
  Correspondence: Gene-Jack Wang, MD, 30 Bell Ave Building 490, Medical Department, Brookhaven National Laboratory, Upton, NY 11973, USA. 
Tel: 631   -   344-3608. Fax: 631   -   344-2358. E-mail: gjwang@bnl.gov  

 (Received   31    January   2012  ; accepted   15   March   2012  ) 

                       Dopamine-related frontostriatal abnormalities in obesity and binge-eating 
disorder: Emerging evidence for developmental psychopathology      

    MICHAEL     MICHAELIDES  1,2  ,       PANAYOTIS K.     THANOS  1,4,5,6  ,       NORA D.     VOLKOW  1,4 
 &       GENE-JACK     WANG  1,3                                    

 1  Behavioral Neuropharmacology and Neuroimaging Laboratory, Brookhaven National Laboratory, Upton, New York,  
 2  Department of Pharmacology and Systems Therapeutics, Mount Sinai School of Medicine, New York,   3  Department of 
Psychiatry, Mount Sinai School of Medicine, New York,   4  Laboratory of Neuroimaging, National Institute for Alcohol Abuse 
and Alcoholism, Bethesda, Maryland,   5  Department of Psychology, Stony Brook University, New York,  and  6  Department of 
Neuroscience, Stony Brook University, Stony Brook, New York, USA 

 Abstract 
 Obesity and binge-eating disorder (BED) frequently arise in adolescence, which is a critical developmental time period 
where self-regulatory processes are formed. Indeed, both obesity and BED are thought to arise partly due to defi cits in 
self-regulatory processes (i.e. lack of inhibitory control to overeat or binge). Recent neuroimaging studies have implicated 
the frontal cortex, a brain region involved in regulating inhibitory-control, and the striatum, which is thought to be involved 
in food reward, satiety and pleasure, in mediating responses to food cues and feeding in normal-weight individuals as well 
as obese and BED subjects. Intriguingly, frontostriatal circuits have been observed to be preferentially modulated in obese 
adults and similar associations have been observed in obese/overweight adolescents. Furthermore, brain dopamine (DA) 
is selectively altered in striatum in obese relative to normal-weight individuals, and frontostriatal regions constitute a major 
component of DA circuitry. The aim of this review will be to present the main fi ndings from neuroimaging studies in 
obese and BED adults and adolescents, as these relate to frontostriatal circuitry, and to emphasize the potential for using 
functional neuroimaging in both humans and animals with the scope of obtaining information on developmental and 
molecular contributions to obesity and BED.   

  Introduction 

 The prevalence of obesity has reached dramatic pro-
portions and is estimated to currently affect 32% of 
US adults (Flegal et   al., 2010). Binge-eating disorder 
(BED), which is currently estimated to affect 3.5% 
and 2% of US adult women and men respectively, is 
also on the rise (Hudson et   al., 2007). Besides the 
physical health problems associated with obesity and 
BED, there have also been reports of psychiatric 
comorbidity with depression and anxiety disorders 
(Faith et   al., 2011), which suggests that part of the 
behavioural phenotype of obese and BED individuals 
may be related to impairments in brain function. An 
important distinction is that this may not occur for 
all obese individuals, the majority of whom exhibit 
metabolic abnormalities. However, a subset of obese 
individuals are characterized by excessive, compulsive-
like overeating behaviour where obesity is thought to 
be the manifestation of underlying psychopathology 
(Davis  &  Carter, 2009). Emerging evidence from 
neuroimaging experiments point to abnormalities in 

frontal brain circuitry in both obese and BED adults 
and adolescents, which are paralleled by impairments 
in inhibitory and cognitive control behaviour. These 
recent fi ndings suggest that obesity and BED may be 
attributed, in part, to developmentally associated 
neurobiological impairments. This notion is sup-
ported by the striking increases in childhood cases of 
obesity (Faith et   al., 2011; Ogden et   al., 2010) as well 
as the generalized observations of BED onset during 
adolescence. 

