Current Obesity Reports (2020) 9:451-461
https://doi.org/10.1007/s13679-020-00410-0

CHILDHOOD OBESITY (A KELLY AND C FOX, SECTION EDITOR) @

Check for
updates

The Co-occurrence of Pediatric Obesity and ADHD: an Understanding
of Shared Pathophysiology and Implications
for Collaborative Management

Valerie M. O’'Hara’ - Jennifer L. Curran? - Nancy T. Browne?

Accepted: 5 October 2020 / Published online: 28 October 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

Purpose of Review To describe what is known about the association between obesity and attention-deficit hyperactivity disorder
(ADHD) in children along with the co-occurring conditions of sleep dysfunction, loss of control/binge eating disorder (LOC-ED/
BED), and anxiety.

Recent Findings Obesity and ADHD share common brain pathways (hypothalamic, executive, and reward centers) with path-
ophysiology in these areas manifesting in partial or complete expression of these diseases. Sleep dysfunction, LOC-ED/BED, and
anxiety share similar pathways and are associated with this disease dyad.

Summary The association of obesity and ADHD with sleep dysfunction, LOC-ED/BED, and anxiety is discussed. An algorithm
outlining decision pathways for patients with obesity and with and without ADHD is presented. Future research exploring the
complex pathophysiology of both obesity and ADHD as well as co-occurring conditions is needed to develop clinical guidelines
and ultimately assist in providing the best evidence-based care.

Keywords ADHD - Obesity - Pediatric - Sleep disorders - Binge eating disorder - Loss of control eating disorder - Anxiety

Evidence of an association between obesity and attention-deficit/
hyperactivity disorder (ADHD) has grown in the past 20 years.
Studies exploring this association through the lens of genetics
and physiology have increased our understanding of the connec-
tion between these two disease states. Particularly in children, the
specific manifestations of this association continue to evolve.
The disease of obesity is a manifestation of dysfunction of
normal (homeostatic) energy regulation resulting in metabolic
derangements and excess energy storage. The disease is hetero-
geneous, with a biological basis, genetic phenotypes, and sys-
tem redundancy. ADHD is a disease characterized by persistent,
excessive, and functionally damaging levels of overactivity,
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inattention, and impulsivity [1]. Multiple conditions are associ-
ated with obesity and ADHD with potential causation, direction-
ality, and interaction still to be determined [2—7].

In this review, the association between obesity and ADHD
is examined along with co-occurring diagnoses (sleep disor-
ders, loss of control eating disorder/binge eating disorder
(LOC-ED/BED), and anxiety) which may impact obesity
and/or ADHD through shared pathophysiologic pathways.
The roles of inflammation and genetics are discussed.
Finally, we offer obesity management strategies for children
with and without ADHD.

Definition
Obesity

The World Health Organization defines overweight and
obesity as abnormal or excessive adipose accumulation that
presents a risk to health [8]. Weight varies by age and sex in
children; standardized growth charts track children’s weight
by growth percentiles [9]. Classifications of overweight and
obesity by BMI percentile include overweight (85th—94th
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percentiles), obesity (class 1; >95th percentile to 120% of
95th percentile), and severe obesity (class 2: >120-140% of
the 95th percentile; class 3: >140% of the 95th percentile)
[10, 11].

Attention-Deficit/Hyperactivity Disorder

Attention-deficit/hyperactivity disorder is defined as the pres-
ence of inattention and/or hyperactivity/impulsivity symp-
toms that impair functioning [12]. The median age of
ADHD diagnosis is 7 years, with approximately one-third of
children diagnosed before 6 years of age [13]. In terms of
developmental trajectory, data suggest that hyperactive/
impulsive symptoms decline over time, whereas inattention
symptoms persist [14]. Symptoms and impairment have been
identified through adolescence and into adulthood [15].

The reported prevalence of ADHD varies in children from
2 to 18% depending on measurement and population. A meta-
analysis of 175 studies identified the estimated worldwide
pooled prevalence of ADHD as 7.2% [16]. Prevalence num-
bers from community-based samples were found to be higher
(7.2-15.5%) [17, 18]. ADHD may present with variety of risk
factors, symptom expression, co-occurring disorders, execu-
tive functioning impairments, and/or developmental
trajectories.

