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Original Article

Aim: The visceral adiposity index (VAI) has been proposed as an estimate of visceral adipose tissue (VAT) mass 
and as an indicator of VAT dysfunction. Both parameters are associated with cardiometabolic risk, including 
insulin resistance. In this study, we investigated whether VAI is associated with subclinical atherosclerosis in sub-
jects who were free of cardiovascular disease but were at risk of developing diabetes mellitus.

Methods: A total of 731 adults with a median age of 47 years old without diabetes mellitus were included in 
this cross-sectional study. The anthropometric data, blood pressure, and lipid profiles of 398 women and 333 
men were measured. All subjects underwent an oral glucose tolerance test, and carotid intima–media thickness 
(cIMT) was evaluated by ultrasound. Insulin resistance was estimated using the homeostatic model assessment of 
insulin resistance (HOMA-IR).

Results: VAI and HOMA-IR (ßst=0.44, p＜0.0001), VAI and cIMT (ßst=0.17, p＜0.0001), and HOMA-IR and 
cIMT (ßst=0.09, p=0.0127) were correlated with each other. After adjusting for cofounding variables, VAI is still 
correlated with HOMA-IR (ßst=0.42, p＜0.0001). Furthermore, VAI (ßst=0.07, p=0.0392) but not HOMA-IR 
(ßst=0.03, p=0.37) was correlated with cIMT independently of other established cardiovascular risk factors.

Conclusion: The calculation of VAI may provide a better estimation of subclinical atherosclerosis than the cal-
culation of HOMA-IR.

chronic diseases but also an established risk factor for 
the development and progression of cardiovascular dis-
ease (CVD), which still remains the leading cause of 

Introduction

Obesity is not only a cause for a broad range of 
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Methods

Participants and Study Design
In this cross-sectional analysis, data from the Tüb-

ingen intima–media thickness cohort for type 2 dia-
betes were analyzed. The methodology of the study 
has been described previously26, 27). Subjects had to be 
at least 18 years old, and individuals with a history of 
CVD, such as coronary heart disease or peripheral arte-
rial disease, who have acute disease, or who are preg-
nant were not included in the study. Participation was 
allowed when at least one of the following criteria was 
fulfilled: a family history of type 2 diabetes mellitus, a 
BMI ＞27 kg/m2, previous diagnosis of impaired glu-
cose tolerance, or current diagnosis of gestational dia-
betes. The participants underwent a 75 g oral glucose 
tolerance test to measure glucose and insulin. A high-
resolution ultrasound of the carotid artery was per-
formed to determine the cIMT. Referring to the calcu-
lation of VAI, subjects with serum triglycerides ＞3.15 
mmol/l and BMI ≥40 kg/m2 were not included in the 
analyses20, 28). After the nature of the study was explained, 
all study subjects gave their written informed consent. 
The Ethics Committee of the University of Tübingen 
approved all protocols.

Anthropometric and Biochemical Data
Blood pressure was measured according to the 

Riva-Rocci method in sitting position on the upper 
arm. BMI was calculated using height and weight and 
is shown in kg/m2. WC was performed undressed and 
was determined as described previously29).

All blood samples were taken from the cubital 
vein, and each individual underwent a standardized 
75 g oral glucose tolerance test after a 10-hour fasting 
period. We obtained plasma samples at 0, 30, 60, 90, 
and 120 minutes to determine plasma glucose and 
insulin levels. By using these samples, HOMA-IR was 
calculated according to the Homeostasis Model Assess-
ment Test of insulin resistance30). Glycated hemoglobin 
was measured by HPLC (Tosoh 2.2 HLC-723, Tokyo, 
Japan), and total cholesterol, high-density lipoprotein 
cholesterol (HDL-cholesterol), and serum triglycerides 
were measured by the ADVIA 1650 Chemistry Sys-
tem (BAYER Health Care). Low-density lipoprotein 
cholesterol (LDL-cholesterol) was determined in the 
participants by using the formula of Friedewald31). 
High-sensitivity C-reactive protein (hsCRP) was also 
measured by the ADVIA 1650 Chemistry System.

Determination of VAI
As proposed by Amato et al.18) when using anthro-

pometric and biochemical data, VAI was calculated by 
separating the participants by gender:

death worldwide1-4). The deposition of adipose tissue 
determines cardiometabolic risk and CVD-related death 
rather than the extent of obesity, which is mainly deter-
mined by body mass index (BMI)5). Different body 
fat compartments exist and may contribute to obesity-
mediated metabolic disorders and CVD6-8). Among 
these fat compartments, increased visceral adipose tis-
sue (VAT) mass is strongly associated with insulin 
resistance, which itself is an important determinant of 
the inflammatory and atherothrombotic pathways9-11). 
Increased liver fat content and increased VAT mass are 
among the strongest phenotypic determinants of sub-
clinical atherosclerosis in subjects with prediabetes12). 
The aforementioned types of adipose tissue have dif-
ferent biologies and functions13, 14). In particular, the 
accumulation of VAT appears to be more likely to con-
tribute to CVD13). Currently, VAT measurements are 
mostly performed by computed tomography or mag-
netic resonance tomography4, 15). However, these imag-
ing techniques are unsuitable in the routine examina-
tion of the general population because of their tempo-
ral expenditure, lack of availability, and radiation haz-
ard. By contrast, the waist circumference (WC) can be 
easily determined and is a widely used estimate of 
abdominal obesity4, 16, 17). WC can be used to estimate 
not only VAT mass but also subcutaneous abdominal 
fat mass. Amato et al.18-20) developed the visceral adi-
posity index (VAI), which is considered a useful indi-
cator of both VAT mass and VAT function. VAI is 
associated with cardiometabolic risk parameters, includ-
ing insulin resistance18, 21-23), and is a simple mathe-
matic model that includes anthropometric parameters 
(BMI and WC) and biochemical data (triglycerides and 
high-density lipoprotein cholesterol [HDL-cholesterol]).

