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Original Article

Aim: An inverse association between diabetes mellitus (DM) and aortic dilatation has recently been reported. 
However, little is known about the association between DM and the progression of aortic dilatation/calcification 
as atherosclerosis progresses.

Methods: We identified 216 patients who had undergone percutaneous coronary intervention (PCI) and 
abdominal computed tomography (CT) during the PCI and follow-up phases. The patients were classified into 
two groups: those with DM (DM+ group; n=107) and those without DM (DM− group; n=109). The infrarenal 
aortic diameter and aortic calcification index (ACI) were measured, and annual changes were calculated using 
measurement results obtained during the PCI and follow-up phases.

Results: Infrarenal aortic diameters were significantly shorter in the DM+ group than in the DM- group during 
the PCI phase, and no significant ACI differences were observed between the DM+ and DM− groups. The 
median duration between the PCI and follow-up phase CT was 3.0 years. The growth rate of the infrarenal aor-
tic dilatation from the PCI phase in the DM+ group was similar to that in the DM− group. Annual ACI changes 
were significantly larger in the DM+ group than in the DM− group. Multivariate logistic regression analysis indi-
cated that the prevalence of DM was an independent predictor of rapid aortic calcification progression (odds 
ratio: 2.51; 95% confidence interval: 1.23–5.14; p=0.01).

Conclusion: Our findings suggest that DM negatively affects aortic dilatation during an earlier phase of athero-
sclerosis progression and positively affects the progression of aortic calcification in a later phase.

known about the time course.
On the contrary, vascular calcification is consid-

ered an important process in atherosclerosis. A prior 
report showed that patients with DM had a greater 
incidence of and absolute progression in coronary 
artery calcification 10), although the relationship 
between DM and aortic calcification has not been 
fully elucidated.

The purpose of this study was to assess the 
impact of DM on the progression of aortic dilatation 
and calcification in patients with coronary artery dis-
ease (CAD).

Introduction

Diabetes mellitus (DM) is a leading cause of ath-
erosclerotic disease progression1-3). The prevalence of 
abdominal aortic aneurysm (AAA) becomes higher 
with the progression of coronary artery disease4), a 
major atherosclerotic disease; therefore, aortic dilata-
tion has been considered a process of atherosclerosis. 
However, recent studies have shown an inverse associ-
ation between DM and aortic dilatation5-9) with DM 
patients having generally smaller aortic diameters and 
slower aortic dilatation growth rates, although little is 
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annual changes for aortic diameter and ACI in the 
cohort of this study, respectively.

Statistical Analysis
Data are expressed as mean±standard deviation 

or median (interquartile ranges). Categorical variables 
are expressed as counts and percentages. Continuous 
data were compared using the unpaired t-test or the 
Mann–Whitney U-test. Categorical data were com-
pared using the chi-squared or Fisher’s exact test. Uni-
variate logistic regression analyses were performed to 
determine contributing factors for rapid aortic dilata-
tion and rapid progression of aortic calcification. The 
factors with p＜0.1 in the univariate analyses were 
entered into a multivariate logistic regression analysis. 
A p-value ＜0.05 was considered statistically signifi-
cant. All analyses were performed using the SPSS 24.0 
software package (SPSS, Chicago, IL, USA). 

Results

Baseline characteristics of the patients are shown 
in Table 1. No significant differences were observed 
between the two groups with regard to age, sex, body 
mass index, hypertension, dyslipidemia, smoking sta-
tus, the rate of previous PCIs, or coronary artery 
bypass grafting.

Measurement results of the largest short axial 
diameter of the infrarenal aorta and the ACI during 
PCI phase CT are shown in Table 2. Infrarenal aortic 
diameters during the PCI phase were significantly 
shorter in the DM+ group than those in the DM− 
group (21.3 mm [19.1–24.3 mm] vs. 23.6 mm [20.2–
30.6 mm], p＜0.001), whereas ACI was similar 
between the DM+ and DM− groups (38.3% [16.3–
52.5%] vs. 29.8% [17.6–51.9%], p=0.29).

The median duration between the PCI phase CT 
and follow-up phase CT was 3.0 years (1.9–5.1 years). 
After excluding patients with surgical or endovascular 
aneurysm repair within 1 year of PCI phase CT, mea-
surement results of follow-up CT were obtained in 
100 DM+ patients and 94 DM− patients. The results 
of the infrarenal aortic dilatation growth rates and 
ACI are shown in Table 2. The growth rate of the 
infrarenal aortic dilatation was similar between the 
two groups (0.14 mm/year [−0.11–0.46] in DM+ vs. 
0.15 mm/year [−0.09–0.56] in DM−, p=0.83). No 
significant difference was seen in the rate of rapid aor-
tic dilatation (defined as being in the upper quartile of 
annual aortic dilatation rates) between the two groups 
(23% vs. 27%, p=0.56). 

