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Abstract Although quite overlooked, increasing evidence points to a significant
association between attention-deficit/hyperactivity disorder (ADHD) and obesity.
Here, we present an updated systematic review and a critical discussion of studies
on the relationship between ADHD and obesity, with a particular emphasis on the
possible behavioral, neurobiological, and genetics underlying mechanisms.

S. Cortese ()
Institute for Pediatric Neuroscience, New York University Child Study Center, New York,
NY, USA

215, Lexington Ave, 14th Floor, New York 10016 NY
e-mail: samuele.cortese@ gmail.com

B. Vincenzi
Ellern Mede Centre, London, UK

31 Totteridge Common, London N20 8LR,
e-mail: vincenzibrenda@ gmail.com

C. Stanford and R. Tannock (eds.), Behavioral Neuroscience of Attention Deficit
Hyperactivity Disorder and Its Treatment, Current Topics in Behavioral Neurosciences 9,
DOI 10.1007/7854_2011_154, © Springer-Verlag Berlin Heidelberg 2011,

published online 16 August 2011

199


mailto:samuele.cortese@gmail.com
mailto:vincenzibrenda@gmail.com

200 S. Cortese and B. Vincenzi

Available empirically based studies indicate that the prevalence of ADHD in
clinical samples of patients seeking treatment for their obesity is higher than that
in the general population. Moreover, although still limited, current evidence shows
that individuals with ADHD have higher-than-average body mass index z-scores
and/or significantly higher obesity rates compared with subjects without ADHD.
Three mechanisms underlying the association between ADHD and obesity have been
proposed: (1) obesity and/or factors associated with it (such as sleep-disordered
breathing and deficits in arousal/alertness) manifest as ADHD-like symptoms;
(2) ADHD and obesity share common genetics and neurobiological dysfunctions,
involving the dopaminergic and, possibly, other systems (e.g., brain-derived neuro-
tropic factor, melanocortin-4-receptor); and (3) impulsivity and inattention of ADHD
contribute to weight gain via dysregulated eating patterns. With regards to the
possible clinical implications, we suggest that it is noteworthy to screen for ADHD
in patients with obesity and to look for abnormal eating behaviors as possible
contributing factors of obesity in patients with ADHD. If further studies confirm a
causal relationship between ADHD and obesity, appropriate treatment of ADHD may
improve eating patterns and, as a consequence, weight status of individuals with both
obesity and ADHD.

Keywords ADHD - Binge eating - BMI - Eating disorders - Obesity

Abbreviations

ADD Attention-deficit disorder

BDNF Brain-derived neurotropic factor

BMI-SDS  Body mass index standard deviations scores
CAPA Child and Adolescent Psychiatric Assessment
CI Confidence interval

CPRS-R:S  Conners Parent Rating Scale-Revised:Short version
DRD2 Dopamine D2 receptor

DRD4 Dopamine D4 receptor

EDS Excessive daytime sleepiness

MC4-R Melanocortin-4-receptor

NSCH National Survey of Children’s Health

OR Odds ratio

SAD Seasonal affective disorder

SDSC Sleep Disturbance Scale for Children

WURS-25 Wender Utah Rating Scale-25
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1 Introduction

Recent evidence suggests strong links between attention-deficit/hyperactivity dis-
order (ADHD) and obesity, although findings are not always consistent. A better
insight into this association is of relevance for two reasons. First, it may contribute
to the understanding of possible psychopathological and pathophysiological
mechanisms underlying both ADHD and obesity, at least in a subset of patients.
Second, it might have important implications for the management of patients with
both obesity and ADHD, suggesting common therapeutic strategies when these two
conditions coexist. This seems particularly noteworthy because of the high preva-
lence and the enormous personal, family, and social burden associated with both
obesity and ADHD.

