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Fig. 5. DBT targets: (A) subthalamic nucleus (coronal view, yellow, labeled “STN"); (B) anterior nucleus of thalamus (3D rendering, dark blue, labeled “anterior”); (C) subgenual anterior
cingulate (medial view, region high-lighted in red); (D) nucleus accumbens (medial view, blue circle) (Wiki).

consideration (Gologorsky et al., 2011), which correlates strongly with
neurological sequelae. Despite the foregoing, DBS still has a relatively
low complication rate compared to bariatric surgery (Gorgulho et al.,
2014) and recent DBS innovations will considerably improve the safety
and accuracy of this surgery.

4.2.2. Recent DBS innovations and emerging DBS therapies

A number of innovative techniques have been proposed in image-
guided DBS, improving the functionally descriptive aspects of surgery
planning. Most groups emphasize only a small number of these tech-
niques at once, which include 1) a digital deep-brain atlas depicting
deep-brain structures in humans (D’Haese et al., 2005; Chakravarty
et al.,, 2006) and animal models such as the pig (Saikali et al., 2010);
2) a surface model, featuring shape statistics, for registering an atlas to
patient data (Patenaude et al., 2011); 3) an electrophysiological data-
base with successful target coordinates (Guo et al., 2006); 4) a model
of venous and arterial structures, identified from the combination of
Susceptibility Weighted Imaging and Time-Of-Flight angiographic mag-
netic resonance imaging (Bériault et al., 2011); 5) multi-contrast MRI
that directly delineates the basal ganglia structures through
coregistered images weighted on T1, R2* (1/T2%), and susceptibility
phase/magnitude (Xiao et al., 2012); 6) validation of deep brain therapy
through animal trials, mostly confined to rodents (Bove and Perier,
2012) but also applied to (mini)pigs (Sauleau et al., 2009a; Knight
et al., 2013); 7) computer simulation of DBS (McNeal, 1976;
Miocinovic et al., 2006), using a finite element model of voltage distri-
bution of the stimulating electrode as well as an anatomical model of
the stimulated neural tissue; and 8) connectomic surgery planning for
DBS (Henderson, 2012; Lambert et al., 2012), where patient-specific

white matter tracts identified from diffusion tensor/spectrum imaging
(DTI/DSI) are exploited for effective targeting.

The above technologies relate to preoperative planning; Meanwhile,
very little effort has been devoted to intraoperative accuracy. The main
exception is intraoperative MRI (ioMRI)-guided DBS, which was pro-
posed in Starr et al. (2010), using an MRI-compatible frame. Another
recent intraoperative development is closed-loop deep-brain therapy de-
livery, based on electrical or neurochemical feedback (Rosin et al., 2011;
Chang et al., 2013).

Last, highly selective therapies have been proposed for the treat-
ment of epilepsy, which target mutated genes that modulate ion chan-
nels (Pathan et al.,, 2010).

Therapies that address molecular pathways specific to PD (LeWitt
etal, 2011), and TRD (Alexander et al., 2010) are also being developed.
In this kind of deep-brain therapy, the electrical stimulation is replaced
by the infusion of substances that modulate the neurotransmission
locally.

4.2.3. Applicability of DBS in the context of obesity and eating disorders

4.2.3.1. The effects of DBS on eating behavior and body weight. In a compre-
hensive review, McClelland et al. (2013a) presented evidence from
human and animal studies on the effects of neuromodulation on eating
behavior and body weight. Four studies observed clinical improvements
and weight gain in patients with anorexia nervosa (AN) treated with
DBS (in the Cg25, Nac, or ventral capsule/striatum - VC/VS) (Israel et al.,
2010; Lipsman et al., 2013; McLaughlin et al., 2013; Wu et al., 2013); a sin-
gle case report showed a significant weight loss in a DBS-treated patient
suffering from obsessive-compulsive disorders (Mantione et al., 2010);
and eleven studies reported either over-eating and/or increases in
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cravings, weight gain and BMI following DBS of the STN and/or globus
pallidus — GP (Macia et al., 2004; Tuite et al., 2005; Montaurier et al.,
2007; Novakova et al., 2007; Bannier et al., 2009; Sauleau et al., 2009b;
Walker et al., 2009; Strowd et al., 2010; Locke et al., 2011; Novakova
et al,, 2011; Zahodne et al., 2011). In patients treated for PD, we can as-
sume that the decrease in motor activity, and thus in energy expenditure,
might explain part of the increased weight gain, even though Amami et al.
(2014) recently suggested that compulsive eating may be specifically re-
lated to STN stimulation.