Annual ACI changes were significantly larger in 
the DM+ group than in the DM− group (2.56%/year 
[1.35–4.23] vs. 1.75%/year [0.69–3.25], p=0.02). 

Methods

Patients
Among the patients who had undergone 

percutaneous coronary intervention (PCI) at our insti-
tution from January 2006 to December 2016, we 
identified the patients who underwent abdominal 
computed tomography (CT) during the PCI phase 
(within 6 months before or after PCI) and the follow-
up phase (more than 1 year since the PCI phase CT). 
Patients were excluded if 1) the patient did not have 
either a PCI phase CT or a follow-up CT, 2) axial CT 
images with contiguous 5.0 mm-thick sections of the 
entire length were not available, or 3) the patient had 
already undergone surgical or endovascular aneurysm 
repair at the time of the PCI phase CT. Ultimately, we 
enrolled 216 patients who were classified into two 
groups: those with DM (DM+ group; n=107) and 
those without DM (DM− group; n=109) on the basis 
of baseline data during the PCI phase. DM was 
defined as a hemoglobin A1c level of ≥ 6.5% (National 
Glycohemoglobin Standardization Program), a fasting 
glucose level of ≥ 126 mg/dL, a 2-hour glucose level of 
≥ 200 mg/dL, a history of using any anti-hyperglyce-
mic medication, or a previous diagnosis of DM. This 
study was performed in accordance with the guide-
lines of the Declaration of Helsinki and was approved 
by the local ethics committee.

CT Measurement
Infrarenal aortic diameters were measured using 

abdominal CT. The short axial diameters of the outer 
contour were measured for all sections with contigu-
ous 5.0 mm-thick axial images, and the largest short 
axial diameter of the infrarenal aorta was derived9, 11).

During CT, calcification appeared as an area of ≥ 
1 mm2 with a density of ≥ 130 Hounsfield units. The 
CT-based abdominal aortic calcification (AAC) scores 
were calculated by dividing the aorta into 12 segments 
(using 5 mm slices) from just under the renal artery to 
the bifurcation of the common iliac artery. The aortic 
calcification index (ACI) was calculated as follows: 
ACI= (total AAC scores on all slices)/12×1/(number 
of slices)×100 (%)12).

Annual changes of the aortic diameter and the 
ACI were calculated using measurement results from 
the PCI phase CT and follow-up phase CT. If surgical 
or endovascular aneurysm repair was performed 
within 1 year following the PCI phase CT, then the 
patient was excluded from the follow-up CT analysis. 
However, if performed after 1 year, then follow-up CT 
analysis was performed using the latest pre-repair CT 
images. Rapid progression of aortic dilatation and cal-
cification was defined as being in the upper quartile of 
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Table 1. Baseline characteristics

DM+
n =107

DM–
n =109

p-value
 

Age, years
Male, n (%)
Body mass index, kg/m2

Height, cm
Hypertension, n (%)
Dyslipidemia, n (%)
Current smoker, n (%)
Previous MI, n (%)
Previous PCI, n (%)
Previous CABG, n (%)
Dialysis, n (%)
LVEF (%)
eGFR, mL/min/1.73 m2

eGFR ＜30 mL/min/1.73 m2

Triglyceride, mg/dL
HDL-cholesterol, mg/dL
LDL-cholesterol, mg/dL
HbA1c, %
Hemoglobin, g/dL
Albumin, g/dL
C-reactive protein, mg/L
DM medication, n (%)

No medication
OHA without insulin
Insulin

Statin, n (%)
ACEI or ARB, n (%)
Clinical presentation, n (%)

Stable angina/ Silent ischemia
Unstable angina
Acute myocardial infarction

69.9±10.9
83 (77.6%)
23.3±3.6
161±10

83 (77.6%)
78 (72.9%)
24 (22.4%)
12 (11.2%)
26 (24.3%)
10 (9.3%)

9 (8.4%)
60.0±12.7
58.8±29.7
15 (15.0%)
126±62

45±13
97±31

7.2±1.3
12.4±2.2

3.7±0.6
10 (5-35)

 
39 (36.4%)
39 (36.4%)
29 (27.1%)
77 (72.0%)
67 (62.7%)

 
73 (68.2%)
16 (15%)
18 (16.8%)