 Neuroimaging techniques using functional mag-
netic resonance imaging (fMRI) offer the ability to 
monitor obese and BED adolescents and adults 
across developmental time-spans. These studies have 
implicated frontostriatal circuitry as being involved 
in obesity and BED in both adults and adolescents. 
However, fMRI is limited in its ability to implicate 
specifi c molecular determinants of obesity and BED. 
Positron emission tomography (PET) provides a way 
of assessing the contribution of specifi c molecular 
systems in obesity and BED, and studies in adults 
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have implicated the neurotransmitter dopamine (DA) 
as heavily involved in obesity and BED within fron-
tostriatal circuits. Nevertheless, while PET has pro-
vided insight into potential molecular determinants of 
obesity and BED, this method falls short of implicat-
ing similar molecular mechanisms directly in children 
and adolescents due to the use of radioactivity. Recent 
advances in neuroimaging techniques using small ani-
mals provide a way for modelling obesity and BED 
across distinct developmental periods and in this way 
provide tractable models that can be used to enhance 
insight into the contribution of respective develop-
mentally regulated molecular and genetic determi-
nants associated with each disorder. This review 
focuses on summarizing the recent reports of fronto-
striatal circuit abnormalities observed in obese and 
BED adolescents and adults using fMRI and PET, 
describes the potential involvement of DA as a poten-
tial neurobiological determinant of obesity and BED, 
and fi nally discusses the potential benefi t of using ani-
mal models to study the developmental contribution 
of the brain DA system in obesity and BED.   

 Functional magnetic resonance imaging 

 Functional magnetic resonance imaging (fMRI) is 
used to assess changes in regional brain blood fl ow 
that are thought to be driven by the presentation 
of specifi c stimuli or in response to specifi c events. 
These blood fl ow-driven responses are based on the 
blood oxygen level-dependent (BOLD) contrast sig-
nal, which results from a distortion of the magnetic 
fi eld as a function of changes in the ratio between 
oxygenated and deoxygenated haemoglobin in the 
tissue (Pagoto et   al., 2009). These contrast measures 
are then superimposed onto a structural brain image, 
which allows for determining the approximate ana-
tomical locations of the BOLD signal responses. The 
BOLD signal change is then correlated with the 
stimulus or event presentation to determine func-
tional relevance of activated brain areas to the 
stimulus presentation or event occurrence. The phys-
iological relevance of the BOLD signal to neuronal 
function centres on the notion that BOLD signal 
measures correlate well with local fi eld potentials of 
neurons in certain brain regions via neurovascular 
coupling processes (Ojemann et   al., 2010). That is, 
the greater the activity in a given brain region, the 
larger the increase in blood fl ow to the area with a 
concomitant excess delivery of oxygenated haemo-
globin, which generates the BOLD contrast.   

 Positron emission tomography 

 Positron emission tomography (PET) relies on the 
administration and subsequent detection of positron 

emitting radiotracers that target specifi c molecular 
systems in biological tissue. PET utilizes the princi-
ples of radioactive decay where positrons emitted 
from the decaying radioisotope, which is tagged to a 
radiotracer, will collide with random electrons located 
in close proximity to the decay site. Once the two 
particles collide, an emission of gamma rays is 
produced which project at opposite directions 
(180 degrees) from the point of collision. PET scan-
ners are equipped with specialized detectors which 
pick up this signal. Once the signal is detected, the 
information is processed and the point of annihila-
tion can be estimated. Further information process-
ing is used to produce a two-dimensional image 
rendering of radiotracer occupancy in the targeted 
tissue. PET imaging facilities are usually equipped 
with radioisotope-generating facilities (cyclotrons) 
and radiochemistry workstations for dedicated 
radiotracer synthesis. There are many different types 
of radiotracers that can be applied to the study of 
various disease states and neurobiological mecha-
nisms. For the purposes of this review we will focus 
on those that have been utilized in the context of 
obesity and BED research. These include [ 15 O]H 2 O, 
which has been used for measuring regional cerebral 
blood fl ow (rCBF), 2-deoxy-2-[ 18 F]fl uoro-D-glucose 
([ 18 F]FDG), which has been used to measure 
regional brain glucose metabolism (BGluM), and the 
dopamine (DA) D2 receptor (D2R) antagonist [ 11 C]
raclopride, which has been used to measure D2R 
availability as well as synaptic DA. A limitation for 
PET is that it involves the administration of radiotrac-
ers, which restricts its use in children and adolescents 
since they are more sensitive to the adverse effects of 
radiation. However, with the advent of small animal 
imaging scanners, PET provides an avenue for assess-
ing candidate molecular mechanisms longitudinally 
in the same subject, thereby allowing for disease pro-
gression during various developmental stages.   

