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Age and Blood Pressure Levels Modify
the Functional Properties of Central but
Not Peripheral Arteries

Astrid G. Ruitenbeek, MS, Tischa J.M. van der Cammen, MD, PhD,
Anton H. van den Meiracker, MD, PhD, and Francesco U.S.
Mattace-Raso, MD, PhD

morbidity and mortality in patients with hyperten-
sion,6-8 end-stage renal failure,9 and the age.10-12

Previous studies have shown that age-related arterial
changes may differ in different vascular regions13,14;
centrally, predominantly elastic arteries stiffen progres-
sively with age, whereas peripherally, predominantly
muscular arteries may stiffen, albeit much less pro-
gressively.13,15,16 The aim of the present study was to
investigate the effect of aging and blood pressure levels
on the carotid and the radial arterial distensibilities.

Methods

Study Population

Consecutive patients referred to the outpatient
clinic of the Department of Internal Medicine and
Geriatric Medicine, Erasmus Medical Center,
between April and July 2006 were asked to partici-
pate in the study. Patients with a cardiovascular
event within 6 weeks before the visit were excluded
from the study. Informed consent was obtained.

Aging affects the complex interaction between
stable and dynamic changes involving struc-
tural and cellular elements of the vessel wall.1

With increasing age, elastin, which is stretchable2 and
important for pulsatile properties, becomes thinner
and fractured, whereas the amount of collagen, which
in contrast to elastin can resist stress, increases.
Changes in these components will result in increased
arterial stiffness.3-5 In addition to age, cardiovascular
risk factors such as hypertension, and diabetes melli-
tus may accelerate the arterial stiffening, which
has been found to be associated with cardiovascular

The effect of age and blood pressure on the carotid and
the radial artery distensibilities was investigated.
Patients referred to the outpatient clinic of the
Department of Internal Medicine and Geriatric
Medicine were asked to participate in the study. The
carotid and radial artery distensibility coefficients were
measured. Linear regression analyses were performed
to investigate the associations between determinants
and arterial distensibility. The mean age of the partici-
pants was 72.3 years, and 41.5% were men. Carotid
distensibility decreased with age in adjusted models
(β = −0.317; 95% confidence interval [CI], −0.241,

−0.055), whereas the radial distensibility did not
decrease. Levels of systolic blood pressure and mean arte-
rial pressure were associated with decreasing levels of
carotid distensibility, whereas the diastolic blood pressure
and pulse pressure were not associated (β = −0.571; 95%
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Cardiovascular Risk Factors

Information on previous cardiovascular disease, smok-
ing habits, and drug use was obtained by interview.
Patients were classified as ever-smokers (current or
past smokers) or never-smokers. Patients’ height and
weight were measured, and body mass index (BMI;
weight [kg]/height2 [m]) was calculated. Diabetes
mellitus was defined as the use of blood glucose–
lowering medication or a fasting serum glucose level
equal to or greater than 7.0 mmol/L.17

Blood Pressure Measurements

Blood pressure and heart rate were measured twice
on the right arm using an automatic device (Accutorr
Plus; Datascope Corporation, Mahwah, New Jersey.).
The measurements were obtained after at least 5 min-
utes of rest with the patient in the supine position.
The pulse pressure (PP) was calculated as systolic
blood pressure (SBP) − diastolic blood pressure
(DBP). The mean arterial pressure (MAP) was calcu-
lated as DBP + 1/3 PP. The average of the 2 meas-
urements was used in the analysis. Hypertension was
defined as a blood pressure level ≥140/90 mm Hg or
the use of antihypertensive medication.

Arterial Distensibility Measurements

After at least 5 minutes of rest with the patient in the
supine position, arterial measurements were performed
by Wall Track System 2 (Pie Medical, Maastricht, the
Netherlands), using a B-mode ultrasound to identify
the right common carotid artery at 1 to 2 cm proximal
to the origin of the bulb. The right radial artery was
investigated at the antecubital crease. The end-diastolic
diameter (D), the absolute stroke change in diameter
during systole (ΔD), and the relative stroke change in
diameter (ΔD/D) were computed as the mean of values
measured in 4 seconds of 3 successive recordings. The
distensibility coefficient (DC) was calculated by the fol-
lowing equation: 2(ΔD/D)/PP (10 MPa−1).18 The means
of diameter and distension of 3 successive recordings
were taken as the subject’s readings.

