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Introduction

Obesity stands for extreme overweight,
which is indicated by an amount of body
fat that exceeds the normal range. Ac-
cording to the World Health Organisation
(WHO), humans with a body mass index
(BMI) over 30 kg/m? are defined as obese.
Obesity may cause and promote the de-
velopment of, e.g. cardiovascular diseas-
es, high blood pressure, diabetes mellitus
type 2 and, moreover, it increases the odds
ratio of various forms of cancer or demen-
tia. In a representative study from 2008-
2011 they found out that almost 1/4 of all
adult Germans are obese (male 23.3%, fe-
male 23.9%). A positive energy balance is
the main cause for obesity, i.e. more ener-
gy is consumed than is expended, e.g. by
physical exercise. However, the cause for
the increase in obesity rates in industrial-
ized cultures cannot be traced back exclu-
sively to the changed environment which
offers an excessive supply of high-ener-
gy food and does not necessarily promote
physical activity. Individual differences in
the development of body weight should
not be underestimated. Thus, the inter-
action between individual behaviour and
environmental changes might be a reason
for obesity. In this context, it is important
to investigate the role of our brain since it
controls our behaviour. Do the brains of
obese and lean people react differently to
food stimuli in the environment? Do they
interpret hunger differently? Are there
main differences in brain regions that are
responsible for the inhibitory control of
behaviour?
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The brain’s role in
human obesity

Latest neuroscientific research focus-
es more and more on the exact role of
our brain in the development and main-
tenance of obesity. In Leipzig, a group of
neurobiologists, psychologists, medical
and computer scientists are investigating
this topic together as part of the Integrated
Research and Treatment Center Adipos-
ityDiseases (IFB AdipositasErkrankun-
gen) in cooperation with the Department
of Neurology at the Max Planck Institute
for Cognitive and Brain Sciences (http://
www.ifb-adipositas.de, http://www.sfb-
1052.de). Amongst others, non-invasive
neuroimaging methods such as magnetic
resonance imaging (MRI) are used in or-
der to observe human brain structure and
function.

Homeostatic and hedonic system

The central nervous regulation of energy
balance, i.e. the sum of consumed and ex-
pended energy, is a complex interplay of
various factors. Basically, two main sys-
tems can be described in the brain, which
are interdependent: the homeostatic sys-
tem is regulated by the hormone level
rather unconsciously. Hormones which
are produced e.g. in the digestive organs or
the fat tissue send information via the hy-
pothalamus to the brain and, hence, mod-
ulate its activity in different regions and
networks in order to start or respectively
end ingestion. The hormone leptin for in-
stance is able to directly modify the activ-
ity of the reward system in our brain.

In the hedonic system food intake is
controlled mostly by evaluating the sen-
sory attributes of food or the consequenc-

es of its consumption. Both systems are
evolutionary old systems and are not ex-
clusive to humans. Considerable parts
of the brain react to food, its sensory
qualities, for example appearance, taste
and odour, or even its associated stimu-
li (B Fig. 1, [4]). Thereby, different brain
regions adopt varied functions (B Tab. 1):
the sensory cortices such as the visual cor-
tex in the occipital lobe, the gustatory one
in the frontal operculum or the olfacto-
ry cortex in the posterior orbitofrontal
cortex code modality-specific sensory
characteristics. Whereas the orbitofron-
tal cortex mostly assumes the cross-mo-
dality subjective evaluation of food stim-
uli, the anterior insular cortex incorpo-
rates interoceptive signals with a subjec-
tive value of a stimulus and, thus, gener-
ates motivation. The reward system in the
basal ganglia (nucleus accumbens, stria-
tum) indicates the subjective reward val-
ue of the expected or actually consumed
food. The amygdala presumably serves as
saliency marker, which provides not on-
ly affective attributes to a certain stimu-
lus but also manages the interconnection
between eating behaviour and emotional
conditions.