Association Between Obesity and ADHD

Cortese (2019) provides an understanding of the complex his-
tory of the association between ADHD and obesity along with
a historical timeline [19+¢]. In a 2016 review of pooled data
from 41 studies (48,161 subjects with ADHD and comparison
group of 679,975 subjects without ADHD), Cortese and col-
leagues found an association between obesity and ADHD for
both children and adults. In those patients with ADHD, there
was an increased pooled prevalence of obesity in 70% of
adults and 40% in children [20].

In contrast, a separate review by Nigg (2016) found a less
robust relationship between ADHD and obesity with only 1/3
of the studies illustrating an association that reached signifi-
cance (OR 1.22) and with no evidence of a significant rela-
tionship among preadolescents [21]. This review differed
from Cortese et al. (2016) as it included pooled studies where
criteria for obesity were BMI values as dimensional scores
rather than obesity as a category, a metabolic disorder
impacting weight (example: diabetes), or a diagnosis of disor-
dered eating. The researchers did find that the association
between ADHD and obesity was twice as large in adults com-
pared to children and noted that few studies focus primarily on
preadolescents. The authors suggest that obesity/ADHD asso-
ciation research focus on subpopulations within each disease
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based on age, sex, and comorbid conditions which they hy-
pothesized might demonstrate a stronger association.

Overall, there is more evidence for ADHD preceding obe-
sity, rather than obesity preceding ADHD [22-24]. A study by
Khalife and colleagues, specifically focused on children, sug-
gested that teacher-reported ADHD symptoms in childhood
predicted adolescent obesity, but obesity did not predict
ADHD [22]. ADHD may lead to obesity through shared path-
ophysiology, response inhibition, and loss of control eating,
among other mechanisms. Seymour et al. found a significant
overlap of neural circuitry between the two conditions with
functional abnormalities found in reward, response inhibition,
emotional processing, and regulation [25]. Studies also sug-
gest that obesity may lead to ADHD [26, 27] or that the link
between ADHD and metabolic syndrome/obesity is bidirec-
tional [28].

Basic Physiology of Obesity/ADHD

Knowledge of normal and pathophysiology of obesity and
ADHD is necessary to understand the reported association
between the two diseases. Shared pathways may not only
explain the association but perhaps offer opportunities for ear-
ly screening and shared treatment strategies. There are multi-
ple pathways known and probably unknown that impact
ADHD and obesity. This section highlights pathways in-
volved in neurohormonal signaling to the hypothalamic, cog-
nitive, and reward centers of the brain.

Obesity Physiology Pathways

An increased understanding of the pathophysiology and com-
plex pathways involved in excess adiposity resulting from
dysregulation of the energy regulation system (ERS) has ex-
panded the current assessment and treatment approach for
obesity.

The hypothalamus receives input from the macro- and mi-
croenvironment including biological, behavioral, develop-
mental, and psychological mediators that all impact the
ERS. Key areas in the arcuate nucleus of the hypothalamus
receive the input signals that determine satiety and hunger.
Messages are relayed to 2nd order neurons within the hypo-
thalamus and disseminated to pertinent areas of the brain and
the vagus nerve to adjust food intake and energy expenditure.
[29ee, 30, 31].

The prefrontal cortex (PFC) region of the brain manages
executive function: attention, planning, problem solving, and
impulse control. Several studies suggest that an association
between PFC deficits and increased adiposity may impair cor-
tical functions that normally inhibit short-term rewards.
[32-35]. Heinitz et al. found that left dorsolateral prefrontal
cortex (DLPFC) activity is reduced in patients with obesity in
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response to food stimuli and postprandial state perhaps due to
less impulse control via deregulated inhibitory mechanisms
impacting eating patterns and food choice [36]. Transcranial
stimulation of the left DLPFC resulted in decreased hunger
and urge to eat, highlighting the important role of the DLPFC
in eating patterns. The exact mechanism of the DLPFC is not
completely understood, particularly the directionality of the
relationship between adiposity and DLPFC activity [37].

