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VERSION 1 - REVIEW 

REVIEWER Till Nierhaus, M.Sc., Dipl.-Ing.(FH)  
Berlin NeuroImaging Center (BNIC)  
Department of Neurology  
Charité University Hospital, Campus Mitte (CCM) 
 
Competing Interest:  
I have published already with Prof. Villringer and we collaborate on  
studying the somatosensory system. The work I am reviewing here 
is not  
something I have collaborated on (i.e. I am totally independent from 
this  
study) and reviewing it is not going to impact on any current  
collaboration. 

REVIEW RETURNED 02-Sep-2012 

 

THE STUDY there appear two versions of the Abstract, the one provided in the 
preview contains a confusing sentence:  
"We investigated 100 Caucasian adults (mean age and body mass 
index (BMI) = 51.7 years, 26.0 kg/m², 42 females) subdivided into 
two age groups (20-45 and 65-70 years) using structural (voxel-
based morphometry, VBM) and functional (“resting-state” or “task-
free”, analyzed using Eigenvector Centrality (EC)) functional 
magnetic resonance imaging (MRI)."  
This implies that MRI was used to subdivide the subjects into two 
age groups. I guess this was not the case and recommend to 
rephrase that sentence. 

RESULTS & CONCLUSIONS The authors demonstrate an impressive correlation between brain 
connectivity and visceral body fat in the cerebellum. Especially they 
claim that the measure of the amount of visceral body fat (VAT) is 
more reliable than using the body mass index (BMI). However, they 
do not show that. In addition to the correlation between VAT and 
eigenvector centrality  
(Figures 3 and 4), I would suggest to show also this correlation with 
using the BMI instead of VAT. Furthermore, the authors should 
discuss differences between using VAT and BMI. I would also 
suggest to compare corrected p- and maximum T-values for both 
correlations (VAT, BMI).  
 
-- I agree that it is important to run seperate statistical tests for the 
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young-age group for both, structural and connectivity results (Figure 
1 and 3) to show that the results are significant irrespective of the 
factor "age". Nevertheless, these figures contain no relevant 
additional information for the reader as the results look the same as 
in figures 2 and 4. I suggest to take out figures 1 and 3, and to 
describe the way of statistical testing more detailed in the text and in 
the captions of figures 2 and 4.  
 
-- Investigating the interaction between the factors VAT and age, the 
authors demonstrate that the correlation between VAT and brain 
structure (Figure 2) and connectivity (Figure 4) is different between 
young and old subjects. However, this is only shown with statistically 
parametric maps (SPMs). Usually, such interactions are presented 
showing the regressions with "dot-plots". I would like to see such 
plots for both results with brain structure and connectivity. Such plots 
would also give the reader an impression about the distribution of 
VAT in the young and old subjects. 

 

REVIEWER Robert JECH, M.D., Ph.D., assoc. prof.  
Department of Neurology and Center of Clinical Neuroscience, 
Charles University in Prague, 1st Faculty of Medicine and General 
University Hospital in Prague, 
 
Competing interests:  
I disclose that I know three of the co-authors of this study in person 
(Karsten Mueller, Matthias Schroeter and Arno Villringer). Two of 
whom, Karsten Mueller and Matthias Schroeter, I have previously 
collaborated with on a different project with a different topic. I state 
that my evaluation of the manuscript was not affected by this fact. 

REVIEW RETURNED 06-Sep-2012 

 

THE STUDY supplemental files are OK. 

GENERAL COMMENTS Raschpichler et al., "Abdominal Fat Distribution and Its Relationship 
to Brain Changes – The Differential Effects of Age on Cerebellar 
Structure and Function"  
 
review:  
 