The identification of individuals who are at in-
creased cardiometabolic risk, particularly individuals 
prone to diabetes mellitus, is important in implement-
ing preventive strategies early in the natural history of 
the cardiometabolic disease. VAI could serve as an in-
teresting candidate for this purpose. Early alterations 
in vascular morphology can be assessed by the high-
resolution B-mode ultrasound of the carotid intima–
media thickness (cIMT), which is an accepted indica-
tor of subclinical atherosclerosis24, 25). In the current 
study, we investigated the relative contributions of VAI 
and insulin resistance, which was estimated by the cal-
culation of the homeostatic model assessment of insu-
lin resistance (HOMA-IR), as determinants of subclin-
ical atherosclerosis in middle-aged subjects who are 
free of CVD and diabetes.
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carotid bulb in supine position with the head slightly 
extended and turned 45° to the contralateral side of 
the scanning. Three measurements were performed on 
each side for reproducibility, and a mean of each side 
was calculated33, 34). Finally, from the left and right 
means, one mean cIMT was determined by consider-
ing the known side differences35).

Statistical Analysis
If not otherwise stated, normally distributed data 

are presented as means and standard deviations. Prior 
to linear regression analyses, we logarithmically trans-
formed data that were not normally distributed (Shap-
iro–Wilk W-test) to approximate a normal distribu-
tion. The two-tailed two-sample t -test was performed 
to compare the groups. We performed multivariate lin-
ear regression analyses to adjust for covariates and to 
identify independent associations. Effect sizes were given 
as standardized beta coefficients (ßst). Furthermore, mul-

women: VAI=

men: VAI=

Measurement of cIMT
By using high-resolution ultrasound with a linear 

ultrasound transducer (10 –13 MHz; AU5 Harmonic, 
ESAOTE BIOMEDICA, Hallbergmoos, Germany), 
the intima–media thickness of the common carotid 
artery was measured. A trained physician performed 
ultrasound of the left and right common carotid arter-
ies in B-mode according to the European Mannheim 
cIMT consensus32). cIMT was assessed on the far wall 
of the artery approximately 10 mm proximal to the 

⎛           1.52           ⎞
⎝HDL－cholesterol⎠

⎛             WC             ⎞
⎝36.58＋(1.89×BMI)⎠＋

⎛triglycerides⎞
⎝      0.81      ⎠×

⎛           1.31           ⎞
⎝HDL－cholesterol⎠

⎛             WC             ⎞
⎝39.68＋(1.88×BMI)⎠＋

⎛triglycerides⎞
⎝      1.03      ⎠×

 844 individuals were recruited 

731 individuals were eligible for 
study 

20 individuals were excluded due to 
inclompete data record 

23 individuals were excluded due to 
diagnosed prior unknown diabetes 

with 
 glycated haemoglobin 6.5% or 
 fasting blood glucose 7.0 

mmol/l or 
 2 hour post load glucose 11.1 

mmo/l  

70 individuals were excluded due to
 triglycerides >3.15 mmol/l or 
 BMI 40 kg/m² 

Fig.1. Recruitment and exclusion of participants of the study group
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The study population consisted of 398 women 
(54.4%) and 333 men (45.6%) and had a mean age of 
46.0±12.9 years old (range: 18–69 years old). The 
mean BMI was 27.0±12.9 kg/m2 (range: 15.8 –39.3 
kg/m2); this result showed that no difference existed 
between women and men (p=0.06). A total of 257 
(77.7%) subjects had normal weight or were over-
weight (n=257 with a BMI 20.0–24.9 kg/m2; n=311 
with a BMI 25.0 –29.9 kg/m2). Obesity (BMI ≥30 
kg/m2) was present in 163 (22.3%) participants. Accord-
ing to the criteria of the International Diabetes Feder-
ation, increased WC (＞80 cm in women and ＞94 
cm in men) was present in 289 (72.6%) women and 
206 (61.9%) men4). Men had significantly higher WC 
than women (97.3±11.2 vs. 87.5±12.3; p＜0.0001). 
On the contrary, VAI did not differ between women 
and men (p=0.94) and amounted to a mean of 1.5±
0.9 (range: 0.27–5.44. The mean cIMT was 0.56±
0.12 mm (range: 0.28 –1.05 mm), and men had sig-
nificantly greater cIMT than women (p＜0.0001). A 
total of 120 study subjects (14.9%) were smokers (55 
[12.9%] women, 66 [17.4%] men).

