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used. A correlation analysis of MRI volumetric measurements 
of subcutaneous and visceral body fat,  atherosclerotic plaque 
load of the brain-feeding arteries measured by computed to-
mography angiography, and WMLL measured by MRI volum-
etry of the whole brain was performed.   Results:  The normal-
ized total abdominal adipose tissue and the normalized sub-
cutaneous abdominal adipose tissue showed no significant 
correlation with either WMLL or total plaque volume. In con-
trast, the normalized visceral adipose tissue showed a signifi-
cant correlation with WMLL volume. Visceral adipose tissue as 
a percentage of total adipose tissue showed a significant cor-
relation with WMLL. In particular, the percentage of visceral 
adipose tissue rather than total body fat volume strongly cor-
related with atherosclerosis and ischemic cerebral lesions. 
Furthermore, the volume of both soft and calcified plaques 
correlated significantly with WMLL.  Conclusions:  Our results 
contribute to existing studies about the association of differ-
ent patterns of fat distribution with atherosclerosis of the 
brain-feeding arteries, in particular highlighting the impor-
tance of visceral adiposity as a risk factor for cerebrovascular 
disease. The percentage of visceral adipose tissue in total ad-
ipose tissue has the potential of a sensitive parameter and 
might become a relevant new epidemiological marker, show-
ing highly significant correlations with well-established mark-
ers of  cerebrovascular disease. In conclusion, the percentage 
of visceral adipose tissue by itself has to be regarded as a risk 
factor for both small vessel cerebrovascular disease and cere-
bral atherosclerosis of the large-to-medium-sized arteries. 

 Copyright © 2013 S. Karger AG, Basel 
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 Abstract 

  Background:  While adiposity is a well-established risk factor 
for cardiovascular disease, the association between adiposity 
and cerebrovascular disease is not entirely understood. For 
example, common methods to quantify body fat volume such 
as body mass index, waist circumference and waist-to-hip ra-
tio are not suitable to identify the complex distribution pat-
terns of body fat and its relation to cerebrovascular patholo-
gy. In view of a better understanding of the association be-
tween fat distribution and cerebrovascular disorders, the aim 
of the study was to perform measurements of body fat distri-
bution patterns and body fat volumes in correlation to arte-
riosclerosis of the brain-feeding arteries and white matter le-
sion load (WMLL).  Methods:  In this study we performed a 
magnetic resonance imaging (MRI)-based volumetric differ-
ential analysis of subcutaneous and visceral body fat distribu-
tion in 25 patients with MRI-proven hyperacute ischemic 
stroke. For the measurement of adipose tissue volume and 
tissue distribution automatic labeling analysis software was 
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 Introduction 

 Cerebral stroke due to small vessel cerebrovascular dis-
ease and cerebral atherosclerosis of the large-to-medium-
sized arteries are among the main reasons for severe neu-
rological impairment in the elderly  [1] . Nevertheless, risk 
factors for cerebrovascular disorders are not as well de-
fined as in the case with cardiovascular disease (CVD)  [2] . 
Obesity, as one of the main cardiovascular risk factors  [3] , 
has to be subdivided. Visceral obesity involves a high risk 
of CVD and is associated with an atherothrombotic, in-
flammatory profile of the metabolic syndrome  [4] . It has 
been proposed that visceral fat may act like an ‘endocrine 
gland’. The release of cytokines (adipokines) like TNFα 
facilitates the development of an insulin-resistant state, 
probably leading to higher CVD risk  [5]  and atheroscle-
rosis  [6] . Furthermore, free fatty acids, produced by vis-
ceral adipose tissue and released into the hepatic circula-
tion, may influence lipoprotein metabolism and glucose 
homeostasis, thereby reducing insulin sensitivity  [7] . On 
the other hand, peripheral subcutaneous fat, particularly 
located on the lower body, may be protective in respect to 
CVD  [4] .

