, BED is a relatively new diagnosis and is the most common
of the feeding and eating disorders with an estimated lifetime prevalence of 3.5 % in adults
[3]. Binge eating in BN and BED is recurrent and occurs at least once a week for 3 months
or more, with binge-eating episodes defined as (1) eating more than most people would eat
within a discrete (2 h) period of time and (2) a sense of loss of control over eating. In
addition to these binge-eating episodes, the diagnosis of BN also requires compensatory
behaviors to prevent weight gain (such as purging, laxatives, or exercise) and an undue
influence of body shape or weight on self-image. BED lacks the compensatory behaviors
seen in BN, and binge eating in BED must feature at least three associated symptoms (such
as eating alone; eating rapidly during a binge; eating in the absence of hunger; and eating
until uncomfortably full or feelings of shame, embarrassment, or guilt associated with binge
behavior). In children, the term loss of control (LOC) eating is often used to capture
disinhibited eating symptoms and a wider phenotype of BED, which does not require an
objectively large amount of food yet still requires loss of control and associated emotional
and behavioral symptoms. Below, we will discuss possible links between ADHD and eating
disorders focusing first on BN and AN-P and later on the more recently defined diagnosis of
BED as well as implications for treatment with a focus on the most relevant recent studies.

Relationship between ADHD and eating disorders (AN-P and BN)

ADHD symptoms and dysregulated eating behaviors have been frequently associated in the
extant literature. The prevalence of eating disorders in ADHD samples has been reported
across a range up to 12 % [4-6]. Conversely, the prevalence of ADHD symptoms has been
reported to be from 5 to 17 % in samples of eating disorder patients [7, 8]. A 5-year
prospective study found that children with ADHD-combined type demonstrated more BN-
type eating pathology at follow-up than those without ADHD [9], with impulsivity being the
strongest predictor of eating disorder behavior examined. In a second study, 9 % of bulimic
inpatients exhibited comorbid [10] ADHD suggesting an elevated co-occurrence of ADHD
in this eating disorder. Finally, elevated childhood histories of ADHD have been reported in
adult clinical samples with BN and AN-P [8].
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The risk of developing BN has been associated with impulsivity and inattention [11]. In one
study, girls with ADHD were 3.6 times more likely to have any eating disorder than girls
without ADHD and 5.6 times more likely to specifically present with BN [12]. A
prospective follow-up of the Multimodal Treatment Study of Children with ADHD found
that children (boys and girls) had an increased risk for BN symptoms (compared with a
control group) and that childhood impulsivity predicted BN symptom onset in adolescence 8
years later [13]. The recent secondary data analysis of the National Longitudinal Study of
Adolescent Health found that although those with clinical ADHD are more likely to
experience eating disorder symptoms (binge/purge and restrictive), those with subclinical
ADHD were only more likely to present bingeing and /or purging behaviors (but not
restrictive behaviors) [14e¢]. Although another study that utilized self-report measures
reported negative findings of an association between BN and ADHD in adult women, its
small sample size (n=32) suggests that it was underpowered to demonstrate a link between
ADHD and BN [15].

Taken together, these data suggest that among individuals with eating disorder
symptomatology, there is a greater risk of ADHD in those with binge-eating/purging
behaviors (such as in BN or AN-P) rather than restricting behaviors alone. Additional
studies examining the comparative rates of ADHD phenomenology in AN of the purging
subtype versus restricting subtype would lend support to this hypothesis and may be helpful
in clarifying underlying mechanisms.

Relationship between ADHD and obesity

Adults and children with ADHD have been reported in both epidemiologic and clinical
studies to have a significantly greater risk of also presenting with obesity [16, 17].
Conversely, those who are overweight/obese also have been found to have a greater
likelihood of presenting with ADHD. In treatment seeking obese adults, one study found
that 25 % met criteria for ADHD, with a higher prevalence in the most obese [18]. In
overweight youth, studies have found up to 50 % of youths treated for overweight had
ADHD [19] while 20 % of youths treated for ADHD were overweight [20]. A large
epidemiologic study replicated these findings and reported that those not treated with
stimulants were 1.5 times more likely to be overweight, whereas those treated with
stimulants were 1.6 times more likely to be underweight (versus children without these
diagnoses) [17]. The risk of obesity with ADHD also holds true longitudinally, as shown in
a 33-year follow-up study of males with ADHD who were 2 times more likely to be obese at
follow-up than controls [21]. Taken together, the evidence shows that overweight, BN, and
binge-eating behavior all occur more than expected in people with ADHD [22-24]. We also
have good evidence that BED and LOC eating are associated with increased weight status in
both children and adults [25].