Therefore, the aims of this chapter are to: (1) review the evidence for an associa-
tion between ADHD and obesity; (2) examine the behavioral and pathophysiologi-
cal mechanisms that have been proposed to underlie this potential association; and
(3) discuss the implications of this newly described potential comorbidity on the
clinical management of patients who present with both ADHD and obesity.

Before examining the relationship between ADHD and obesity, we introduce in
the following paragraph the definition of obesity and overweight that will be used
throughout this chapter. We refer to the definitions available in the World Health
Organization (WHO) website: http://www.who.int/en/. Overweight and obesity are
characterized by abnormal or excessive fat accumulation that may impair health.
Body mass index (BMI) is a simple index of weight-for-height that is commonly
used in classifying overweight and obesity in adult populations and individuals. It
is defined as the weight in kilograms divided by the square of the height in meters
(kg/m?). BMI provides the most useful population-level measure of overweight and
obesity, as it is the same for both sexes and for adults of all ages. However, it should
be considered as a rough guide because it may not correspond to the same degree of
fatness in different individuals. The WHO defines “overweight” as a BMI greater
than or equal to 25 kg/m?, and “obesity” as a BMI greater than or equal to 30. The
new WHO Child Growth Standards, launched in April 2006, include BMI charts for
infants and young children up to the age of 5. However, measuring overweight and
obesity in children aged 514 years is challenging because there is not a standard
definition of childhood obesity applied worldwide. WHO is currently developing an
international growth reference for school-age children and adolescents. Since BMI
does not adequately describe central adiposity, other indices of body fatness are
being explored. A recent study showed a significant correlation between BMI and
neck circumference in children; the best cutoff that identified high BMI in boys
ranged from 28.5 to 39.0 cm; corresponding values in girls ranged to 27.0-34.6 cm
(Nafiu et al. 2010). However, since this a recent proposal, no study assessing the
relationship between ADHD and obesity has used this index, which, therefore, will
not be taken into consideration in this chapter.
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2 Studies Assessing the Relationship Between
ADHD and Obesity

Our group published in 2008 a systematic review (Cortese et al. 2008a) of the
studies exploring the relationship between ADHD and obesity. We searched both
for studies assessing the prevalence of ADHD in obese subjects and for those
evaluating the weight status of subjects with ADHD. We included methodologi-
cally sound studies, published up to January 2007, conducted in children and in
adults with ADHD diagnosed according to formal criteria. Since drugs used for the
treatment of ADHD may have anorexigenic effects, we did not consider studies
examining weight status in treated patients with ADHD or studies which did not
control for the effect of ADHD medications. Since that review, an additional three
methodologically sound studies (where the diagnosis of ADHD was based on
formal criteria) have been published (Braet et al. 2007; Pagoto et al. 2009; Ptacek
et al. 2009). In the following section, we present and critically discuss the key
results from the studies included in our initial systematic review plus those from the
three new additional studies published after January 2007. We also present addi-
tional studies that, although do not meet the criteria for inclusion in the systematic
review, provide interesting insights on the relationship between ADHD symptoms
and obesity.

2.1 Studies Examining the Prevalence of ADHD in Obese
Subjects (Table 1)

We located five methodologically sound studies (Agranat-Meged et al. 2005; Altfas
2002; Braet et al. 2007; Erermis et al. 2004; Fleming et al. 2005) conducted in
clinical settings, and one survey (Mustillo et al. 2003) in the general population.
The five clinical studies were conducted, respectively, in a clinical sample of: 215
obese adults receiving obesity treatment in a clinic specialized in the prevention and
treatment of obesity (Altfas 2002); 30 obese adolescents (aged 12—16 years) seek-
ing treatment from a pediatric endocrinology outpatient clinic (Erermis et al. 2004);
26 children (aged 8-17 years) hospitalized in an eating disorder unit for the
treatment of their refractory morbid obesity (Agranat-Meged et al. 2005); 75
obese women (mean age: 40.4 years) consecutively referred to a medical obesity
clinic (Fleming et al. 2005); and in a clinical sample of 56 overweight children
versus 53 normal weight children (10-18 years) (Braet et al. 2007). All these
studies, except one (Braet et al. 2007), reported a significantly higher prevalence
of ADHD (diagnosed according to formal criteria) in obese patients than in
comparable controls or age-adapted reference values. As for the negative study
(Braet et al. 2007), we believe that its results cannot lead to a firm conclusion since
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neither the details of the interview nor the medication status of the patients was
reported.