The paper shows interesting correlations between body fat and brain 
structure and function using VBM MRI and resting state fMRI. 
Interestingly, the amount of body fat was obtained using abdominal 
MR scanning which provides a very good obesity-related measure. 
In contrast to many other studies that just use the BMI as a measure 
for obesity, the authors show fat-related differences in brain 
structure and connectivity. This is a novel approach showing great 
potential for investigating obesity using MR techniques, and 
therefore, I vote to accept the paper for publication if the authors 
respond to a few minor comments:  
1. Since the authors show correlations between visceral body fat 
and brain connectivity in detail, I am wondering if there would be 
similar results when using the BMI instead of body fat. I suggest 
creating a new figure showing the correlation using BMI and visceral 
and subcutaneous body fat.  
2. What about the subcutaneous fat? This tissue was considered as 
noise in the study. I think that authors should describe the 
relationship between subcutaneous and visceral body fat and 
explain what they see if subcutaneous fat will be used as an effect of 
interest. The authors should also explain why they believe that 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2012-001915 on 24 January 2013. D

ow
nloaded from

 

http://bmjopen.bmj.com/


visceral and not subcutaneous (or summation of both) should be 
better reflected in gray matter loss.  
3. The statistical analysis should be explained in more detail. 
Authors mentioned (page 11, 2nd paragraph) that older subjects 
were analyzed additionally using a full-factorial design, which means 
to me that only older subjects were analyzed separately. However, 
the same sentence continued with “VAT-age-interaction between the 
two groups”. I am puzzled which groups of subjects entered the 
design matrix in which analysis. Was it each group separately or 
both groups together?  
4. The authors did not investigate the weight-independent visceral 
adiposity. They did not include BMI as a further covariate into the 
abdominal fat analysis. Why was a model chosen without BMI as 
covariate?  
5. Abdominal body scanning was performed across a region of 20 
cm. Is that enough? Is there a significant amount of body fat outside 
the scanned region? As males and females tend to collect fat tissue 
in different body regions, the method being exclusively focused on 
abdominal fat seems to be biased towards male obesity. Could this 
be an explanation why no significant results in women were 
detected?  
6. The description of abdominal scanning should be extended. 
Abdominal scanning is a challenge because of respiration. How did 
the authors manage those problems? Using a field strength of 3 T, I 
would also expect larger inhomogenities across the image.  
7. As the segmentation of subcutaneous and visceral body fat is a 
central issue of the paper, I would suggest describing this approach 
in greater detail. I would like to understand the procedure of “semi-
automatic” fat quantification.  
8. What about positive correlations between body fat and 
eigenvector centrality? Because the authors are reporting just 
negative correlations, I am wondering if there are also positive 
correlations.  
9. Authors speculate about effects of leptin on the cerebellum as one 
of the possible explanation of their results. Since leptin (whose 
concentration increases with the amount of fat) has protective 
effects on Purkinje cells why we see a decrease and not an increase 
in the cerebellar GMD with growing visceral fat?  
10. Table1, caption: correct typo p<0.001 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1:  

(1) The Study: -- there appear two versions of the Abstract, the one provided in the preview contains a 

confusing sentence: "We investigated 100 Caucasian adults (mean age and body mass index (BMI) = 

51.7 years, 26.0 kg/m², 42 females) subdivided into two age groups (20-45 and 65-70 years) using 

structural (voxel-based morphometry, VBM) and functional (“resting-state” or “task-free”, analyzed 

using Eigenvector Centrality (EC)) functional magnetic resonance imaging (MRI)." This implies that 

MRI was used to subdivide the subjects into two age groups. I guess this was not the case and 

recommend to rephrase that sentence.  

 

We agree that the phrasing is misleading. We rephrased the sentence.  

 

(2) RESULTS AND CONCLUSION: -- The authors demonstrate an impressive correlation between 

brain connectivity and visceral body fat in the cerebellum. Especially they claim that the measure of 

the amount of visceral body fat (VAT) is more reliable than using the body mass index (BMI). 

However, they do not show that. In addition to the correlation between VAT and eigenvector centrality 
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(Figures 3 and 4), I would suggest to show also this correlation with using the BMI instead of VAT. 

Furthermore, the authors should discuss differences between using VAT and BMI. I would also 

suggest to compare corrected p- and maximum T-values for both correlations (VAT, BMI).  

 

Thank you very much for this comment. We added an additional figure (new Figure 5).  

