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I N T R O D U C T I O N 
Overweight and obesity are defined as abnormal 

or excessive fat accumulation that may impair health; 
BMI>25 (BMI= kg/m²) is defined as overweight, 
BMI>30 as obesity (WHO-definition). Obesity has 
been described to be associated with reduced brain 
volumes in late adulthood. A trend of functionally 
reduced skills concerning planning, goal-oriented 

behaviour and decision-making as assessed by cogni-
tive testing have been shown in child, teen and adult 
obese individuals (Smith 2011). Even though these 
findings are controversially discussed, we hypothesized 
that structural differences might already be found in 
younger adults when using MRI-based volumetry. 
Voxel-based morphometry (VBM) is a mean by which 
even subtle volumetric differences can be detected 
where conventional volume analysis does not show 
volume effects yet.

Obesity is becoming one of the major epidemics 
of the 21st century. The prevalence amounts to about 
50% in Western Europe. More than one in ten of the 
world´s adult population is obese. It is globally the 5th 
leading risk factor for death (WHO Fact sheet N°311, 
2013). Obesity may lead to a substantial decrease in 
quality of life and is considered as a risk factor for a 
number of diseases such as hypertension, diabetes and 
Alzheimer disease (AD). Reasons for obesity are seen 
in generally changes of life styles, with increased intake 
of energy-dense food and decreased expend of energy. 
However, this is true for many more people than those 
suffering from obesity but only a certain percentage of 
people at risk finally fall ill. 

CT-based volumetric studies showed a correla-
tion between BMI and higher risk for atrophy in tem-
poral lobes during aging in obese patients (Gustafson, 
2004). An MRI-based volumetric study resumed a 
general reduction in brain volume with higher BMI 
(Ward, 2005). Recently published studies using more 
precise VBM-techniques showed focal volume reduc-
tions of gray matter (GM) in various brain regions of 
obese patients (Pannacciulli et al., 2006; Taki et al., 
2008; Maayan et al., 2011). 

There are only sparse studies based on MRI-based 
morphometry data in obese individuals, even less with 
respect to young obese adults. The purpose of this 
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Background: Signs of declined cognitive function as 
well as cerebral volume reduction can be found in obese 
individuals earlier and to a greater extent than in the 
normal-weight population. We aimed at finding cerebral 
volume differences in young adults when using Magnet 
Resonance Imaging (MRI)-based volumetry to compare 
normal-weight and obese individuals.
Material/Methods: Twenty-four young (mean age 
28.4±5.9 yrs.) female adults (12 obese patients, mean BMI 
36.6±,12 controls) underwent isotropic 3D-MPRAGE MR 
imaging in a 1.5T scanner. Image data were then post- 
processed by using the VBM-DARTEL algorithm and 
compared for subtle volume differences using a two-tailed 
t-test (p<0.05).
Results: VBM-based regional brain volume differences 
were encountered in the cingulate gyrus, oribitofrontal 
cortex, parts of the temporal lobe and the cerebellum.
Neither total intracranial volumes (TIV) nor cerebrospinal 
fluid (CSF) volumes or brain volumes differed when a whole 
brain approach with conventional volumetric analysis was 
applied. 
Conclusion: Our findings suggest that measurable 
effects of obesity on brain volumes appear already in young 
adults. Focal grey matter thinning involves cingulate gyrus, 
orbitofrontal cortex and also partially affects the temporal 
lobe and cerebellum. 
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study was to evaluate possible volume differences be-
tween normal-weight and obeseyoung adults in order 
to detect obesity-related volume effects while exclud-
ing age-related decline. 