72.2±8.6
87 (79.8%)
22.7±3.6
161±9

82 (75.2%)
72 (66.1%)
24 (22.0%)
23 (21.1%)
25 (22.9%)
10 (9.2%)

4 (3.7%)
62.1±12.3
59.0±21.3
11 (10.1%)
131±67

47±12
106±30
5.8±0.4

12.4±2.6
3.7±0.5

11 (6-31)
 
-
-
-

76 (69.7%)
60 (55.0%)

 
79 (72.5%)
14 (12.8%)
16 (14.7%)

0.09
0.69
0.19
0.81
0.69
0.28
0.94
0.05
0.81
0.97
0.14
0.23
0.96
0.28
0.55
0.24
0.03

＜0.001
0.98
0.34
0.98

 
 
 
 

0.72
0.26

 
0.49
0.65
0.67

MI=myocardial infarction, PCI=percutaneous coronary intervention, CABG=coronary artery bypass grafting, 
LVEF= left ventricular ejection fraction, eGFR=estimated glomerular filtration rate, DM=diabetes mellitus, 
OHA=oral hypoglycemic agent, ACEI=angiotensin converting enzyme inhibitor, ARB=angiotensin II receptor 
blocker

Table 2. Baseline measurement and changes from baseline to follow-up in CT  

DM+ DM– p-value

Baseline CT measurements
Maximum infrarenal aortic diameter, mm
Aortic calcification index, %

n =107
21.3 (19.1−24.3)
38.3 (16.3−52.5)

n =109
23.6 (20.2−30.6)
29.8 (17.6−51.9)

 
0.001
0.29

Changes from Baseline to follow-up CT
Δ maximum infrarenal aortic diameter, mm/year
Rapid aortic dilatation, %
Δ aortic calcification index, %/year
Rapid progression in aortic calcification, %

n =100＊

0.14 (-0.11−0.46)
23 (23%)

2.56 (1.35−4.23)
33 (33%)

n =94＋

0.15 (-0.09−0.56)
25 (27%)

1.75 (0.69−3.25)
15 (16%)

0.83
0.56
0.02
0.006

＊7 patients were excluded from assessment because received endovascular/ surgical abdominal aortic repair within 1 year of PCI phase CT
＋15 patients were excluded from assessment because received endovascular/ surgical abdominal aortic repair within 1 year of PCI phase CT
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inverse association between DM and abdominal aortic 
diameter at the time of PCI in patients with CAD 
exists, 2) the growth rate of aortic dilatation between 
patients with and without DM after PCI had no sig-
nificant difference, 3) AAC between patients with and 
without DM at the time of PCI had no significant 
difference, 4) the growth rate of aortic calcification 
was significantly larger among patients with DM after 
PCI, and 5) DM and advanced renal dysfunction were 
independent predictors of rapid aortic calcification 
progression among patients with CAD.

Although many recent reports have described an 
inverse association between DM and aortic dilatation, 
the reports have significant DM time/phase differ-
ences. Newly diagnosed DM patients and those with-

Rapid progression of aortic calcification (defined as 
being in the upper quartile of the ACI/year) was more 
frequently observed in the DM+ group than in the 
DM− group (33% vs. 16%, p=0.006). 

Multivariate logistic regression analysis indicated 
the prevalence of DM (odds ratio [OR]: 2.51; 95% 
confidence interval [CI]: 1.23–5.14; p=0.012) and 
estimated glomerular filtration rate (eGFR) ＜30 mL/
min/1.73 m2 (OR: 4.12; 95% CI: 1.69–10.03; p=  
0.002) were significant and independent predictors of 
rapid aortic calcification progression (Table 3).

Discussion

In this study, we confirmed the following: 1) an 

Table 3. Logistic analyses to assess the predictors

A. Rapid aortic dilatation

Variables

Univariate

OR (95%CI) p-value

Age
Male
Body mass index
Hypertension
Dyslipidemia
Diabetes mellitus
Current smoker
Previous MI
Previous PCI
Previous CABG
Left ventricular ejection fraction
eGFR ＜30 mL/min/1.73 m2

0.98 (0.95-1.02)
0.78 (0.36-1.67)
0.98 (0.89-1.07)
1.29 (0.59-2.84)
0.86 (0.43-1.73)
0.82 (0.43-1.58)
1.44 (0.68-3.05)
0.66 (0.25-1.71)
0.51 (0.22-1.19)
1.46 (0.52-4.08)
1.01 (0.98-1.04)
0.69 (0.25-1.95)