Poor executive function within the PFC can result in com-
promised self-control, potentially leading to consistently un-
healthy eating behaviors [38]. A study by Bruce et al. (2010),
which included children ages 10—17 years, found greater pre-
meal stimulation of the PFC as well as greater postmeal stim-
ulation of the orbitofrontal cortex in subjects with obesity
versus normal weight. The study was limited by a small sam-
ple size [39].

The reward center plays a role in obesity pathophysiology
through dopamine receptors which influence reward seeking
and motivation-related feeding behaviors. Stice et al. (2013)
noted in adults that a reduction in D2 dopamine receptors was
associated with a higher BMI supporting the theory that lower
D2 receptor activity may promote feeding and increase the
risk of obesity [40]. The authors hypothesized that individuals
with hypo-functioning of the dorsal striatum in the reward
center may overeat to compensate for this deficiency, known
as reward deficiency syndrome (RDS). The RDS consists of
genetic and epigenetic influences leading to dysfunction of the
reward center presenting as hypo-dopaminergic function [41].
Blum et al. (2014) propose that hypo-dopaminergic function-
ing is due to reduced downregulation of dopamine receptors
and suboptimal release of dopamine into the reward center
leading to increased cravings [41].

Miinzberg and colleagues proposed an integrative model to
explain the interaction between the hypothalamic/homeostatic
and reward/hedonic mechanisms [37]. This model emphasizes
the interconnectedness of both mechanisms acting in a coor-
dinated fashion to receive energy availability signals to regu-
late energy balance. Miinzberg’s model includes bidirectional
communication between the hypothalamus and reward center
operating at the unconscious level. These pathways are com-
plex and therefore represent an area of ongoing robust re-
search which will add significantly to our understanding of
the pathophysiology of obesity [29+, 37, 42, 43].

ADHD Physiology Pathways

Similar to obesity pathophysiology, reviews of the neurobiol-
ogy of ADHD have identified various alterations in brain
anatomy, brain functioning, and neurochemical factors in cog-
nitive and reward centers [44—46]. With regard to brain anat-
omy, studies have identified morphological alterations in the
cerebellum, temporoparietal lobes, basal ganglia, and corpus
callosum in individuals with ADHD relative to controls [47,

48]. Studies have also demonstrated global thinning of the
cortex (including the prefrontal cortex) in children and ado-
lescents with ADHD, reductions in the density of the DLPFC,
reduction in surface area, and decreased cortical folding [49,
50]. Rate of cortical thinning is correlated with hyperactivity
and impulsivity symptom severity [5S1]. Anomalies in struc-
tures such as the hippocampus [52] and thalamus [53] have
been identified in children and adolescents with ADHD, rela-
tive to controls.

A meta-analysis of children with ADHD that pooled func-
tional magnetic resonance imaging (fMRI) studies identified
significant hypoactivity in frontal regions including anterior
cingulate, dorsolateral prefrontal, inferior prefrontal, and
orbitofrontal cortices, as well as related regions such as por-
tions of the basal ganglia, thalamus, and parietal cortices [54].
These findings are similar to those identified in structural im-
aging studies. Data also suggests the presence of abnormal
connectivity between the amygdala and prefrontal cortex
among youth with ADHD [52].

Shaw and colleagues (2007) found that the ordered se-
quence of development throughout the cortex was similar in
children with ADHD and those without; however, the median
age at which 50% of the cortical points achieved peak thick-
ness in children with ADHD was 10.5 years, while in typically
developing controls, it was 7.5 years [55]. The delay was
greatest in the prefrontal regions important for the control of
cognitive processes, including attention, executive function-
ing, and motor planning [55]. Neuroimaging studies have
demonstrated a relationship between the maturation of the
prefrontal cortex (and related circuitry) and reduced ADHD
symptoms with development [56-59], as well as changes in
executive functioning [60, 61].