The mean HOMA-IR was 2±1.3 (range: 0.2–
9.9) with no gender difference (p=0.21), and 177 
(24.2%) subjects had HOMA-IR ＞2.5. Laboratory 
values revealed a mean glycated hemoglobin of 5.5%±
0.4 (range 4.1%–6.4%), with 233 (31.9%) of the study 

tivariate linear regression analysis was performed step-
wise after a fivefold cross validation, and the results 
were given as k-fold r2. All numerical variables were 
used as a continuous variable, and all t -tests were per-
formed as two-tailed Student’s t -test. A p-value ＜0.05 
was considered statistically significant. JMP® 13.0 sta-
tistical software (SAS Institute, Cary, NC) was used for 
the analyses.

Results

Characteristics of the Participants
Data were collected from 2003 to 2006, includ-

ing laboratory values and cIMT measurements, and a 
total of 844 individuals were examined. A total of 20 
subjects were excluded from the study owing to incom-
plete data records. In 23 cases, prior unknown diabe-
tes (glycated hemoglobin ≥6.5%, fasting blood glu-
cose ≥7.0 mmol/l, or 2-hour postload glucose ≥11.1 
mmo/l) was diagnosed and led to exclusion. A total of 
70 participants were excluded owing to triglycerides 
＞3.15 mmol/l or BMI ≥40 kg/m2. Therefore, data 
from 731 study subjects were available for further 
analysis. Fig.1 summarizes the individuals who were 
recruited and excluded. Table 1 shows the anthropo-
metric data of these subjects, including cIMT and bio-
chemical values, by gender.

Table 1. Anthropometric data, metabolic characteristics including visceral adiposity index and carotid intima-media thickness of 
731 study subjects

Total
Women

(n=398; 54.4%)
Men

(n=333; 45.6%)
p value＊

Age (years)
Body mass index (kg/m2)
Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Fasting blood glucose (mmol/l)
2 hour post load glucose (mmol/l)
Fasting insulin (pmol/l)
2 hour post load insulin (pmol/l)
Homeostatic model assessment of insulin resistance
Glycated haemoglobin (%)
Total cholesterol (mmol/l)
Triglycerides (mmol/l)
Low density lipoprotein-cholesterol (mmol/l)
High density lipoprotein-cholesterol (mmol/l)
High-sensitive C-reactive protein (mg/dl)
Visceral adiposity index
Carotid intima-media thickness (mm)

46.0±12.9
27.0±4.3
92.0±12.8

133.4±21.5
77.2±11.6

5.0±0.5
5.6±1.7

52.8±30.7
314.1±297.1

2.0±1.3
5.5±0.4
5.3±1.0
1.3±0.6
3.2±0.9
1.5±0.4
0.2±0.2
1.5±0.9

0.56±0.12

45.6±12.5
26.8±4.8
87.5±12.3

129.5±22.3
75.6±11.8

5.0±0.5
5.8±1.7

53.7±3
340±296.3
2.0±1.2
5.5±0.4
5.3±0.9
1.2±0.5
3.1±0.8
1.7±0.4
0.2±0.2
1.5±0.9

0.54±0.12

46.6±13.2
27.2±3.7
97.3±11.2
138±19.6

79.1±11
5.0±0.5
5.4±1.6

51.8±31.5
283.1±295.4

2.0±1.3
5.5±0.4
5.3±1.0
1.4±0.6
3.3±0.9
1.4±0.3
0.2±0.2
1.5±0.8

0.58±0.13

0.42
0.06

＜0.0001
＜0.0001
＜0.0001

0.21
0.0004
0.11

＜0.0001
0.21
0.51
0.97

＜0.0001
0.0016

＜0.0001
0.0020
0.94

＜0.0001

Data shown as mean±standard deviation
＊=p-level for difference between women and men (two-sample t test)
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the aforementioned variables were investigated in uni-
variate and multivariate regression analyses. Age was 
the most strongly correlated variable with cIMT (Table 
1). Furthermore, a positive correlation was found for 
cIMT with BMI, WC, blood pressure, blood glucose, 
glycated hemoglobin, triglycerides, hsCRP, VAI, and 
cholesterol (except HDL-cholesterol, which showed a 
negative correlation). No correlation could be detected 
between cIMT and fasting insulin or 2-hour postload 
insulin, but a positive correlation between cIMT and 
HOMA-IR was found. In multivariate regression anal-
yses, only age, systolic blood pressure, and VAI were 
found to be independent determinants of cIMT (Table 
4). We then performed another multivariate regression 
analysis with variables related to cIMT and included 
glycated hemoglobin instead of HOMA-IR in the sta-
tistical model. Only age, systolic blood pressure, and 
VAI were independent determinants of cIMT (Table 
5). Both VAI and HOMA-IR were correlated with 
cIMT, and we demonstrated the collinearity between 
VAI and HOMA-IR in the previous section. To achieve 
a more precise analysis of covariates that influence 
cIMT, we performed a stepwise analysis with HOMA-
IR, VAI, and glycated hemoglobin. After a fivefold 
cross validation, a correlation with cIMT could only 
be found for age (rank 1), systolic blood pressure (rank 
2), and VAI (rank 3) (Table 6).

subjects having a glycated hemoglobin between 5.7%–
6.4%. According to the criteria of the American Dia-
betes Association, 104 (14.2%) had impaired fasting 
glucose (5.6–6.9 mmol/l) and 82 (11.2%) had impaired 
glucose tolerance (7.8 –11 mmol/l in a 2-hour post-
load glucose)36). In summary, 297 (40.6%) participants 
had prediabetes and either had impaired fasting glu-
cose, impaired glucose tolerance, or elevated glycated 
hemoglobin.