0.29
0.52
0.66
0.53
0.68
0.56
0.35
0.39
0.12
0.47
0.43
0.49

B. Rapid progression of aortic calcification

Variables

Univariate Multivariate

OR (95%CI) p-value OR (95%CI) p-value

Age
Male
Body mass index
Hypertension
Dyslipidemia
Diabetes mellitus
Current smoker
Previous MI
Previous PCI
Previous CABG
Left ventricular ejection fraction
eGFR ＜30 mL/min/1.73 m2

1.01 (0.98-1.05)
0.91 (0.42-1.98)
1.02 (0.93-1.11)
1.82 (0.78-4.23)
0.98 (0.49-1.98)
2.59 (1.30-5.18)
1.24 (0.58-2.66)
0.83 (0.33-2.05)
0.72 (0.33-1.59)
0.79 (0.25-2.52)
0.99 (0.96-1.01)
4.60 (1.95-10.84)

0.48
0.81
0.74
0.16
0.96
0.007
0.59
0.68
0.42
0.7
0.27

＜0.001

 
 
 

1.52 (0.63-3.65)
 

2.51 (1.23-5.14)
 
 
 
 
 

4.12 (1.69-10.03)

 
 
 

0.35
 

0.01
 
 
 
 
 

0.002

OR=odds ratio, CI=confidence interval, MI=myocardial infarction, PCI=percutaneous coronary intervention, 
eGFR=estimated glomerular filtration rate
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showed an association between DM and coronary 
artery calcification10, 18), but, to our knowledge, this is 
the first report showing a relationship between aortic 
calcification progression and DM among patients with 
CAD (Fig.1). A prior report showed that the volume 
of aortic calcification did not predict AAA growth, 
refuting the earlier hypothesis that aortic calcification 
may be a cause of reduced AAA expansion in diabetic 
patients19). Our results, revealing a time course of aor-
tic dilatation and calcification, support their conclu-
sions.

We previously reported that advanced chronic 
kidney disease (CKD) was associated with the rapid 
progression of AAC among CKD patients20). In this 
study, advanced renal dysfunction (eGFR ＜30 mL/
min/1.73 m2) and DM predicted the rapid progres-
sion of aortic calcification in patients with CAD. Our 
results may also indicate that vascular calcification is 
accelerated in patients with advanced CKD. 

Nonetheless, this study has several limitations. 
First, this was a single-center study and the population 
was relatively small. Second, this study included any 
patient who received PCI in a population of athero-
sclerotic patients. However, the degree of atherosclero-
sis varied among the patients. Third, the effects of 
medication were not evaluated. Fourth, oral glucose 
tolerance test was not performed to newly diagnosed 
DM. Therefore, some undiagnosed patients in the 
non-DM group may be included. Notwithstanding 
these limitations, as limited studies focus on the rela-

out systemic complications seem to have relatively 
smaller aortic diameter differences than non-DM 
patients6, 13). As we previously reported9), DM patients 
with advanced atherosclerotic complications seem to 
have large diameter differences, and this report also 
demonstrated an obvious difference between DM and 
non-DM patients with CAD. These results may sug-
gest that the early DM phase creates a negative aortic 
dilatation impact with larger differences occurring in 
the later phases.

With regard to the growth rate of aortic dilata-
tion, a previous report showed that early DM had a 
slower aortic progression5). On the contrary, the 
growth rate of aortic dilatation was not significantly 
different after the PCI phase among patients with 
CAD in this study. Although this result can be attrib-
uted to the small number of patients, we can say that 
the DM influence on the aortic wall may be changing 
as atherosclerosis progresses (Fig.1). Although definite 
mechanisms showing that DM suppresses aortic dila-
tation have not been elucidated, possible explanations 
include the inhibition of matrix metalloproteinases 
responsible for aortic wall degradation14-17). The pro-
gression of atherosclerosis changes aortic wall proper-
ties, which may lead to changes in aortic wall 
responses to various mechanisms.

In this study, the baseline degree of aortic calcifi-
cation was similar between DM and non-DM with 
subsequent rapid progression of aortic calcification 
observed in patients with DM. Some reports have 

Fig.1. Changes in influence of DM on aortic wall as atherosclerosis progresses
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rosis, 2015; 243: 349-355

13) Le MT, Jamrozik K, Davis TM and Norman PE: Negative 
association between infra-renal aortic diameter and gly-
caemia: the Health in Men Study. Eur J Vasc Endovasc 
Surg, 2007; 33: 599-604

14) Golledge J, Karan M, Moran CS, Muller J, Clancy P, 
Dear AE and Norman PE: Reduced expansion rate of 
abdominal aortic aneurysms in patients with diabetes may 
be related to aberrant monocyte-matrix interactions. Eur 
Heart J, 2008; 29: 665-672

15) Dua MM, Miyama N, Azuma J, Schultz GM, Sho M, 
Morser J and Dalman RL: Hyperglycemia modulates plas-

tionship between aortic dilatation and calcifications 
exist, our data are of importance to this topic.