Relationship between ADHD and binge-eating disorder

Given associations between ADHD and obesity and obesity and binge behavior, the question
arises whether ADHD and binge-eating disorder are related? Most early studies of the past
decade that examined the relationship of bingeing and ADHD did not examine BED,
probably in part because it was still a research diagnosis in DSM-4. One early study of BED
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however did find that it was frequently comorbid with ADHD [5] and ADHD has been
reported to be linked to loss of control eating [26]. ADHD was also associated with binge
eating and emotional eating in several non-clinical samples including a study of a
community sample [22] and a large epidemiological study which reported an association
between subclinical ADHD and binge-eating disorder behaviors [27]. Another
epidemiologic study found that the relationship between ADHD and weight in adults may
have been affected by binge eating. Impulsivity (as explored below) may be one
hypothesized mechanism influencing the relationship between BED and ADHD. Although
another study reported that ADHD symptoms were associated with binge eating and some
measures of impulsivity, they did not find that impulsivity mediated the relationship
between ADHD and BED [28].

Although the literature on BED in children is still scant, an association between binge-eating
behavior and ADHD is also generally found in epidemiologic studies of children and
adolescents. One large epidemiologic study reported that childhood ADHD symptoms
increased the risk of binge eating later in adolescence [29¢¢], suggesting a possible
developmental contribution to eating behavior similar to maturational delays seen in ADHD.
In a retrospective review performed by our group, 252 pediatric charts were reviewed in two
community child mental health clinics [30]. Children with ADHD were found to be
significantly more likely to be overweight/obese than children without ADHD. There was a
statistically significant association between ADHD and binge eating; 26 % of children with
ADHD had binge-eating behaviors (versus only 2 % of children without ADHD). However,
it is noteworthy that 74 % of children with ADHD did not binge eat. These findings suggest
the possibility of a subgroup of children with ADHD who present with dysregulated binge
eating and may represent an endophenotype that warrants further study. Further research
should examine whether this subgroup of children with ADHD are more impulsive or have
more extreme symptoms or comorbid mood and anxiety disorders when compared to those
with ADHD but without binge eating. As cross-sectional data preclude causal conclusions,
prospective data are required, particularly in children to establish whether ADHD predis-
poses to binge eating or whether an underlying personality trait such as impulsivity is a
common risk factor for both conditions. Finally, neuroimaging studies may help clarify the
underlying neurocircuitry affected in these individuals with the goal of developing more
targeted treatments in the future.

Proposed neuropsychological underpinnings of the ADHD/ED relationship

Children with binge eating may present clinically with dysregulated eating patterns, and
children with ADHD may present with generally dysregulated behaviors. For example,
males with ADHD have been found to exhibit impulsive eating patterns (at irregular meal
times) and generally ate foods of lesser nutritional status (fewer fruits and vegetables and
more sweetened beverages) [31].

Executive function deficits (such as attentional problems and impulsive behavior) have
emerged as common neurocognitive features to obesity, eating disorders, and ADHD. AN
and BN participants have been reported to demonstrate deficits in attention on psychological
testing [32]. Attentional biases to food describe the attention given to food stimuli. In

Curr Treat Options Psychiatry. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reinblatt Page 5

individuals with an eating disorder, it is unclear however whether attentional biases to food
stimuli are related to anxiety around eating (and a desire to restrict) or to craving for the
food [33¢]. In overweight/obese individuals, findings do not always support a hypothesis of
attentional bias for higher-calorie food. Experiments where participants are distracted (by
television or computer) influenced later food consumption, by impacting meal memory.
Manipulating attention appears to affect later-eating behavior, perhaps appetite [34]. One
requires sufficient capacity to attend to the task of eating. It is conceivable that symptomatic
overlap of inattention found in ADHD may contribute to bulimic behaviors; bulimic patients
may present with impulsive interruptions of their activities to binge eat, possibly due to
associated attention problems [11].

Impulsivity may be characterized by the inability to inhibit a response or a deficit in
inhibitory control [35]. Inhibitory control deficits have been well-described in the pediatric
ADHD literature as a primary deficit [35]. Youths with ADHD and inhibitory control
problems show deficits on response inhibition tasks, including Go/No-Go tasks. Besides
response inhibition, impulsivity is impacted by reward sensitivity and food is a natural
reward. The reward system uses motivation to determine behavior based on learning via the
dopaminergic mesolimbic pathways [36], and dopaminergic reward pathways are implicated
in ADHD [37]. Both the animal and human literature suggest that palatable food high in fat
and sugar activates the dopaminergic reward system and results in eventual dysregulation of
the homeostatic feeding drive as the consumption of palatable food becomes more driven
and compelling in some individuals with binge-type behaviors despite increasing negative
consequences. The term food addiction Bhas been used to describe the similarity in
escalating consumption of palatable high-calorie-density foods in some individuals to drug
addiction [38]. Unlike drug addiction, however, there is not a distinct food type or
withdrawal syndrome that characterizes binge behavior, whereby food is very rewarding and
acts like a drug of addiction; however, there is little data regarding withdrawal symptoms as
in drugs of abuse. The ability to process the motivational value of stimuli or the reinforcing
properties may be different in BED. Genetic studies support the idea that individuals with
BED may have greater reward responsiveness based on the TaqlA polymorphism of the
ANKK1 gene which is a genetic marker for dopamine [39¢]; notably, D2 dopa-mine
receptors in the striatum may affect reward signaling [40]. An individual's ability to inhibit
responses could also modulate their ability to delay reward. Perhaps these interrelated
neurobehavioral factors also apply when there is comorbid ADHD and binge eating.