M E T H O D S
Subjects

We examined 24 young adult female subjects, 12 
obese patients (mean age 29.3 ±7.3) with a mean BMI 
36.3 ± 4.8 and 12 normal-weight (age-matched) sub-
jects (mean age 27.5 ± 4.3yrs., mean BMI of 20.9±1.7), 
all right-handed (Oldfield, 1971). Exclusion criteria 
comprised a history of severe pain, stroke, epilepsy 
or other neurological illnesses, diabetes, substance 
abuse or addiction, hypertension, claustrophobia or 
any psychiatric illnesses. For further details see table 1. 
None of the study subjects had a binge eating disorder. 
Prior to scanning, both groups had their last meal 1.5 
hours before the experiment. Hence, they were neither 
hungry nor just satiated. Recruitment of the subjects 
was done through newspaper advertisement. Written 
informed consent was obtained from all participants 
prior to scanning. The study was approved by the lo-
cal Human Subjects Committee and adhered to the 
Declaration of Helsinki.

Data acquisition 
MRI measurements were performed on a 1.5 

T scanner (Siemens Magnetom Vision, Erlangen, 
Germany) with a standard head coil. Head motion was 
minimised by using a vacuum pad. Subsequent to the 
scout scan, structural data were acquired using a T1-
weighted sagittal 3D magnetization-prepared rapid 
gradient-echo (MP-RAGE): TR/TE 11.4/4.4ms, flip 
angle 15°, FOV= 256 mm, voxel size 1mm³, no gap. 
Prior to processing, all data sets were inspected for 
artifacts and structural pathologies.

Data analysis
Imaging data were analyzed using SPM8 (Statisti-

cal Parametric Mapping), Welcome Department of 
Imaging Neuroscience, University College London, 
UK) running under the MATLAB R2010a environ-
ment (Mathworks. Inc., Natick, MA, USA). 

The origin of all source images was set on the 
anterior commissure (AC). A Native Space Analysis 
was performed to get global tissue volumes, GM-, 
White Matter (WM)-, cerebrospinal fluid (CSF)-
volumes. First, we segmented all correctly aligned data 
by the SPM tool “VBM- estimate and write” func-
tion. The specific volumes of the native spaces of each 
individual were read out by the VBM8 function “read 
raw volumes” (as described in the VBM8 Manual). The 
raw data volumes were then statistically analyzed with 

SPSS 18 (SPSS Inc, Chicago, IL, USA) by using two-
tailed t-tests with the significance level set to p<0.05.

Afterwards we performed a VBM-DARTEL 
analysis. VMB-DARTEL is an algorithm imple-
mented in a toolbox of the SPM8 algorithms; it is able 
to detect very sensitively systematic differences in GM 
including subtle volume differences (Ashburner, 2001). 
Additionally, the VBM-DARTEL algorithm has been 
shown to improve precision of inter-subject align-
ments compared to conventional VBM algorithms 
(Takahasi, 2010).

Basically, the VBM-DARTEL analysis was 
performed as described by Ashburner (2010 “VBM 
tutorial”). As far as no other values are mentioned we 
used the default values of SPM8. Rigidly transformed 
tissue classification as well as accurate warping of 
individual brains into GM population templates were 
performed. Smoothing was done with a Gaussian 
kernel of 8 mm full width at half maximum (FWHM). 
Data were spatially normalized to MNI. Within the 
framework of the general linear model (GLM) the 
data were analyzed in SPM8. Statistical Analysis was 
performed using a two-tailed t-test. No confounding 
covariates were identified. Results were thresholded at 
p <0.05; corrected for multiple comparison using false 
discovery rate (FDR). This last correction guarantees 
that no more than 1% of the significant voxels are false 
positive. The VBM data was masked using an absolute 
threshold of 0.2 as recommended in the Ashburner tu-
torial. No a priori identification of a region of interest 
was done as VBM-DARTEL provides a whole brain 
analysis. 

Testing war performed for two hypotheses:
Hypothesis 1: K > P (controls have more GM 

volume than obese); a minimal number of contiguous 
voxels was set at a cluster size of 25.

Hypothesis 2: K < P (controls have less GM brain 
volume than obese), cluster size of 25 voxels. Addition-
ally, one analysis was done by using a cluster size of 5 
voxels in order not to overlook any effect.