Eating is essential for every organism;
as a matter of fact, it is often even more
important than reproduction. Conse-
quently, complex and extraordinarily ef-
fective mechanisms developed on the lev-
el of the brain to ensure sufficient ener-
gy intake. They ascertain that high-ener-
gy nutrition is preferred and, moreover,
perceived as pleasant. From an evolution-
ary point of view, excessive food intake
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Fig. 1 A Areas of the Human Brain Activated in Response to Palatable Food or Food-Associated Cues
[4]. The orbitofrontal cortex and amygdala are thought to encode information related to the reward
value of food. The insula processes information related to the taste of food and its hedonic valuation.
The nucleus accumbens and dorsal striatum, which receive dopaminergic input from the ventral teg-
mental area and substantia nigra, regulate the motivational and incentive properties of food. The lat-
eral hypothalamus may regulate rewarding responses to palatable food and drive food-seeking be-
haviours. These brain structures act in a concerted manner to regulate learning about the hedonic
properties of food, shifting attention and effort toward obtaining food rewards and regulating the in-
centive value of environmental stimuli that predict availability of food rewards. For the sake of clarity,
not all interconnections between these structures are shown. (Modified with kind permission from [4])

appears unperilous and is therefore not
strictly regulated.

Function of food as
natural reinforcer

Since food intake is of essential signifi-
cance for the organism, a natural rein-
forcement system has developed in fa-
vour of consuming physiologically valu-
able food. We identify the taste of sug-
ary or fatty food with high caloric densi-
ty as agreeable and the reward system of
our brain sends corresponding signals.
Hence, the connection between the sen-
sory and associative characteristics of the
food product and expected reward will be
intensified. This functionality is probably
mediated largely by the neurotransmit-
ter dopamine, which is as relevant in both
subcortical and cortical structures.

For some people, in fact, this system
risks an undesirable side effect: intensi-
fication proves to be too strong in some
cases and addiction-like behaviour may
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follow. Analogous to addiction research,
it is assumed that obese persons devel-
op an insufficient reward response while
consuming food, which they compensate
by eating more. This hypothesis was test-
ed and confirmed by several studies using
functional magnetic resonance imaging
(fMRI). Here, scientists provided evidence
that the striatum, i.e. the reward system,
of subjects with a higher BMI respond-
ed less to a palatable milk shake. This ef-
fect seems to be a consequence rather than
the cause for obesity. By means of fMRI
response in the striatum, an increase of
weight could be predicted after 1 year:
the lesser the response in the dorsal stria-
tum, the more weight the subjects gained
[9]. However, a correlation between risk
and response in the reward system could
not be discovered in a study population of
subjects with a higher risk of obesity due
to parental obesity.

Neuroscientific results

MRI provides different measures with
which brain structure and function can be
investigated. T1-weighted images are the
basis for volumetric measurements such
as voxel-based morphometry (VBM, a
voxel is a three-dimensional pixel) where
volume and density of the brain can be
quantified and analysed for each compart-
ment separately (grey matter, white mat-
ter, intracranial volume).

Some cross-sectional studies revealed
that obese subjects consistently show less
volume of the total brain in comparison to
lean or overweight subjects. Additionally,
white matter volume of obese compared
to overweight subjects was decreased. In
contrast to women, men were observed to
show a negative correlation between BMI
and the ratio of grey matter to the total in-
tracranial volume.

Studies that investigated the relation of
local structures of grey matter and obesity
by means of VBM have not yet produced
consistent results. This might originate in
the vast variance of the age spectrum on
the one hand and the varying percentage
of women and men within the popula-
tions under study on the other.

Compared to lean participants, obese
subjects displayed a significantly reduced
density of grey matter in brain regions that
play an important role in the regulation
and perception of taste (gyrus postcen-
tralis, frontal operculum), supporting the
control of habitual behaviour (striatum,
more precisely putamen) and the cogni-
tive control of inhibitory behaviour (DLP-
FC). Another study revealed that a general
atrophy of the frontal cortex, the anterior
cingulum, the hippocampus as well as the
thalamus could be observed in obese par-
ticipants in comparison to lean subjects.

In recent years, several studies provid-
ed evidence that the gender of subjects is
an important factor when investigating
the relation between the brain and obe-
sity. A Japanese study could not prove a
reliable association between brain struc-
ture and obesity in women. Yet for male
subjects, local grey matter volume of both
hippocampi and the precuneus—regions
that are responsible for encoding and re-
trieving memories—correlated negative-
ly with the BMI. On the contrary, the vol-