  In order to analyze fat distribution and its association 
with hypertension and stroke, the body mass index (BMI), 
measurements of waist circumference, waist-to-hip ratio 
and waist-to-height ratio have been performed. Appar-
ently all these approaches to identify complex distribution 
patterns of body fat and their effects on cerebrovascular 
disease yield heterogeneous results. Only in some studies 
was BMI associated with a higher risk for stroke  [8] ; in 
other studies there was no significant association  [9] . 
Winter et al.  [10]  found significant associations between 
the risk of stroke and waist circumference, waist-to-stat-
ure ratio and waist-to-hip ratio. Other studies showed 
that an increased waist-to-hip ratio was associated with 
greater risk of stroke and had a stronger association with 
stroke than BMI  [11] .

  In regard to the differing risk profiles of fat tissues con-
cerning CVD, a better understanding of the association 
between fat distribution and cerebrovascular disorders 
may help to reduce metabolic risk factor burden for cere-
brovascular disease. Hence the aim of our study was (1) 
to perform measurements of body fat volumes and of dis-
tribution patterns of visceral and subcutaneous body fat 
in patients with cerebrovascular disease using a new mag-
netic resonance imaging (MRI)-based technique and (2) 
to analyze these results in relation to comorbidity with 
atherosclerotic changes of the brain-feeding arteries and 
white matter lesion load (WMLL).

  Materials and Methods 

 Study Population 
 From October 2010 to January 2012, 25 patients with MRI-

proven hyperacute ischemic stroke (17 male, 8 female; average age, 
65.7 years ±10.9 for men and 60.8 years ±13.3 for women) were 
enrolled from the stroke unit of the Department of Neurology, 
University of Ulm, Germany. All patients had undergone MRI of 
the brain and computed tomography angiography (CTA) of the 
brain-feeding arteries for clinical diagnostic purposes. In addition, 
a whole-body MRI scan for the evaluation of the quantity and dis-
tribution of adipose tissue was performed on all patients as part of 
the research protocol. The investigation was approved by the Eth-
ics Committee of the University of Ulm, and all subjects gave their 
written informed consent before being enrolled.

  Data Recording and Data Processing 
 CTA of the Supra-Aortic Vessels 
 CTA scanning of the ascending aorta, aortic arch and supra-

aortic vessels was performed using a 16-slice multidetector row CT 
system (Somatom Emotion; Siemens Healthcare, Erlangen, Ger-
many). The following scanning protocol was used: spiral mode, 
600 ms gantry rotation; collimation, 16 × 0,6 mm; pitch, 0.8; sec-
tion thickness, 0,75 mm; reconstruction interval, 0.75 mm; acqui-
sition parameters, 110 kVp/150 mA. Patients received 120 ml of a 
contrast agent (Imeron 400 MCT, Bracco Imaging GmbH, Kon-
stanz, Germany) using an injector with a flow rate of 3.5 ml/s. Im-
age reconstruction was carried out with a field of view of 187 mm 
and a slice thickness of 1 mm.

  Measurement of carotid artery wall thickness (CAWT) was 
performed as described previously by Saba et al.  [12]  by the use of 
the freely available DICOM software, OsiriX (OsiriX, version 3.7.1 
for MacOS X). CAWT, defined as the distance between the leading 
edge of the opacified vessel lumen and the external visible limit of 
the artery wall  [12]  in axial CTA slices, was assessed for both com-
mon carotid arteries and was measured 1 cm proximal to the ca-
rotid bulb at areas where there was no evidence of a plaque.

  The volume and distribution of atherosclerotic plaques was 
measured semiautomatically as a function of the threshold value of 
hyperdense areas with the in-house developed software, IBAS (In-
tensity-Based Analysis Software)  [13] . Calcified plaques ( fig.  1 a) 
and fibrous and/or fatty plaques were delineated separately. The 
following vessels were analyzed: ascending aorta with aortic arch 
and the brachiocephalic artery; common carotid artery; extracra-
nial internal carotid artery; intracranial internal carotid artery; an-
terior and medial cerebral artery; vertebral artery, and basilar and 
posterior cerebral artery.