With regard to neurochemistry, evidence from psychophar-
macologic studies provide support for involvement of dopa-
minergic and adrenergic systems (reward centers). Stimulants,
the first-line treatment of ADHD, block the reuptake of dopa-
mine and norepinephrine into the presynaptic neuron, and
amphetamines promote the release of dopamine and norepi-
nephrine into the extra-neuronal space [62, 63]. Connected to
our understanding of the relationship between ADHD and
obesity, patients with reported ADHD symptoms and greater
dopaminergic activation in reward centers of the brain are
found to have increased hedonic eating patterns and more
likely to have higher BMIs [19ee, 41, 64]. These studies out-
line multiple mechanisms that may contribute to dysregulation
of the reward center which may explain greater dopaminergic
activation needed to overcome the suboptimal release of do-
pamine noted in some variants. Perhaps for certain phenotypes
of patients presenting with both obesity and ADHD, this ad-
ditional factor may contribute to the pathophysiology.

In sum, studies of youth with ADHD have identified a
variety of brain differences that are thought to underlie symp-
tom trajectory and severity. Our review suggests that
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prefrontal/cortical functioning and reward centers in the brain
are involved in attentional dysregulation. There is less under-
standing of any hypothalamic pathophysiology among youth
with ADHD. What data we do find suggest that links between
hypothalamic pathophysiology and ADHD depend upon oth-
er co-occurring processes and social determinant factors that
may lead to the presentation of ADHD symptoms [45¢¢]. For
example, in a study of post institutionalized children,
hypocortisolism (as measured by diurnal slope and reactivity)
mediated the relationship between early adversity and later
externalizing/ADHD symptoms in kindergarten [46].

Obesity/ADHD Shared Pathways

The above discussion suggests that the shared neurobiological
pathways of obesity and ADHD include abnormal reward
center responses, dopamine and norepinephrine presynaptic
availability, and related alterations in impulse control/
executive functioning. Knowledge of these pathways allows
for a more detailed biological understanding of why attention-
al dysregulation and energy dysregulation occur together and
may help providers and families to appreciate the potential
impact of jointly treating symptoms. For example, in children
with obesity and ADHD, inattention and impulsivity may
manifest as inconsistency with implementing intensive life-
style goals and difficulty inhibiting urges to eat.
Disorganization and planning deficits may also impact suc-
cess in following specific dietary recommendations (e.g., for-
getting to pack a lunch or forgetting to bring healthy snacks
when away from home).

Clinically, there are several related conditions, which may
further elucidate the connections between obesity and ADHD.
Evidence exists that sleep dysfunction, LOC-ED/BED, and
anxiety are present at higher rates among children with obesity
and ADHD [65-68]. The presence of these conditions occur-
ring simultaneously and/or longitudinally (one condition pre-
ceding another) suggests that interventions tailored to address
these conditions concurrently may be more effective and pro-
duce more positive outcomes for patients. With this in mind,
we outline the current understanding of the connections be-
tween sleep dysfunction, LOC-ED/BED, and anxiety with
obesity and ADHD.

Shared Pathways of Obesity and ADHD

with Associated Conditions

Sleep Dysfunction

Sleep dysfunction, ranging from mild to severe, can impact

the presentation of both obesity and ADHD [65]. Clinically,
children with obesity have higher risk for sleep disorders
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which can negatively impact obesity treatment responses if
left undiagnosed and untreated. Sleep disorders such as
obstructed sleep apnea and sleep disordered breathing share
neural pathophysiology with obesity and ADHD which may
exacerbate ADHD symptoms of inattention, impulsivity, and
poor executive function creating treatment challenges.

Sleep dysfunction may be the primary cause of these symp-
toms rather than ADHD. Addressing sleep may resolve atten-
tional symptoms as well as improve obesity management
goals.