 Frontostriatal abnormalities in obesity 
and BED in adults 

 Visual and chemosensory food stimulation as well as 
food anticipation and intake preferentially affect 
frontostriatal circuitry in adults. In particular, food 
taste increases striatal rCBF in normal-weight sub-
jects (Gautier et   al., 1999), while visual and olfactory 
exposure to food activates orbitofrontal cortex 
(OFC), and this activation correlates with hunger 
and desire for the presented food (Wang et   al., 2004). 
Intriguingly, obese individuals show enhanced stri-
atal BOLD signal responses during food anticipation 
(Stice et   al., 2008). Obese subjects also show 
enhanced striatal and OFC BOLD signal responses 
to images of food, and these responses are associated 
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with susceptibility to weight gain (Rothemund et   al., 
2007; Stoeckel et   al., 2008; Stice et   al., 2010a). Con-
versely, food intake is associated with decreased stri-
atal BOLD signal responses in obese subjects and 
weight gain in these subjects is associated with fur-
ther decreases in striatal BOLD signal responses 
(Stice et   al., 2008), suggesting that overeating is asso-
ciated with blunted striatal responses to food but 
elevated frontostriatal responses to food-related cues 
(Stice et   al., 2011). This differential involvement of 
striatum and OFC in feeding and food-cues is 
intriguing, given similar associations in other disease 
states such as drug addiction where the striatum is 
believed to respond to reward or saliency associated 
with the euphoric feelings of drug intake while fron-
tal circuits are associated with drug-related cues and 
craving (Goldstein  &  Volkow, 2011). Another impor-
tant aspect underlying brain responses to food 
involves how the brain responds to food cues in 
response to the degree of hunger of the individual. A 
recent study showed that during a fasted state, obese 
individuals showed enhanced activation of frontal 
cortical regions in response to food cues, while after 
these subjects were fed a meal, frontostriatal BOLD 
activation was observed (Martin et   al., 2010), impli-
cating the striatum in post-ingestive processes and 
satiation. 

 Aside from differences in frontostriatal activation 
to food and food cues between obese and normal-
weight subjects, a gender-related component to fron-
tostriatal brain activation by food has also been 
reported. A recent study reported enhanced frontal 
cortical activation in women compared to men in 
response to images of high-calorie foods (Killgore  &  
Yurgelun-Todd, 2010b). In another study, male sub-
jects exhibited an enhanced ability over females to 
suppress OFC activation in response to food presen-
tation (Wang et   al., 2009). Importantly, the enhanced 
OFC suppression in males was paralleled by increases 
in cognitive inhibition of food-related craving (Wang 
et   al., 2009). These observations are intriguing, given 
the gender disparity in BED prevalence, with women 
showing increased prevalence of BED as compared 
to men (Hudson et   al., 2007), and the well-described 
role of frontostriatal circuitry in disease states associ-
ated with impaired inhibitory and cognitive control 
behaviours (Blair, 2010) (BED is generally regarded 
as a disease characterized by abnormalities in self-
control and inability to exert inhibitory behaviours) 
(Harrison et   al., 2010). 

