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Introduction

Distortion of body image and disturbance in the accuracy of 
perception or cognitive interpretation of stimuli arising in the 
body are core symptoms of anorexia nervosa.1 It is intriguing 
whether stereotypical psychopathological phenomena in pa-
tients with anorexia nervosa might be related to the dysfunc-
tion of specific brain areas. However, any quest to identify an 
underlying brain pathology is hampered by the unsolved di-
lemma of whether regional aberrations in brain functioning 
and structure are the cause or result of prolonged starvation. 

The parietal cortex is the brain region most consistently sug-
gested to be involved in anorexia nervosa.2 Functional imaging 
indicates that parietal activity at rest is generally decreased be-
fore and increased after treatment.3,4 Symptom provocation 
further decreases parietal activity in currently ill patients.5 It is 
tempting to relate parietal dysfunction to symptoms of an-

orexia nervosa because the parietal cortex is the brain region 
where both proprioceptive and visual information of one’s 
own body are integrated and where appetitive and food- 
related behaviours are processed.6 Similarly, the cingulate cor-
tex has been shown to be dysfunctional in patients with an-
orexia nervosa. Both the anterior (ACC) and posterior 
cingulate cortices (PCC) have been identified to function ab-
normally in these individuals.2,4,7–9 The third prominent brain 
region supposed to play a major role in anorexia nervosa is the 
insula.10–12 This part of the brain is involved in the processing 
of emotion, pain perception, interoception and cognitive func-
tioning as well as in the regulation of bodily homeostasis.13,14 It 
has a wide set of connections with many cortical areas, such as 
the frontal, temporal and parietal cortices.15 Nunn and col-
leagues16 have suggested that a failure to integrate and regu-
late autonomic, sensory and affective stimuli caused by insular 
dysfunction might account for the disparate symptoms of 
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Background: The dysfunction of specific brain areas might account for the distortion of body image in patients with anorexia nervosa. 
The present study was designed to reveal brain regions that are abnormal in structure and function in patients with this disorder. We hy-
pothesized, based on brain areas of altered activity in patients with anorexia nervosa and regions involved in pain processing, an inter-
relation of structural aberrations in the frontoparietal–cingulate network and aberrant functional activation during thermal pain processing 
in patients with the disorder. Methods: We determined pain thresholds outside the MRI scanner in patients with anorexia nervosa and 
matched healthy controls. Thereafter, thermal pain stimuli were applied during fMRI imaging. Structural analyses with high-resolution 
structural T1-weighted volumes were performed using voxel-based morphometry and a surface-based approach. Results: Twenty-six pa-
tients and 26 controls participated in our study, and owing to technical difficulties, 15 participants in each group were included in our 
fMRI analysis. Structural analyses revealed significantly decreased grey matter volume and cortical thickness in the frontoparietal– 
cingulate network in patients with anorexia nervosa. We detected an increased blood oxygen level–dependent signal in patients during 
the painful 45°C condition in the midcingulate and posterior cingulate cortex, which positively correlated with increased pain thresholds. 
Decreased grey matter and cortical thickness correlated negatively with pain thresholds, symptom severity and illness duration, but not 
with body mass index. Limitations: The lack of a specific quantification of body image distortion is a limitation of our study. Conclusion: 
This study provides further evidence for confined structural and functional brain abnormalities in patients with anorexia nervosa in brain 
regions that are involved in perception and integration of bodily stimuli. The association of structural and functional deviations with ther-
mal thresholds as well as with clinical characteristics might indicate a common neuronal origin.
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anorexia nervosa. Aberrant insular functioning has recently 
been shown in patients with this disorder during the percep-
tion of pain.17 Reduced perception of pain is an additional fea-
ture of the disease18,19 and might be associated with distorted 
body image.20 Interestingly, all of the above-mentioned brain 
regions have been shown to constitute a brain network that is 
crucially involved in pain processing.21

In contrast to studies focusing on functional imaging, 
 studies describing structural changes have yielded less con-
sistent results.22 While some studies found loss of global grey 
matter,23,24 others found a loss of white matter.25 Brooks and 
colleagues26 reported no significant global differences in pa-
tients with anorexia nervosa. Moreover, circumscribed reduc-
tions in local grey matter were found in the ACC and PCC,26 
the insula26 and the parietal cortex.23,25

Cortical surface parameters, such as cortical thickness, have 
not yet been studied in patients with anorexia. There is some 
evidence28 that cortical thickness might be more accurate than 
grey matter volume indices for the detection of structural ab-
normalities because it comprises a mixture of thickness, sur-
face area and folding differences. As previously shown,29 the 
in vivo analysis of cortical thickness has the potential to pro-
vide more precise evidence for specific cortical alterations.