However, the four positive studies also present some methodological limitations
that hamper a firm conclusion from their results, such as: the relatively small
sample sizes; the lack of a control group in some of them (Altfas 2002; Fleming
et al. 2005); and possible selection biases (e.g., the study by Fleming et al. was
conducted in a female sample (Fleming et al. 2005)). However, despite these
limitations, they all suggest that obese patients referred to obesity clinics may
present with higher than expected prevalence of ADHD.

By contrast, the only epidemiological study reported no association between
ADHD and obesity. This study (Mustillo et al. 2003) was conducted in a large
sample (991 youths aged 9—16 years) and was based on the state-of-the-art assess-
ment for psychiatric disorder in childhood (Child and Adolescent Psychiatric
Assessment, CAPA). However, given the epidemiological nature of the study and
the large sample size, it was difficult to obtain information from multiple sources, as
required for an appropriate diagnosis of ADHD. The discordance of the results
between the four clinical studies and the epidemiological survey may be due to
methodological issues. Indeed, clinical settings may favor a higher case-finding rate
because the opportunity to observe and assess behavior is greater than the methods
of epidemiological surveys.

In summary, current evidence points to higher than expected prevalence of
ADHD in clinical samples of obese patients seeking for treatment, while there are
no data supporting significantly higher prevalence of ADHD in the general popula-
tion of obese individuals.

2.2 Studies Assessing the Weight Status of Subjects with ADHD

In our systematic review, we located 12 studies (Anderson et al. 2006; Biederman
et al. 2003; Curtin et al. 2005; Faraone et al. 2005; Holtkamp et al. 2004;
Hubel et al. 2006; Lam and Yang 2007; Pagoto et al. 2009; Ptacek et al. 2009;
Spencer et al. 1996, 2006; Swanson et al. 2006) that examined the weight status of
children with ADHD. Eight of these studies (Biederman et al. 2003; Curtin et al.
2005; Faraone et al. 2005; Holtkamp et al. 2004; Ptacek et al. 2009; Spencer
et al. 1996, 2006; Swanson et al. 2006) were conducted in clinical settings, while
four (Anderson et al. 2006; Hubel et al. 2006; Lam and Yang 2007; Pagoto et al.
2009) examined the general population. These studies showed that children with
ADHD presented with higher-than-average body mass index standard deviations
scores (BMI-SDS). Interestingly, one of these studies (Ptacek et al. 2009), besides
BMLI, used also other indices of body mass (percentage of body fat and abdominal
circumference): the authors found that these were significantly higher in ADHD
compared to controls.

Limitations of these 12 studies included a lack of control group (Curtin et al.
2005; Faraone et al. 2005; Holtkamp et al. 2004; Spencer et al. 2006; Swanson
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et al. 2006), selection biases (e.g., inclusion of males, but not females (Holtkamp
et al. 2004)), lack of control for the effect of comorbid psychiatric disorders, which
may have an impact on subjects’ BMI (Anderson et al. 2006; Lam and Yang 2007),
or retrospective diagnosis of adult ADHD (Pagoto et al. 2009). However, this last study
(Pagoto et al. 2009) is the only one that we were able to locate in adults. Interest-
ingly, in this study, adult ADHD remained associated with overweight (OR =
1.57; 95% CI = 0.99, 2.70) and obesity (OR = 1.69; 95% CI = 1.01, 2.82)
when controlling for major depressive disorder. However, the association was no
longer statistically significant when controlling for binge-eating disorder in the past
12 months (1.41, 95% CI = 0.76-2.53).