  MRI Volumetric Measurement of WMLL 
 Cranial MRI data were acquired on a 1.5-T scanner (Sympho-

ny; Siemens Healthcare) to quantify WMLL. Forty T2-weighted 
coronal slices (attenuated inversion recovery/fluid-attenuated in-
version recovery, FLAIR, repetition time/echo time 6180/112 ms) 
of 3.0 mm thickness, 0,45 × 0.45 mm 2  in-plane resolution and 
512  × 448 voxels matrix dimension were scanned. The 3D T2-
weighted images were analyzed by tensor-imaging and fiber-track-
ing software  [14] , based on a semiautomatic image intensity anal-
ysis. In order to identify lesion-related voxels (hyperintense in T2-
weighted scans), those voxels within an operator-defined intensity 
range were identified slicewise and were then color-coded depend-
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ing on the anatomical localization ( fig. 1 b). A zooming feature us-
ing nearest neighbor interpolation improved the accuracy of this 
classification. The number of detected voxels, respectively the total 
volume of lesions, was identified as the WMLL.

  MRI Volumetric Analysis of Fat Volume and Distribution 
 For body fat quantification, MRI data were acquired on the 

same 1.5-T scanner (Symphony; Siemens Healthcare). A quantum 
gradient system with gradient field strength up to 30 mT/m (52 
mT/m effective) was available with a slew rate of up to 125 T/m/s 
(216 T/m/s effective). The whole-body MRI scan was recorded by 
the acquisition of six to eight T1-weighted volumes (standard T1-
weighted turbo spin echo sequence), each consisting of 36 2D slic-
es (slice thickness, 5 mm; 1 mm gap). The in-plane resolution was 
1.8 × 1.3 mm (206 × 384 voxels); 206 phase-encoding steps were 
used and the phase-encoding direction was anterior to posterior. 
The flip angle was 160°, the repetition time was 476 ms and the 

echo time was 12 ms. The acquisition time for one volume was 4.5 
min, resulting in a total acquisition time between 27 and 36 min. 
To confirm that no gap was left between the consecutive volumes, 
an overlap of about 6–18 mm was chosen between the volumes, so 
that a total area of at least 120 cm was scanned.

  For the measurement of adipose tissue volume and distribu-
tion, the in-house developed software package, ATLAS (Automat-
ic Tissue Labeling Analysis Software) was used, as described previ-
ously  [13] . An example of the measurement method is depicted in 
 figure 1 c. The region between the femoral head and the diaphragm 
was selected and defined as the abdominal region. Subcutaneous 
(SAT), visceral (intra-abdominal) adipose tissue (VAT) and total 
abdominal adipose tissue (TAT) was measured within these bor-
ders. In order to control for height differences, normalization of 
body fat volumes was performed by dividing each of the three vol-
umes by the number of MRI slices used for the evaluation of body 
fat in each patient.

  Fig. 1.   a  Quantification of atherosclerotic plaques in the aortic arch 
in CTA; hard (calcified) plaques are indicated in purple.  b  Deter-
mination of WMLL in a FLAIR MRI coronal slice; the measured 
white matter lesions are colored blue.  c  Measurement of body fat 
volumes; in representative slices (coronal, axial and sagittal view) 

SAT is indicated in red and VAT in green. The sagittal view shows 
slices from 2 different subjects: the subject on the left has a high 
percentage of VAT and the subject on the right has a low percent-
age of VAT. 

a

c

b

Coronal Sagittal

Axial

Subcutaneous fat
Visceral fat
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  Statistical Analysis 
 Statistical analysis was done using IBM SPSS Statistics 20. Data 

are presented as mean ± SD. Pearson’s correlation coefficient was 
calculated to analyze the relation between the following variables: 
normalized total body fat (nTAT) with WMLL; nTAT with total 
plaque volume (TPV); normalized SAT (nSAT) with WMLL; 
nSAT with TPV; normalized VAT (nVAT) with WMLL; nVAT 
with TPV; VAT/TAT ratio with WMLL, TPV, soft plaque volume, 
hard plaque volume and CAWT; WMLL with TPV and with soft 
plaque and hard plaque volume; CAWT with TPV and with soft 
plaque and hard plaque volume. The p value required for signifi-
cance was calculated by applying the Bonferroni correction for 
multiple comparisons to achieve a global significance level of 5%. 
Due to the small sample size, a correlation analysis separated for 
gender could not be performed.