This figure shows negative correlation between eigenvector centrality (EC) and body mass index 

(BMI). The analyses were performed using a full factorial model (BMI-age-interaction) including all 

subjects. In the group of young-to-mid-age adults, a higher BMI was associated with a decreased EC 

in the cerebellum bilaterally (top row, color-coded in yellow). This correlation was not shown within the 

group of old subjects. The difference between both age groups, however, was not significant with 

correcting for multiple comparisons. Results are shown using a voxel threshold of p<0.005. Note that 

using visceral adipose tissue (VAT) instead of BMI, a significant difference between both age groups 

can be shown using family wise error (FWE) correction (see Figure 2).  

Thus, measuring abdominal fat distribution seems to be more sensitive to detect changes in functional 

connectivity in our cohort of participants being overweight and slightly obese. This was also reflected 

by the peak T-values of the interaction analysis: using VAT, the peak T-values for the left and right 

cerebellum are 4.60 and 4.63, respectively; using BMI, the peak T-values for the left and right 

cerebellum are 3.36 and 3.09, respectively.  

 

We rephrased the results section and added sentences in order to illustrate these points in more 

detail:  

 

--- In order to investigate whether the BMI provides similar results compared to the VAT, we repeated 

the full factorial analysis using the BMI instead of VAT. Even though we found a negative correlation 

between BMI and EC within the cerebellum in the younger subjects (Figure 5, top row), the difference 

between both age groups was significant only when using an uncorrected voxel-threshold (Figure 5, 

bottom row). Hence, VAT appears to be more sensitive to detect changes in functional connectivity 

than the BMI in our cohort of participants being overweight and slightly obese. This is reflected also 

by the peak T-values of the interaction contrast: using VAT, the peak T-values for the left and right 

cerebellum were 4.60 and 4.63, respectively; using BMI, the peak T-values for the left and right 

cerebellum were 3.36 and 3.09, respectively.  

 

(3) -- I agree that it is important to run seperate statistical tests for the young-age group for both, 

structural and connectivity results (Figure 1 and 3) to show that the results are significant irrespective 

of the factor "age". Nevertheless, these figures contain no relevant additional information for the 

reader as the results look the same as in figures 2 and 4. I suggest to take out figures 1 and 3, and to 

describe the way of statistical testing more detailed in the text and in the captions of figures 2 and 4.  

 

Thank you very much for this suggestion. Yet, we are of the opinion that the figures show different 

content, because they are based on different analyses: while the full factorial design includes all 

subjects, the separate analyses of the age groups contain only the respective subjects and – by that – 

suitable degrees of freedom.  

Nevertheless, we agree that the usage of different analysis does not necessarily justify separate 

figures. Hence, we completely reorganized both order and content of our figures: the Figures 1 and 3 

now include both the correlational model (first row) and the interaction model (rows two to four) for 

grey matter density and eigenvector centrality, respectively.  

By that, the differing analyses as well as a suitable organization are considered. We hope that this 

allows an easier understanding of the performed analyses to BMJopen’s readership.  

 

(4) -- Investigating the interaction between the factors VAT and age, the authors demonstrate that the 

correlation between VAT and brain structure (Figure 2) and connectivity (Figure 4) is different 

between young and old subjects. However, this is only shown with statistically parametric maps 
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(SPMs). Usually, such interactions are presented showing the regressions with "dot-plots". I would like 

to see such plots for both results with brain structure and connectivity. Such plots would also give the 

reader an impression about the distribution of VAT in the young and old subjects.  

 

We agree that such a figure increased the understanding for the reader. Hence, we added a new 

figure (new Figure2).  

These dot-plots show the interaction between the factors visceral adipose tissue (VAT) and age in the 

left cerebellum with changes of grey matter density (GMD, left plot) and eigenvector centrality (EC, 

right plot). The young-to-mid-age participants are shown with violet dots; older participants are shown 

in green color. Circles with black edge show the fitted GMD/EC values with computing the interaction 

between VAT and age; the smaller dots show the normalized GMD/EC values including the error term 

of the general linear model. Thus, the dots show original GMD/EC values adjusted for the confounds 

that were used in the model.  

 

 

Reviewer 2:  

(1) Since the authors show correlations between visceral body fat and brain connectivity in detail, I am 

wondering if there would be similar results when using the BMI instead of body fat. I suggest creating 

a new figure showing the correlation using BMI and visceral and subcutaneous body fat.  