Several papers report that sleep curtailment results in in-
creased appetite [66, 69, 70]. Tankersley et al. (1998) and
Aygun et al. (2005) describe biological links involving leptin
and sleep dysfunction in patients with obesity and ADHD [71,
72]. In subjects with obesity, excess fat mass contributes to
leptin resistance which can impact respiratory response.
Halbower et al. (2006) hypothesized that respiratory issues
during sleep may result in neuronal injury in key brain areas
[73]. This is particularly important during childhood develop-
ment and may be expressed as behavioral symptoms seen in
patients with ADHD [65].

Circadian rhythm dysregulation can present as excessive
daytime sleepiness (EDS). Research suggests that patients
with ADHD with the circadian preference “eveningness type”
(later bed and awakening time) were associated with a higher
BMI [74]. Turkoglu and Cetin (2019) conducted a study of
chronotype (circadian) preferences as a mechanism linking
ADHD symptoms to obesity in children and adolescents
[75]. In the “eveningness type” subset, 61.90% had obesity
compared to those in the “morningness type” where 86.84%
had a normal BMI. The authors found a correlation between
BMI percentile scores and ADHD index scores.

LOC-ED/BED

LOC-ED/BED patterns also co-occur in patients with both
obesity and ADHD [76, 77] highlighted in reward center
and dopamine receptor function and with prefrontal cortex
dysregulation of executive function [67¢]. An interplay be-
tween hormones acting metabolically in the dorsolateral stri-
atum below the level of conscious awareness may lead to
symptoms seen in LOC-ED/BED [29+, 78]. Elevated cortisol
from chronic stress contributes to insulin resistance and ab-
normal satiety cues [79¢]. Stress accelerates habitual control
suggesting that neuroadaptations resulting from exposure to
chronic stress may enhance the expression of habit such as
loss of control and binge eating patterns [80].

Anxiety
Obesity is a significant risk factor for anxiety in children and

adolescents. Data from Lindberg and colleagues (2020) study-
ing children and adolescents found that 43% of girls with
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obesity had a higher risk of anxiety as compared to girls of
normal weight with similar findings in boys. The authors sug-
gest that environmental, genetic, and/or physiological factors
may be a link between obesity and anxiety [68]. There is also
evidence of ADHD symptoms predicting emotional symp-
toms, including anxiety, from childhood up to young adult-
hood [81e¢], with the co-occurrence of ADHD and anxiety
symptoms being identified in children as young as preschool
age [82]. The combination of ADHD and anxiety symptoms
appears to result in unique patterns of impairment with chil-
dren performing worse on working memory tasks and
reporting more physical anxiety symptoms than children with
ADHD but not anxiety [83]. Because of the clear associations
between obesity, ADHD, and anxiety in the pediatric popula-
tion, clinicians are advised to consider each disorder indepen-
dently and to coordinate treatment of these coexisting
diseases.

Role of Inflammation

There is growing data regarding chronic inflammation that
may link ADHD and obesity together. Inflammation may
have a negative impact on the brain centers of attention and
executive function through the impact of cortisol and insulin
resistance. Studies suggest shared metabolic perturbations, in-
cluding insulin resistance and abnormal leptin and ghrelin
levels, through stress and sleep dysfunction in both disease
states, as well as changes in leptin and adiponectin impacted
by changes in inflammatory cytokines [19¢s, 84]. Elevated
inflammatory markers (IL-6, TNF-alpha) are related to wors-
ening hyperactivity and impulsivity symptoms seen in ADHD
as well as insulin resistance seen in obesity [27, 79¢].
Additionally, researchers note an association between inflam-
matory cytokines and ADHD symptoms in children and ado-
lescents with obesity [27].

Genetic Underpinnings

Several research studies have uncovered a genetic association
between obesity and ADHD. A study by Barker and col-
leagues (2019) found a relationship between polygenic risk
scores (PRS) for ADHD impulsivity and elevated BMI
[85¢]. Patte and colleagues (2016) found that patients with
ADHD and genetic profiles associated with increased dopa-
mine receptor activation in the reward center were associated
with elevated BMI and reward-based eating patterns [64].
Hanc et al. (2018) noted that overweight in boys with
ADHD was linked to polymorphism in three candidate genes
(DRD4, SNAP25, SHTR2A) [86]. Finally, Albayrak and col-
leagues found an association with risk alleles for obesity and
the ADHD traits of inattention, hyperactivity, and impulsivity

justifying further research into a shared genetic background of
ADHD and obesity [87]. Ongoing genetic research, particu-
larly for pediatric severe obesity and ADHD, will improve
clinical management as well as reduce stigma allowing pro-
viders and patients to approach these disorders with improved
understanding and informed decision-making.