  Results 

 A total of 25 patients were studied (8 female, 17 male). 
The average age was 64.1 years ±11.6. The detailed nu-
merical scores of the following analyses are depicted in 
 table 1 .

  Plaque Volume of the Aorta and the Supra-Aortic 
Vessels 
 The mean TPV was 1,211 mm 3 , ranging from 0 mm 3  

to 6,017 mm 3 .

  Abdominal Adipose Tissue Volume 
 The average TAT volume was 14.7 liters ±5.8, the mean 

volume of SAT was 8.6 ± 5.0 liters and the mean volume of 
VAT was 6.2 ± 2.6 liters. The standard deviation (SD) over 
SAT and VAT for all subjects represents the intrasubject 
variability (not the mean analysis error) and is in the order 

of magnitude with a larger subject population in an in-
house study with >200 subjects (data acquisition and anal-
ysis with the identical MRI protocol, unpublished data). 
The estimated analysis error in determination of SAT and 
VAT is in the order of 10%.The mean value of VAT as a 
percentage of TAT (VAT/TAT) was 43.5 ± 13.5%. The 
mean nTAT was 45.7 ± 15.5 l/m, that of nSAT was 26.3 ± 
13.6 l/m, and the mean normalized volume of nVAT was 
19.5 ± 8.3 l/m.

  White Matter Lesion Load 
 The average WMLL was 6,379 ± 7,037 mm 3 , ranging 

from 91 to 28,060 mm 3 .

  Carotid Artery Wall Thickness 
 Mean CAWT was 1.20 ± 0.14 mm.

  Correlation Analysis 
 The nTAT and the nSAT showed no significant correla-

tion either with WMLL or TPV ( fig. 2 a, b). In contrast, the 
nVAT showed a significant correlation with WMLL vol-
ume (p = 0.001,  fig. 2 f) but not with TPV. VAT/TAT ratio 
(VAT as a percentage of TAT) showed a significant corre-
lation with WMLL (p = 0.002,  fig. 2 d), TPV (p < 0.001, 
 fig. 2 c) and soft plaque volume (p < 0.001) but not with 
hard plaque volume. In addition, VAT/TAT ratio showed 
a significant correlation with CAWT (p < 0.001,  fig. 2 e).

  TPV and WMLL were significantly positively corre-
lated (p < 0.001,  table 2 ). Furthermore, the volume of both 
soft and hard (calcified) plaques correlated significantly 
with WMLL (p = 0.003 and p = 0.001, respectively).

  CAWT was significantly positively correlated with 
TPV (p < 0.001) and soft plaque volume (p < 0.001) but 
not with hard plaque volume.

  Discussion 

 The aim of our study was to investigate possible cor-
relations between the distribution of body fat and athero-
sclerotic changes of the brain-feeding arteries in terms of 
macroangiopathy in CTA imaging on the one hand and 
body fat distribution and leukoaraiosis as a measure of 
microangiopathic changes on the other hand. Our results 
indicate that the proportion of visceral in relation to sub-
cutaneous fat volume determines cerebrovascular risk 
rather than total body fat volume.

  It is assumed that leukoaraiosis represents regions of 
ischemic demyelination and gliosis in consequence of 
chronic vascular insufficiency and clinically silent in-

Table 1. Volumetric analyses of white matter lesions, body fat and 
arterial wall thickness (mean ± SD)

All (n = 25) Female (n = 8) Male (n = 17)

Age, years 64.1±11.6 60.8±13.3 65.7±10.9
TPV, mm3 1,211±1,426 677±937 1,463±1,567
TAT, liters 14.7±5.8 14.9±8.6 14.7±4.3
SAT, liters 8.6±5.0 11.0±7.4 7.4±3.1
VAT, liters 6.2±2.6 4.0±1.7 7.3±2.4
VAT/TAT 0.435±0.135 0.292±0.084 0.502±0.097
nTAT, l/m 45.7±15.5 46.3±23.1 45.4±11.0
nSAT, l/m 26.3±13.6 33.7±19.8 22.7±7.9
nVAT, l/m 19.5±8.3 12.6±5.3 22.7±7.4
WMLL, mm3 6,379±7,037 3,787±4,436 7,599±7,793
CAWT, mm 1.20±0.14 1.10±0.12 1.25±0.12
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farcts  [15, 16] . The reason for this chronic ischemia 
seems to be arteriolar disease which is again caused by 
lipohyalinosis of the media and thickening of the arterio-
lar wall, resulting in narrowing of the lumen of small 
penetrating vessels in the white matter  [17] . Besides age 