 Abnormalities in OFC have also been observed in 
obsessive compulsive (Aouizerate et   al., 2004) and 
hoarding disorders (Tolin et   al., 2009), which may 
have root in primeval  ‘ hard-wired ’  behaviours impor-
tant for feeding and survival. Indeed, OFC and stri-
atum show enhanced activation in response to 
post-ingestive physiological processes as reviewed 

extensively in Mayer et   al. (2009). This view is 
 supported by a recent neuroimaging study that 
implicated frontostriatal circuitry in gastrointestinal 
interoceptive mechanisms (i.e. afferent signals origi-
nating in the gut during digestion) (Wang et   al., 
2006). In this study, obese subjects with implanted 
gastric stimulation (IGS) devices (a clinical obesity 
intervention that relies on curbing feelings of hunger 
via the modulation of gastric distention (Cigaina, 
2004)), were scanned using [ 18 F]FDG while the IGS 
device was either on or off. IGS resulted in increased 
brain metabolism in striatum and OFC in these sub-
jects (Wang et   al., 2006) and these increases were 
paralleled by decreases in  ‘ emotional eating ’  scores. 
This latter observation sheds light onto another 
intriguing association, namely, the effect of emotional 
disturbances in modulating frontostriatal circuitry 
and subsequently obesity and BED. Emotional cir-
cuits are thought to be intimately involved in obesity 
(Berridge et   al., 2010) and BED, given the signifi cant 
effect these circuits exert on motivation and behav-
iour (Munsch et   al., 2012). Indeed, a recent neu-
roimaging study using resting functional connectivity 
(method that uses fMRI to assess the functional con-
nectivity between different brain regions during rest-
ing conditions) reported impairments in amygdala 
modulation of OFC – ventral striatal connectivity in 
obese compared to lean women (Stoeckel et   al., 
2009). Amygdala function is strongly implicated in 
emotional regulation, particularly via its effects on 
assigning emotional value to cues associated with a 
given stimulus (Murray, 2007). Such mechanisms 
are evolutionarily hard-wired for survival purposes 
which would also explain their possible involvement 
in BED, which is characterized by uncontrollable, 
compulsive eating often associated with emotional 
disturbances (Munsch et   al., 2012). In sum, these 
fi ndings highlight a role for frontostriatal circuitry in 
food perception, ingestion, and post-ingestive physi-
ological mechanisms involved in feeding and possibly 
satiety, and suggest that imbalances in this circuitry 
may mediate obesity and BED.   

 Frontostriatal abnormalities in obesity 
in adolescence 

 Adolescence is generally viewed as a critical transi-
tional time period during development, where chil-
dren begin to learn how to develop self-regulatory 
control behaviours that advance their ability to orga-
nize thoughts, ideas and emotions which are crucial 
for their success later in life (Posner  &  Rothbart, 
2009). Neuroimaging studies in children and adoles-
cents are challenging primarily due to parental safety 
concerns, children ’ s apprehension towards experi-
mental equipment, impaired ability of children in 
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adhering to study guidelines, as well as diffi culty in 
discerning child brain anatomy (Ketonen et   al., 
2008). For these reasons, neuroimaging studies in 
children and adolescents have not been conducted to 
the degree done in adults. Nevertheless, the few neu-
roimaging studies that have been conducted to date 
have reported striking similarities in brain activation 
to food and food cues in adults and adolescents. 

 Similar to adults, food images in hungry children 
and adolescents preferentially activate frontal corti-
cal regions, including OFC (Holsen et   al., 2005). In 
fact, a study that directly compared brain responses 
to food images in adolescents and adults found 
signifi cant activation in OFC and striatum in 
both groups, and intriguingly, adolescents showed 
enhanced activation in frontostriatal regions when 
exposed to high-calorie food images and preferential 
OFC activation when exposed to low-calorie food 
images (Killgore  &  Yurgelun-Todd, 2005). This dif-
ferential pattern of activation highlights developmen-
tally mediated regulation of brain activation to food 
that may occur in the transition from adolescence to 
adulthood and suggests that impairments in deve-
lopment-specifi c mechanisms may underlie psycho-
pathologies that arise during this transition. 