The present multimodal study was therefore designed to re-
veal brain regions that are abnormal in structure and function 
in patients with anorexia nervosa. We used thermal pain stimu-
lation during fMRI acquisition to investigate the neural correl-
ates of the body perception deficit. Based on previous studies, 
we hypothesized abnormal functional activation during ther-
mal pain processing in association with aberrant grey matter 
volume and cortical thickness in the  frontoparietal–cingulate 
network. We further expected to find a significant association 
between abnormal structure and abnormal pain processing on 
the one hand and clinical characteristics on the other.

Methods

Participants

We recruited patients who met the DSM-IV criteria for an-
orexia nervosa according to the Structured Clinical Inter-
view for DSM-IV Axis I disorders from the specialized ward 
for eating disorders at our institution. Patients were investi-
gated immediately after admission to avoid any interfer-
ence with psychotherapeutic or pharmacological treatment. 
Patients who had a history of major depression or any fur-
ther psychiatric disease were excluded from the study. 
Healthy controls matched for age and sex were recruited 
through a local newspaper advertisement. We screened 
them for any psychiatric and neurologic disease. In particu-
lar, the absence of a psychiatric or family history of an eat-
ing disorder was mandatory, and such individuals were 
 excluded. Controls with past or current neurologic or 
psychi atric diseases and/or first-degree relatives with 
Axis  I psychiatric disorders were also excluded from the 
study. All participants gave their written informed consent, 
and the ethics committee of the University Hospital in Jena, 
Germany, approved our study protocol.

Assessment of thermal pain threshold

The pain thresholds were assessed in the laboratory outside 
the MRI scanner. Thermal pain thresholds were determined 
by an ascending method of limits, as described previously 
(see the Appendix, available at jpn.ca, for details).30,31

Functional MRI experiment

We used a Peltier-type thermal stimulator (TSA-2001, Medoc) to 
deliver thermal pain stimuli to the volar surface of each partici-
pant’s right forearm. All stimuli were initiated from a baseline 
resting temperature of 32°C (OFF condition) and administered 
in 3 different ON conditions: 37°C, 42°C and 45°C thresholds. 
The ON phase was limited to 10 s to reduce head motion– 
related artifacts and to limit potential individual adaptation. The 
interstimulus interval was about 10.5 s. During the scanning 
procedure, participants were asked to relax, to keep their eyes 
closed and to concentrate on the sensation in their right arms.

Functional data were collected using a 1.5 T Siemens Magne-
tom Vision whole body system scanner. We obtained T2*-
weighted images using a gradient-echo echo-planar imaging 
sequence (repetition time [TR] 2700 ms, echo time [TE] 60 ms, 
flip angle 90°) resulting in 24 contiguous transversal slices of 
5 mm thickness and an in-plane resolution of 3.44 × 3.44 mm2. 
A series of 230 whole brain volumes were acquired in 1 run.

Functional data analysis

We used SPM8 software for image processing and statistical 
analyses. The procedure for data preprocessing was comparable 
to that used in our previous studies17,31 and is described in detail 
in the Appendix. We focused our statistical analysis on the com-
parison contrasting the painful thermal stimulation at 45°C with 
the nonpainful 37°C condition. To test the a priori hypothesis of 
cingulate, insular and parietal dysfunction in patients with an-
orexia nervosa during pain processing, we applied a predefined 
image mask including the whole cingulate cortex, the bilateral 
insula and the parietal cortex that we created with the WFU 
Pickatlas (www.fmri.wfubmc.edu/). The significance threshold 
for between-group differences in blood oxygen level–dependent 
(BOLD) activation was calculated using threshold-free cluster 
enhancement (TFCE). The TFCE approach takes a raw statistical 
image and produces an output image in which the voxel-wise 
values represent the amount of cluster-like local spatial support 
over the voxel threshold.32 Statistical significance and the correc-
tion for multiple comparisons is then determined with permuta-
tion testing so that clusters are determined without arbitrary 
height thresholds (i.e., “threshold free”). We performed 
5000 permutations and set the significance threshold to the 
combined peak-cluster level of p = 0.05,  family-wise error 
(FWE)–corrected.