Although they did not rely on formal criteria for the diagnosis of ADHD (and,
therefore, they are not mentioned in Table 2), we believe it is interesting to mention
two additional studies that we located in our search. In the first, a large cohort of
46,707 subjects, aged 10—17 years, collected by the National Survey of Children’s
Health (NSCH-2003), the authors (Chen et al. 2010) reported that the prevalence of
obesity was 18.9% (95% CI: 18.7-19.0) in children with ADHD compared to
122% (95% CI: 11.5-13.0) in children without chronic diseases. Differences
in the prevalence of obesity in children with and without ADHD remained signifi-
cant after adjustment for age, sex, race/ethnicity, family income, family structure,
parental education, and region. Similarly, in the second study, another large cross-
sectional analysis of 62,887 children and adolescents, aged 5-17 years from the
20032004 National Survey of Children’s Health, the authors (Waring and Lapane
2008) found that children with ADHD, who were not currently using medication,
had about 1.5 times the odds of being overweight compared to non-ADHD children.
However, as we stated, the major limitation of both these studies was the lack of a
formal diagnosis of ADHD, since the assessment of the presence of ADHD was
based on the question: “Has a doctor or health professional ever told you [you suffer
from ADHD]?” Moreover, the authors did not control for the effect of medication
status and psychiatric comorbidity.

In summary, studies both in clinical and epidemiological samples showed that
individuals with ADHD have higher than average BMI-SDS and a higher preva-
lence of obesity compared to non-ADHD subjects. We note that, besides ADHD,
other psychological disorders such as depression, low-self esteem, and anxiety
have also been found to relate to obesity in children and adolescents (Zametkin
et al. 2004).

3 Behavioral and Neurobiological Mechanisms Underlying
the Association Between ADHD and Obesity

Since all the studies reviewed above (with the exception of one study, Mustillo et al.
(2003)) are cross-sectional, they do not enable an understanding of the causality
between ADHD and obesity.
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From a theoretical point of view, it is possible that: (1) obesity and/or factors
associated with obesity (such as sleep-disordered breathing (SDB)) lead to, or
manifest as, ADHD/ADHD symptoms; (2) ADHD and obesity are the expression
of a common biological dysfunction that manifests itself as both obesity and ADHD
in a subset of patients; (3) ADHD contributes to obesity. We discuss these
hypotheses in the following sections.

3.1 Obesity or Related Factors Manifest as ADHD

Two factors, potentially associated with obesity, have been proposed that might
manifest as ADHD or its symptoms: these are binge eating and excessive daytime
sleepiness.

3.1.1 Binge Eating

It is known that a subgroup of patients with obesity, especially those with severe
obesity (Hudson et al. 2006), presents with binge eating. One can hypothesize that
impulsivity associated with abnormal eating behavior in these patients contributes
to, or manifests itself as, impulsivity of ADHD. It is also possible that impulsivity
associated with abnormal eating behaviors fosters symptoms of inattention and
hyperactivity. It has been reported that patients with bulimic or abnormal eating
behaviors may present with repeated and impulsive interruptions of their activities
to get food; this behavior results in ADHD symptoms, such as disorganization,
inattention, and restlessness (Cortese et al. 2007a). Of note, a research group
(Rosval et al. 2006) reported higher rates of motor impulsiveness in patients with
bulimia nervosa and anorexia nervosa binge/purge subtype, in comparison to
anorexia nervosa, restricting subtype and normal eater control group. This finding
further confirms previous studies that linked binge-eating behaviors and behavioral
impulsivity (Engel et al. 2005; Nasser et al. 2004). However, other authors (Davis
et al. 2009) found evidence against the role of binge eating in explaining the
association between ADHD and obesity. After predicting that ADHD symptoms
would be more severe in the binge eaters compared to obese controls, using a
case—control design (binge eaters, n = 60, versus non-binge eaters with normal
weight, n = 61, and obese subjects, n = 60) these authors, contrary to their predic-
tion, reported that symptoms of ADHD were elevated in obese adults, with and
without binge eating, but there was no difference between these two groups.