For better anatomical depiction the resulting 
statistical data were visualized by using the program 
MRIcron (Chris Rorden). 

R E S U L T S
Subjects

Table 1 shows anthropometric and metabolic 
data of the study groups. The two groups differed 
significantly in BMI values (p< 0,001). Obesity was 
prevailing since 17 ±8.9 yrs. in the obese subjects 
group. All examined subjects were right-handed. The 
two groups did not differ significantly with respect 
to age, gender, and medication. No other illness than 
obesity was present in the study participants. 
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all data, mean (SD) Normal-weight group (n=12) Obese group (n=12) T or Z value p
Age, years 27.5 (4.3) 29.25 (7.28) ns
BMI, years 20,9 (1,7) 36,3 (4,8) T(24)=-10,8 <0,001
Handedness (riцght) 12 12 -   ns
Current medication none none -   ns
Time since suffering from obesity, in years none 17,2 (8,9) -   ns 

all data, mean (SD) Normal-weight group 
(n=10)

Obese group (n=13) T or Z value p

TIV (ml) 1359,83 1316,42 0,94 0,36
GM volume (ml) 641,90 613,55 1,32 0,20
WM volume (ml) 526,26 525,47 0,03 0,98
CSF volume (ml) 191,69 177,47 2,08 0,05
Neuroparenchym (ml) 1168,16 1139,01 0,64 0,53
grey of total (in %) 47 47 0,52 0,61
white of total (in %) 39 40 -0,93 0,37
CSF of total ( in %) 14 14 1,03 0,31

TABLE 1. Anthropometric Group Data

TABLE 2. Comparison of NATIVE SPACE VOLUMES between obese and controls

Global volume changes
No significant differences in the global volume 

parameters (TIV, GM, WM and CSF) were encoun-
tered (see Table 2). The TIV was about equal in both 
groups, with approximately 1.3 litres each. 

Region-specific GM changes evaluated by VBM
The VBM- study showed some regional foci, 

where GM volume was significantly reduced (see Fig-
ures 1 and Table 2). Region-specific significant volume 
reduction (p < 0.05) in GM in obese participants was 
found in four major clusters, including the cingulate 
gyrus, orbitofrontal cortex, parts of the temporal lobe 
and the cerebellum. Table 3 displays MNI-coordinates 
of the most significant statistical values together with 
their localization and corresponding cluster sizes. 
When regarding cluster sizes, most extended volume 
differences in GM were observed in the anterior 
cingulate gyrus (255 R + 96 L voxels), followed by the 
orbitofrontal gyrus (274 voxels), the right cerebellar 
hemisphere (245 voxels) and the left cerebellar hemi-
sphere (192 voxels).

Significantly smaller GM volumes in normal-
weight controls where only encountered when 
reducing the cluster size from 25 to 5 voxels; two small 
clusters, counting less than 16 voxels each, could be 
found bilaterally in the frontal lobe (BA 10) with sig-
nificantly smaller GM volumes in normal as compared 
to obese subjects (Table 4). 

DISCUSSION
Following a hypothesis of Peters (2009) decreased 

brain volumes might be an effect of an insufficient 
metabolic supply of this organ. Especially reduction of 
grey matter or neurons might be explained by energy 
deficits as neurons are the most energy demand-
ing cells. This hypothesis is supported by results of 
a phosphorus 31 magnetic resonance spectroscopy 
(31p MRS) study that showed an inverse correlation 
between BMI and intracranial adenosine triphosphate 
(ATP) levels (Schmoller 2009). Also, well-document-
ed increases of cytokines and other inflammatory 
mediators in obese subjects might contribute to brain 
volume reductions (Rizvi 2010). A correlation be-
tween elevated fibrinogen levels and diminished brain 
volumes in orbitofrontal cortex was demonstrated in 
a recent study by Cazettes and co-workers (Cazettes 
2011). Also, our results indicate subtle GM volume ef-
fects rather than extended volume differences between 
obese and control subjects. 