Amongst the 18 animal studies (mainly rats) assessing food intake
and weight further DBS (McClelland et al.,, 2013a), only two stimulated
the Nac or dorsal striatum, while the others focused on the lateral (LHA)
or ventromedial (vmH) hypothalamus. Halpern et al. (2013) showed
that DBS of Nac can reduce binge eating, while van der Plasse et al.
(2012) interestingly revealed different effects on sugar motivation and
food intake according to the sub-area of Nac stimulated (core, lateral
or medial shell). LHA stimulation mostly induced food intake and
weight gain (Delgado and Anand, 1953; Mogenson, 1971; Stephan
et al.,, 1971; Schallert, 1977; Halperin et al., 1983), even though Sani
et al. (2007) showed a decreased weight gain in rats. vmH stimulation
decreased food intake and/or weight gain in most cases (Brown et al.,
1984; Stenger et al., 1991; Bielajew et al., 1994; Ruffin and Nicolaidis,
1999; Lehmkubhle et al., 2010), but two studies showed increased food
intake (Lacan et al.,, 2008; Torres et al., 2011).

Tomycz et al. (2012) published the theoretical foundations and de-
sign of the first human pilot study aimed at using DBS to combat obesity
specifically. Preliminary results from this study (Whiting et al., 2013) in-
dicate that DBS of the LHA may be applied safely to humans with intrac-
table obesity, and induce some weight loss under metabolically optimized
settings. Two clinical trials on DBS for AN are also in progress according to
Gorgulho et al. (2014), which demonstrate that DBS is a hot topic and
promising alternative strategy to combat obesity and eating disorders.

4.2.3.2. What the future has to offer. Most of the DBS studies aimed at
modifying eating behavior or body weight in animal models were per-
formed one to several decades ago, and almost exclusively focused on
the hypothalamus, which plays a pivotal role in homeostatic regula-
tions. The explosion of functional brain imaging studies and the descrip-
tion of brain anomalies in the reward and dopaminergic circuits of
subjects suffering from obesity or eating disorders show that hedonic
regulations are of the utmost importance for food intake control.

The most effective treatment against obesity remains bariatric sur-
gery, and especially the gastric bypass surgery. We have a lot to learn
from the effectiveness of this treatment in terms of brain mechanisms
and potential targets for DBS, and recent studies managed to describe
the surgery-induced remodeling of brain responses to food reward,
hunger or satiety (Geliebter, 2013; Frank et al., 2014; Scholtz et al.,
2014). The Nac and PFC are part of the brain areas impacted. Knight
et al. (2013) showed in pigs that DBS of the Nac can modulate the activ-
ity of psychiatrically important brain areas, such as the PFC, for which
anomalies were described in obese humans (Le et al., 2006; Volkow
et al,, 2008) and minipigs (Val-Laillet et al., 2011). All the DBS improve-
ments described beforehand will help targeting the best structures and
coping with brain shift, and large animal models such as the minipig are
an asset in perfecting surgical strategies.

Basal nuclei have a complex ‘somatotopy’ (Choi et al., 2012), and DA
spatial and temporal release involves distinct neural microcircuits with-
in subregions of these nuclei (Besson et al., 2010; Bassareo et al., 2011;
Saddoris et al., 2013), which means that small errors in terms of
targeting can have dramatic consequences in terms of neural networks
and neurotransmission processes impacted. Once this challenge will be
achieved, highly innovative deep-brain therapies could target some
functions of the dopaminergic system for example, which is altered in
patients suffering from obesity (Wang et al., 2002; Volkow et al.,
2008) and animal models of addictive-like cravings or bingeing
(Avena et al., 2006; Avena et al., 2008), with the aim of normalizing