Statistical Analyses

Mean values with standard deviation and percentages
were calculated for continuous and categorical vari-
ables, respectively. Univariate linear regressions were
performed to investigate whether age, blood pres-
sure levels, and cardiovascular risk factors were

associated with the carotid and the radial arterial
distensibilities. In these analyses, the carotid and
radial DCs were the dependent variables. Multivariate
analyses were adjusted for age, sex, MAP, and heart
rate. Additional adjustment was made for BMI, smok-
ing, diabetes mellitus, and the use of antihypertensive
drugs. Analyses stratified for age to investigate whether
the association between age and DC was constant over
time in different age groups were performed. All statis-
tical analyses were performed using the statistical pack-
age SPSS 10.1 for Windows XP (SPSS Inc, Chicago,
Illinois). Statistical significance is assumed at P < .05.

Results

Baseline characteristics of the study population
are presented in Table 1; the mean age of the 82

Table 1. Characteristics of the Study Participants

Participants (n = 82)

Age, y 72.3 ± 12.7
Men, % 41.5
BMI, kg/m2 25.9 ± 5.2
SBP, mm Hg 129.4 ± 16.6
DBP, mm Hg 70.8 ± 9.5
MAP, mm Hg 93.6 ± 11.9
PP, mm Hg 58.6 ± 12.0
Heart rate, bpm 65.3 ± 11.3
Smokers, % 57.3
Hypertension, % 56.1
Diabetes mellitus, % 9.8

NOTES: BMI = body mass index; SBP = systolic blood pressure;
DBP = diastolic blood pressure; MAP = mean arterial pressure;
PP = pulse pressure; bpm = beats per minute.

Table 2. Univariate Linear Regression β-Coefficients
(95% CI) Describing the Association of Various

Variables With the Carotid Distensibility Coefficient

β 95% CI P Value

Age, y −0.383 −0.276, −0.082 <.0001
Men, % 0.038 −2.262, 3.191 .735
BMI, kg/m2 −0.013 −0.268, 0.239 .910
SBP, mm Hg −0.456 −0.237, −0.092 <.0001
DBP, mm Hg −0.354 −0.355, 0.090 .001
MAP, mm Hg −0.415 −0.310, −0.105 <.0001
PP, mm Hg −0.350 −0.279, −0.069 .001
Heart rate, bpm −0.146 −0.200, 0.042 .196
Smokers −0.156 −4.547, 0.801 .167
Hypertension −0.070 −3.546, 1.856 .535
Diabetes mellitus 0.191 −0.604, 8.186 .090

NOTES: BMI = body mass index; CI = confidence interval;
SBP = systolic blood pressure; DBP = diastolic blood pressure;
MAP = mean arterial pressure; PP = pulse pressure; bpm = beats
per minute.
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participants was 72.3 years, and 41.5% were men.
The carotid distensibility decreased significantly
with age in models adjusted for sex, heart rate, and
MAP (β = −0.317; 95% confidence interval [CI], −
0.241, −0.055; Tables 2 and 3, Figure 1A). After
adjustment for BMI, smoking, diabetes mellitus, and
the use of antihypertensive drugs, estimates only
slightly changed. Increasing levels of SBP and MAP
were associated with the carotid distensibility (β = −
0.571; 95% CI, −0.404, −0.007; β = −0.410; 95% CI,
−0.308, −0.101, respectively; Table 3, Figure 1B and
D). Diastolic blood pressure and PP were not asso-
ciated with the carotid distensibility in adjusted
models. There were no associations found between
age and blood pressure levels and the radial disten-
sibility (Table 4). Age, sex, and MAP were important
determinants of arterial stiffness, explaining 27.8%
of variance in carotid distensibility.