 

Thank you very much for this comment. We added an additional figure (new Figure 5).  

This figure shows negative correlation between eigenvector centrality (EC) and body mass index 

(BMI). The analyses were performed using a full factorial model (BMI-age-interaction) including all 

subjects. In the group of young-to-mid-age adults, a higher BMI was associated with a decreased EC 

in the cerebellum bilaterally (top row, color-coded in yellow). This correlation was not shown within the 

group of old subjects. The difference between both age groups, however, was not significant with 

correcting for multiple comparisons. Results are shown using a voxel threshold of p<0.005. Note that 

using visceral adipose tissue (VAT) instead of BMI, a significant difference between both age groups 

can be shown using family wise error (FWE) correction (see Figure 2).  

Thus, measuring abdominal fat distribution by including the subcutaneous adipose tissue as an 

additional covariate seems to be more sensitive to detect changes in functional connectivity in our 

cohort of participants being overweight and slightly obese. This was also reflected by the peak T-

values of the interaction analysis: using VAT, the peak T-values for the left and right cerebellum are 

4.60 and 4.63, respectively; using BMI, the peak T-values for the left and right cerebellum are 3.36 

and 3.09, respectively.  

 

We rephrased the results section and added sentences in order to illustrate these points in more 

detail:  

 

--- In order to investigate whether the BMI provides similar results compared to the VAT, we repeated 

the full factorial analysis using the BMI instead of VAT. Even though we found a negative correlation 

between BMI and EC within the cerebellum in the younger subjects (Figure 5, top row), the difference 

between both age groups was significant only when using an uncorrected voxel-threshold (Figure 5, 

bottom row). Hence, VAT appears to be more sensitive to detect changes in functional connectivity 

than the BMI in our cohort of participants being overweight and slightly obese. This is reflected also 

by the peak T-values of the interaction contrast: using VAT, the peak T-values for the left and right 

cerebellum were 4.60 and 4.63, respectively; using BMI, the peak T-values for the left and right 

cerebellum were 3.36 and 3.09, respectively.  

 

(2) What about the subcutaneous fat? This tissue was considered as noise in the study. I think that 

authors should describe the relationship between subcutaneous and visceral body fat and explain 

what they see if subcutaneous fat will be used as an effect of interest. The authors should also 
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explain why they believe that visceral and not subcutaneous (or summation of both) should be better 

reflected in gray matter loss.  

 

We are not of the opinion that the sum of both adipose tissue volumes should be used, because then 

the abdominal adipose tissue’s distribution would be ignored. Furthermore, using the sum of both VAT 

and SAT would basically repeat the study that has been published recently by Kurth et al (Reference# 

17). This group used the waist circumference - which is a function of both VAT and SAT - as the 

parameter for abdominal fat accumulation and a correlate towards brain changes. Since the WC is 

unable to reliably predict the VAT, this study cannot draw conclusions about the impact of abdominal 

fat distribution on brain changes.  

We agree that subcutaneous fat is important. Thus, we used it as an additional covariate in the model 

to account for the fact that SAT has protective effects compared to VAT and that the balance between 

both is supposed to be most important (for review on this topic we refer to M Blüher 2010 in Curr Opi 

in Lipidol or JP Despres 2012 in J Endo and Metabol). Another approach was to use a VAT/SAT-ratio 

instead, which we did without revealing different results.  

 

(3) The statistical analysis should be explained in more detail. Authors mentioned (page 11, 2nd 

paragraph) that older subjects were analyzed additionally using a full-factorial design, which means to 

me that only older subjects were analyzed separately. However, the same sentence continued with 

“VAT-age-interaction between the two groups”. I am puzzled which groups of subjects entered the 

design matrix in which analysis. Was it each group separately or both groups together?  

 

Thank you for pointing out that wording was not clear. All analyses were performed for both age 

groups separately and – in addition – using a full factorial design investigating the interaction between 

the factors age and VAT, while SAT was also used as a further covariate.  

 

Additional sentences were added into the Methods section and the Results section was rephrased 

accordingly.  