the functional processes of the DA system (as in Parkinson’s for the
motor disorders). Even though findings relating obesity and DA abnor-
malities appear sometimes inconsistent, it is probably because incorrect
interpretations or comparisons have been done. Most of the discrepan-
cies in the DA literature arose because different pathological stages (dif-
ferent degrees of obesity with different comorbidities, reward deficit vs.
surfeit phenotypes), brain processes (basal activity vs. response to food
stimuli), or cognitive processes (liking vs. wanting, occasional vs.
habitual consumption) were compared. Before proposing a DBS strate-
gy, there is a need for phenotyping patients in terms of neural circuits/
functions impacted. For example, the individual reward sensitivity phe-
notype may determine the treatment target in terms of goal brain
change (i.e. increased/decreased DA regions responsivity for deficit vs.
surfeit phenotypes, respectively). In other patients for whom there is
no alteration of the reward circuit but rather neural abnormalities in
metabolic centers (such as the hypothalamus), the DBS strategy might
be completely different (e.g. modulate the LHA or vMH activity in AN
or obese patients to stimulate or decrease food intake, respectively).

Real-time fMRI neurofeedback combined with cognitive therapy (cf.
Section 3.1) might also be used for closed-loop DBS therapy. Even
though it has never been tested in our knowledge, the efficacy of
targeting specific nuclei for DBS might be validated through its ability
to improve real-time brain and cognitive processes related to self-
control over highly palatable food stimuli (Mantione et al., 2014). This
approach might be used to finely tune the DBS parameters and location
to maximize its impact on specific cognitive tasks or processes (e.g. self-
control over palatable foods).

Overall, these data offer a large field of research and developments
to improve DBS surgery and make it, one day, a safer, flexible and re-
versible alternative to classical bariatric surgery.

5. General discussion and conclusions: the brain at the core of
research, prevention and therapy in the context of obesity and
eating disorders

As described in this review, neuroimaging and neuromodulation ap-
proaches are emergent and promising tools to explore the neural vul-
nerability factors and obesity-related brain anomalies, and eventually
to provide innovative therapeutic strategies to combat obesity and ED.
The different sections of this review article can raise several questions
in terms of implementation of these tools in fundamental research, pre-
vention programs and therapeutic plans. How can these new technolo-
gies and exploratory approaches find a place within the current medical
workflow, from prevention to treatment? What are the requisites for
their implementation, for which added value in comparison to existing
solutions, and where could they slot into the current therapeutic plan?
To answer these questions, we propose to initiate three debates that will
inevitably need further work and reflection. First, we will discuss the
possibility to identify new biological markers of key brain functions.
Second, we will highlight the potential role of neuroimaging and
neuromodulation in individualized medicine to improve the clinical path-
ways and strategies. Third, we will introduce the ethical questions that are
unavoidably concomitant to the emergence of new neuromodulation
therapies in humans.

5.1. Towards new biological markers?

“It is far more important to know what person the disease has than
what disease the person has.” This quote from Hippocrates bears the
quintessence of preventive medicine. Indeed, reliable prediction and ef-
ficient prevention are the ultimate objective in public health. Similarly,
accurate diagnosis, prognosis and treatment are mandatory for a good
medical practice. But all of these cannot be reached without a good
knowledge of the healthy and ill (or at risk) individual phenotypes,
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which can be achieved through the description and validation of consis-
tent biological markers.