Structural MRI 

We obtained high-resolution structural T1-weighted volume 
scans in sagittal orientation (TR 15 ms, TE 5 ms, flip angle 
30°, field of view 256 mm) with a voxel size of 1 × 1 × 1 mm3.
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Voxel-based morphometry

The preprocessing and statistical analyses were performed 
using the VBM8 toolbox (http://dbm.neuro.uni-jena.de 
/vbm), as implemented in SPM8. Detailed information is 
provided in the Appendix.

We calculated the significance threshold for between-group 
differences in grey matter volume using the TFCE approach. We 
performed 5000 permutations and set the significance threshold 
to the combined peak-cluster level of p = 0.05, FWE-corrected. 
We used the Pearson product-moment correlation to test the as-
sociation between total and local brain volume and body mass 
index (BMI), as well as illness duration in the patient group.

Cortical thickness

To calculate cortical thickness, we used the processing 
stream, as implemented in FreeSurfer version 5.3.0. Detailed 
information is provided in the Appendix. A general linear 
model (GLM) was used to estimate differences in cortical 
thickness between patients and controls at each vertex on 
the surface. Right and left hemispheres were tested sepa-
rately. We performed a Monte Carlo simulation cluster 
analysis (5000 iterations) for multiple comparisons correc-
tion based on the AlphaSim algorithm.33 The significance 
threshold was set at p < 0.05. The p values of the resulting 
clusters of the original data, when expressed as a cluster-
wise probability (CWP), represent the probability of identi-
fying a maximum cluster of that size or larger during the 
simulation step.

Association between abnormal function, structure, mean 
pain threshold and clinical parameters

To illustrate the overlap between the abnormal BOLD signal 
and decreased grey matter volume in patients with anorexia 
nervosa, we inclusively masked the significant group differ-
ence in the fMRI analysis with the mask image created from 
the significant grey matter volume group difference in the 
voxel-based morphometry (VBM) analysis.

We correlated grey matter volume, the clinical parameters 
and the mean pain threshold using multiple regression 
analy sis in SPM8. We focused solely on brain regions that 
showed significant grey matter volume difference between 
patients and controls. The statistical threshold was set at the 
uncorrected voxel level of p < 0.001. Subsequently, the aver-
age grey matter values were extracted from the significant 
cluster and used to create scatter plots of the significant 
 correlations.

The associations between cortical thickness, the mean pain 
threshold and the clinical parameters of illness duration, the 
Eating Disorder Inventory-2 (EDI-2) and BMI were computed 
by means of a multiple regression analysis using Freesurfer. 
We masked the analyses with the previous results of the 
group analysis to focus only on those regions with signifi-
cantly decreased cortical thickness in patients. We performed 
a Monte Carlo simulation cluster analysis (5000 iterations) for 
multiple comparisons correction. The significance threshold 

was set at p < 0.05. Patients for whom the EDI-2 scores and 
duration of illness were missing were excluded from our cor-
relation analyses between these variables and grey matter 
volume and cortical thickness.

Results

Participants

Twenty-six patients (3 men, 23 women, restrictive subtype) 
who met the DSM-IV criteria for anorexia nervosa according 
to the Structured Clinical Interview for DSM-IV Axis I disor-
ders and 26 healthy controls participated in our study. The 
demographic and clinical characteristics of the sample are 
provided in Table 1. Owing to technical problems with the 
thermal stimulation during fMRI scanning, only 15 patients 
and 15 matched healthy controls were ultimately included in 
the fMRI analysis (Table 1).

Thermal pain thresholds

As shown in Table 1, the 26 patients with anorexia nervosa 
showed a significantly higher mean thermal pain threshold 
on the left (46.7°C v. 45°C, p = 0.009) and on the right hand 
(46.9°C v. 44.8°C, p = 0.002) than the 26 controls.

Grey matter volume

Patients with anorexia nervosa had significantly decreased 
total grey matter volume (p = 0.002) compared with healthy 
controls (Table 1). However, we found no significant differ-
ences in the total white matter or in the whole brain volume.

A test for differences in local grey matter volume in pa-
tients (Fig. 1 and Table 2) revealed significantly decreased 
grey matter in 1 significant cluster consisting of the right ven-
tral PCC and precuneus and the left and right posterior 
midcingulate cortex (pMCC)/dorsal PCC, extending to the 
supplementary motor area (SMA). The grey matter volume 
differences remained significant, even after controlling for 
age and BMI. No significantly increased local grey matter 
volume was observed in patients with anorexia nervosa com-
pared with healthy controls.

