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Association Between Arterial Stiffness and Atherosclerosis
The Rotterdam Study

Nicole M. van Popele, MD, PhD; Diederick E. Grobbee, MD, PhD; Michiel L. Bots, MD, PhD;
Roland Asmar, MD, PhD; Jirar Topouchian, MD, PhD; Robert S. Reneman, MD, PhD;

Arnold P.G. Hoeks, PhD; Deidre A.M. van der Kuip, MD, PhD;
Albert Hofman, MD, PhD; Jacqueline C.M. Witteman, PhD

Background and Purpose—Studies of the association between arterial stiffness and atherosclerosis are contradictory. We

studied stiffness of the aorta and the common carotid artery in relation to several indicators of atherosclerosis.

Methods—This study was conducted within the Rotterdam Study in .3000 elderly subjects aged 60 to 101 years. Aortic

stiffness was assessed by measuring carotid-femoral pulse wave velocity, and common carotid artery stiffness was

assessed by measuring common carotid distensibility. Atherosclerosis was assessed by common carotid intima-media

thickness, plaques in the carotid artery and in the aorta, and the presence of peripheral arterial disease. Data were

analyzed by ANCOVA with adjustment for age, sex, mean arterial pressure, and heart rate.

Results—Both aortic and common carotid artery stiffness were found to have a strong positive association with common

carotid intima-media thickness, severity of plaques in the carotid artery, and severity of plaques in the aorta (P for trend

,0.01 for all associations). Subjects with peripheral arterial disease had significantly increased aortic stiffness

(P50.001) and borderline significantly increased common carotid artery stiffness (P50.08) compared with subjects

without peripheral arterial disease. Results were similar after additional adjustment for cardiovascular risk factors and

after exclusion of subjects with prevalent cardiovascular disease.

Conclusions—This population-based study shows that arterial stiffness is strongly associated with atherosclerosis at

various sites in the vascular tree. (Stroke. 2001;32:454-460.)
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Accurate noninvasive methods to measure arterial stiff-

ness have recently become available and are relatively

easy to perform.1–4 Results from several small studies have

suggested that subjects with cardiovascular disease have

increased arterial stiffness compared with subjects without

cardiovascular disease.5–8 Arterial stiffness has also been

shown to be a predictor of all-cause and cardiovascular

mortality in subjects with end-stage renal disease.9,10 The

association between arterial stiffness and cardiovascular dis-

ease may be explained by an increase in pulse pressure

following increased arterial stiffness or through an associa-

tion between arterial stiffness and atherosclerosis. Studies

examining the association between arterial stiffness and

atherosclerosis have reported conflicting results. Some stud-

ies found a relation between arterial stiffness and atheroscle-

rosis,11–13 but others could not demonstrate such a rela-

tion.14–17 Most of the studies were performed in small groups

of selected subjects and investigated the association between

arterial stiffness and atherosclerosis in only one vessel bed.

The objective of the present study was to examine the

association between arterial stiffness and atherosclerosis at

different sites in the arterial tree in a large group of un-

selected, nonhospitalized subjects. Arterial stiffness was as-

sessed in the aorta by measuring carotid-femoral pulse wave

velocity (PWV) and was assessed in the common carotid

artery by measuring the distensibility coefficient (DC). As

indicators of atherosclerosis we used common carotid intima-

media thickness, presence of plaques in the carotid artery and

in the abdominal aorta, and presence of peripheral arterial

disease.

Subjects and Methods

Study Population
The Rotterdam Study is a population-based cohort study that seeks to

assess the occurrence of and risk factors for chronic diseases in the

elderly. The rationale and design of the Rotterdam Study have been
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described in detail elsewhere.18 The baseline measurements were
performed during 1990–1993. The third follow-up examination
phase took place during 1997–1999. The Medical Ethics Committee
of Erasmus University approved the study, and written informed
consent was obtained from all participants.

Cardiovascular Disease and Risk Factors
Information on cardiovascular risk factors was collected during the
third follow-up examination. Information on current health status,
medical history, drug use, and smoking behavior was obtained with
the use of a computerized questionnaire during a home interview. At
the research center, blood pressure was measured twice, with the
subject in a sitting position, at the right arm with a random zero
sphygmomanometer. The average of the 2 measurements was used in
the analyses. Height and weight were measured while the subject
was wearing lightweight clothes and no shoes. Body mass index
(BMI) (weight/height2) was calculated. Serum total cholesterol and
HDL cholesterol were determined by an automatic enzymatic pro-
cedure (Boehringer Mannheim Systems). Serum glucose was deter-
mined by the hexokinase method (Boehringer Mannheim Systems).
Diabetes mellitus was defined as a history of diabetes mellitus and/or
the use of blood glucose–lowering medication and/or a fasting serum
glucose level $7.0 mmol/L.19

Prevalent cardiovascular disease was defined as a history of
myocardial infarction or stroke. Information on cardiovascular dis-
ease at the baseline examination of the Rotterdam Study was
assessed during a home interview. A history of myocardial infarction
and stroke was confirmed by reviewing the medical records from the
general practitioner and/or medical specialist or by ECG. From
baseline onward, occurrence of myocardial infarction or stroke was
reported by general practitioners in the research area (85% of the
cohort) by means of a computerized system. Research physicians
verified all information by checking patient records of the general
practitioner. The general practitioners outside the research area
(15%) were visited once a year by research physicians to check
patient records. In addition, discharge reports and letters of medical
specialists were obtained for hospitalized patients.

Indicators of Atherosclerosis
The indicators of atherosclerosis used in this analyses were measured
at the third examination phase, except the presence of calcified
plaques in the abdominal aorta, which was determined during the
second examination phase during 1993–1995.