Psychiatric studies extensively described the symptomology as well
as the environmental and behavioral risk factors underlying ED, while
obesity has been described through the lenses of multiple disciplines
as a multifactorial disease with a complex etiology. Despite all of this
knowledge, accurate biomarkers or clinical criteria are still lacking and
obsolete indices (such as BMI) are still used all over the world to define
and categorize patients. Yet, as reminded by Denis and Hamilton
(2013), many persons classified as obese (BMI > 30) are healthy and
should not be treated and categorized as diseased. On the contrary, sub-
jects that are not considered at risk with classical clinical criteria might
show a real vulnerability with more accurate markers, as described for
the TOFI sub-phenotype (i.e. thin-on-the-outside, fat-on-the-inside),
characterizing individuals at increased metabolic risk with normal
body mass, BMI and waist circumference, but with abdominal adiposity
and ectopic fat that MRI and MRS phenotyping can help to diagnose
(Thomas et al,, 2012). In the context of neuroimaging, neural vulnerabil-
ity factors could help predicting a risk for further weight gain or suscep-
tibility to contract a contentious relationship with food, as described in
Burger and Stice (2014). For obvious practical and economical reasons,
this approach could not be used for a systematic screening, but might
be proposed to subjects that are particularly at risk, because of an unfa-
vorable genetic or environmental ground. Since plasmatic gut-brain
obesity-associated biomarkers were found to be associated with
neurocognitive skills (Miller et al., 2015), their detection could advocate
the collection of further functional biomarkers at the brain level and
contribute to a step-by-step diagnosis. Identifying neural risk factors
in people at risk, preferably in the young age, might guide further inter-
ventions (e.g. cognitive therapy) for pre-symptomatic treatment of
obesity or eating disorders. For example, reward sensitivity phenotype
may dictate the treatment target in terms of goal brain change (i.e.
increased/decreased reward regions responsivity for deficit vs. surfeit
phenotypes, respectively). Another example is the case of patients pre-
senting symptoms that are common to different diseases and for which
specific explorations are required. Some gastrointestinal diseases com-
monly mimic the presentation of eating disorders, which incites the cli-
nician to consider a broad differential diagnosis when evaluating a
patient for an eating disorder (Bern and O’Brien, 2013). New neuropsy-
chiatric markers would consequently help diagnosis and should be
added to the battery of decision criteria available.

Omics approaches, referring to innovative technology platforms such
as genetics, genomics, proteomics, and metabolomics, can provide exten-
sive data of which the computation might lead to the formulation of new
biomarkers for prediction and diagnosis (Katsareli and Dedoussis, 2014;
Cox et al,, 2015; van Dijk et al., 2015). But the integration between
omics and imaging technologies should potentiate the definition of
these biomarkers, through the identification of organ-specific (notably
brain-specific) metabolisms and culprits associated with diseases
(Hannukainen et al.,, 2014). As described in the first section of this re-
view, neural vulnerability factors could appear before the onset of ED
or weight problems, highlighting the possible existence of subliminal
predictors that brain imaging only might reveal.

Radiomics is a new discipline referring to the extraction and analysis
of large amounts of advanced quantitative imaging features with high
throughput from medical images obtained with computed tomography,
PET, or structural and functional MRI (Kumar et al., 2012; Lambin et al.,
2012). Radiomics has been initially developed to decode tumor pheno-
types (Aerts et al,, 2014), including brain tumors (Coquery et al., 2014),
but could be applied to other medical fields than oncology, such as eat-
ing disorders and obesity. As reminded in Section 2.2, the combination
of imaging modalities holds potential for future studies to decipher
the neuropathological mechanisms of a disease or disorder. Radiomics
(or neuromics when applied to brain imaging) could merge in the
same individual some information about brain activity and cognitive
processes (via fMRI, fNIRS, PET or SPECT) (see Section 2.1), availability

of neurotransmitters, transporters or receptors (via PET or SPECT) (see
Section 2.2), focal differences in brain anatomy (via voxel-based mor-
phometry — VBM) or connectivity (via diffusor tensor imaging - DTI)
(Karlsson et al., 2013; Shott et al., 2015), brain inflammatory status
(via PET or MRI) (Cazettes et al., 2011; Amhaoul et al., 2014), etc. On
the basis of these multimodal information, neuromics could further
generate synthetic brain mapping to provide an integrative/holistic in-
sight on brain anomalies associated with loss of food intake control or
ED. Moreover, this combination of neurological information might
help clarifying some discrepancies between studies, or apparent incon-
sistent findings such as those highlighted in the literature relating BMI
and DA signaling for example. Indeed, these discrepancies might de-
pend on the interpretation of studies that have looked at different as-
pects of dopamine signaling, or that compared processes (associated
to cognitive functions) that were not comparable.

These biomarkers could be used to phenotype patients with a diag-
nosis of obesity and/or ED, as well as establish prognosis further specific
interventions. They could also be used in prevention programs to iden-
tify subjects with neural vulnerability factors and provide some recom-
mendations to prevent the onset of behavioral and health problems. In
terms of therapy, radiomics/neuromics might also be used before
selecting brain target(s) for neuromodulation, because the information
gathered through this method might help predicting the consequences
of neurostimulation on the activation of neural networks or the modu-
lation of neurotransmission.