 

(4) The authors did not investigate the weight-independent visceral adiposity. They did not include 

BMI as a further covariate into the abdominal fat analysis. Why was a model chosen without BMI as 

covariate?  

 

Thank you for this comment.  

We repeated our analyses using the BMI as an additional covariate to investigate for the weight-

independent visceral adiposity. This did not change the results for both GMD and EC.  

 

An additional sentence is provided in the section on Brain data analysis:  

 

--- Furthermore, we repeated the analysis using the BMI as an additional covariate in order to 

investigate for the weight-independent visceral adiposity. This did not lead to different results.  

 

(5) Abdominal body scanning was performed across a region of 20 cm. Is that enough? Is there a 

significant amount of body fat outside the scanned region? As males and females tend to collect fat 

tissue in different body regions, the method being exclusively focused on abdominal fat seems to be 

biased towards male obesity. Could this be an explanation why no significant results in women were 

detected?  

 

We do see your point and this might be a possible explanation for the gender-related findings in our 

younger subgroup. Yet please note that the interaction between genders was not significant. Thus, we 

are not able to show gender-differences in this subgroup.  
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We chose to define the abdominal region within 20cm because by that we cover the greater umbilical 

region without including adipose tissue located beyond the diaphragm into the analysis. The 

abdominal region’s lower boundary was located ten centimetres below the umbilicus using a 

measurement tape. By covering those 20cm we scanned a region sufficient to provide a measure of 

abdominal fat distribution. Given the hypothesis that brain structure and function relate to metabolism 

rather than whole-body fat (or obesity) in an unknown manner, investigating the abdominal region with 

the adipose tissue distribution is the method of choice, because it allows examining the amount of 

intra-abdominal fat accumulation as an important aspect of metabolism.  

An additional sentence was added into the section on abdominal data analysis:  

 

--- By that, we ensured that the umbilical region was included, but adipose tissue beyond the 

diaphragm was excluded in every participant. Since even single-slice investigations usually located on 

the umbilical region allow sufficient examination of abdominal adipose tissue distribution in both 

genders, we consider our approach as being appropriate. Yet, it does not allow drawing conclusions 

about whole-body fat; this, however, was not the scope of our study because metabolic effects are 

primarily related to abdominal fat distribution.  

 

(6) The description of abdominal scanning should be extended. Abdominal scanning is a challenge 

because of respiration. How did the authors manage those problems? Using a field strength of 3 T, I 

would also expect larger inhomogenities across the image.  

 

Thank you very much for this comment. We agree, that abdominal scanning at 3T is challenging, 

mainly because of the two reasons mentioned (i.e. breathing and magnetic field homogeneity). Both 

issues could be solved almost completely by (1) performing abdominal imaging during 18-seconds-

breatholds for each stack, and (2) running test analyses beforehand in order to identify the MR 

sequence that balances image contrast and susceptibility to field inhomogeneities. Yet, it has to be 

noted that approximately 20% of the acquired datasets within the entire cohort study we took our data 

from was excluded from analysis, mainly due to breathing artefacts. In order to eliminate influential 

effects of minor data weaknesses within the included datasets, we ran a separate analysis that 

included a categorical evaluation of the data’s quality as an additional covariate. As expected, this did 

not change the results.  

Additional sentences referring to the abdominal data acquisition are provided in the current draft:  

 

--- Since field inhomogeneities are more likely at 3T, we tested the usage of a dielectric pad to 

improve field homogeneity before the actual study started (Schick 2005). This, however, turned out to 

be unnecessary based on the image quality provided by the scanner; besides, signal weaknesses 

were not significantly improved using such a pad. In order to avoid breathing artefacts, the 

participants were asked to hold their breath for a period of 18 seconds each, wherein five slices were 

recorded. From our experience, this duration was tolerated well if the individual was capable of 

holding breath at all.  

[…]  

In addition, we repeated the analysis using a classification of (1) deep white matter lesions according 

to Fazekas’s rating scale [23,24] and (2) the abdominal data’s quality as additional covariates. This, 

however, did not lead to different results.  