3.1.2 Excessive Daytime Sleepiness

Another hypothesis is based on the link between obesity, hypoarousal (manifested
as excessive daytime sleepiness, EDS), and ADHD symptoms. According to this
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theory, obesity may contribute to excessive daytime sleepiness which, in turn, could
lead to ADHD symptoms.

As for the link between EDS and ADHD, EDS, either due to SDB or independent
from it, may contribute to ADHD symptoms. According to the “hypoarousal
theory” of ADHD (Weinberg and Brumback 1990), subjects with ADHD behaviors
(or at least a subgroup of them) might be sleepier than controls and might use motor
hyperactivity and impulsivity as a strategy to stay awake and alert. In a recent meta-
analysis, we found evidence supporting this proposal: a higher prevalence of
excessive daytime sleepiness in children with ADHD versus controls (Cortese
et al. 2009). As for the link between obesity and EDS, several studies have reported
an association between obesity and SDB or other sleep disorders (Cortese et al.
2008b). These disorders may cause sleep fragmentation, leading to excessive
daytime sleepiness. Moreover, as reported in the review of the literature (Vgontzas
et al. 2006), recent evidence, based on subjective as well as objective measures,
indicates that obesity may be associated with EDS independently of SDB or any
other sleep disturbances. It has been suggested (Vgontzas et al. 2006) that, at least
in some obese patients, EDS may be related to a metabolic and/or circadian
abnormality associated with obesity rather than being a consequence of SDB or
other sleep disturbances. Interestingly, in a study by our group (Cortese et al.
2007b) using a subjective measure of sleepiness (a subscale of the Sleep Distur-
bance Scale for Children, SDSC) in a sample of 70 obese children (age range:
10-16 years), scores of excessive daytime sleepiness on the SDSC were associated
with symptoms of inattention, hyperactivity, and impulsivity on both the Conners
Parent Rating Scale-R:S and the ADHD-Rating Scale. Clearly, this finding needs to
be replicated in studies using objective (i.e., polysomnographic) measures of EDS
(hypoarousal).

3.2 ADHD and Obesity Share Common Biological Mechanisms

Another possibility is that obesity and ADHD are different expressions of common
underlying biological mechanisms or share common biological underpinnings, at
least in a subset of patients with both these conditions. Several biological processes
have been proposed, including: altered reinforcement mechanisms, brain-derived
neurotropic disorder, and melanocortin-4-receptor (MC4-R) deficiency.

3.2.1 Altered Reinforcement Mechanisms

The “reward deficiency syndrome” may play a significant role. This syndrome is
characterized by an insufficient dopamine-related natural reinforcement that leads to
the use of “unnatural” immediate rewards, such as: substance use, gambling, risk-taking,
and inappropriate eating. Several lines of evidence suggest that patients with ADHD
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may present with behaviors consistent with the “reward deficiency syndrome” (e.g.,
Blum et al. 1995; Heiligenstein and Keeling 1995). This syndrome has been reported
also in obese patients with abnormal eating behaviors (Comings and Blum 2000).