5.2. Neuroimaging and neuromodulation in the scope of personalized
medicine

Personalized (or individualized) medicine is a medical model that
proposes the customization of healthcare using all clinical, genetic and
environmental information available, with medical decisions, practices,
and/or products being tailored to the individual patient. As reminded by
Cortese (2007), individualized medicine is in a pivotal position in the
evolution of national and global health care in the 21st century, and
this assertion is particularly true for nutritional disorders and diseases,
given the societal and economical burden that obesity represents in
the world for example, as well as the complexity and diversity of
obese phenotypes (Blundell and Cooling, 2000; Pajunen et al., 2011).
Advances in computational power and medical imaging are paving the
way for personalized medical treatments that consider a patient’s
genetic, anatomical, and physiological characteristics. In addition to
these criteria, cognitive measurements related to eating behavior (see
Gibbons et al., 2014 for a review) should be used in conjunction with
brain imaging because linking imaging data with cognitive processes
(or biological measures) can potentiate the analysis and discrimination
power.

Once the patient and the disease are well portrayed, the question of
the best suitable therapy arises. Of course, individual history (and notably,
previously unsuccessful therapeutic attempts) is particularly important.
There is a graduation in both the severity of the disease and the degree
of invasiveness of treatments available (Fig. 6A). Obviously, basic require-
ments for a healthy lifestyle (i.e. balanced diet, minimal physical activity,
good sleep and social life, etc.) are sometimes difficult to achieve for many
people, and never sufficient for those who went beyond a particular
threshold in the disease progression. The classical therapeutic treatment
plan then includes psychological and nutritional interventions, pharma-
cological treatments and, in pharmacorefractory patients, the logical
next step is bariatric surgery (for morbid obesity) or hospitalization (for
severe eating disorders). All the neuroimaging and neuromodulation
strategies presented in this review can slot into the possible therapeutic
plan at different levels, therefore at different stages of a disease, from
identification of neural vulnerability traits to treatment of severe forms
of the disease (Fig. 6A). Moreover, as illustrated in Fig. 6B, all the
neuromodulation approaches presented do not target the same brain
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Fig. 6. Schematic representation showing how potential neurotherapeutic strategies could be included in the therapeutic treatment plan for patients suffering from obesity and/or eating
disorders. (A) Simplified therapeutic treatment plan categorizing the different options according to the degree of severity of the patient’s condition (BMI, comorbidities, etc.) and/or the
degree of invasiveness of the interventions (in green: prevention programs and basic behavioral requirements for a healthy lifestyle; in blue: minimally invasive interventions; in red:
invasive interventions requiring surgery/anesthesia). In the dotted box are indicated the therapeutic options discussed in the review. (B) Potential neurotherapeutic strategies against obe-
sity and/or eating disorders, which target specific brain areas or complete neural networks regulating food intake, reward, attention, and homeostasis. (C) Examples of criteria analysis for
the assessment of therapeutic options for an individual patient. Acceptability (pre- or post-intervention) of the therapy is patient-dependent. Some criteria are therapy-dependent, such as
the invasiveness, technical nature, reversibility, and cost. The efficacy and adaptability of the therapy depend on the interaction between patient and therapy, and can be estimated upon
data from a characterized clinical population. Adequation between therapy and patient is conditioned by all the aforementioned criteria, but also by external factors such as the social en-
vironment, the geographical/temporal availability of therapy, and the healthcare system the patient depends on. On the schematic three hypothetical intervention strategies to treat obe-
sity in a lambda patient, e.g. a diet (in green), a minimally invasive therapy (in blue), and an invasive therapy (red) are represented. (D) In the context of individualized medicine, the
absolute requirement is a good phenotyping of the clinical populations and individual patients, but also a good knowledge of the population/individual health trajectories. According
to the type of disease/disorder, the individual history, and the degree of severity of the patient’s condition, different therapeutic options can be considered. But within a given clinical pop-
ulation (e.g. morbidly obese), different phenotypes can exist and condition the choice of the treatment. Neuroimaging can help identifying neural vulnerability factors and markers,
selecting the best treatment option, and shaping therapeutic strategies (e.g. rtfMRI neurofeedback or brain target identification for neuromodulation protocols).