 [15, 18] , cerebrovascular risk factors are associated with 
leukoaraiosis  [19] . Hypertension is the most important 
and most common risk factor for WMLL  [20]  and it has 
been shown that WMLL progression can be stopped or 
delayed by an active blood pressure-lowering regimen 

  Fig. 2.   a  Scatterplot between nTAT volume and TPV showing no 
significant correlation.  b  Scatterplot between nTAT and WMLL, 
showing no significant correlation.  c  Positive correlation between 
quotient of VAT and TAT (VAT/TAT ratio) and TPV.  d  Positive 

correlation between VAT/TAT ratio and WMLL.  e  Positive cor-
relation between VAT/TAT ratio and CAWT.  f  Positive correla-
tion between nVAT volume and WMLL. 
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 [21] . However, other common risk factors for cerebro-
vascular disease like diabetes have also been proposed 
 [17, 22, 23] . In a study by Rost et al.  [24] , only age and 
elevated homocysteine levels were independently associ-
ated with WMLL volume in patients with acute ischemic 
stroke, suggesting that WMLL burden in patients with 
stroke may not only be mediated by traditional vascular 
risk factors and that there may be a difference in the de-
velopment of WMLL between the general population 
and patients with stroke. The associations between dis-
tribution patterns of adiposity and leukoaraiosis have 
not been studied previously according to our knowledge. 
Our results indicate that a higher percentage of visceral 
fat may be an important risk factor for the development 
of leukoaraiosis. Further studies have to show if this as-
sociation is mediated by adiposity-related risk factors for 
leukoaraiosis such as hypertension or diabetes mellitus, 
or if a higher percentage of VAT is an independent risk 
factor by itself.

  With regard to correlations of atherosclerosis and leu-
koaraiosis, previous studies have demonstrated signifi-
cant correlations between the degree of carotid stenosis 
and the degree of leukoaraiosis, but showed controversial 

results about the correlation between plaque load and se-
verity of white matter disease  [25] . Breteler et al.  [26]  
showed that WMLL is associated with atherosclerosis (i.e. 
increased carotid intima media thickness and carotid 
plaques). De Leeuw et al.  [27]  were able to demonstrate 
that atherosclerosis of the aorta did significantly correlate 
with periventricular white matter hyperintensities. In 
other studies, it has been shown that an increased cardiac, 
peripheral arterial and carotid arterial atherosclerosis is 
associated with leukoaraiosis  [20, 28] . Other studies could 
not demonstrate a significant correlation between calci-
fied plaques and leukoaraiosis, but only a statistical trend 
toward increased leukoaraiosis in patients with predomi-
nantly fatty carotid plaques  [25] .

  Our results indicate that a high percentage of visceral 
fat may have an effect on WMLL and on atherosclerotic 
plaque load, so that a higher percentage of visceral fat 
might be seen as a risk factor for both micro- and mac-
roangiopathic vascular changes. We also found signifi-
cant correlations for total plaque load and soft and hard 
plaque volume with WMLL. It is not clear if the effects of 
visceral adiposity on atherosclerosis leads to increased 
WMLL in subjects with increased visceral fat volume or 
if visceral adiposity has an independent effect on WMLL 
and on plaque load.

  The effect of body fat distribution on leukoaraiosis 
may be caused by its effect on atherosclerosis to some 
extent, especially by subtle changes in atherosclerotic 
plaque configuration. For example, Altaf et al.  [29]  could 
show a positive correlation between unstable carotid 
plaques and the number of leukoaraiotic lesions as well 
as between white matter hyperintensities and intra-
plaque hemorrhage. Presumably an even more precise 
differentiation of the composition of plaques would be 
helpful in further studies, especially as the activity of ath-
erosclerotic plaques may be important for the develop-
ment of leukoaraiosis.