In conclusion, our findings suggest that DM 
negatively affects aortic dilatation in the early phase of 
atherosclerotic progression and positively affects pro-
gression of aortic calcification in the later phases. The 
effect of DM on the aortic wall may be changing as 
atherosclerosis progresses. Further investigations with 
various time phases should be required to explore the 
issue.

Acknowledgment

This study was supported by a grant from Aichi 
Kidney Foundation and Grant-in-Aid for Scientific 
Research (KAKENHI) (No.19K17591) of the Minis-
try of Education, Culture, Sports, Science and Tech-
nology (MEXT) and Japanese Society for the Promo-
tion of Science (JSPA).

Conflict of Interest

Hideki Ishii received lecture fees from Astellas 
Pharma Inc., Astrazeneca Inc., Daiichi-Sankyo 
Pharma Inc., and MSD K. K. Toyoaki Murohara 
received lecture fees from Bayel Pharmaceutical Co., 
Ltd., Daiichi-Sankyo Co., Ltd., Dainippon Sumitomo 
Pharma Co., Ltd., Kowa Co., Ltd., MSD K. K., Mit-
subishi Tanabe Pharma Co., Nippon Boehringer 
Ingelheim Co., Ltd., Novartis Pharma K. K., Pfizer 
Japan Inc., Sanofi-aventis K. K., and Takeda Pharma-
ceutical Co., Ltd. Toyoaki Murohara received unre-
stricted research grant for Department of Cardiology, 
Nagoya University Graduate School of Medicine from 
Astellas Pharma Inc., Daiichi-Sankyo Co., Ltd., Dai-
nippon Sumitomo Pharma Co., Ltd., Kowa Co., Ltd., 
MSD K. K., Mitsubishi Tanabe Pharma Co., Nippon 
Boehringer Ingelheim Co., Ltd., Novartis Pharma K. 
K., Otsuka Pharma Ltd., Pfizer Japan Inc., Sanofi-
aventis K. K., Takeda Pharmaceutical Co., Ltd., and 
Teijin Pharma Ltd. All other authors have reported 
that they have no relationships relevant to the con-
tents of this paper to disclose.

References
1) Fujishima M, Kiyohara Y, Kato I, Ohmura T, Iwamoto H, 

Nakayama K, Ohmori S and Yoshitake T: Diabetes and 
cardiovascular disease in a prospective population survey 
in Japan: The Hisayama Study. Diabetes, 1996; 45 Suppl 
3: S14-16

2) Assmann G and Schulte H: The Prospective Cardiovascu-
lar Munster (PROCAM) study: prevalence of hyperlipid-
emia in persons with hypertension and/or diabetes melli-
tus and the relationship to coronary heart disease. Am 



Diabetes and Aortic Dilatation/Calcification

515

19) Hendy K, Gunnarsson R, Cronin O and Golledge J: 
Infra-renal abdominal aortic calcification volume does not 
predict small abdominal aortic aneurysm growth. Athero-
sclerosis, 2015; 243: 334-338

20) Yamamoto D, Suzuki S, Ishii H, Hirayama K, Harada K, 
Aoki T, Shibata Y, Negishi Y, Tatami Y, Sumi T, Ichii T, 
Kawashima K, Kunimura A, Kawamiya T, Morimoto R, 
Yasuda Y and Murohara T: Predictors of abdominal aortic 
calcification progression in patients with chronic kidney 
disease without hemodialysis. Atherosclerosis, 2016; 253: 
15-21

minogen activator inhibitor-1 expression and aortic diam-
eter in experimental aortic aneurysm disease. Surgery, 
2010; 148: 429-435

16) Astrand H, Ryden-Ahlgren A, Sundkvist G, Sandgren T 
and Lanne T: Reduced aortic wall stress in diabetes melli-
tus. Eur J Vasc Endovasc Surg, 2007; 33: 592-598

17) Pafili K, Gouni-Berthold I, Papanas N and Mikhailidis 
DP: Abdominal aortic aneurysms and diabetes mellitus. J 
Diabetes Complications, 2015; 29: 1330-1336

18) Kovacic JC and Fuster V: Vascular calcification, diabetes, 
and cardiovascular disease: connecting the dots. JACC 
Cardiovasc Imaging, 2012; 5: 367-369



<<
  /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