In a sample of women with seasonal affective disorder (SAD), the 7R allele of
DRD4 was associated with higher scores of childhood inattention on the WURS-25
and with higher maximal lifetime BMI. SAD is characterized by marked craving for
high-carbohydrate/high-fat foods, resulting in significant weight gain during depres-
sive episodes in the winter. A potential implication of the reward system in the
pathophysiology of the disorder has been suggested. It has been hypothesized
(Levitan et al. 2004) that childhood attention deficit and adult obesity could be the
expression of a common biological dysfunction of the 7R allele of DRD4 associated
with a dopamine dysfunction in prefrontal attentional areas and brain circuits
involved in the reward pathways. Alterations in the dopamine D2 receptor (DRD2)
(Bazar et al. 2006) and, to a lesser extent, DRD4 (Mitsuyasu et al. 2001; Tsai et al.
2004) have been associated with the above-mentioned “reward deficiency syn-
drome.” Dysfunctions of DRD2 and DRD4 have been found in obese patients (Poston
et al. 1998). Several studies suggest a role of altered DRD4 and DRD2 in ADHD as
well (although the alteration in DRD2 has not been replicated in all studies) (Noble
2003). Therefore, obese patients with abnormal eating behaviors and ADHD may
present with common genetically determined dysfunctions in the dopaminergic
system, in particular the dopaminergic circuits underlying reward mechanisms and
executive functions necessary for appropriate eating behaviors. However, these
hypotheses need to be tested in empirically based, methodologically sound studies.

3.2.2 Brain-Derived Neurotropic Factor

Another potential common biological mechanism involves alterations in the brain-
derived neurotropic factor (BDNF), a protein member of the family of growth
factors. It supports the survival of existing neurons and encourages the growth
and differentiation of new neurons and synapses. Preliminary evidence from animal
models points to a potential dysfunction of BDNF underlying both ADHD and
obesity (Kernie et al. 2000; Lyons et al. 1999). Although one research group
(Friedel et al. 2005) failed to find a large role of genetic variation of BDNF in
ADHD and obesity, another group (Gray et al. 2006) reported a functional loss of
one copy of the BDNF gene in an 8-year old with hyperphagia, severe obesity,
impaired cognitive function, and hyperactivity. Moreover, a recent study has
reported a significant association among 11pl14.1 microdeletions (encompassing
the BDNF gene), ADHD, and obesity (Shinawi et al. 2011).

3.2.3 Melanocortin-4-Receptor Deficiency

MC4-R is a 332-amino acid protein encoded by a single exon gene localized on
chromosome 1822 and is a key element in the hypothalamic control of food intake.
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MC4-R deficiency has been proposed recently (Agranat-Meged et al. 2008) and has
been reported to disrupt neuronal pathways that regulate hunger/satiety and results
in abnormal eating behaviors. The authors analyzed 29 subjects (19 males and 10
females) from 5 “proband nuclear families” with morbid obese children (BMI
percentile >97%), and found that the prevalence of ADHD was higher than
expected only in the groups carrying the homozygous or heterozygous mutation.
Recently, Albayrak et al. (2011) reported the case of a 2-year-old child heterozy-
gous for a non-conservative functionally relevant MC4-R mutation (Glu308Lys)
and who also showed severe ADHD.

Given the limited and, at least in part, inconsistent findings, the role of common
genetic mutations underlying shared neurobiological dysfunctions in ADHD and
obesity deserves further investigation.

3.3 ADHD Contributes to Obesity

Finally, behavioral and cognitive features of ADHD may play a significant role in
abnormal eating behaviors, which in turn lead to obesity. A study of 110 adult
healthy women (age range: 2546 years) using structural equation modeling (Davis
et al. 2006) found that ADHD symptoms and impulsivity correlated with abnormal
eating behaviors, including binge eating and emotionally induced eating, which
were, in turn, positively associated with BMI. These results have been recently
replicated in males (Strimas et al. 2008). In our study, conducted in a clinical
sample of 99 severely obese adolescents (aged 12—17 years), we found that, after
controlling for potentially confounding depressive and anxiety symptoms, ADHD
symptoms were associated with bulimic behaviors (Cortese et al. 2007a). Bearing
in mind that loss of control and excessive food intake are important determiners of
weight gain, children and adolescents who report binge-eating symptoms gain more
weight over time than children and adolescents without such history (Lourenco
et al. 2008).