Relationships of Anthropometric and Biochemical 
Parameters with HOMA-IR and cIMT

HOMA-IR was correlated positively with BMI, 
and BMI showed the strongest correlation with HOMA-
IR compared with WC, blood pressure, glycated hemo-
globin, triglycerides, hsCRP, VAI, and cIMT, which 
were also associated positively with HOMA-IR (Table 
2). After adjusting for other covariates including age, 
systolic and diastolic blood pressures, smoking, and 
hsCRP in a multivariate regression analysis (Table 3), 
VAI was found to be an independent determinant of 
HOMA-IR. hsCRP and smoking status were the only 
other independent (albeit weaker) determinants of 
HOMA-IR. LDL-cholesterol was included as a covari-
ate in multivariate analysis despite a marginal lack of 
significance in univariate analysis.

Thereafter, the correlations between cIMT and 

Table 2. Univariate relationships of carotid intima-media thickness and homeostatic model assessment of insulin resistance with age, 
blood pressure and metabolic parameters

Variable

Homeostatic model assessment of
insulin resistance

Carotid intima-media thickness

ßst p value ßst p value

Age
Body mass index
Waist circumference
Systolic blood pressure
Diastolic blood pressure
Fasting blood glucose
2 hour post load glucose
Fasting insulin
2 hour post load insulin
Homeostatic model assessment of insulin resistance
Glycated haemoglobin
Total cholesterol
Triglycerides
Low density lipoprotein-cholesterol
High density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index
Carotid intima-media thickness

0.03
0.51
0.48
0.17
0.2
0.46
0.35
0.98
0.64
－

0.24
0.02
0.33
0.07

－0.31
0.22
0.44
0.09

0.49
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001
－

＜0.0001
0.63

＜0.0001
0.05

＜0.0001
＜0.0001
＜0.0001

0.0127

0.67
0.24
0.34
0.28
0.21
0.24
0.15
0.05
0.06
0.09
0.31
0.22
0.17
0.24

－0.1
0.1
0.17
－

＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.16
0.09
0.0127

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.0061
0.0053

＜0.0001
－
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cIMT in women (p=0.35) (Table 4.1 in the Supple-
mentary Tables). In men, there was a trend for an 
association with cIMT, which barely missed statistical 
significance (p=0.08). Regarding gender-specific issues, 
we performed an additional analysis and found no 
interaction of VAI and gender on cIMT in multivari-
ate linear regression analysis (Table 7 in the Supple-
mentary Tables). In the multiple linear regression anal-
yses of variables, including glycated hemoglobin fitted 
on cIMT and stratified by gender, VAI was not associ-
ated with cIMT in women (p=0.17), but an associa-
tion was found in men (ßst=0.08; p=0.0481) (Table 
5.1 in the Supplementary Tables). We again per-
formed an additional analysis and found no interac-
tion of VAI and gender on cIMT in multivariate lin-
ear regression analysis (Table 8 in the Supplementary 
Tables).

Discussion

In this cross-sectional study, which included non-
diabetic individuals who were free of overt CVD but 
were at risk for developing diabetes mellitus, we found 
that HOMA-IR increased with VAT dysfunction, which 

We performed analyses to test independence from 
gender and test the models in male/female subgroups. 
The addition of gender to each multiple linear regres-
sion model did not change the results (given in effect 
size ßst and p-value of the variable VAI; the tables are 
not shown in the manuscript): independent of gender 
and other cofounding variables the VAI was still corre-
lated with 1) the HOMA-IR model (ßst=0.42; p＜
0.0001), 2) the HOMAR-IR influencing the cIMT 
model (ßst=0.06; p=0.0466), 3) the glycated hemoglo-
bin influencing the cIMT model (ßst=0.07; p=0.0112).

We also performed further univariate and multi-
variate gender-specific analyses, as shown in the sup-
plementary tables. In univariate analyses, VAI was cor-
related in both women and men, with HOMA-IR (ßst=  
0.40; p＜0.0001 and ßst=0.49; p＜0.0001) and cIMT 
(ßst=0.20; p＜0.0001 and ßst=0.14, p=0.0083) (Table 
2.1 in the Supplementary Tables). In multiple linear 
regression analysis fitted on HOMA-IR, VAI was an 
independent determinant of HOMA-IR in women and 
men (Table 3.1 in the Supplementary Tables).