 

(7) As the segmentation of subcutaneous and visceral body fat is a central issue of the paper, I would 

suggest describing this approach in greater detail. I would like to understand the procedure of “semi-

automatic” fat quantification.  

 

We agree with the reviewer that the segmentation is a new approach for the MRI community. We 

chose the traditional, threshold-based, uncorrected approach for our data because its basis has been 

proven in cadaver studies and rats (see Abate J Lipid Res 1994, Ross J Appl Physiol 1991). As the 
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software packages currently available for this particular task of abdominal fat segmentation and 

quantification were too time consuming for the data volume expected (see Bonekamp in The 

International Journal of Obesity 2008), we wrote a macro using ImageJ as the platform. By that, 

similar results for the VAT can be obtained compared to a reference software while processing time is 

reduced to less than five minutes per dataset. A short explanation of the four-step segmentation 

process is provided in the paper. We hope that this allows basic understanding of the algorithm 

because we are working on a methodical paper that reports on the macros’ performances in detail:  

 

--- In short, to ensure highest possible anatomical accuracy, the segmentation algorithm followed a 

four-step approach that included automated operations such as basic morphology, Active Contours, 

and interpolation, as well as manual circumscription of the visceral cavity on the stacks’ initial images; 

conventional automated thresholding binarized the image to separate fat from non-fat tissue.  

 

(8) What about positive correlations between body fat and eigenvector centrality? Because the 

authors are reporting just negative correlations, I am wondering if there are also positive correlations.  

 

Thanks for this comment.  

In the young cohort we found a positive correlation between EC and VAT in the cingulate cortex. 

Although this positive correlation was not found in the older subjects, we are not able to show 

significant differences between both groups.  

An additional sentence is provided in the Results section of the paper:  

 

--- Furthermore, we observed a positive correlation between VAT and EC in the cingulate cortex (data 

not shown).  

 

(9) Authors speculate about effects of leptin on the cerebellum as one of the possible explanation of 

their results. Since leptin (whose concentration increases with the amount of fat) has protective 

effects on Purkinje cells why we see a decrease and not an increase in the cerebellar GMD with 

growing visceral fat?  

 

This is an excellent question that we hoped to have discussed in the first draft (please see page 15). 

From our perspective, we see a loss of cerebellar GMD with growing visceral fat because Leptin-

levels are primarily determined by the amount of subcutaneous adipose tissue (see Reference# 61). 

Hence, the susceptibility to deposit excess energy within the visceral rather than the subcutaneous 

compartment relates to a loss of cerebellar GMD. This was confirmed by our analysis because it was 

strengthened by including SAT as an additional covariate.  

We extended the paragraph respecting Leptin accordingly:  

 

--- Since leptin concentrations are mainly determined by subcutaneous adipose tissue [61], which 

strengthened our model as a co-variate, higher susceptibility to store energy within the visceral 

adipose tissue could be related to leptin levels relatively deficient to support the development of 

cerebellar projections that influence homeostatic mechanisms in the hypothalamus.  

 

(10) Table1, caption: correct typo p<0.001 

VERSION 2 – REVIEW 

REVIEWER Till Nierhaus, M.Sc., Dipl.-Ing.(FH)  
Berlin NeuroImaging Center (BNIC)  
Department of Neurology  
Charité University Hospital, Campus Mitte (CCM) 
 
Competing Interest:  
I have published already with Prof. Villringer and we collaborate on  
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studying the somatosensory system. The work I am reviewing here 
is not  
something I have collaborated on (i.e. I am totally independent from 
this  
study) and reviewing it is not going to impact on any current  
collaboration. 

REVIEW RETURNED 06-Nov-2012 

 

- The reviewer completed the checklist but made no further comments. 

 

REVIEWER Robert JECH, M.D., Ph.D., assoc. prof.  
Department of Neurology and Center of Clinical Neuroscience, 
Charles University in Prague, 1st Faculty of Medicine and General 
University Hospital in Prague, Kateřinská 30, 120 00 Praha, Czech 
Republic.  
 
Please, see my disclosure in my first review of the manuscript. 

REVIEW RETURNED 30-Oct-2012 

 

- The reviewer completed the checklist but made no further comments. 
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