structures or networks. The PFC, which is the primary target for transcra-
nial neuromodulation strategies (e.g. TMS and tDCS), sends inhibitory
projections to the orexigenic network but also has a major role in mood,
food stimuli valuation, decision-making processes, etc. While rtfMRI
neurofeedback could target virtually any moderate-sized brain region,
existing studies mainly focused on the PFC, the ventral striatum, but
also the cingulate cortex, which is very important for attentional process-
es. Lastly, in the context of nutritional disorders, DBS itself can target very
different deep-brain structures, such as reward or homeostatic regions
(Fig. 6B). As a consequence, the choice of a neuromodulation strategy
cannot rest on a single criterion (e.g. balance between the severity of dis-
ease — e.g. high BMI with comorbidities — and the invasiveness of thera-
py), but on multiple assessment criteria, of which some of these are
directly related to the patient’s phenotype and some others to the interac-
tion between patient and therapeutic option (Fig. 6C). For some obese pa-
tients, stimulating the hypothalamus via DBS for example might be
ineffective or counterproductive if their condition takes its roots in

anomalies of the brain reward circuit. There is consequently a great
danger (the least being wasting time and money, the worst being
worsening the patient’s condition) in testing neuromodulation in
patients before knowing which regulation process to target — and
if the patient indeed develops iatrogenic neurobehavioral anoma-
lies related to this process.

In the future, computational brain network models should play a
major role in integrating, reconstructing, computing, simulating and
predicting structural and functional brain data from various imaging
modalities, from individual subjects to entire clinical populations. Such
models could integrate functionalities for the reconstruction of structur-
al connectivity from tractographic data, the simulation of neural mass
models connected by realistic parameters, the computation of individu-
alized measurements used in human brain imaging and their web-
based 3D scientific visualization (e.g. The Virtual Brain, Jirsa et al.,
2010), leading eventually to pre-operative modeling and predictions
in the field of therapeutic neuromodulation.
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5.3. Ethics related to novel diagnostic and therapeutic tools

As described in this paper, the battle against obesity and eating dis-
orders has given rise to many new interdisciplinary developments.
Novel less invasive treatments (in comparison to classical bariatric sur-
gery for example) are within scrutiny in research and clinics. However, a
sound critical attitude towards these novel techniques should be main-
tained especially before their clinical application. As reminded in
Section 3.2, even minimally invasive neuromodulation techniques are
not playthings (Bikson et al., 2013), and can have neuropsychological
consequences that are not anodyne. Due to our current inability to un-
derstand the intricacies of brain modulations and their consequences
on cognitive processes, eating behavior and body functions, it is crucial
to remember another Hippocrates” aphorism: “first do no harm”. Fur-
ther preclinical studies in relevant animal models (e.g. pig models,
Sauleau et al.,, 2009a; Clouard et al., 2012; Ochoa et al., 2015) are thus
mandatory, along with extensive brain imaging programs to reveal
the individual phenotypes and histories (Fig. 6D) that could shape pre-
vention programs and possibly justify the use of neuromodulation
therapy.