In analyses stratified for age, the mean age in
quartiles was 53.2, 70.5, 78.2, and 84.9, respectively.

In adjusted models, the DC of the carotid artery
decreased with age through quartiles (β = −0.703; 95%
CI, −0.860, −0.145; β = −0.546; 95% CI, −2.703,
0.243; β = −0.538; 95% CI, −2.333, −0.514; β =
−0.173; 95% CI, −0.968, 0.400, respectively).

Discussion

In the present study performed in patients referred to
the outpatient clinic of Department of Internal and
Geriatric Medicine, carotid distensibility decreased
with age, whereas the radial distensibility did not
decrease. Similarly, the SBP, MAP, and PP were
inversely associated with carotid distensibility.

Several studies have described arterial changes
associated withaging. A study in 39 subjects aged 6 to
81 years showed an increase in stiffness of the com-
mon carotid artery, abdominal aorta, femoral artery,
and radial artery with age.19 The association was only
significant for the aortic and the carotid arteries.
Another study performed in 149 patients referred to
an outpatient clinic of internal medicine found that
carotid intima-media thickness increased and carotid
distensibility declined with age.13 The radial intima-
media thickness was also increased with age, but no
associations were found with the radial distensibility.
These investigators also found an association between
diameter and aging, but no data were reported on
blood pressure levels and arterial distensibility.

In the present study, the carotid distensibility
decreased with increasing levels of SBP, MAP, and
PP. The PP presented the strongest association with
carotid distensibility, being itself an expression of
increased arterial stiffness and considered a clinical sur-
rogate. Age-related vascular changes involve structural
and functional changes. This tissue fatigue consists
of thinning and fracturing of elastin, an increased

Table 3. Multivariate Linear Regression β-Coefficients (95% CI) Describing
the Association of Various Variables With the Carotid Distensibility Coefficient

Model 1a Model 2b

β 95% CI R2 β 95% CI R2

Age, y −0.317 −0.241, −0.055 0.28 −0.314 −0.242, −0.046 0.32
SBP, mm Hg −0.571 −0.404, −0.007 0.23 −0.279 −0.301, −0.102 0.33
DBP, mm Hg 0.116 −0.208, 0.354 0.19 −0.005 −0.273, 0.268 0.32
MAP, mm Hg −0.410 −0.308, −0.101 0.19 −0.384 −0.292, −0.086 0.32
PP, mm Hg −0.202 −0.229, 0.028 0.21 −0.080 −0.168, 0.089 0.33

NOTES: BMI = body mass index; CI = confidence interval; SBP = systolic blood pressure; DBP = diastolic blood pressure; MAP =
mean arterial pressure; PP = pulse pressure.
aModel 1, adjusted for sex, heart rate, and MAP.
bModel 2, model 1 + age, BMI, smoking, diabetes mellitus, and the use of antihypertensives.

Table 4. Univariate Linear Regression
β-Coefficients (95% CI) Describing
the Association of Various Variables

With the Radial Distensibility Coefficient

Model 1a

β 95% CI

Age, y −0.071 −0.118, 0.061
SBP, mm Hg −0.057 −0.086, 0.051
DBP, mm Hg −0.010 −0.126, 0.115
MAP, mm Hg −0.038 −0.112, 0.079
PP, mm Hg −0.070 −0.125, 0.065

NOTES: CI = confidence interval; SBP = systolic blood pressure;
DBP = diastolic blood pressure; MAP = mean arterial pressure;
PP = pulse pressure.
aModel unadjusted.
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collagen deposition in the tunica media, and an
increase in arterial diameter, resulting in alter-
ations in the buffering capability of the large arter-
ies. Normally, the balance between elastin and
collagen is regulated by a slow dynamic process of
production and degradation. Because of an inflam-
matory environment, overproduction of collagen