In the multiple linear regression analysis of vari-
ables, including HOMA-IR fitted on cIMT and strati-
fied by gender, VAI was no longer associated with 

Table 3. Multiple linear regression analysis of variables including visceral adiposity index influencing homeostatic model 
assessment of insulin resistance＊

Variable Effect size (ßst) Standard error p value

Age
Systolic blood pressure
Diastolic blood pressure
Low density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index
Smoking

－0.07
0.07
0.07

－0.05
0.12
0.42

－0.08

0.06
0.17
0.18
0.07
0.02
0.03
0.03

0.07
0.16
0.13
0.18
0.0006

＜0.0001
0.0176

＊=not adjusted for gender, BMI, waist circumference, triglycerides and HDL-cholesterol (already included in visceral adiposity index)

Table 4. Multiple linear regression analysis of variables including homeostatic model assessment of insulin resistance 
influencing carotid intima-media thickness＊

Variable Effect size (ßst) Standard error p value

Age
Systolic blood pressure
Diastolic blood pressure
Low density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index
Homeostatic model assessment of insulin resistance
Smoking

0.64
0.13

－0.06
0.01
0.04
0.06
0.03
0.02

0.02
0.05
0.06
0.02
0.01
0.01
0.01
0.01

＜0.0001
0.0010
0.13
0.72
0.17
0.0465
0.34
0.47

＊=not adjusted for gender, BMI, waist circumference, triglycerides and HDL-cholesterol (already included in visceral adiposity index)
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Nevertheless, there are several risk calculators and sur-
rogate indices such as BMI or WC, which are com-
monly used for the classification of adipose tissue con-
tent and dysfunction. Nevertheless, the aforementioned 
indices have limitations, and the accuracy of these 
indices remains controversial in routine clinical prac-
tice. BMI is an attempt to quantify the amount of total 
tissue mass. WC, which is an excellent marker of cen-
tral localized obesity and is effective for predicting met-
abolic disease, is sensitive to height and weight. Fur-
thermore, WC is not helpful in distinguishing between 
subcutaneous and visceral fat mas. Both BMI and WC 
are based on anthropometric measurements and pres-
ent the amount of adipose tissue but do not reflect 
adipose tissue–derived metabolic disorders. In the pres-
ent study, only age was associated with cIMT in a mul-
tivariate analysis that included both anthropometric 
and metabolic parameters. Consequently, more reliable 
indicators are necessary, and VAI takes into account 
the physical and metabolic parameters of particularly 
central localized obesity. In detail, the advantage of 

was presented by increased VAI. Even after adjusting for 
other cardiovascular risk factors in multivariate analy-
ses, VAI was independently related to HOMA-IR. 
However, by referring to subclinical atherosclerosis, 
our present study provides novel evidence that VAT 
dysfunction, which was estimated by VAI, is associated 
with cIMT. In line with the observation that VAI is 
associated with both the HOMA-IR and cIMT, these 
results emphasize the different effects of VAT accumu-
lation and dysfunction in the development of cardio-
metabolic disorders.

To our knowledge, this study is the first study to 
investigate the relationship of VAI and HOMA-IR as 
independent determinants of subclinical atherosclero-
sis. Our results are consistent with other studies that 
demonstrated an association between VAT mass and 
HOMA-IR18, 23, 37). Recently, an association between 
VAI and HOMA-IR was found even in subjects with-
out central obesity; central obesity was determined by 
low WC38). These data suggest that VAI could be a 
useful indicator of both VAT mass and dysfunction. 

Table 5. Multiple linear regression analysis of variables including glycated haemoglobin influencing 
carotid intima-media thickness＊

Variable Effect size (ßst) Standard error p value

Age
Systolic blood pressure
Diastolic blood pressure
Low density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index
Glycated haemoglobin
Smoking

0.62
0.13

－0.06
0.01
0.04
0.07
0.03
0.02

0.02
0.05
0.06
0.02
0.01
0.01
0.09
0.01

＜0.0001
0.0007
0.15
0.85
0.14
0.0148
0.32
0.53

＊=not adjusted for gender, BMI, waist circumference, triglycerides and HDL-cholesterol (already included in vis-
ceral adiposity index)

Table 6. Variables influencing carotid intima-media thickness (stepwise analyses after fivefold cross vali-
dation)＊

Rank Variable k-fold r2 p value

1
2
3
4
5
6
7
8
9

Age
Systolic blood pressure
Visceral adiposity index
High-sensitive C-reactive protein
Diastolic blood pressure
Glycated haemoglobin
Insulin resistance
Smoking
Low density lipoprotein-cholesterol

0.44
0.45
0.45
0.46
0.46
0.46
0.46
0.45
0.45

＜0.0001
0.0001
0.0035
0.14
0.12
0.31
0.50
0.49
0.80

＊=not adjusted for gender, BMI, waist circumference, triglycerides and HDL-cholesterol (already included in vis-
ceral adiposity index)
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between VAT and cIMT may be due to an inflamma-
tory process at the vascular wall, wherein VAT can be 
indirectly represented by VAI. HOMA-IR was associ-
ated with cIMT but was not an independent risk fac-
tor for subclinical atherosclerosis. However, a correla-
tion was found for HOMA-IR with VAI in our par-
ticipants, thus possibly displaying the interrelationship 
between altered adipose tissue function and insulin 
resistance in atherosclerosis due to insulin resistance9, 49).