To be implemented in the therapeutic treatment plan against obesi-
ty and eating disorders, neuromodulation strategies must have higher
assessment scores than classical options, and this assessment must inte-
grate various criteria such as acceptability, invasiveness, technical na-
ture (i.e. technologies and skills required), reversibility, cost, efficacy,
adaptability and finally, adequation with the patient (Fig. 6C). The
main advantages of neuromodulation approaches in comparison to
classical bariatric surgery are: minimal invasiveness (e.g. DBS does not
systematically require general anesthesia and leads to less comorbidi-
ties than a gastric by-pass), high reversibility (neuromodulation can
be stopped immediately if problematic — even though insertion of
deep-brain electrodes can induce residual lesions throughout the de-
scent), adaptability/flexibility (brain target and/or stimulation parame-
ters can be easily and quickly modified). But these advantages are not
sufficient. The cost/advantage balance of each approach must be studied
accurately, and the efficiency (cross between efficacy and level of
investment, i.e. time, money, energy) of the alternative technique in im-
proving life expectancy must compete with that of classical techniques.
Minimally invasive and less costly neuroimaging and neuromodulation
methods must receive a particular interest because they will permit a
more important and widespread penetration in healthcare systems
and populations. We gave the example of fNIRS and tDCS as non-
invasive, relatively cheap and portable technologies, in comparison to
other imaging and neuromodulation modalities that are costly, depen-
dent on high-tech infrastructures, and consequently not readily avail-
able. Also, it is important to remind that, in the case of bariatric
surgery, the aim is not to lose the most weight possible but to limit mor-
tality and comorbidities associated with obesity. Some therapeutic
options might be less effective than classical bariatric surgery to lose
weight quickly but could be as efficient (or even better) to improve
health on the long term, which means that the success criteria of (pre)-
clinical trials should sometimes be revised or augmented with criteria
related to the improvement of neurocognitive processes and control be-
havior, rather than mere weight loss (which is very often the case).

Once again, a lot of obese people are satisfied with their own lives/
conditions (sometimes wrongfully) and some obese are indeed
completely healthy. As a matter of fact, recent sociological phenomena,
especially in North America, led for example to the emergence of fat
acceptance movements (Kirkland, 2008). Such a phenomenon is far
from being anecdotic or minor in terms of sociological impact on politics
and healthcare systems, because it focuses on civil rights consciousness,
freewill and discrimination, i.e. questions that affect directly a lot of peo-
ple (in the USA, two thirds of the population is overweight, one third is
obese). First, some people might perceive neuroimaging-based preven-
tion and diagnosis as stigmatizing tools, which necessitates to focus sci-
entific communication on the main objectives of this approach, i.e.

improving vulnerability detection and healthcare solutions. Second,
whatever the method employed, artificially modifying brain activity is
not trivial, because the intervention can modify conscious and uncon-
scious functions, self-control, and decision-making processes, which is
very different than aiming at correcting motor functions such as for
DBS and Parkinson’s disease. Soda taxes and other dissuasive measures
to fight obesity are usually unpopular and reproved, because it is some-
times perceived as paternalism and an affront against freewill (Parmet,
2014). But let’s think about neuromodulation: Instead of increasing the
monetary value of palatable foods, the aim of neuromodulation is to de-
crease the hedonic value people attribute to these foods, within their
brain. We must foresee that a technology that could change or correct
mental processes will inexorably hatch a serious debate on bioethics,
similarly to cloning, stem cells, genetically modified organisms, and
gene therapy. Scientists, sociologists and bioethicists must be ready to
address these questions because new exploratory tools and therapies
cannot find their place without being accepted at every level of the so-
ciety, i.e. individual patient, medical authorities, politics, and public
opinion. Even if the decision to be subjected to a particular therapy be-
longs to the patient, individual decisions are always influenced by ideas
that are conveyed at all levels of society, and medical authorities must
approve all therapies. In a recent paper, Petersen (2013) stated that
the rapid development of the life sciences and related technologies (in-
cluding neuroimaging) has underlined the limitations of bioethics’ per-
spectives and reasoning for addressing emergent normative questions.
The author pleads in favor of a normative sociology of bio-knowledge
that could benefit from the principles of justice, beneficence and
nonmaleficence, as well as on the concept of human rights (Petersen,
2013). Even if some approaches are not biologically invasive, they can
be psychologically and philosophically invasive.

5.4. Conclusion

The technologies and ideas presented in this paper rejoin the state-
ment and conclusions of Schmidt and Campbell (2013), i.e. treatment
of eating disorders and obesity cannot remain ‘brainless’. A biomarker
approach combining genetic, neuroimaging, cognitive and other biolog-
ical measures will facilitate development of early effective precision
treatments (Insel, 2009; Insel et al., 2013), and serve individualized
prevention and medicine. Even though recent scientific discoveries
and innovative technology breakthrough pave the way to new medical
applications, our knowledge of the neuropsychological mechanisms
governing eating behavior and favoring the emergence of a disease is
still embryonic. Fundamental research in animal models and rigorous
bioethics approach are consequently mandatory for a good translational
science in this field.
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