ume of the inferior frontal gyri, the thala-
mus and the caudate nucleus interact pos-
itively with the BMI. The subjects were
between 12 and 81 years old. Comorbidi-
ties of obesity such as diabetes type II oc-
cur more often the older the subjects are.
Therefore, we investigated younger adults
and their obesity-dependent changes of
brain structure [2]. As measures of corre-
lation for obesity we used BMI on the one
hand and the level of leptin on the oth-
er. Leptin is a hormone that is secreted
proportionally to the amount of body fat
and, hence, is suitable as a good measure
of fat percentage in body weight. In both
genders structural changes were observed
to be proportional to obesity markers in
brain regions which code the individual
value of food [nucleus accumbens, orbi-
tofrontal cortex (OFC)] and in the hypo-
thalamus that controls the energy balance
of the body (8 Fig. 2, top). Both results
might explain an eating behaviour where
hedonically motivated food consumption
exceeds the homeostatic benefit. Howev-
er, the causal relation between these neu-
roscientific results and eating behaviour
is still not clarified. In female subjects, we
found in addition complementary obesi-
ty-dependent changes of the brain struc-
ture in the dorsal striatum (B Fig. 2, bot-
tom) and in the dorsolateral prefrontal
cortex (DLPFC). These areas mediate ha-
bitual behaviour (striatum) on the one
hand and goal-directed behaviour (DLP-
FC) on the other.

The relevance of these changes in the
brain structure was proven by other stud-
ies lately: one study showed that a reduced
volume in the dIPFC was associated with
an increase in weight within 1 year. An-
other study gave evidence that people who
were on a diet just then displayed a high-
er activity in these brain regions when
they made decisions about the consump-
tion of food [1]. This could mean that a
reduced volume of brain regions which
are involved in inhibitory cognitive con-
trol correlate with a perspective increase
in weight.

Diffusion tensor imaging (DTT) mea-
sures the diffusivity of water molecules
in brain tissues. It has proven extremely
beneficial in observing the architecture
and integrity of the brain’s white matter.
Due to the fact that cell membranes and

the myelin sheath of the neurons form a
natural barrier, the diffusivity orthogonal
to the direction of the fibres (radial diffu-
sivity) is lower than that along the fibres
(axial diffusivity). The fractional anisotro-
py (FA) serves as an index which quanti-
fies the imbalance between the different
diffusivities and is a sensitive marker for
changes in the microstructure of white
matter.

In two independent cohorts, a simi-
lar negative correlation between BMI and
diffusion parameters in the corpus cal-
losum and particularly in the area of the
splenium was observed [6, 8] which ar-
gues for a stable effect. Again, the gen-
der of the subjects played a crucial role:
one study showed that the effect on wom-
en was much larger than in men. In addi-
tion, there seems to be an interaction be-
tween the effects of obesity and aging pro-
cesses on the microstructure of white mat-
ter: aging processes reinforce the observed
obesity-dependent effects further.

A possible connection between the
integrity of brain structure and obesity-
typical metabolic disorders was suggest-
ed lately: adolescents with metabolic syn-
drome had smaller hippocampi, smaller
total brain sizes and reduced microstruc-
tural integrity in the major fibre tracts of
white matter, dependent on the severity of
their syndrome. Voxel-based correlations
between the participants’ cholesterol pro-
files and the FA of their brains resulted
in a negative dependence in both frontal
cortices. That could mean that the results
of the aforementioned studies might also
be attributed to an abnormal cholesterol
profile. The concentration of fibrinogen,
an inflammatory marker, is normally in-
creased in overweight and obese subjects
in comparison to lean subjects with the
same age and gender distribution. In cor-
relating this with the volume of the grey
matter, a negative relation between fibrin-
ogen and the orbitofrontal cortex became
apparent. In the same group of partici-
pants, a positive association between the
concentration of fibrinogen and the diffu-
sivity of grey matter of the amygdala and
the parietal lobe was observed. These da-
ta support the interpretation that the neu-
roanatomical results may originate partly
in obesity-related inflammation or meta-
bolic abnormalities.
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Abstract