Another important finding of our study was the 
association between hsCRP levels and cIMT. The hsCRP 
level is supposed to be a good marker of subclinical 
inflammation of vascular structure50). In the present 
study, the hsCRP level was associated with cIMT in 
the univariate analysis. However, it was not associated 
with cIMT after adjusting for confounding variables, 
including VAI. Other studies have confirmed that the 
hsCRP level can differ substantially in CVD and that 
there is no causal relationship between hsCRP and 
manifest macrovascular disease51). Although there is 
evidence that chronic inflammation is related to CVD, 
most ischemic vascular diseases depend on conven-
tional risk factors and other markers of chronic inflam-
mation51, 52). Therefore, hsCRP might not be a suit-
able biochemical marker in the early stage of athero-
sclerosis. Furthermore, other inflammatory markers, 
such as interleukin-6 or tumor necrosis factor alpha, 
may play a more important role.

The strength of our study is the availability of a 
well-characterized population with measurements of 
subclinical atherosclerosis, insulin, glucose, and param-
eters allowing the calculation of VAI. The latter appears 
to be a suitable index in routine clinical practice. Fur-
thermore, the analysis was performed in individuals 
without diabetes and who were free of overt CVD. 
The limitation of this study is its cross-sectional design, 
which does not allow drawing conclusions about causal 
relationships. The correlation with cIMT was found 
for both VAI and HOMA-IR. However, in stepwise 
analysis, a correlation with cIMT could only be found 
for age, systolic blood pressure, and VAI. This addi-
tional analysis indicates that VAI may be a more reli-
able indicator of subclinical atherosclerosis than the 
calculation of HOMA-IR. Despite these results, we 
cannot exclude the influence of HOMA-IR on cIMT, 
in addition to VAI, owing to the collinearity between 
VAI and HOMA-IR. We demonstrated the associa-
tion of VAI with cIMT in our study population. Addi-
tional analyses revealed that no significant interaction 
of gender and VAI existed on cIMT. However, in gen-
der-stratified tests, which were probably affected by 
lower statistical power, only the male subgroup had 
significant or nearly significant associations with the 
outcome. We did not analyze the association between 

gender-adjusted VAI may be explained by its close 
correlation with visceral adiposity. Given that VAT is 
known to be metabolically active regardless of the 
amount of adipose tissue, the combination of both 
anthropometric and metabolic parameters may be more 
advantageous in evaluating an individual’s cardiometa-
bolic risk. Therefore, VAI, which is easy to calculate, is 
a surrogate marker of visceral adipose dysfunction and 
may reflect directly the proatherogenic processes lead-
ing to arteriosclerosis.

In respect to the associations between established 
cardiometabolic risk parameters and cIMT, increased 
age was repeatedly confirmed as an independent risk 
factor for early atherosclerosis and was most strongly 
associated with cIMT in our study39, 40). Furthermore, 
systolic blood pressure was an independent risk factor 
for cIMT, which is in accordance with recently pub-
lished data41). VAI and HOMA-IR were associated with 
cIMT in our study, thus indicating that both variables 
may play a role in the development of atherosclerosis. 
Compared with HOMA-IR, VAI was strongly associ-
ated with cIMT. Even after adjusting for age and other 
cardiovascular risk factors, a higher VAI was indepen-
dently associated with a higher cIMT. There was also 
an association between fasting glucose, 2-hour post-
load glucose, and glycated hemoglobin with cIMT; 
this result is in line with previous data showing a link 
between hyperglycemia and increased risk of athero-
sclerosis42-44). In our subjects without diabetes, glycated 
hemoglobin showed a more pronounced relationship 
with cIMT than both fasting and 2-hour postload glu-
cose levels. These results indicate that long-term hyper-
glycemia rather than acutely elevated glucose levels 
may contribute to the development of subclinical ath-
erosclerosis. However, the association between glycated 
hemoglobin and cIMT was no longer present after 
adjusting for age, VAI, and other cardiovascular risk 
factors. In this statistical model, VAI was still associ-
ated with cIMT. This finding implied that VAT accu-
mulation and dysfunction seems to have a stronger 
atherogenic potential than hyperglycemia.

VAT as an endocrine organ plays a key role in 
the development of both HOMA-IR and atheroscle-
rosis by inflammatory atherothrombotic pathway9, 45). 
VAT accumulation seems to have a more important 
role in the development of early atherosclerosis beyond 
total adipose body tissue owing to its secretion of 
more proinflammatory adipokines and nonesterified 
fatty acids, which are atherogenic3, 46, 47). We found 
that the decrease of VAT mass is related to improved 
vascular function and an improvement of endothelial 
dysfunction in the narrow sense48). Considering that 
adipose tissue and VAT is a source for proinflamma-
tory cytokine expression and secretion, the association 
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posity and risk of death in Europe. N Engl J Med. 2010; 
362: 2433
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obesity: the low-hanging fruit in obesity treatment ? lancet 
Diabetes Endocrinol. 2017 doi: 10.1016/S2213-8587(17) 
30292-9

7) Karpe F, Pinnick KE. Biology of upper-body and lower-
body adipose tissue--link to whole-body phenotypes. Nat 
Rev Endocrinol 2015; 11: 90-100

8) Stefan N, Haring H-U, Hu FB, Schulze MB. Divergent 
associations of height with cardiometabolic disease and 
cancer: epidemiology, pathophysiology, and global impli-
cations. lancet Diabetes Endocrinol 2016; 4: 457-467