 Neuroimaging studies conducted in obese/over-
weight and normal-weight children assessed BOLD 
activation during the viewing of food images and 
found enhanced activation in frontal cortical regions 
and decreased activation in striatum in obese subjects 
(Davids et   al., 2010). Another study examined pre- 
and post-meal brain activation during exposure to 
food images in obese and normal-weight children and 
found that obese children had enhanced activation in 
frontal cortical regions at both pre- and post-meal 
scanning sessions compared to normal-weight chil-
dren (Bruce et   al., 2010). Interestingly, enhanced 
striatal activity was observed in normal-weight but 
not in obese children during pre-meal sessions com-
pared to post-meal sessions. This is an intriguing 
observation, given the aforementioned reports in 
adults of striatal activation and its association to post-
ingestive mechanisms and satiety. This differential 
striatal activation before and after meal consumption 
may underlie decreased sensitivity in obese children 
to satiety-specifi c post-ingestive mechanisms and 
requires further investigation. Finally, a more recent 
study showed that adolescents at high risk for obesity 
showed enhanced activation in frontostriatal regions 
in response to both food intake and monetary reward 
(Stice et   al., 2011). This study highlights another 
important aspect of frontostriatal circuitry, namely 
that imbalances in this circuitry are not specifi c to 
food but can also affect other types of  ‘ rewarding ’  
stimuli. This observation is particularly important 
because it highlights that frontostriatal activation in 
adolescents, like adults, is associated with food as 

well as non-food stimuli and that impairments in 
 frontostriatal circuitry observed in adults with obesity 
and BED may arise in childhood/adolescence, or per-
haps earlier as part of a genetic predisposition to such 
imbalances. Indeed, frontostriatal circuit imbalances 
have been observed in multiple psychopathologies in 
children (Tourette ’ s, ADHD, obsessive – compulsive 
disorder, anorexia and bulimia nervosa) where inhib-
itory control-related behaviours are central to the 
psychopathology. These studies are reviewed exten-
sively in Marsh et   al. (2009) and therefore are beyond 
the scope of this review. 

 In sum, when evaluating brain responses to food 
and food cues in obese adults and adolescents, strik-
ing similarities and important contrasts emerge. 
Obese adults show increased frontal and striatal 
responses to food cues but decreased striatal 
responses in response to feeding. Like adults, obese 
adolescents show decreased striatal responses to food 
cues after feeding. However, unlike adults, obese 
adolescents show increased responses to food cues 
in frontal but not striatal regions. This contrast high-
lights frontostriatal circuitry as potential mediators 
of obesity vulnerability that can arise early in child-
hood and adolescence, and specifi cally the striatum 
as a potential predictor of obesity development 
into adulthood. This view agrees with the well-
documented role of the striatum in mediating habit-
ual reinforcement behaviour via changes in synaptic 
plasticity of its medium spiny neurons and suggests 
that this region serves a decisive role in escalation of 
overweight and obesity during the transition from 
adolescence to adulthood. An important caveat to 
this interpretation is the diffi culty of making valid 
comparisons between studies assessing brain 
responses to food in adults and adolescents, since 
ideal comparisons would require using the same 
imaging paradigms and experimental conditions. 
This highlights the importance of using the same 
experimental design, and future studies should take 
such considerations into account so that these com-
parisons can be objectively tested.   