The most common cause for obesity is a posi-
tive energy balance, i.e. more energy is being
consumed than is expended. The rise in obe-
sity rates cannot be explained on the basis of
our obesogenic environment alone, because
large interindividual differences in weight
status exist between people. Therefore, the
cause is most probably to be found in an in-
teraction between individual behaviour and
our changed environment. This warrants the
investigation of the brain’s role in the devel-
opment and maintenance of obesity that in-
deed has become a growing field in the neu-
rosciences. This article will give an overview
about the findings in neuroimaging associ-
ated with human obesity. Further, this article
will elucidate the relationship between com-
mon genetic variation, eating behaviour and
brain structure in the context of obesity. Fi-
nally, important open questions in the field
will be summarised.
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The functional connectivity between
several compartments of the brain is
based on the relationship of their signal
change across time. A set of regions that
exhibit similar signal changes is defined
as a functional network. Without exter-
nal stimulation it is specified as a resting
state network (RSN). The functional con-
nectivity presumably reflects the coordi-
nation of activity of several neuronal sub-
populations achieving a complex compu-
tation as an interconnected network. Dif-
ferences in this measure have been ob-
served between lean and obese subjects.

Functional connectivity of brain re-
gions involved in the processing of food
and reward stimuli were found to be sensi-
tive to the peripheral hormone insulin: In
the orbitofrontal cortex and the striatum
the functional connectivity was negative-
ly associated with the sensitivity for insu-
lin [5]. This could indicate that hormon-
al signals are able to reduce food intake
by directly modifying the intrinsic activi-
ty of the brain.
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Tab. 1

Brain regions and their role in food perception and eating behaviour

cortex (PCC)

Name Brain region System Function in the context of eating

Amygdala Mesiotemporal  Limbic Behavioural salience, stress responses

Hippocampus lobe system Memory, learning

Dorsolateral prefrontal ~ Frontal lobe Goal-directed behavior

cortex (DLPFC)

Frontal operculum Primary gustatory cortex

Insula Interoception, homeostasis, integration
of sensory signals across modalities

Orbitofrontal cortex Valuation, secondary gustatory cortex

(OFC)

Ventromedial prefron- Valuation

tal cortex

Fusiform gyrus Occipital lobe Visual association cortex

Hypothalamus Diencephalon Integration of homeostatic information
from the body

Thalamus Major sensory gateway

Nucleus accumbens Ventral striatum  Basalgan-  Reward prediction, conditioning

(NAcc) glia (BG)

Nucleus caudatus Dorsal striatum Feedback processing

Putamen Mediation of habitual behaviour

Substantia nigra (SN) Midbrain Control of BG circuit, dopamine supply

Ventral tegmental area Responds to novel stimuli, unexpected

(VTA) rewards, and reward predictive sensory
cues

Posterior cingulate Parietal lobe Episodic memory

In comparison to women of normal
weight, obese women show a reduced
modulation of activity in the orbitofron-
tal cortex and in the reward system by the
amygdala during the presentation of food
pictures. In addition, modulation of activ-
ity in the reward system through the or-
bitofrontal cortex was increased. The re-
duced influence of the amygdala could
lead to a suboptimal modulation of the
affective aspects of food. Furthermore,
obese subjects show increased function-
al connectivity between the putamen and
the saliency network as well as between
the nucleus caudatus and both the amyg-
dala and the insula.

Taken together, the described differ-
ences between normal- and overweight
subjects in brain structure and in the in-
teraction between brain regions which are
involved in the processing of affects, the
computation of the motivational value of
stimuli, memory formation an inhibito-
ry control of behaviour, could contribute
to an overconsumption of food with high
hedonic value. Furthermore, metabolic al-
terations, which are associated with obe-
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sity, seem to facilitate adverse alterations
of the brain.

Since most of the described studies are
cross-sectional, the important question of
cause and effect remains open. Current-
ly, longitudinal studies are performed in
several places including samples from the
normal population or special groups of
patients (e.g. patients undergoing bariat-
ric surgery, i.e. weight loss surgery) in or-
der to examine alterations leading to the
development of obesity and which altera-
tions could be reversed by a massive loss
of excess weight.

Most studies investigating functional
brain responses to e.g. food stimuli were
performed in exclusively female popula-
tions. Thus, it is still difficult to generalize
these findings on the interplay of obesity
and brain responses to both genders.

Genetic influence on obesity
and eating behaviour

The so-called “thrifty genes hypothe-
sis” postulates that our present gene pool
evolved by a positive selection of the abil-
ity to store energy resources for periods

of scanty supply. Individuals that could
superiorly store energy benefited from a
better chance of survival and, thus, suc-
ceeded with passing on their genes. Now-
adays, there is an oversupply of high-ca-
loric food in many parts of the world. Fur-
thermore, in general energy expenditure
declines more and more in everyday life.
This could automatically lead to obesity in
modern times. During the last 50 years,
society and environment rapidly changed
in many regions of the world; far too rap-
id for our gene pool to adjust to this new
situation.