TIV= intracranial brain volume
Regarding total brain volumes, no significant 

volume difference was found in our study collective 
of young adult women between obese and normal-
weight participants. Their WM/GM-ratios did not 
differ significantly from each other. Following a study 
of Groeschel et al. (2010), in which brain development 
from birth through the age of 30 were analyzed using 
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contrast to Taki et al. (2008) who did not detect brain 
volume differences but in men solely, we found BMI - 
associated parenchymal volume differences in women. 
By examining exclusively right-handed young adults 
with neither prior CNS illnesses nor medication, we 
were able to rule out confounding variables such as ag-
ing or drug related effects and attributed brain volume 
changes to the BMI differences of our study groups. 

The nature of GM volume reduction in VBM 
studies has not been described on a cellular level yet. 
It remains unclear whether the described selective 

volume effects are due to apoptosis of neurons or 
just represent neuronal volume shrinkage. Also, the 
reversibility of GM volume differences has not been 
established up to now, i.e. the beneficial effects of di-
etary measures and weight reduction in obese patients. 
A recent study suggests that salutogenesis/decrease 
in brain volume in the obese seems possible when an 
adequate therapy is applied (Matochik 2005a); in that 
study leptin-deficient patients showed increasing grey 
matter volumes after Leptin-substitution. It might also 
be speculated that the selective GM volume changes 

FIG. 1. Results of VBM-study. Comparison Obese < Controls. Statistical thresh-
old: p<0,05. FDR-corrected. Results visualized in MRICRON

Region H BA T Z MNI-coordinates Cluster Size
Cingulate Gyrus; Limbic Lobe R 24 13.22 6.88  11; 13; 33 255
Cingulate Gyrus; Limbic Lobe R 24 7.98 5.41  8; -5; 35
Cingulate Gyrus; Limbic Lobe L 24 5.55 4.87  -9; 22, 24 96
Orbital Gyrus, Frontal Lobe R 11 9.90 6.05  12; 36; -28 274
Sub-Gyral; Temporal Lobe R 37 8.24 5.51  48; -48; -9 30
Gyrus fusiforme; Temporal Lobe R 37 5.85 4.95  50; -41; -13
Culmen; Anterior Lobe R Cerebellum 11.54 6.49  11; -39; -4 245
Culmen; Anterior Lobe L Cerebellum 10.0 6.08 -12; -35; -6 156
Cerebellar Tonsil; Posterior Lobe L Cerebellum 6.60 4.85 -27; -54; -34 36
Anterior Lobe; L Cerebellum 5.31 4.72 -18; -54; -28

Region H BA T Z MNI-coordinates Cluster Size
Middle Frontal Gyrus; Frontal Lobe R 10 7,27 5,14 12; 52; 6 R=3 9
Middle Frontal Gyrus; Frontal Lobe L 10 6,63 4,87 -11; 46; 6 R=1 16

TABLE 3. VOXEL BASED MORPHOMETRIE, Obese < controls. Two-tailed t-test, p < 0.05; FDR
Maximal Voxel Cluster >25

TABLE 4. VOXEL BASED MORPHOMETRIE, Obese > controls. Two-tailed t-test, p < 0.05; FDR
Maximal Voxel Cluster >5

algorithms based on voxel-based morphometry 
(VBM), we conclude that all study participants 
were at about the same level of brain maturity. 
Our TIV findings are also in accordance with 
other studies showing no volume differences on 
macroscopic levels between obese and nomal-
weight women such as the study of Peters et al. 
(2011), underlining the need for advanced imag-
ing techniques, such as VBM. 

VBM
Our findings of GM diminishment in obese 

subjects are supported by various other studies 
(Maayan et al., 2011, Walther et al., 2010, Raji et 
al., 2010, Taki et al., 2008, Gunstad et al., 2008 
and Panacciulli et al., 2006), even though differ-
ent study designs hamper their comparability. In 
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in obese subjects are a constitutive factor rather than a 
sequel of BMI increases.