 Dopamine involvement in obesity and BED 

 The catecholamine DA is a highly conserved neu-
rotransmitter that has been implicated in feeding 
and obesity (Volkow et   al., 2011). In the brain, DA 
is produced in specifi c neurons, which originate in 
the midbrain and project to the striatum as well as 
frontal cortex. These anatomical features of DA cir-
cuits make this neurotransmitter a very attractive 
target for studies that focus on elucidating involve-
ment of frontostriatal circuitry in obesity and BED. 
In particular, brain DA function has been impli-
cated in the regulation of cognitive processes (atten-
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tion, memory, motivation, reward), behaviour, 
physiology as well as metabolism and this diverse 
functional profi le is attributed in part to the selec-
tive regional distribution of its receptors. The D2R 
is of particular interest to obesity and BED research 
since it is densely expressed in the striatum, drugs 
that block D2R induce weight gain (Baptista, 1999) 
and D2Rs have been implicated in both obesity and 
BED (de Weijer et   al., 2011; Wang et   al., 2001, 
2011). In particular, morbidly obese individuals are 
characterized by signifi cantly lower striatal D2R 
(de Weijer et   al., 2011; Wang et   al., 2001) (Fig. 1), 
and food presentation elicits greater increases in striatal 
DA in obese BED subjects compared to non-BED 
obese controls (Wang et   al., 2011). Intriguingly, the 
increases in striatal DA in obese BED subjects were 
found to be signifi cantly correlated with binge-
eating scores (Wang et   al., 2011). In fact, similar cor-
relations have been observed in normal subjects as 
well, where increases in striatal DA correlated with 
self-reports of hunger and desire to consume food 
(Volkow et   al., 2002). Finally, subjects with genetic 
D2R mutations associated with reduced D2R signal-
ling showed decreased BOLD signal responses in 
striatum and OFC in response to imagined intake of 
food stimuli, and these responses were associated 
with future weight gain (Stice et   al., 2010). 

 These fi ndings imply that striatal DA is involved 
in the motivation to seek and consume food and 
suggest that imbalances in striatal DA signalling 
may mediate susceptibility to obesity and BED. 
Interestingly, striatal D2R in obese subjects signifi -
cantly correlated with brain metabolism in frontal 
cortical regions (Volkow et   al., 2008), which further 

implicates frontostriatal circuitry in obesity and 
 perhaps BED. Finally, striatal DA was positively 
correlated with restraint behaviour during food pre-
sentation (Volkow et   al., 2003), a fi nding which fur-
ther implicates DA-specifi c frontostriatal mechanisms 
in obesity and BED via its potential regulation of 
inhibitory control, saliency attribution and reward 
mechanisms.   

 Translational neuroimaging for assessing 
developmental contributions to frontostriatal 
impairments in obesity and BED 

 PET in children and adolescents is limited due to 
radiation exposure, and therefore PET studies to 
assess DA involvement in BED in children and ado-
lescents have not been undertaken. As DA-related 
functions on feeding and obesity observed in humans 
have been shown to occur in rodents, an alternative 
approach to understand potential involvement of 
DA in obesity and BED during childhood and ado-
lescence is the use of rodent models that partly 
refl ect the human condition. Indeed, the recent 
advent of small animal fMRI and PET scanners and 
the development of sophisticated imaging, image 
processing and analysis techniques offer a valuable 
experimental strategy to assess the role of specifi c 
molecular mechanisms in disease and behaviour 
with strong experimental control and translational 
potential (Benveniste  &  Blackband, 2006). Using 
these imaging methodologies, neural and molecular 
correlates of disease and related behaviours in 
humans can be subsequently studied using animal 

  Figure 1.     Obesity-related defi cits in striatal dopamine D2 receptors (D2R) are conserved across species: (A) representative positron 
emission tomography brain scans and (B) Bmax/Kd values of D2R binding in lean and obese humans (Wang et   al., 2001) and rats (Thanos 
et   al., 2008).  
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models where experimental factors as well as genetic 
and environmental components relevant to the 
 disease or behaviour being studied can be manipu-
lated and controlled. This type of experimental strat-
egy allows for the estimation of cause – effect 
relationships. In turn, results from animal studies 
can be translated to humans and eventually lead to 
therapeutic interventions. One particularly relevant 
feature of small animal imaging methods such as 
fMRI and PET is that these techniques are generally 
non-invasive, reproducible, and allow for longitudi-
nal assessment of regional brain activity over time 
and during discrete developmental time periods. 
This makes small animal imaging a powerful research 
tool for elucidating neural and molecular correlates 
associated with development in obesity and BED 
animal models. 