Irrespective of ADHD, obese individuals have been described as being more impulsive, with
poorer impulse control than leaner individuals [41]. Overall, overweight individuals appear
to be less able to inhibit responses, particularly for palatable food. Impulsivity has been
posited as a contributing neurobio-logical factor for binge-eating behaviors; however, the
data in adults are not clear. A study of young women with BED found deficits in impulse
control but only in the context of emotional stressors and negative affect [42]. Another study
involving obese adults (with or without BED) failed to find any differences in executive
function [43].

There are data regarding the role of impulsivity in children with binge-eating behavior. Our
group conducted a study of 79 children examining parental ratings of impulsivity (BRIEF
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executive function measure) as well as behavioral tasks (Go/No-Go task) [26]. We examined
children with binge eating who fit putative criteria for symptoms of loss of control eating
disorder (LOC-ES) [25]. Children with LOC-ES showed poorer response inhibition (or were
more impulsive) than children who did not binge. Additionally, overweight and obese
children (with LOC-ES) presented significantly greater odds of ADHD compared to
overweight and obese children (without LOC-ES). Contrastingly, another pediatric study
examining episodes of LOC eating failed to find differences in impulsivity in a slightly older
sample [44]. Notably, post hoc analyses in Hartmann et al.'s study revealed that eight of the
children had symptoms of both LOC and ADHD. The relationships between obesity, binge
eating, impulsivity, and ADHD are complex and difficult to examine in cross-sectional
studies. These studies suggest that prospective studies examining the neurobiological
underpinnings of binge eating and ADHD would enhance our knowledge of these disorders.

Neuroimaging findings supporting the ADHD/binge eating relationship

Although we do not know of any neuroimaging studies directly examining comorbid ADHD
and BED, which would greatly enhance our understanding of the association, there are some
studies examining binge eating. There are positron emission tomography (PET) studies
examining adult binge eating. Karhunen's [45] PET study examined women with BED and
found increased cerebral blood flow in the left frontal and prefrontal brain areas in response
to food (compared to controls). Although the significance of these brain areas with regards
to eating behaviors are not yet fully understood, they may have a role in the cognitive
control of eating. Secondly, Wang et al. [46+¢] used PET to examine dopamine in women
(comparing BED versus non-BED). The stimulant methylphenidate was given to enhance
the dopamine signal. When food stimuli were given with methylphenidate, there were
significant increases of dopamine in the caudate in the women with BED but not those
without BED. Thus, the neurotransmitter dopamine in the caudate may be important to the
underlying phenomenology of BED. It is noteworthy that methylphenidate is also used in
the treatment of ADHD. Dopamine transmission in the caudate may be important factor in
binge eating, just as it has been suggested in ADHD [47].

Relatively few functional magnetic resonance (fMRI) imaging studies have been done on
binge eating or full criteria BED. A study by Balodis et al. [48] reported decreased
recruitment of reward circuitry (involving frontostriatal areas) in individuals with persistent
bingeing post-treatment. A recent study by Geliebter et al. [49] demonstrated heightened
responsivity of the anterior cingulate cortex (ACC) in response to high-energy-food cues in
adults with subthreshold BED. ACC and orbitofrontal cortex activation was correlated with
reward sensitivity in another study of BED, lending support for different brain activation
patterns than non-BED individuals [50].

Similar findings involving the ACC and the prefrontal cortex have also been reported in
children. Lock et al. [51] reported increased activation in the ACC, precentral gyrus, and the
dorsolateral prefrontal cortex during a Go/No-Go task in youth with AN-P and BN. Taken
together, PET and fMRI studies in individuals with binge eating present support for
involvement of areas of the brain implicated with impulse control and reward pathways. It is
noteworthy that activation of the ACC has also been shown to play a role in ADHD [52].
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ADHD symptoms have been found to be related to the right anterior attention network
which impacts inhibitory control. Additionally, the reward system has also been implicated
in ADHD [37].