Cortical thickness

We observed significantly lower cortical thickness in patients 
with anorexia nervosa mainly in the frontocingulate and pa-
rietal regions (Fig. 2 and Table 3). The differences in cortical 
thickness remained significant, even after controlling for age 
and BMI. No significantly increased cortical thickness was 
observed in patients with anorexia nervosa compared with 
healthy controls.

Functional MRI analysis: group comparison of the 45°C 
versus 37°C contrast

As illustrated in Figure 3, we observed a significant BOLD 
signal increase in patients with anorexia nervosa relative to 
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controls in a cluster (cluster extent k = 1075 voxels) compris-
ing the right (Brodmann area [BA] 23/31; Montreal Neuro-
logical Institute (MNI) coordinates: x, y, z = 14, –32, 36; 
TFCE  = 688, p = 0.022, FWE-corrected) and the left dorsal 
PCC (dPCC; BA23/31; MNI coordinates: x, y, z = –10, –36, 38; 
TFCE = 621, p = 0.030, FWE-corrected) and the MCC (BA24, 
MNI coordinates: x, y, z = 8, –8, 34; TFCE = 618, p = 0.030, 
FWE-corrected). No significant BOLD signal differences were 
observed in the insular or parietal cortices. Masking this sig-
nificant fMRI group analysis with the image of the signifi-
cantly decreased grey matter volume from the VBM group 
analysis, the right dPCC (BA23/31, MNI coordinates: x, y, z = 
14, –32, 36; cluster size = 93) and the left dPCC (BA23/31, 
MNI coordinates: x, y, z = –10, –34, 40; cluster size = 70) 
showed significantly decreased grey matter volumes and ab-
normal BOLD activation in patients with anorexia nervosa 
(Fig. 3). The fMRI parameter estimates, as extracted from the 
right dPCC (MNI coordinates: x, y, z = 14, –32, 36), showed a 
highly significant correlation with pain thresholds in patients 
(r = 0.58, p = 0.024), but not in controls (r = –0.16, p = 0.57).

Correlation between grey matter volume, BMI, mean pain 
threshold and clinical parameters

No significant correlations were detected between BMI or 
Beck Depression Inventory score and total grey matter, white 
matter and whole brain volume or decreased local grey mat-
ter volume in patients with anorexia nervosa.

As illustrated in Figure 4A, we observed a significant neg-
ative correlation between grey matter volume and the mean 
pain threshold in the left dPCC (BA23, MNI coordinates: x, y, 
z = –8, –31, 43; t = 3.49, p < 0.001, uncorrected, cluster size = 4) 
in patients, but not in controls (r = –0.19).

We further detected a significant negative association 
between the grey matter volume in the right pMCC (BA24, 
MNI coordinates: x, y, z = 17, –21, 42; t = 3.89, p < 0.001, 
uncorrected, cluster size = 22) and the severity of anorexia 
nervosa, as assessed using EDI-2 (Fig. 4B). We observed 
a  significant negative correlation between grey matter 
volume and illness duration (Fig. 4C) in the right (BA23, 
MNI  coordinates: x, y, z = 12, –34, 43; t = 5.04, p = 0.010,  

Table 1: Demographic and clinical characteristics of the studied total sample and the fMRI subsample