 As of now fMRI experiments in rodents (Schmidt 
et   al., 2006; Tenney et   al., 2004) have not assessed 
the effects of food stimulation on brain regional acti-
vation in the context of obesity or BED. This is 
because for fMRI studies the animals need to remain 
motionless, which requires the use of anaesthesia, 
which affects the responses to stimulus presentation 
and thus limits the ability to study cognitive pro-
cesses. Conversely, PET imaging in rodents has reca-
pitulated some of the clinical observations made in 
obese and BED populations, and for certain radiotrac-
ers such as [ 18 F]FDG (used to measure brain glu-
cose metabolism) and [ 11 C]raclopride (used to 
measure D2R binding potential) the measurements 
can be made in awake animals. One PET study done 
in genetically obese rats (leptin-receptor defi cient) 
examined the brain metabolic responses to food 
stimuli in awake rats comparing metabolism in the 
absence and in the presence of a bacon scent (Thanos 
et   al., 2008a). This study found that while bacon 
scent decreased glucose metabolism (marker of activ-
ity) in frontal cortex in both obese and lean rats, the 
decreases were signifi cantly greater in the obese 
group. This study illustrates the potential of small 
animal PET for assessing the effects of exposure to 
food stimuli on brain activity in rodent models of 
obesity including those with specifi c genetic manipu-
lations that are relevant to human obesity (i.e. leptin 
signalling). Indeed, leptin regulation of frontostriatal 
responses to food cues has been demonstrated in 
humans with fMRI (Baicy et   al., 2007; Farooqi et   al., 
2007), providing evidence that this peptide regulates 
cognitive processes associated with food perception 
and thus individuals with leptin imbalances (obese 
individuals are generally leptin-resistant) may be 
prone to such defi cits. Further evidence of the sig-
nifi cance of small animal imaging to obesity research 
are recent fi ndings reporting similar defi cits in  striatal 
D2R in obese rats as has been previously reported in 
humans. In particular, rodent PET experiments have 

replicated the decreases in striatal D2R  previously 
observed in obese humans (Wang et   al., 2001). Spe-
cifi cally, genetically obese rats scanned with [ 11 C]
raclopride showed lower striatal D2R levels com-
pared to lean controls (Thanos et   al., 2008b) (Fig. 1) 
and in a more recent study, striatal D2R levels in 
normal-weight rats predicted future measures of 
body weight (Michaelides et   al., 2012). That is, rats 
with the lowest striatal D2R levels showed the high-
est body weight 2 months later, while rats with the 
highest D2R levels showed the lowest body weight. 
These recent fi ndings suggest that striatal D2R are 
involved in body weight regulation and that inherent 
D2R defi cits contribute to increased weight gain and 
eventually obesity. In sum, the ability to study and 
model human obesity and BED in animals and to 
study these models with PET will allow for longitu-
dinal assessment of brain activity and striatal DA in 
the same animal over time and this, in turn, would 
allow one to study these models at selective develop-
mental time points and importantly, obtain molecu-
lar insight into the developmental pathophysiology 
associated with obesity and BED.   

 Conclusions 

 The fi ndings and views presented in this review are 
consistent with the notion that obesity and BED may 
arise in adolescence, in response to defi cits in fron-
tostriatal circuitry and related DA mechanisms. 
These mechanisms are involved in mediating, among 
other things, reward and self-regulatory processes. 
Interestingly, obese subjects and subjects with BED 
are also characterized by uniquely altered self-
regulatory capacity. These associations have recently 
been observed in obese/overweight adolescents, sug-
gesting that obesity and BED onset may be due to 
developmental factors. In the future, technological 
advancements that will allow the safe and sensitive 
assessment of molecular profi les in children and ado-
lescents will enable direct assessment of the contribu-
tion of DA in BED and obesity during childhood and 
adolescence. In addition, advanced genetic techniques 
will allow us to expand our understanding of how 
genes associated with obese and BED phenotypes in 
humans affect brain function throughout the various 
developmental time periods. Finally, small animal 
imaging and rodent models of obesity and BED may 
help to obtain an understanding of developmentally 
mediated factors involved in obesity and BED. 
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