  Associations between adiposity and coronary or cere-
brovascular atherosclerosis have been demonstrated in 
several studies just recently. BMI in young men has been 
shown to be associated with coronary atherosclerosis in 
terms of fatty streaks, raised lesions and stenosis in the 
coronary arteries  [30] . Likewise, an increase in visceral fat 
is significantly associated with noncalcified coronary 
plaque burden  [31]  and progression of noncalcified coro-
nary plaques  [32] . Yu et al.  [33]  found that abdominal 
obesity by itself is an independent marker of subclinical 
atherosclerosis in women. In other studies, abdominal 
obesity was also associated with arterial stiffness  [34]  and 
an increase in carotid intima media thickness  [34, 35] . 

Table 2.  Correlation analyses

Test Pearson’s
correlation
coefficient

p value n

nTAT and WMLL –0.120 <0.566 25
nTAT and TPV –0.134 <0.524 25

nSAT and WMLL –0.256 <0.218 25
nSAT and TPV –0.401 <0.047 25

nVAT and WMLL –0.642 <0.001a 25
nVAT and TPV –0.406 <0.044 25

VAT/TAT and WMLL –0.588 <0.002a 25
VAT/TAT and TPV –0.630 <0.001a 25
VAT/TAT and soft plaque volume –0.672 <0.001a 25
VAT/TAT and hard plaque volume –0.463 <0.020 25
VAT/TAT and CAWT –0.665 <0.001a 25

WMLL and TPV –0.660 <0.001a 25
WMLL and soft plaque volume –0.570 <0.003a 25
WMLL and hard plaque volume –0.627 <0.001a 25

CAWT and TPV –0.674 <0.001a 25
CAWT and soft plaque volume –0.725 <0.001a 25
CAWT and hard plaque volume –0.487 <0.014 25

 a Significant after Bonferroni correction.
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Konishi et al.  [36]  showed that the visceral fat area is as-
sociated with carotid artery plaque formation in type 2 
diabetes.

  Our study assesses both the volume and distribution 
of body fat and plaque volumes with the result of a close 
correlation between these variables, and our data reveal 
that a higher percentage of VAT has an effect on athero-
sclerosis of the brain-feeding arteries, as indicated by an 
increase in CAWT and a higher TPV. In particular, the 
soft (fibrous or fatty) component of plaques is increased 
by visceral adiposity, as VAT/TAT ratio has a stronger 
association with the volume of soft rather than hard 
plaques.

  Much effort has been made in recent years to better 
understand the link between abdominal adiposity and the 
metabolic syndrome and how visceral adiposity influenc-
es cardiovascular risk. It has been found that VAT leads 
to an altered metabolic profile with an insulin resistant, 
proinflammatory, prothrombotic and prohypertensive 
state  [4] , probably by the release of adipokines and in-
flammatory cytokines like interleukin-6 and TNFα  [5]  
and by an altered free fatty acid metabolism in the portal 
circulation  [37] . Our data give strong support to the as-
sumption that the fatal consequences of visceral adipos-
ity  [30–32]  are not limited to CVD but also directly influ-
ence cerebral circulation and thereby cerebrovascular 
disease.

  Conclusion 

 Our results contribute to existing studies about the as-
sociation of different patterns of fat distribution with 
atherosclerosis in general and with atherosclerosis of the 
brain-feeding arteries in particular  [35, 36] , highlighting 
the importance of visceral adiposity as a risk factor for 
cerebrovascular disease. Furthermore, visceral adiposity 
not only contributes to macroangiopathic changes of the 
vessels, but also seems to induce microangiopathic 
changes in terms of a higher load of white matter lesions. 
The percentage of VAT in TAT (VAT/TAT ratio) has the 
potential of a sensitive parameter and might become a 
relevant new epidemiological marker, showing highly 
significant correlations with well-established markers of 
cerebrovascular disease. In conclusion, the percentage of 
VAT by itself has to be regarded as a risk factor for both 
small vessel cerebrovascular disease and cerebral athero-
sclerosis of the large-to-medium-sized arteries. Thus, fat 
distribution patterns with a high percentage of VAT 
should be considered a high-risk form of obesity, con-
tributing to vascular dementia and ischemic stroke.
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