Group, mean ± SD

Characteristic Anorexia nervosa Control p value

Whole sample, n = 26 per group

Male:female 3:23 3:23 > 0.99

Age, yr 22.96 ± 4.97 24.00 ± 1.92 0.33

BMI 16.97 ± 1.46 21.72 ± 1.50  < 0.001

EDI-2 32.7 ± 11.4 — —

EAT-26 59.5 ± 26.7 — —

Duration of current episode, mo 22.4 ± 14.8 — —

No. hospital admissions for 
anorexia nervosa

3 ± 2.2 — —

BDI 20.00 ± 12.05  < 5 —

Thermal pain threshold, °C

Right hand 46.91 ± 1.84 44.83 ± 2.71 0.002

Left hand 46.72 ± 1.72 44.98 ± 2.78 0.009

Whole brain tissue volumes 
(VBM), cm3

— — —

Grey matter 646.66 ± 57.59 701.07 ± 61.63 0.002

White matter 469.36 ± 54.59 489.2 ± 51.22 0.18

Total 1331.33 ± 108.16 1384.71 ± 117.25 0.09

fMRI subsample, n = 15 per group

Male:female 3:12 3:12 > 0.99

Age, yr 22.8 ± 5.8 24.3 ± 2.06 0.35

BMI 17.2 ± 1.2 22.0 ± 1.35  < 0.001

EDI-2 32.1 ± 11.11 — —

EAT-26 59.2 ± 30.68 — —

Duration of current episode, mo 22.5 ± 14.1 — —

No. hospital admissions for 
anorexia nervosa

2 ± 3.4 — —

BDI 21.4 ± 12.9  < 5 —

Thermal pain threshold, °C

Right hand 47.0 ± 1.67 45.0 ± 2.45 0.015

Left hand 46.9 ± 1.73 44.6 ± 2.71 0.010

BDI = Beck Depression Inventory; BMI = body mass index; EAT = Eating Attitudes Test; EDI = Eating Disorder Inventory; SD = 
standard deviation; VBM = voxel-based morphometry.
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 FWE-corrected, cluster size = 387), the left dPCC (BA23, MNI 
coordinates: x, y, z = –6, –28, 46; t = 3.79, p < 0.001, 
uncorrected, cluster size = 41) and the precuneus (BA7, MNI 
coordinates: x, y, z = 2, –67, 36; t = 4.22, p < 0.001, uncorrected, 
cluster size = 17).

Correlation between cortical thickness, BMI, mean pain 
threshold and clinical parameter

No significant association was observed between BMI and de-
creased cortical thickness in patients with anorexia nervosa.

We observed a significant negative correlation between 
cortical thickness in the region extending between the pMCC 
and the SMA and the mean pain threshold (BA6/24, MNI 
 coordinates: x, y, z = 8, –5, 57; CWP = 0.0056, cluster size = 
295.55 mm2) in patients. The average cortical thickness of 
controls extracted from this cluster also correlated signifi-
cantly with the mean pain threshold (r = –0.57, p = 0.003; 
Fig. 4A).

A significant negative correlation was detected between 
cortical thickness in the right pMCC (BA24, MNI coordinates: 
x, y, z = 15, –17, 42; CWP = 0.0002, cluster size = 402.23 mm2) 
and the severity of anorexia nervosa (using EDI-2; Fig. 4B).

We further observed a significant negative correlation be-
tween illness duration and reduced cortical thickness in the 

right pMCC (BA24, MNI coordinates: x, y, z = 12, –8, 48; 
CWP = 0.006, cluster size = 311.73 mm2), the premotor cortex 
(BA6, MNI coordinates: x, y, z = –38, 2, 50; CWP = 0.04, clus-
ter size = 209.6mm2) and the left middle occipital gyrus 
(BA29, MNI coordinates: x, y, z = –24, –90, 3; CWP = 0.003, 
cluster size = 315.62 mm2; Fig. 4C).

More importantly, there were no significant correlations 
between illness duration and EDI-2 score, nor between the 
pain threshold and the 2 clinical measurements. This indi-
cates that the observed significant correlations with reduced 
grey matter volume and with cortical thickness are not based 
on the shared variance between clinical variables.

Discussion

In accordance with previous studies,26 we did not observe a 
global reduction of brain volume in patients with anorexia 
nervosa. We found a circumscribed loss of grey matter vol-
ume in a brain network consisting of the pMCC, the ventral 
PCC and dPCC, the precuneus and the SMA using an im-
proved methodological approach for image registration and 
separation of grey and white matter, as implemented in 
SPM8.34 Furthermore, we could demonstrate for the first time 
a distinct pattern of lower cortical thickness in patients with 
anorexia nervosa in frontocingulate and parietal areas as well 

Fig. 1: Voxel-based morphometry grey matter analysis showing regions of significant grey matter reduction in patients with anorexia nervosa 
compared with healthy controls (threshold-free cluster enhancement, p < 0.05, family-wise error–corrected). MCC = midcingulate cortex; 
PCC = posterior cingulate cortex; SMA = supplementary motor area.
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Table 2: Montreal Neurological Institute coordinates of the group differences in the grey matter volume