Anatomical and physiological context 
In the following, we address the potential functional 

impacts of subvolume differences of the brain parenchy-
ma in obese patients as compared to healthy controls.

Cingulate gyrus 
We found a significant volume reduction of GM 

in obese individuals as compared to control subjects bi-
laterally in the anterior cingulate gyrus. These findings 
are in agreement with the studies of Raji et al. (2010) 
and Taki et al. (2008) in which volume reductions in 
the cingulate gyrus were detected as well. Representa-
tion of sense and flavour can be found in the anterior 
cingulate cortex, as well as in the orbitofrontal cortex 
and the insular taste cortex (Grabenhorst 2007). 

Neurons of the cingulate gyrus express leptinre-
ceptors. Leptin seems to be essential in several dif-
ferentiating steps of fetal neurons and may maintain 
neuronal stem cells (Udagawa et al., 2006). In Leptin-
deficient mice an elevated number of pycnotic cells 
could be found in cingulate gyrus with reduced sizes 
of cerebrum and cerebellum. The authors hypoth-
esized that leptin deficiency leads to an elevated rate 
of neuronal apoptosis (Udagawa, 2006). In addition, 
leptin is secreted by adipocytes and regulates food 
intake and homeostasis of metabolism as could be 
shown in some knock out mutations (Udagawa 2006). 
Leptin deficiency as well as -resistance of receptors is 
associated with elevated weight. Leptin-deficient mice 
show elevated body weights, reduced brain weight, 
reduced grey matter, maturation deficits of neuronal 
and glial cells and an elevated tendency towards neu-
rodegeneration (Sriram 2002). The role of Leptin in 
idiopathic obesity is less clear, yet leptin seems to have 
trophic effects on brain tissue and at least in some cases 
sustained GM volumes increases could be shown in 
leptin-deficient patients by VBM measurements, fol-
lowing replacement therapy of recombinant methionyl 
human leptin (Matochik 2005a). Altogether, these 
findings suggest a context between leptin metabolism, 
obesity and pathomorphology of the cingulate gyrus, 
that fits into our current study findings.

Orbitofrontal cortex (OFC) 
The prevailing study showed reduced OFC 

volumes, which has also been reported in obese 
subjects by Maayan (2011). The OFC plays a key role 
in impulse control as indicated by functional stud-
ies (Rothemund 2007, Weygandt 2013) and impulse 
control in turn does have an important impact on food 
uptake.

Cerebellum
Some cerebellar regions showed reduced volumes 

in obese young women as compared to controls. The 
cerebellum is not only involved in the control of move-
ment but also in that of visceral activity (Triarhou 
2008) and it participates in modulating the function of 
higher centres. Direct cerebello – thalamic projections 
have been described. Finally also homeostasis under-
goes cerebellar modulation (Schmahmann 2007). 

Middle frontal gyrus/ temporal lobe
Volume reductions in the temporal lobe have been 

described to a greater extent in an CT -based study 
on elderly women (Gustafson, 2004), showing that el-
evated body weight leads to disproportional volume de-
creases in this region throughout the process of aging. 
Our results in young female adults only showed sparse 
comparable effects, yet further decline within following 
decades might be expected for obese participants. 

L I M I T A T I O N S
A major limitation of this study is the relatively 

small sample size, resulting in reduced statistical power. 
All participants were young adult women, making our 
findings less generalizable, even though this fact in 
turn strengthened the statistical power by reducing the 
within sample variation.

Data acquisition itself is a potential source of 
imprecision of VBM studies; usage of different scan-
ners can have a negative effect on data analysis (Focke 
et al. 2011). To avoid this, we made only use of a data 
sample made on one single scanner within a time span 
where acquisition conditions could be kept stable even 
though this in turn limited the study period and thus 
the number of patients to be included.