At present, it is not clear which dimension of ADHD (inattention, hyperactivity,
or impulsivity) is associated with abnormal eating behaviors. We speculated that
both impulsivity and inattention, but not hyperactivity, might lead or contribute to
abnormal eating behaviors (Cortese et al. 2007a). We detail this hypothesis in the
following sections.

3.3.1 Role of Impulsivity

It has been suggested (Davis et al. 2006) that both deficient inhibitory control and
delay aversion, which are an expression of the impulsivity component of ADHD,
may foster abnormal eating behaviors and, as a consequence, obesity. Deficient
inhibitory control manifests as poor planning and difficulty in monitoring one’s
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behavior effectively. This could lead to over-consumption when not hungry,
associated with a relative absence of concern for daily caloric intake. A strong
delay aversion could favor the tendency to eat high caloric, but readily available
“fast food,” in preference to less caloric content home-cooked meals, which take
longer to prepare. This may contribute to maintenance of a chronic positive energy
balance that culminates in obesity.

3.3.2 Role of Inattention

It is also possible that ADHD-related inattention and associated deficits in execu-
tive functions cause difficulties in adhering to a regular eating pattern and so favor
abnormal eating behaviors. It has been pointed out that patients with ADHD may be
relatively inattentive to internal signs of hunger and satiety (Davis et al. 2006).
Therefore, they may forget about eating when they are engaged in interesting
activities but are more likely to eat when less stimulated.

Another hypothesis is that compulsive eating may be a compensatory mecha-
nism to cope frustration associated with attentional and organizational difficulties
(Schweickert et al. 1997). It is also possible that difficulties in initiating activities
linked to attentional and organizational problems contribute to decreased caloric
expenditure, leading to progressive weight gain (Levitan et al. 2004). Moreover, it
has been hypothesized that, since patients with ADHD are susceptible to commit-
ting more cognitive effort to take charge of standard mental tasks, it is likely that
this cognitive effort accentuates a proneness to an abnormally increased appetite,
and the consequent long-term weight gain (Riverin and Tremblay 2009). Finally,
other researchers (Waring and Lapane 2008) evoked the role of television, also.
Since children with ADHD claim to spend more time watching television, or
playing computer or video games to the detriment of exercising, this would
contribute to weight gain. However, one cannot exclude the possibility that all
the preceding hypotheses hold true, and that the effects on eating behavior may be
additive or interactive, at least in certain subjects.

4 Clinical Management of Patients with ADHD and Obesity

4.1 Screening for Both ADHD and Problematic Eating Behavior

From a clinical standpoint, the putative association between ADHD and obesity
suggests that it may be useful to screen for ADHD in patients with obesity and also
to look for abnormal eating behaviors, as possible contributing factors of obesity. It
has been pointed out that clinicians may overlook the need to screen for ADHD in
obese patients since “obese individuals are less mobile” and, as a consequence,
obesity may mask hyperactivity (Agranat-Meged et al. 2005). However, screening
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for ADHD in patients with obesity may be relevant since treatment of ADHD
might prevent this disorder from exacerbating the personal and social burden of
obesity. Conversely, binge eating and other abnormal eating behaviors, which are
generally poorly investigated in patients with ADHD, should be screened as well.
These abnormal eating behaviors could further compromise the quality of life of
ADHD patients and exacerbate their weight gain.

4.2 Therapeutic Strategies

If ADHD contributes to obesity, as hypothesized, then the treatment of ADHD
might be expected to prevent obesity. Several reports (Schweickert et al. 1997;
Sokol et al. 1999) have suggested that stimulants improve ADHD and restore
normal eating behaviors in patients with both conditions. According to some
authors (Surman et al. 2006), the treatment of ADHD-related impulsivity could
improve abnormal eating behaviors as well. Improvement in attention, leading to
more regular eating patterns, may also play a role.