MNI coordinates

Brain area
Right/
Left

Broadmann 
area

Cluster 
size, mm2 x y z TFCE p value*

Posterior cingulate cortex R 31 3708 8 –43 42 1409 0.011

Precuneus R 7 — 5 –61 43 1272 0.018

Midcingulate cortex L 23/24 — –5 –26 44 1151 0.026

Midcingulate cortex R 23/24 — 12 –26 41 1204 0.023

Supplementary motor area R 6 — 2 0 56 1238 0.020

FWE = family-wise error; MNI = Montreal Neurological Institute; TFCE = threshold-free cluster enhancement. 
*Regions of significant grey matter reduction in patients with anorexia nervosa compared with controls (TFCE, p < 0.05, FWE-corrected).
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Fig. 2: Regions of significant difference in cortical thickness between patients with anorexia nervosa and healthy controls 
(p < 0.05, cluster-level corrected). The colour bar indicates logarithmized p values (–log(p)). G = gyrus; MCC = midcingu-
late cortex; MFG = middle frontal gyrus; Occ Cx = occipital cortex; PCC = posterior cingulate cortex; SFG = superior fron-
tal gyrus; SPL = superior parietal lobule; STG = superior temporal gyrus.
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Table 3: Montreal Neurological Institute coordinates of group differences in cortical thickness

MNI coordinates

Brain area
Right/
Left

Brodmann 
area

Cluster 
size, mm2 x y z

Cluster-wise 
p value*

Superior frontal gyrus R 6 2418.96 8 15 61 < 0.001

Superior frontal gyrus L 8 1484.47 –23 23 51 < 0.001

Middle occipital gyrus L 19 1083.07 –31 –87 13 < 0.001

Inferior parietal lobule R 40 915.12 36 –49 57 < 0.001

Middle frontal gyrus L 6 872.26 –37 1 48 < 0.001

Angular gyrus R 39 723.65 40 –76 28 0.003

Postcentral gyrus R 3 594.44 47 –27 56 0.011

Posterior cingulate/precuneus L 7/31 481.64 –20 –60 19 0.027

Precentral gyrus R 6/9 465.99 39 3 40 0.036

Superior parietal lobule L 7 447.84 –31 –55 62 0.037

Superior temporal gyrus R 42 448.16 57 –35 15 0.043

MNI = Montreal Neurological Institute. 
*Significant clusters for the left and right hemisphere, cluster size in mm2, p values from the Monte Carlo simulation (5000 iterations) and 
clustering as cluster-wise probability resulting from the vertex-wise comparison of cortical thickness between the patients with anorexia 
nervosa and healthy controls.
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as in the pre- and postcentral gyrus, confirming and extend-
ing the results of our VBM analysis. Measures of cortical 
thickness fit surfaces to the grey/white and pial boundaries, 
resulting in a low  between-subjects variance.35 This may have 
a higher accuracy to detect focal cortical alterations. Contrary 
to our initial hypothesis, we did not observe any structural 
changes in the insula of patients with anorexia nervosa. In 
agreement with our hypothesis, circumscribed decreased 
grey matter volumes and reduced cortical thickness were 
most notably located in the junction between the dPCC and 
the pMCC. We also observed a relative hyperactivation in 
this region during thermal pain processing in patients, and 
this hyperactivation positively correlated with pain thresh-
olds. This activation difference might be caused by the lack of 
suppression, as observed in healthy controls.

Moreover, structural alterations in this junction were sig-
nificantly and negatively correlated with pain thresholds, 
symptom severity and duration of illness. Our findings there-
fore point toward an involvement of this region in the patho-
physiology of anorexia nervosa. There is evidence to support 
this assumption.

First, taking the functional relevance of these brain regions 
into account, it is remarkable that the precuneus and the PCC 
belong to the neural network involved in self-referential pro-
cessing and reflection on one’s own physical traits.36,37 In par-
ticular, functional alterations in the precuneus, the PCC and 

the inferior parietal lobule have been shown to account for 
the perceptive component of body image distortion in pa-
tients with anorexia nervosa.11,38,39 Our study therefore sup-
ports the argument made by Gaudio and Quattrocchi11 that a 
specific neural basis exists that potentially generates the al-
tered estimation and identification of body image in patients 
with the disease. In agreement with the present results, 
 Gaudio and colleagues40 recently reported a significant grey 
matter reduction in the precuneus as well as in the parietal 
cortex and midcingulate cortex in adolescents with anorexia 
nervosa. In addition, the precuneus is associated with im-
paired self-knowledge41 and a cognitive bias for food im-
ages42 in individuals with this disease.