The comparability of our results with previously 
published VBM studies on the obese also suffers from 
the varying study designs

C O N C L U S I O N
Comparison of global brain tissue volumes in 

obese versus normal-weight young women showed no 
significant differences. 

Yet, our data suggest subtle foci of reduced gray 
matter volumes in the cingulate gyrus, orbitofrontal 
gyrus, temporal lobe, fusiforme gyrus, anterior lobe 
and in the cerebellum of young, adult, obese females, 
some of these regions have previously been put into 
context with control of food intake.

A C K N O W L E D G E M E N T
This work was done in memory and gratefulness 

of our colleague Yvonne Rothemund, who ceased dur-
ing the preparation of this manuscript.



16 a r c h i v  e u r o m e d i c a  |  2 0 1 3  |  v o l .  3  |  n u m .  2  |

R E F E R E N C E S
Ashburner J, Friston KJ. �Why Voxel-Based Mor-

phometry Should Be Used. NeuroImage 2001 
Dez;14(6):1238–1243.

Ashburner�, 2010 VBM Tutorial
Ashburner� 2007 DARTEL
Cazettes F, Cohen JI, Yau PL, Talbot H, Convit 

A. �Obesity-mediated inflammation may damage the 
brain circuit that regulates food intake. Brain Research 
2011 Feb;1373:101–109. 

Focke NK, Helms G, Kaspar S, Diederich C, Tóth 
V, Dechent P, Mohr A, Paulus W. �Multi-site 
voxel-based morphometry – Not quite there yet. Neu-
roimage 2011 Juni;56(3):1164–1170. 

Groeschel S, Vollmer B, King MD, Connelly A. 
�Developmental changes in cerebral grey and white 
matter volume from infancy to adulthood. Int. J. Dev. 
Neurosci. 2010 Okt;28(6):481–489.

Gunstad J, Paul RH, Cohen RA, Tate DF, 
Spitznagel MB, Grieve S, �u. a. Relationship 
between body mass index and brain volume in healthy 
adults. Int. J. Neurosci. 2008 Nov;118(11):1582–1593. 

Gustafson, D; Lissner, L; Bengtsson, C; Bjor-
kelund, C; Skoog, I; �A 24-year follow-up of 
body mass index and cerebral atrophy;. Neurology. 
63(10):1876–1881, November 23, 2004.

Grabenhorst F, Rolls ET, Bilderbeck A. �How 
cognition modulates affective responses to taste and 
flavor: top-down influences on the orbitofrontal and 
pregenual cingulate cortices. Cereb. Cortex. 2008 
Juli;18(7):1549–1559. 

Maayan, L., Hoogendoorn, C., Sweat, V. & Con-
vit, A. �Disinhibited Eating in Obese Adolescents Is 
Associated With Orbitofrontal Volume Reductions 
and Executive Dysfunction. Obesity (2011).

Matochik JA, London ED, Yildiz BO, Ozata M, 
Caglayan S, DePaoli AM, �u. a. Effect of leptin 
replacement on brain structure in genetically leptin-
deficient adults. J. Clin. Endocrinol. Metab. 2005 
Mai;90(5):2851–2854. 

Oldfield RC. �The assessment and analysis of handedness: 
the Edinburgh inventory. Neuropsychologia. 1971 
März;9(1):97–113.

Pannacciulli N, Del Parigi A, Chen K, Le DSN, 
Reiman EM, Tataranni PA. �Brain abnormalities 
in human obesity: A voxel-based morphometric study. 
NeuroImage 2006 Juli;31(4):1419–1425.

Peters A. �The selfish brain: Competition for energy 
resources. Am. J. Hum. Biol. 2011 Feb;23(1):29–34. 

Peters, A. �Build-ups in the supply chain of the brain: on 
the neuroenergetic cause of obesity and type 2 diabe-
tes. Front. Neuroenerg. 1, (2009). 

Peters, A.� u. a. Causes of obesity: Looking beyond the 
hypothalamus. Progress in Neurobiology 81, 61–88 
(2007).