Discussion

There is increasing evidence for the relationship between obe-
sity and ADHD in the pediatric population. Our brief review
of the pathophysiology of both diseases reveals potential
shared pathways. A more detailed understanding of these
pathophysiologic intersections of obesity and ADHD can al-
low for improvement in clinical application and management
for both diagnoses. Understanding of pathophysiology may
reduce bias and stigma for both disorders, which is vital to
engage patients and families, as well as clinical providers,
involved in the care of these patients. Enhanced awareness
can facilitate recommended evaluation for other co-
occurring disorders including sleep dysregulation, LOC-ED/
BED, and anxiety. Providers working across multiple special-
ties should collaboratively implement focused screening, as-
sessment, and shared treatment strategies for these co-
occurring conditions.

Movement toward precision medicine will assist in identi-
fying unique phenotypes of symptoms that require tailored
treatment modalities. For example, early identification of pa-
tients presenting with obesity with or without ADHD may
represent such phenotypes. The research presented here high-
lights the increased risk of developing obesity in patients with
ADHD, those with sleep dysfunction, as well as an awareness
that obesity and ADHD present increased risk for sleep dys-
function, LOC-ED/BED, and anxiety. This knowledge assists
clinicians to address these co-occurring conditions with appro-
priate screening and discussion with the family using a col-
laborative model with professional colleagues for symptom
management.

Treatment Recommendations

Based on the evidence reviewed, we have identified clinical
information that is essential to gather, along with focused
screening tools, to best assess for obesity, ADHD, and fre-
quently co-occurring disorders (Table 1). We also present an
algorithm outlining decision pathways for patients with obe-
sity and with and without ADHD (Fig. 1). Essential for an
understanding of how best to address patients with obesity
and ADHD is whether these patients are impacted by sleep
dysfunction/disorders. There is evidence that specific sleep
patterns among those with ADHD are associated with
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Table 1 Management summary addressing obesity and ADHD in children

Clinical data: * Growth curve evaluation: Height/weight/BMI percentile
* Attention/anxiety: Specific symptoms, impairment
* Sleep history: Sleep quality, amount, snoring
« Eating patterns: frequency, amount, timing, connected to hunger/emotions/boredom

Screening tools: * Sleep
* Children’s sleep habits questionnaire
* BEARS sleep screening tool
* ESS-CHAD
» STOP-Bang modified for pediatrics
* Eating pattern
* Binge eating disorder scale
* Attention
* Vanderbilt rating scale
* Pediatric symptom checklist — 17
* Anxiety
* SCARED anxiety tool
Referrals: « Pediatric obesity program (obesity; LOC-ED/BED)
* Developmental pediatrics evaluation (ADHD)
« Sleep medicine consult/sleep study (Sleep disorders)
* Psychology evaluation (LOC-ED/BED/anxiety)

Intervention » Recommendations will differ based on severity and pattern of symptoms, context within which they occur, and
co-occurrence of other medical/developmental/mental health concerns
Obesity « Lifestyle education

« Laboratory work up for co-occurring comorbidities

* Assess for obesity related comorbidities with emphasis on co-occurring conditions of ADHD, sleep disorders,
LOC-ED/BED, and anxiety

« Genetic consult/testing as indicated

ADHD * Behavior management and parenting strategies
* School supports: 504 plan, consideration of IEP, movement breaks
* Obesity screening and referral
* Assess for ADHD related comorbidities with emphasis on co-occurring conditions of obesity, sleep disorders,
LOC-ED/BED, and anxiety