Moreover, it is noteworthy that the dorsal part of the PCC 
and the whole pMCC have been considered to be crucially in-
volved in visuospatial processing and body orientation  owing 
to high inputs from the inferior parietal cortex and strong 
inter actions with premotor, supplementary motor and somato-
sensory areas, which we found to be additionally altered in 
structure and function in patients with anorexia nervosa. Fur-
thermore, recent functional connectivity studies43,44 demon-
strated that this part of the cingulate cortex shows strong con-
nectivity to a range of functionally distinct brain networks: the 
cognitive frontoparietal executive network, the dorsal atten-
tional network, the sensorimotor network (SMN) and the 
 salience network. Altogether, these findings point toward the 

Fig. 3: Functional MRI analysis including 15 patients and 15 controls in the 45°C versus the 37°C condition. Blue regions depict significant 
blood oxygen–level dependent (BOLD) signal differences between patients with anorexia nervosa and healthy controls (threshold-free cluster 
enhancement [TFCE], p < 0.05, family-wise error [FWE]–corrected) during thermal pain stimulation. Red regions depict significant grey matter 
reduction in patients with anorexia nervosa compared with healthy controls (TFCE, p < 0.05, FWE-corrected) to illustrate the overlap between 
abnormal BOLD signal and reduced grey matter volume (pink). On the right, a scatter plot depicts BOLD activation in the dorsal posterior cin-
gulate cortex (dPCC; abnormal BOLD activation and decreased grey matter volume) and mean pain thresholds in patients and controls. 
pMCC = posterior midcingulate cortex.
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Fig. 4: Correlation analyses 
between pain threshold, 
clinical variables and grey 
matter (GM) volume as well 
as cortical thickness. Whole 
brain regression analysis 
between the (left) grey mat-
ter volume and (right) corti-
cal thickness and (A) mean 
pain threshold, (B) symptom 
severity and (C) duration of 
illness (current episode) in 
patients with anorexia 
masked with the significant 
results of the group analy-
sis. AN = anorexia nervosa; 
dPCC = dorsal posterior cin-
gulate cortex; EDI-2 = Eat-
ing Disorder Inventory-2; 
HC = healthy controls; 
OccCx = occipital cortex; 
pM = premotor cortex; 
pMCC = posterior midcingu-
late cortex; SMA = supple-
mentary motor area.
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importance of this transitional brain area for orchestrating co-
ordinated interactions between various networks. One may 
therefore expect that structural changes in the pMCC/dPCC 
would lead to disturbances across specific cognitive domains.

Consistent with this notion, previous studies have ob-
served neuropsychological deficits in patients with anorexia 
nervosa in attentional, visuospatial, motor and problem solv-
ing tasks, but not in memory tasks.45–47 Grunwald and col-
leagues48,49 observed a deficit in the reproduction of haptic 
stimuli in patients with anorexia nervosa. They interpreted 
these findings in terms of a deficit in somatosensory integra-
tion processing of the parietal cortex. Our finding of de-
creased cortical thickness in the parietal cortex, in the post-
central gyrus and in the dPCC/MCC together with its 
correlation with the pain threshold fits well with this notion 
of a somatosensory deficit in anorexia nervosa.50 The abnor-
mal BOLD activation in the dPCC during thermal pain pro-
cessing and its significant association with increased pain 
threshold provide additional evidence for this hypothesis.

Thus, these neuropsychological findings are in agreement 
with the view that the dPCC coordinates specific neural net-
works during the processing of external information.

On the other hand, the dPCC is strongly interconnected 
with the adjacent ventral part of the PCC, which has been 
considered to be an integral part of the default mode network 
(DMN) and is associated with internally focused processes.

Thus, the structural changes in the dPCC may further lead 
to a breakdown of the dynamic interplay between internally 
and externally focused processes in patients. Our results are 
supported by the findings of McFadden and colleagues,8 who 
reported reduced resting state activity in the ACC, in the pre-
cuneus and in several regions of the SMN in patients with 
anorexia nervosa. Cowdrey and colleagues51 observed an ab-
normal functional connectivity in the precuneus and lateral 
prefrontal regions in recovered patients with anorexia ner-
vosa. Interestingly, previous single photon emission com-
puted tomography studies have also revealed decreased per-
fusion, predominantly in the PCC, the pre- and postcentral 
gyrus, the precuneus and the lateral prefrontal cortex.4,52 In 
the present fMRI experiment, a lack of BOLD activation sup-
pression was observed in patients with anorexia nervosa in 
the PCC during the processing of painful thermal stimuli, in-
dicating disturbed DMN activity. Thus, previous reports8,51 
and our results may point toward the possibility that the ob-
served circumscribed structural deficits might represent the 
neural basis of the reported functional disturbances.