A group of Canadian researchers (Levy et al. 2009) conducted an interesting
study in 78 obese patients with a lengthy history of failure to lose weight. After an
average of 466 days of continuous ADHD pharmacotherapy, weight loss in treated
patients was 15.05 kg, whereas nontreated patients gained weight (3.26 kg). The
authors noted the low attrition rate in pharmacologically treated patients and
observed that “with the advent of the salutary effects of medication on ADHD
symptoms, subjects spoke enthusiastically and in optimistic terms regarding their
future plans in life.” Moreover, “improvements in daytime energy, restlessness,
distractibility, working memory, impulsivity and mood were instrumental in their
successful execution of weight loss plans.” Of note, appetite suppression almost
vanished within 2 months. Therefore, it is unlikely that appetite suppression
explains the positive outcome in terms of weight control. Finally, subjects reported
feeling more alert and energized with treatment. As a consequence, it is likely
that this greater physical movement contributed to successful weight control.
These interesting clinical observations should be investigated systematically and
thoroughly in the future studies.

Indeed, all the above-mentioned studies on pharmacological treatments support
the hypothesis that ADHD and abnormal eating behaviors share common underly-
ing biological mechanisms. These could be the common target of ADHD
medications. Alternatively, ADHD medications could act on both the brain
pathways involved in ADHD and those that mediate abnormal eating behaviors.
Interestingly, a trial reported the efficacy of atomoxetine in weight reduction in
obese women (Gadde et al. 2006). The positive results of the trial suggested that this
ADHD treatment may act on the noradrenergic synapses in the medial and
paraventricular hypothalamus that are thought to play a major role in modulating
satiety and feeding behavior.
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These preliminary observations suggest that in patients with ADHD and abnor-
mal eating behaviors (associated with obesity), both conditions might improve
using the same class of agents.

5 Conclusions and Future Perspectives

Converging empirical evidence from recent literature points to a bidirectional
association between ADHD and obesity. Both clinical and nonclinical samples
indicate that subjects with ADHD have a higher BMI than average, as well as a
higher prevalence of obesity/overweight, compared to non-ADHD controls. On the
other hand, obese patients present with a higher prevalence of ADHD. To date,
there are no data supporting a higher prevalence of ADHD in obese persons,
seeking treatment in specialized clinics, from the general population. Evidently,
further epidemiological studies exploring the prevalence of ADHD in obese
subjects are needed.

Even if the association between ADHD and obesity holds true only in obese
patients who seek treatment in specialized clinics, it would still be noteworthy
because this is the group of patients with the highest mortality and morbidity risk
and the greatest need for effective treatment.

There are other areas of research that deserve further and deeper investigation.
First, the potential role of psychiatric comorbidities in explaining the higher
prevalence of obesity in ADHD patients should be better addressed in the future.
Second, all available studies are cross-sectional prospective and, therefore, they
cannot contribute to an understanding of causality: prospective, longitudinal stud-
ies, at present, are lacking but could lead to a better understanding of the causal
relationship between ADHD and obesity and shed light on the psychopathological
pathways linking the two conditions. Third, the exact neurobiological and
psychopathological mechanisms underlying the association deserve further explo-
ration. In particular, both family studies, examining the occurrence of ADHD and
obesity, and specific animal model studies (which, at present time, are lacking)
could advance our knowledge of any common genetic underpinnings. Fourth, only
one study (Levy et al. 2009) has assessed the effects of pharmacological treatment
of ADHD on weight control in obese patients: further research in this area is
warranted. Moreover, non-pharmacological treatment studies and multimodal
(pharmacological plus non-pharmacological) ADHD treatment strategies for these
patients are greatly needed to help us find more appropriate and effective therapeu-
tic strategies for their weight control.

In summary, clinical empirically based studies, epidemiological surveys
(both cross-sectional and prospective), genetic studies, animal model studies,
non-pharmacological treatment studies, and pharmacological trials should all
be encouraged since they would advance our knowledge in this field, allowing
for better management and quality of life for patients with both obesity and
ADHD.
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