Sleep » Behavioral: Sleep routine, sleep associations
* Medication: Address sleep onset delays, reduce night waking
« Family history of sleep problems, ADHD
« History of nocturnal enuresis: red flag for OSA
« Sleep apnea interventions: ENT consult for possible T&A, CPAP
* Sleep medicine consult

LOC-ED/BED * Treatment for underlying emotional concerns
» Medication if binge or compulsive eating, along with CBT or other behavioral approaches
* Consider other disordered eating (NES, SRED)
* Build on CBT, other behavioral treatments, and pharmacotherapy as needed
« Consider these symptoms may be associated with ADHD, obesity, and sleep disorders: Screen and refer for further
evaluation as needed

Anxiety » Behavioral management and parenting strategies
* Counseling/CBT
* Evaluation for co-occurring concerns: attention, depression
* Pharmacotherapy: consider non-weight promoting medication(s) as first line when possible
Pharmacologic * Consider first-line treatments that may address more than one co-occurring condition

Considerations * Avoiding weight promoting medications if weight neutral therapeutic option available
* Collaborate with related specialists to institute a precision medicine plan

CBT, cognitive behavioral therapy; CPAP, continuous positive airway pressure; ENT, ear, nose, & throat specialist; ESS-CHAD, Epworth sleepiness
scale for children and adolescents; IEP, individualized education program; LOC-ED/BED, loss of control eating disorder/binge eating disorder; NES,
night eating syndrome; OSA, obstructive sleep apnea; SRED, sleep-related eating disorder; T&A, tonsillectomy and adenoidectomy

increased risk for obesity (e.g., “eveningness type) [74, 75].  early study by Chervin and colleagues where 81% of youth
Furthermore, investigators hypothesize that treating sleep dys- ~ with ADHD and evidence of snoring achieved resolution of
function could eliminate ADHD symptoms as illustrated inan ~ attention symptoms once sleep issues were addressed [88].
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Obesity with ADHD
~

Screen for Co-occurring & Associated Disorders

Obesity without ADHD

e Sleep screening tools: ESS CHAD ~ °
e Sleep Study

v

Sleep Disorders Disordered eating patterns  Mental Health Concerns
e Sleep History: ¢ LOC-ED: Screen & Evaluation *  Anxiety

* snoring, nocturnal enuresis, BED Scale (Age appropriate) or ¢ Depression

e daytime fatigue detailed hx of symptoms o Others

R/O NES, SRED,
other sleep disorders

Referral(s) as indicated
Sleep: Positive screen: sleep consult/sleep study
LOC-ED/BED: CBT, consider pharmacotherapy
Anxiety: CBT/counseling/consider pharmacotherapy

Interventions

Standard Care PLUS:
Comprehensive ADHD management
Short term goals, frequent touch points
Structure & consistency

Decrease environmental triggers
Cognitive Behavioral Therapy

Evaluate pharmacotherapy

Consider Vyvanse to address both diseases

/

Standard Care:
\ ¢ Intensive Lifestyle interventions
¢ Comprehensive team
* Advanced obesity management therapies

Fig. 1 Decision algorithm for management of patients with obesity with and without ADHD

Considering shared pathophysiology in addressing multiple
diagnoses may lead to a single intervention with dual benefits.
For example, if a patient with obesity in a pediatric weight
management clinic screens positive for both attention/learning
concerns as well as sleep dysfunction, the provider may rec-
ommend a sleep study. If positive and successfully treated,
data suggests for some patients, this could improve attention
as well as obesity by addressing the sleep disordered breathing
shared across both diagnoses. A further understanding of sleep
dysfunction in relation to increased risk of ADHD and obesity
suggests that there may be unique pathways of symptoms and
unique phenotypes which would guide management
strategies.