and diminishing of elastin take place.1 Arterial stiff-
ening due to aging is amplified by the presence of
hypertension and diabetes mellitus.1 These age-
related vascular changes seem to be nonuniform
throughout the arterial tree, with more marked
alterations in the elastic arteries than in the muscu-
lar arteries.13,16,20,21
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Figure 1. A, Scatter plot of the association between age and
carotid distensibility, P < .0001. B, Scatter plot of the associa-
tion between systolic blood pressure and carotid distensibility,
P < .0001. C, Scatter plot of the association between diastolic
blood pressure and carotid distensibility, P = .001. D, Scatter
plot of the association between mean arterial pressure and
carotid distensibility, P < .0001. E, Scatter plot of the associa-
tion between pulse pressure and carotid distensibility, P = .001.
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We found an association between different age
groups and carotid DC; however, the effect of age on
the DC was no more significant in subjects in the
last quartile of age. It has been speculated that a
higher comorbidity at older age might decrease this
association, but because we adjusted our models for
comorbidity, this hypothesis seems to be unlikely.
A minimal elasticity could be required for a normal
blood circulation, indicating that distensibility
should remain above zero. This could explain a
decrease in association. With aging, the peripheral
resistance increases moderately, and a tendency to
increasing SBP and PP becomes apparent. Because
higher blood pressure levels induce hypertrophy of
the vessel wall, a vicious circle is established.20 A
high peripheral resistance induces an increase in
SBP and DBP, whereas central stiffness tends to
increase SBP but to decrease DBP. In young people,
blood pressure is mainly determined by peripheral
resistance, whereas in the elderly people, central stiff-
ness is the most important determinant.22 Hypertension
induces structural arterial changes, such as vessel
wall remodeling and changes in extracellular matrix.23

Especially, the central elastic arteries are prone to
these structural changes, whereas distal muscular
arteries seem to be less sensitive.13,24 This hetero-
geneity may explain our findings.

The present study has some limitations. First,
the cross-sectional design may limit our ability to
infer a causal relationship between age, blood pres-
sure levels, and measures of arterial distensibility.
Second, a relatively small number of patients were
included in the study; therefore, the generalizability
of our findings may be difficult.

In conclusion, in a group of consecutive patients,
we found that age and blood pressure levels influ-
enced the functional properties of the elastic central
arteries but not the muscular peripheral arteries.

References

1. Zieman SJ, Melenovsky, V, Kass DA. Mechanisms,
pathophysiology, and therapy of arterial stiffness.
Arterioscler Thromb Vasc Biol. 2005;25:932-943.

2. Mukherjee DP, Kagan HM, Jordan RE, Franzblau C.
Effect of hydrophobic elastin ligands on the stress-strain
properties of elastin fibers. Connect Tissue Res.
1976;4:177-179.

3. Johnson WT, Salanga G, Lee W, et al. Arterial intimal
embrittlement. A possible factor in atherogenesis.
Atherosclerosis. 1986;59:161-171.

4. Kato YP, Christiansen DL, Hahn RA, Shieh SJ,
Goldstein JD, Silver FH. Mechanical properties of col-
lagen fibres: a comparison of reconstituted and rat tail
tendon fibres. Biomaterials. 1989;10:38-42.

5. Avolio AP, Deng FQ, Li WQ, et al. Effects of aging on
arterial distensibility in populations with high and low
prevalence of hypertension: comparison between urban
and rural communities in China. Circulation. 1985;71:
202-210.

6. Laurent S, Boutouyrie P, Asmar R, et al. Aortic stiffness
is an independent predictor of all-cause and cardiovas-
cular mortality in hypertensive patients. Hypertension.
2001;37:1236-1241.

7. Boutouyrie P, Tropeano AI, Asmar R, et al. Aortic stiff-
ness is an independent predictor of primary coronary
events in hypertensive patients: a longitudinal study.
Hypertension. 2002;39:10-15.

8. Laurent S, Katsahian S, Fassot C, et al. Aortic stiffness
is an independent predictor of fatal stroke in essential
hypertension. Stroke. 2003;34:1203-1206.