9) Despres JP Abdominal obesity and cardiovascular disease: 
is inflammation the missing link ? CanJCardiol 2012; 28: 
642-652

10) Stefan N, Haring HU. The metabolically benign and 
malignant fatty liver. Diabetes 2011; 60: 2011-2017

11) Laakso M, Kuusisto J Insulin resistance and hyperglycae-
mia in cardiovascular disease development. Nat Rev Endo-
crinol 2014; 10: 293-302

12) Stefan N, Fritsche A, Schick F, Haring H-U. Phenotypes 
of prediabetes and stratification of cardiometabolic risk. 
lancet Diabetes Endocrinol.2016

13) Hassan M, Latif N, Yacoub M. Adipose tissue: friend or 
foe ? Nat Rev Cardiol 2012; 9: 689-702

14) Stefan N, Schick F, Haring H-U. Causes, Characteristics, 
and Consequences of Metabolically Unhealthy Normal 
Weight in Humans. Cell Metab 2017; 26: 292-300

15) Machann J, Thamer C, Stefan N, Schwenzer NF, Kan-
tartzis K, Häring HU, Claussen CD, Fritsche A, Schick F. 
Follow-up whole-body assessment of adipose tissue com-
partments during a lifestyle intervention in a large cohort 
at increased risk for type 2 diabetes. Radiology 2010; 257: 
353-363

16) Janssen I, Katzmarzyk PT, Ross R. Waist circumference 
and not body mass index explains obesity-related health 
risk. Am J Clin Nutr 2004; 79: 379-384

17) World Health O. Measuring obesity-classification and 
description of anthropometric data. Report on a WHO 
consultation on the epidemiology of obesity. Warsaw 1987; 
2-7

18) Amato MC, Giordano C, Galia M, Criscimanna A, Vita-
bile S, Midiri M, Galluzzo A; AlkaMeSy Study Group. 
Visceral Adiposity Index: a reliable indicator of visceral fat 

VAI and manifest cardiovascular events, which would 
be an interesting issue and is one of the aims of a fol-
low-up study of our individuals. In our study, we focused 
on a surrogate index that may classify individuals who 
were free of overt CVD but were at increased cardio-
metabolic risk and potentially needed an early appro-
priate treatment tailored to individual risk. To prop-
erly apply VAI, we excluded subjects with severe hyper-
triglyceridemia (＞3.15 mmol/l) as mentioned above. 
Particularly, high values of triglycerides could affect 
the validity of VAI. Therefore, the use of the index in 
this study is not recommended. However, our data set 
does not allow a distinction between primary and sec-
ondary dyslipidemia. Therefore, we cannot exclude 
the possibility that individuals with primary dyslipid-
emia were present in our study. Furthermore, no data 
of medication and family history of CVD were recorded, 
thus potentially modifying the associations with cIMT. 
One limitation of our study is that the measurement 
of cIMT was limited to the wall approximately 10 mm 
proximal to the carotid bulb, and we did not examine 
more distal segments (i.e., the internal carotid artery) 
or plaque burden, which is known to be an important 
marker of advanced atherosclerosis53).

In conclusion, we found that VAI was associated 
with cIMT in individuals who were free of CVD but 
were prone to diabetes mellitus. Therefore, VAI could 
be a simple and widely usable tool for estimating vis-
ceral fat mass and predicting cardiometabolic risk.
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Table 2.1.  Univariate relationships of carotid intima-media thickness and homeostatic model assessment of insulin resistance with 
age, blood pressure and metabolic parameters separated by gender

Variable

Homeostatic model assessment 
of insulin resistance

Carotid intima-media
thickness

Women
(n=398)

Men
(n=333)

Women
(n=398)

Men
(n=333)

ßst p value ßst p value ßst p value ßst p value

Age
Body mass index
Waist circumference
Systolic blood pressure
Diastolic blood pressure
Fasting blood glucose
2 hour post load glucose
Fasting insulin
2 hour post load insulin

－0.04
0.51
0.51
0.21
0.25
0.41
0.29
0.98
0.59

0.40
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.10
0.54
0.57
0.16
0.17
0.52
0.40
0.98
0.70

0.08
＜0.0001
＜0.0001

0.01
0.06

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.68
0.26
0.34
0.29
0.17
0.24
0.14
0.04
0.05

＜0.0001
＜0.0001
＜0.0001
＜0.0001

0.0005
＜0.0001

0.0039
0.46
0.31

0.66
0.20
0.28
0.22
0.21
0.23
0.20

－0.02
0.14

＜0.0001
0.0002

＜0.0001
＜0.0001

0.0002
＜0.0001

0.0002
0.11
0.0102

Homeostatic model assessment of
insulin resistance

－ － － － 0.08 0.10 0.12 0.0280

Glycated haemoglobin
Total cholesterol
Triglycerides
Low density lipoprotein-cholesterol
High density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index
Carotid intima-media thickness