The literature also suggests that LOC-ED/BED is common
among children and adolescents with ADHD as well as with
obesity [37, 67¢]. From a pathophysiology standpoint, execu-
tive functioning deficits, immediate reward signaling, and/or
metabolic derangement may lead to reward center dysregula-
tion, driving the relationship among LOC-ED/BED, ADHD,
and obesity. With this knowledge, providers have an oppor-
tunity to screen for signs of LOC-ED/BED when children
present with attentional dysregulation and/or obesity, which
can improve and prioritize care. Awareness of the need to ask
about eating patterns, satiety and hunger signaling, binge eat-
ing, and frequent food cravings in these cohorts can initiate
further discussion about symptoms that may otherwise not be
a focus of the consult or intervention. A notable example of
treatment targeting multiple symptoms would be the use of
lisdexamfetamine, FDA approved for children with ADHD
and for adults with ADHD and/or BED, as an evidence in-
formed medication for both ADHD and LOC-ED/BED
[89-92]. Evidence suggests that a significant number of

children with obesity who seek treatment meet criteria for
anxiety and that eating pathology is significantly associated
with severity of anxiety symptoms [93]. Thus, pediatric pro-
viders may also consider screening for co-occurring mental
health symptoms, particularly when obesity and LOC-ED/
BED are both present.

It should be noted that the behavioral and lifestyle strate-
gies critical for obesity management may be especially chal-
lenging for children with ADHD and their families to imple-
ment in daily life. With this in mind and in conjunction with
the evidence base for ADHD intervention strategies [94] and
clinical practice guidelines [95], there would be a strong rec-
ommendation for providers to be cognizant of the need for
structure and predictability within any obesity intervention
program. Examples of increased structure could include a spe-
cific plan or hierarchy of lifestyle education that is provided to
families, as well as a consistent flow to appointments (e.g.,
initially starting with basic education and transitioning to im-
plementation of the strategies for each family). Consideration
may be given to patient goals with providers encouraging
changes that may be easier for the family initially and then
moving to goals that are more challenging. Similarly, goals
will be more readily achievable, if they are short term (e.g.,
assessing change over a one-week period) and can be easily
adjusted over time (e.g., discussing challenges that may have
arisen and making changes if the initial goal is not feasible).
Patients and providers will likely need to identify strategies for
managing executive dysfunction including opportunities for
daily reminders (e.g., phone alert to take medication at a spe-
cific time), utilizing organization supports (e.g., planners,
snack lists), and introducing schedules that maximize the like-
lihood of follow through/completion (e.g., times of day to be
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physically active). Strategies for managing attentional dysreg-
ulation may also be necessary for addressing behavior in clinic
with providers encouraging movement breaks and providing
incentives for participating in lifestyle education/curriculum.
While these ideas are not an exhaustive list of recommenda-
tions, the above discussion should alert providers to the types
of considerations necessary for supporting optimal outcomes
for children with obesity and ADHD.

Future Research

The opportunity to increase education around the relationship
between obesity and ADHD and the key co-occurring disor-
ders outlined in this review supports earlier screening and
enhanced interventions that may change the trajectory for both
disorders. Our relatively limited understanding of the complex
pathophysiology connecting obesity and ADHD demands ad-
ditional research and clinical trials to better elucidate patho-
physiology. This understanding will lead to the development
of clinical guidelines and algorithms to assist clinicians in
providing the best evidence-based care. These algorithms will
inform practical clinical interventions, direct order of
intervention implementation, and indicate when to initiate a
multifaceted approach team approach.

Conclusion

The co-occurrence of pediatric obesity and ADHD is increas-
ingly supported in scientific literature and suggests shared
pathophysiology. Increased knowledge and awareness about
the relationship between ADHD and obesity can direct inter-
vention efforts and improve health outcomes, particularly if
providers are aware of the increased likelihood of sleep dys-
regulation, LOC-ED/BED, and anxiety. This review provides
a screening/assessment, referral, and treatment algorithm to
guide interdisciplinary teams and primary medical homes.
Both developmental and obesity interdisciplinary teams can
serve as key resources to the primary care provider when
patients are presenting with these complex diagnoses to build
on therapies and offer additional insights and expertise. It is
our hope that this targeted multimodal approach will allow a
more coordinated and cohesive plan across healthcare systems
to address disease dysregulation from multiple co-occurring
diseases in children and adolescents.
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