Other fMRI studies performed in adults with BN (who binge eat) have found associations
with brain pathways that influence self-regulation [53]. Frontostriatal circuitry dysfunction
relating to deficits in self-regulation has been reported [54]. A study of adolescents with BN
also reported frontostriatal system involvement which could also impact on self-control and
impulsive behaviors.

Taken together, these neuroimaging findings tend to support involvement in the
frontostriatal pathways in binge eating. More neuroimaging studies focusing specifically on
full-syndrome BED and overlapping ADHD samples are needed to determine possible
overlapping neurocircuitry of binge eating and ADHD and determine underlying
neurobehavioral underpinnings of these disorders.

ADHD-targeted pharmacological treatments that may be useful for BED

Since the phenomenology of BED, like ADHD, includes impulsive behavior deficits, a
medication that targets impulsive behavior in ADHD could hypothetically have value in
pediatric BED. Indeed, there is some evidence that in adults, medications that are effective
in ADHD may have some efficacy in binge eating, including stimulant medications and
atomoxetine.

The stimulant medication lisdexamfetamine (LDX) recently became the first medication to
be Food and Drug Administration (FDA) approved to treat moderate to severe BED in
adults [55<¢]. A recent industry-sponsored, 11-week, randomized controlled trial of LDX
was shown to decrease the number of binge eating days per week when administered at
doses of 50 to 70 mg/day (but not 30 mg) in adults with moderate to severe BED. There
were 259 participants; dosages of LDX were maintained for 8 weeks after a 3 week titration.
Participants were excluded if they had any significant psychiatric comorbidity including
ADHD, AN, or BN. In treating patients who binge, abstinence is one of the first treatment
targets. Binge abstinence in this study was described as 4-week binge-eating (BE) response
cessation (100 %). At 11 weeks, the 4-week BE response cessation rate was significantly
greater for all doses of LDX than placebo; notably, 50 % of participants taking 70 mg of
LDX daily had 100 % BE response over 4 weeks and 42 % at 50 mg LDX daily. According
to a systematic review of the three clinical studies of LDX, the pooled number needed to
treat (NNT) for remission (4-week binge eating cessation) was 4 (95 % Cls 4-6) and the
number needed to harm (NNH) for discontinuation due to an adverse event for LDX was 44
(95% CI 23-1971) compared to placebo. [56]. LDX-reduced binge-eating episodes (at doses
of 50 or 70 mg daily) with a good effect size (0.83-0.97) and participants also lost weight
(approximately 5-6 % weight reduction).

Given suggested dopaminergic neurotransmitter dysfunction in overeating, stimulant
medications that affect dopamine might help with binge eating and overeating. LDX is a
prodrug of D-amphetamine, which blocks the reuptake of norepinephrine and dopamine.
Long-term studies are ongoing and will be important to clarify if these promising, positive
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effects on binge eating are maintained. It will also be important to follow-up whether the
positive effects from this 8 week study is maintained in the ongoing long-term LDX study,
although LDX appears to be a promising treatment option for BED based on short-term data.
Studies in children and adolescents are needed. This medication is the first FDA-approved
drug to treat BED that might possibly be used to treat both ADHD and BED. The efficacy of
this medication in both ADHD and short term to treat BED suggests a need to investigate
possible common neurobehavioral targets (such as impulsivity or another factor).

Although atomoxetine is not approved by the FDA to treat binge eating, it is approved for
the treatment of ADHD in adults and children [57]. A small study of atomoxetine, a
selective norepinephrine reuptake inhibitor, was found to reduce binge eating in adults [58].
The central norepinephrine system may be implicated in eating behavior. While the
prominent effect of atomoxetine is on norepinephrine reuptake, atomoxetine may also affect
response inhibition and posterior attentional systems [59] and lead to improvements in
inhibitory control. ATM could theoretically target impulsivity in both ADHD and BED
through frontal and prefrontal brain circuitries. A case report of atomoxetine employed to
treat [60] a youth with ADHD, obesity, and MC4R suggested a need for additional study. To
date, no studies regarding the efficacy of atomoxetine in youth with BED have been
performed.

There is a compelling need to study the cognitive and neurobiological mechanisms of BED,
particularly in the context of ADHD, in order to develop more targeted treatments based on
neurobehavioral underpinnings (such as impulsivity and inattention).

There is growing evidence of a relationship between ADHD and eating disorders,
particularly binge-eating behaviors (such as seen in BED and BN). Future longitudinal
studies are needed to elucidate these relationships using prospective studies. There is a need
to explore the neurobehavioral underpinnings of these disorders (for example through
neuroimaging studies) in order to develop targeted treatments for ADHD and BED.
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