Raji CA, Ho AJ, Parikshak NN, Becker JT, Lopez 
OL, Kuller LH, Hua X, Leow AD, Toga AW, 
Thompson PM. �Brain structure and obesity. Hum 
Brain Mapp 2010 März;31(3):353–364. 

Rizvi AA. �Hypertension, obesity, and inflammation: the 
complex designs of a deadly trio. Metab Syndr Relat 
Disord 2010 Aug;8(4):287–294.

Rothemund Y, Preuschhof C, Bohner G, 
Bauknecht H, Klingebiel R, Flor H, Klapp 
BF. �Differential activation of the dorsal striatum by 
high-calorie visual food stimuli in obese individuals. 
Neuroimage 2007 Aug;37(2):410–421. 

Schmahmann JD, Weilburg JB, Sherman JC. �The 
neuropsychiatry of the cerebellum – insights from the 
clinic. Cerebellum. 2007;6(3):254–267. 

Schmoller A, Hass T, Strugovshchikova O, 
Melchert UH, Scholand-Engler HG, Peters 
A, Schweiger U, Hohagen F, Oltmanns KM. 
�Evidence for a relationship between body mass and 
energy metabolism in the human brain. J Cereb Blood 
Flow Metab 2010 Juli;30(7):1403–1410. 

Smith E, Hay P, Campbell L, Trollor JN. �A review 
of the association between obesity and cognitive 
function across the lifespan: implications for novel 
approaches to prevention and treatment. Obesity 
Reviews. 12– 9 Blackwell Publishing. 

Sriram K, Benkovic SA, Miller DB, O’Callaghan 
JP. �Obesity exacerbates chemically induced neurode-
generation. Neuroscience. 2002 Dez 16;115(4):1335–
1346. 

Takahashi R, Ishii K, Miyamoto N, Yoshikawa T, 
Shimada K, Ohkawa S, Kakigi,T,Yokoyama K. 
�Measurement of Gray and White Matter Atrophy in 
Dementia with Lewy Bodies Using Diffeomorphic 
Anatomic Registration through Exponentiated Lie 
Algebra: A Comparison with Conventional Voxel-
Based Morphometry. AJNR Am J Neuroradiol 2010 
Nov;31(10):1873–1878. 

Taki Y, Kinomura S, Sato K, Inoue K, Goto R, 
Okada K, Uchida S, Kawashima R, Fukuda H. 
�Relationship between body mass index and gray mat-
ter volume in 1,428 healthy individuals. Obesity (Silver 
Spring) 2008 Jan;16(1):119–124. 

Triarhou LC. �Centenary of Christfried Jakob's discov-
ery of the visceral brain: An unheeded precedence in 
affective neuroscience. Neuroscience & Biobehavioral 
Reviews 2008 Juli;32(5):984–1000.

Udagawa, J., Nimura, M., Kagohashi, Y. & Otani, 
H. �Leptin deficiency causes pycnotic change in fetal 
cingulate cortical cells. Congenital Anomalies 46, 
16–20 (2006).

Walther K, Birdsill AC, Glisky EL, Ryan L. 
�Structural brain differences and cognitive function-
ing related to body mass index in older females. Hum. 
Brain Mapp. 2010;31(7):1052–1064.

Ward MA, Carlsson CM, Trivedi MA, Sager MA, 
Johnson SC. �The effect of body mass index on global 
brain volume in middle-aged adults: a cross sectional 
study. BMC Neurol [o. J.];5:23–23.

Weygandt M, Mai K, Dommes E, Leupelt V, Hack-
mack K, Kahnt T, Rothemund Y, Spranger 
J, Haynes JD. �The role of neural impulse control 
mechanisms for dietary success in obesity. NeuroImage 
2013Dez; 83: 669–678. 

�WHO facts sheet No 311: http://www.who.int/mediacen-
tre/factsheets/fs311/en/index.html