0.28
0.02
0.30
0.11

－0.32
0.29
0.40
0.08

＜0.0001
0.71

＜0.0001
0.0260

＜0.0001
＜0.0001
＜0.0001

0.10

0.20
0.02
0.39
0.04

－0.39
0.13
0.49
0.12

0.0029
0.76

＜0.0001
0.44

＜0.0001
0.01

＜0.0001
0.0280

0.34
0.26
0.14
0.30

－0.11
0.14
0.20
－

＜0.0001
＜0.0001

0.0039
＜0.0001

0.0286
0.0052

＜0.0001
－

0.30
0.18
0.16
0.14
0.03
0.10
0.14
－

＜0.0001
0.0009
0.0030
0.0085
0.60
0.07
0.0083
－

Table 3.1.  Multiple linear regression analysis of variables including visceral adiposity index influencing homeostatic model assess-
ment of insulin resistance separated by gender＊

Variable
Women (n=398) Men (n=333)

Effect size (ßst) Standard error p value Effect size (ßst) Standard error p value

Age
Systolic blood pressure
Diastolic blood pressure
Low density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index
Smoking

－0.17
0.10
0.10
0.01
0.14
0.36

－0.08

0.09
0.20
0.22
0.09
0.02
0.05
0.04

0.0008
0.11
0.112
0.90
0.0028

＜0.0001
0.06

0.03
0.07
0.07
0.02
0.08
0.48

－0.06

0.10
0.30
0.31
0.11
0.03
0.05
0.04

0.56
0.31
0.78
0.25
0.10

＜0.0001
0.24

＊=not adjusted for BMI, waist circumference, triglycerides and HDL-cholesterol (already included in visceral adiposity index)
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Table 4.1.  Multiple linear regression analysis of variables including homeostatic model assessment of insulin resistance influencing 
carotid intima-media thickness separated by gender＊

Variable
Women (n=398) Men (n=333)

Effect size (ßst) Standard error p value Effect size (ßst) Standard error p value

Age
Systolic blood pressure
Diastolic blood pressure
Low density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index

0.66
0.08

－0.05
0.02
0.08
0.04

0.03
0.07
0.07
0.03
0.01
0.02

＜0.0001
0.11
0.30
0.68
0.06
0.35

0.65
0.11

－0.08
－0.02

0.05
0.08

0.03
0.09
0.10
0.03
0.01
0.02

＜0.0001
0.06
0.18
0.60
0.28
0.08

Homeostatic model assessment of 
insulin resistance

0.07 0.02 0.10 0.01 0.02 0.89

Smoking 0.02 0.01 0.68 0.01 0.01 0.82

＊=not adjusted for BMI, waist circumference, triglycerides and HDL-cholesterol (already included in visceral adiposity index)

Table 5.1.  Multiple linear regression analysis of variables including glycated haemoglobin influencing carotid intima-media thick-
ness separated by gender＊

Variable
Women (n=398) Men (n=333)

Effect size (ßst) Standard error p value Effect size (ßst) Standard error p value

Age
Systolic blood pressure
Diastolic blood pressure
Low density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index
Glycated haemoglobin
Smoking

0.63
0.09

－0.05
0.01
0.09
0.06
0.04
0.01

0.03
0.07
0.07
0.03
0.01
0.02
0.12
0.01

＜0.001
0.07
0.36
0.77
0.0305
0.17
0.41
0.77

0.64
0.11

－0.08
－0.02

0.05
0.08
0.03
0.01

0.03
0.09
0.09
0.03
0.01
0.02
0.15
0.01

＜0.0001
0.06
0.18
0.56
0.28
0.0481
0.47
0.86

＊=not adjusted for BMI, waist circumference, triglycerides and HDL-cholesterol (already included in visceral adiposity index)
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Table 8.  Multiple linear regression analysis of variables including glycated haemoglobin and interaction of VAI and gender influ-
encing carotid intima-media thickness＊

Variable Effect size (ßst) Standard error p value

Age
Systolic blood pressure
Diastolic blood pressure
Low density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index
Glycated haemoglobin
Smoking
Gender
Gender-Visceral adiposity index (interaction term)

0.63
0.11

－0.06
－0.01

0.07
0.07
0.03
0.01

－0.12
0.01

0.02
0.05
0.06
0.02
0.01
0.01
0.09
0.01
0.01
0.08

＜0.0001
0.0074
0.11
0.81
0.0218
0.0119
0.28
0.77

＜0.0001
0.85

＊=not adjusted for BMI, waist circumference, triglycerides and HDL-cholesterol (already included in visceral adiposity index)

Table 7.  Multiple linear regression analysis of variables including homeostatic model assessment of insulin resistance and interac-
tion of VAI and gender influencing carotid intima-media thickness＊

Variable Effect size (ßst) Standard error p value

Age
Systolic blood pressure
Diastolic blood pressure
Low density lipoprotein-cholesterol
High-sensitive C-reactive protein
Visceral adiposity index
Homeostatic model assessment of insulin resistance
Smoking
Gender
Gender-Visceral adiposity index (interaction term)

0.64
0.10

－0.07
－0.01

0.06
0.06
0.04
0.01

－0.13
0.01

0.02
0.05
0.06
0.02
0.01
0.01
0.01
0.01
0.01
0.01

＜0.0001
0.0016
0.09
0.96
0.0324
0.0473
0.22
0.69

＜0.0001
0.94

＊=not adjusted for BMI, waist circumference, triglycerides and HDL-cholesterol (already included in visceral adiposity index)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