According to the latest state of the art,
body weight is passed on from one gener-
ation to the next in 40-70% of the cases.
In addition to genetic causes, cultural and
social factors play an important role in the
development of body weight, i.e. it is al-
ways influenced by the interplay of genes
and environmental conditions. During
the last 10 years there has been substantial
progress in the understanding of genetic
underpinnings of obesity, made possible
by technical innovation. Today, 9 genes
are known in which mutations cause over-
eating and obesity. Although these mu-
tations have a strong influence on body
weight, they occur only rarely (5-10% in
obese subjects) and can thus only account
for a small fraction of all cases of obesity.

On the other hand, many common ge-
netic variations with a small individual
impact on body weight are known. Most
of them are single nucleotide polymor-
phisms (SNPs) that consist of variations
of single nucleotides in the DNA. Genome
wide association studies (GWAS) are used
to identify SNPs that have an influence on
phenotypes such as obesity. It is believed
that a large set of SNPs determines collec-
tively how a property develops, as is the
case for body height. However, all known
obesity-related SNPs explain together as
little as 2-4% of variance in body weight.

Interestingly, most of the known obe-
sity-associated SNPs influence energy in-
take or the perception of hunger and sa-
tiety and have a direct link to brain func-
tion; some even influence the brain’s de-
velopment [7,10]. This implies a predom-
inant genetic effect on eating behaviour
(i.e. what, when and how much is eaten).
Despite the small influence of individual
SNPs on body weight we could demon-
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variation had no such influence in men.
Whether these differences are causal for
differences in body weight warrants fur-
ther investigation. For some of these SNPs
a modulating effect of physical exercise
has been shown: The genetic influence on
body weight could be alleviated by phys-
ical exercise. This indicates a genetic pre-
disposition that does not necessarily lead
to obesity but can be influenced substan-
tially by lifestyle and environment. In ad-
dition, societal factors such as quality of
Gender life and equality of income also influence
0.701 = Female obesity rates.
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mine whether an individual is located
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mal weight distribution. But obesity can
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ics alone. Therefore, the common shift of
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of BMI is most probably the result of our
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Fig. 3 A Sex-specific association between common genetic variation near MC4R and the brain’s grey
matter volume (GMV). Genetic variation near MC4R has been shown to be associated with obesity.
Here, we show sex-specific effects of genotype on GMV in the right amygdala/hippocampus and bilat-
eral medial orbitofrontal cortex, adjusted for participant’s BMI, age, global grey and white matter vol-

Obesity depends mostly on altered eat-
ing behaviour. Evolution did not gener-

ume. Female homozygous carriers of the obesity risk allele (CC) had higher values than heterozygous ate a central nervous mechanism to pre-
subjects (AC) or non-carriers (AA). No significant difference was found for men. (Adapted from [3]) vent exaggerated energy intake. A broad
body of studies have demonstrated com-
strate consistent differences in eating be- tin receptor (MC4R) showed disinhibit-  plex differences in brain structure and in-
haviour and brain structure dependent  ed eating which was paralleled by struc-  trinsic information processing between
on genotype in an obesity-associated SNP  tural changes in the amygdala, orbitofron-  lean and obese subjects. Whether these
[3]. tal cortex (OFC) and dorsolateral prefron- differences are causal or consequen-
Female carriers of an obesity-associ-  tal cortex when compared to non-carriers tial to obesity remains to be elucidat-

ated SNP near the gene for a melanocor-  of the risk allele (B Fig.3). This genetic ~ ed. In addition, obesity-associated ge-
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netic variation influences brain structure
and function. The specificity and revers-
ibility of the observed differences remain
open questions that have to be answered
in the near future to offer suitable thera-
py strategies.