In addition, the cingulate cortex is one of the most frequently 
activated regions during acute pain perception.21 Increased cere-
bral blood flow in the midcingulate cortex was shown during 
pain stimulation in patients with lower back pain.53 It was sug-
gested that chronic pain with a somatic etiology critically in-
volves the MCC and may selectively disrupt early orientation 
responses.54 A recent study suggested that increased sympa-
thetic modulation might play an important role in pain inhibi-
tion in individuals with the disease.17 Because the PCC is known 
to be part of the central autonomic network and is mainly in-
volved in parasympathetic modulation,55 a decreased inhibition 
of sympathetic modulation could be assumed, leading to in-

creased pain thresholds. Altered pain thresholds might also lead 
to differences in activation in the PCC area during pain percep-
tion. This assumption is supported by the observed positive cor-
relation between individual pain thresholds and activation dur-
ing pain perception in this area (Fig. 4).

Thus, in accordance with our hypothesis, we found struc-
tural evidence of aberrant pain processing in patients with 
anorexia nervosa, which might be associated with the emer-
gence of core symptoms of the disease.

Furthermore, the strong correlation between the volume 
and thickness of the pMCC/dPCC and symptom severity, as 
assessed using the EDI, indicates that distorted body image 
and deficient interoceptive awareness may have the same 
neural basis as abnormal pain processing.

It is an interesting question as to how changes in the nutri-
tional state might influence decreases in grey matter volume 
and cortical thickness in our patients. The lack of a significant 
correlation between BMI and reduced grey matter volume 
and cortical thickness might argue against a simple associa-
tion between nutritional state and abnormal cortical struc-
ture, although some studies have demonstrated a normaliza-
tion of the total grey matter volume associated with 
long-term recovery (> 1 yr) from the anorexia.56 Our findings 
point toward specific cerebral morphological impairments, 
which can be considered not as a direct consequence of mal-
nutrition, but rather as a premorbid symptom of anorexia 
nervosa that accompanies neuropsychological impairments. 
However, we cannot determine from the present study 
whether the observed grey matter and cortical thickness re-
ductions precede the disease or develop during its course. 
The correlation between grey matter and cortical thickness 
reduction in the pMCC/dPCC and the duration of the dis-
ease suggests at the very least an ongoing process.

Limitations

A potential limitation of our study is the lack of a specific quan-
tification of body image distortion. Patients were investigated in 
the acute state of the disease, and future studies need to deter-
mine state and trait characteristics of our findings. In addition, 
the number of patients who participated in heat pain testing 
was rather small, and the results of the functional analysis need 
to be repeated with a larger group of patients. Furthermore, al-
though we recorded the duration of the current episode in 
months and the number of previous hospital admissions of pa-
tients, it is important to realize that the entire course of the dis-
ease is hard to quantify owing to clinical variability.

Conclusion

We have shown grey matter volume and cortical thickness 
reduction in a brain network consisting of the cingulate, in-
ferior and superior parietal and frontal brain areas. We as-
sessed 2 parameters of grey matter integrity: grey matter vol-
ume and cortical thickness. We observed in both parameters 
comparable and circumscribed structural abnormalities in 
patients with anorexia nervosa in the frontoparietal– 
cingulate regions. Because cortical thickness and grey matter 
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volume in the postcentral gyrus, the PCC and the precuneus 
showed high heritabilities,28 one can speculate about some 
genetic predisposition to observed structural abnormalities. 
Previous studies have documented a relative risk of 11.3 in 
first-degree relatives of patients with anorexia nervosa57 and 
a significant heritability of the disorder.58

An abnormal structure and function in the junction be-
tween the MCC and the PCC correlated with patients’ phys-
ical pain thresholds, their disease duration and their symptom 
severity and showed an abnormal BOLD signal in their ther-
mal pain processing. We therefore suggest that heat pain ap-
plication is a precise method for identifying the neural bases 
of body image distortion. The results of the study provide 
strong evidence for specific structural brain abnormalities in 
patients with the restrictive type of anorexia nervosa, which 
might be related to central clinical patterns in the disease.
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