9. Blacher J, Safar ME, Guerin AP, Pannier B, Marchais
SJ, London GM, et al. Aortic pulse wave velocity index
and mortality in end-stage renal disease. Kidney Int.
2003;63:1852-1860.

10. Sutton-Tyrrell K, Najjar SS, Boudreau RM, et al.
Elevated aortic pulse wave velocity, a marker of arterial
stiffness, predicts cardiovascular events in well-func-
tioning older adults. Circulation. 2005;111:3384-3390.

11. Mattace-Raso FU, van der Cammen J, Hofman A, et al.
Arterial stiffness and risk of coronary heart disease and
stroke: the Rotterdam Study. Circulation. 2006;113:
657-663.

12. Willum-Hansen T, Staessen JA, Torp-Pedersen C, et al.
Prognostic value of aortic pulse wave velocity as index of
arterial stiffness in the general population. Circulation.
2006;113:664-670.

13. Bortolotto LA, Hanon O, Franconi G, Boutouyrie P,
Legrain S, Girerd X. The aging process modifies the disten-
sibility of elastic but not muscular arteries. Hypertension.
1999;34:889-892.

14. Paini A, Boutouyrie P, Calvet D, Tropeano AI, Laloux B,
Laurent S. Carotid and aortic stiffness: determinants of
discrepancies. Hypertension. 2006;47:371-376.

15. Benetos A, Adamopoulos C, Bureau JM, et al.
Determinants of accelerated progression of arterial stiff-
ness in normotensive subjects and in treated hyperten-
sive subjects over a 6-year period. Circulation. 2002;
105:1202-1207.

16. O’Rourke MF, Staessen JA, Vlachopoulos C, Duprez D,
Plante GE. Clinical applications of arterial stiffness;
definitions and reference values. Am J Hypertens.
2002;15:426-444.

17. Glasser SP, Arnett DK, McVeigh GE, et al. Vascular
compliance and cardiovascular disease: a risk factor or a
marker? Am J Hypertens. 1997;10:1175-1189.

 © 2008 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at Erasmus Univ Rotterdam on June 11, 2008 http://ang.sagepub.comDownloaded from 

http://ang.sagepub.com


Age and Elastic Arterial Properties / Ruitenbeek et al 295

18. Reneman RS, van Merode T, Hick P, Muytjens AM,
Hoeks AP. Age-related changes in carotid artery wall
properties in men. Ultrasound Med Biol. 1986;12:
465-471.

19. Kawasaki T, Sasayama S, Yagi S, Asakawa T, Hirai T.
Non-invasive assessment of the age related changes in
stiffness of major branches of the human arteries.
Cardiovasc Res. 1987;21:678-687.

20. Ferrari AU, Radaelli A, Centola M. Invited review: aging and the
cardiovascular system. J Appl Physiol. 2003;95:2591-2597.

21. Benetos A, Waeber B, Izzo J, et al. Influence of age, risk fac-
tors, and cardiovascular and renal disease on arterial stiffness:
clinical applications. Am J Hypertens. 2002;15:1101-1108.

22. Lakatta EG, Levy D. Arterial and cardiac aging: major
shareholders in cardiovascular disease enterprises: Part I:
aging arteries: a “set up” for vascular disease. Circula-
tion. 2003;107:139-146.

23. Safar ME, Laurent S, Pannier BM, London GM.
Structural and functional modifications of peripheral
large arteries in hypertensive patients. J Clin Hypertens.
1987;3:360-367.

24. Safar ME, Levy BI, Struijker-Boudier H. Current per-
spectives on arterial stiffness and pulse pressure in
hypertension and cardiovascular diseases. Circulation.
2003;107:2864-2869.

 © 2008 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at Erasmus Univ Rotterdam on June 11, 2008 http://ang.sagepub.comDownloaded from 

http://ang.sagepub.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Ornaments
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-Roman
    /AlternateGothicNo2BT-Regular
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /AssemblyLightSSK
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond-Antiqua
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Halbfett
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /Helvetica-Oblique
    /HelvLight
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Lithos-Black
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaMath-Symbol
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 true
  /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 true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