Corresponding address

Dr. A. Horstmann

Department of Neurology, Max Planck Institute
for Human Cognitive and Brain Sciences
Stephanstr. 1A, 04103 Leipzig

Germany

horstmann@cbs.mpg.de

A.Horstmann (born 1977 in Hamburg) studied biolo-
gy at the Ruhr-University Bochum. After a 1-year stay
at the Max Planck Institute for Human Cognitive and
Brain Sciences (Group “Attention & Awareness’, Prof
John-Dylan Haynes) and completing her PhD in the
International Graduate School of Biosciences in Bo-
chum, she worked in the Department of Neurology of
the same institute from 2008 to 2010. From 2010 to
2013 she worked as a research scientist in a coopera-
tion project between the MPI for Human Cognitive and
Brain Sciences and the IFB AdiposityDiseases, Univer-
sity Clinic Leipzig. Since 2013 Dr Horstmann is head

of the independent Junior Research Group “Decision-
making in obesity: neurobiology, behaviour & plastici-
ty” within the framework of the IFB and in cooperation
with the MPI. Her research focus is on the neurobiolo-
gy of human obesity.

Corresponding address

A.Villringer

Department of Neurology, Max Planck Institute
for Human Cognitive and Brain Sciences
Stephanstr. 1A, 04103 Leipzig

Germany

A.Villringer (born 1958 in Schopfheim) studied medi-
cine in Freiburg. After a 1-year stay at Harvard Univer-
sity he worked as an assistant doctor at the Univer-
sity of Munich from 1986 until 1993. From 1996 un-

til 2003 he worked as a senior physician and vice chair-
man at the Department of Neurology of the Charité
University Medicine Berlin, from 2004 until 2007 head
at the Campus Benjamin Franklin of the Charité Uni-
versity Medicine Berlin. Since 2007 he is director at the
Max Planck Institute for Human Cognitive and Brain
Sciences and head of Clinic of Cognitive Neurology at
the University Hospital Leipzig. Prof Villringer manag-
es since 1999 the German-wide Competence Network
Stroke and founded in 2006 the Berlin School of Mind
and Brain. His research focus is “stroke” and risk fac-
tors thereof.

84 | e-Neuroforum 4 - 2013

Acknowledgments. This work of was supported by
the IFB Adiposity Diseases, Federal Ministry of Educa-
tion and Research (BMBF), Germany, FKZ: 01E01001
(http://www.bmbf.de) and the German Research
Foundation (DFG) (http://www.dfg.de), within the
framework of the CRC 1052 ‘Obesity Mechanisms, proj-
ects A1 and A5.

Compliance with ethical
guidelines

Conflict of interest. A.Horstmann and A.Villringer
state that there are no conflicts of interest.

The accompanying manuscript does not include stud-
ies on humans or animals.

References

. Hare TA, Camerer CF, Rangel A (2009) Self-con-
trol in decision-making involves modulation of the
vmPFC valuation system. Science 324(5927):646—
648

. Horstmann A, Busse F, Mathar D et al (2011) Obesi-
ty-related differences between women and men in
brain structure and goal-directed behavior. Front
Hum Neurosci 5. doi:10.3389/fnhum.2011.00058

. Horstmann A, Kovacs P, Kabisch S et al (2013)

Common genetic variation near MC4R has a sex-

specific impact on human brain structure and eat-

ing behavior. (F. J. Esteban, Ed.) PLoS One 8(9):

e74362

Kenny PJ (2011) Reward mechanisms in obesi-

ty: new insights and future directions. Neuron

69(4):664-679

. Kullmann S, Heni M, Veit R et al (2012) The obese

brain: association of body mass index and insu-

lin sensitivity with resting state network functional

connectivity. Hum Brain Mapp 33(5):1052-1061

Mueller K, Anwander A, Méller HE et al (2011) Sex-

dependent influences of obesity on cerebral white

matter investigated by diffusion-tensor imaging.

PLoS One 1-30

. Speliotes EK, Willer CJ, Berndt Sl et al (2010) As-

sociation analyses of 249,796 individuals reveal

18 new loci associated with body mass index. Nat

Genet 42(11):937-948

Stanek KM, Grieve SM, Brickman AM et al (2011)

Obesity is associated with reduced white matter

integrity in otherwise healthy adults. Obesity (Sil-

ver Spring) 19(3):500-504

Stice E, Yokum, S, Blum K, Bohon C (2010) Weight

gain is associated with reduced striatal response to

palatable food. J Neurosci 30(39):13105-13109

10. Willer CJ, Speliotes EK, Loos RJF et al (2009) Six

new loci associated with body mass index high-

light a neuronal influence on body weight regula-

tion. Nat Genet 41(1):25-34

N

w

Ea

w

o

~

o

©