Intima-media thickness was measured by recording ultrasono-
graphic images of both the left and right carotid artery with a
7.5-MHz linear array transducer (ATL UltraMark IV, Advanced
Technology Laboratories). The lumen-intima interface and the
media-adventitia interface of the near and far walls of the distal
common carotid artery were measured offline. The protocol has been
described in detail elsewhere.20,21 The common carotid intima-media
thickness was determined as the average of near and far wall
measurements of both left and right sides.

The presence of plaques in the carotid artery was assessed by
evaluating the ultrasonographic images of the common, internal, and
bifurcation sites of the carotid artery for the presence of atheroscle-
rotic lesions. Plaques were defined as a focal widening relative to
adjacent segments, with protrusion into the lumen composed of
either only calcified deposits or a combination of calcified and
noncalcified material. No attempt was made to quantify the size of
the lesions. A total carotid plaque score was defined by summation
of the presence of plaques at far and near walls of left and right sides
at 3 locations (maximum score of 12). Severity was graded as no
plaques (score 0), mild plaques (score 1 to 4), moderate plaques
(score 5 to 8), and severe plaques (score 9 to 12).

Atherosclerosis of the abdominal aorta was determined with a
lateral x-ray of the lumbar spine (T12-S1), on which the presence of
calcified deposits was determined. Calcified plaques were consid-
ered present when linear densities were clearly visible in an area
parallel and anterior to the lumbar spine (L1-L4).22 Severity was
graded from 0 (no calcified plaques) to 5 (aorta outlined with
calcified plaques) according to length of affected area. Subsequently,

subjects were classified into having no (grade 0), mild (grade 1),

moderate (grades 2 and 3), or severe (grades 4 and 5) atherosclerosis

of the abdominal aorta.

The presence of peripheral arterial disease was assessed by the

ankle-brachial pressure index, which is the ratio of the systolic blood

pressure at the ankle to the average systolic blood pressure at the

right arm. Systolic blood pressure of the posterior tibial artery at both

left and right ankles was measured with an 8-MHz continuous-wave

Doppler probe (Huntleigh 500 D, Huntleigh Technology) and a

random zero sphygmomanometer with the subject in supine posi-

tion.23 The ankle-brachial pressure index was calculated for both

ankles. In agreement with the approach followed by Fowkes et al,24

we used the lowest ankle-brachial pressure index in either leg to

determine presence of peripheral arterial disease. Peripheral arterial

disease was considered present when the ankle-brachial pressure

index in either leg was ,0.9.

Reproducibility was evaluated for assessment of common carotid

intima-media thickness and for assessment of atherosclerosis of the

abdominal aorta. The intraclass correlation coefficient for assess-

ment of common carotid intima-media thickness was 0.74. The

percentage of agreement and the weighted k statistic for assessment

of aortic atherosclerosis were 0.75 and 0.77, respectively.

Arterial Stiffness
Aortic and common carotid artery stiffness were measured during the

third examination phase with subjects in the supine position. Before

measurement of PWV, blood pressure was measured twice with a

sphygmomanometer after 5 minutes of rest, and the mean was taken

as the subject’s reading. Mean arterial pressure (MAP) was calcu-

lated by the following formula: diastolic blood pressure11/33(sys-

tolic blood pressure2diastolic blood pressure). Carotid-femoral

PWV was assessed with an automatic device (Complior, Colson)4

that assessed the time delay between the rapid upstroke of the feet of

simultaneously recorded pulse waves in the carotid artery and the

femoral artery. The distance traveled by the pulse wave between the

carotid artery and the femoral artery was measured over the surface

of the body with a tape measure. PWV was calculated as the ratio

between the distance traveled by the pulse wave and the foot-to-foot

time delay and expressed in meters per second. The average of at

least 10 successive measurements, to cover a complete respiratory

cycle, was used in the analyses.

Common carotid distensibility was assessed with the subject’s

head tilted slightly to the contralateral side. The vessel wall motion

of the right common carotid artery was measured by means of a

duplex scanner (Ultramark IV, ATL) connected to a vessel wall

movement detector system. The details of this technique have been

described elsewhere.1,25 After 5 minutes of rest, a region at 1.5 cm

proximal to the origin of the bulb of the carotid artery was identified

by B-mode ultrasonography. The displacement of the arterial walls

was obtained by processing the radio frequency signals originating

from 2 selected sample volumes positioned over the anterior and

posterior walls. The end-diastolic diameter (D), the absolute stroke

change in diameter during systole (DD), and the relative stroke

change in diameter [(DD)/D] were computed as the mean of 4

cardiac cycles of 3 successive recordings. Blood pressure was

measured twice with a Dinamap automatic blood pressure recorder,

and the mean was taken as the subject’s reading. Pulse pressure (DP)

was calculated as the difference between systolic and diastolic blood

pressure. MAP was calculated with the same formula as described

for measurement of PWV. The cross-sectional arterial wall DC was

calculated according to the following equation26: DC5(2DD/D)/DP

(1023/kPa). In the present study measurements were restricted to the

right side to save time. In previous studies no differences could be

detected between arterial wall properties of the right and left

common carotid artery (S.K. Samijo, unpublished data, 1997). A

reproducibility study in 47 subjects showed an intraclass correlation

coefficient of 0.80 for both carotid-femoral PWV and common

carotid DC.
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Population for Analysis
Of 4024 subjects eligible for a physical examination in the third
examination phase, carotid-femoral PWV was measured in 3550
subjects, and common carotid distensibility was measured in 3098
subjects. Missing information on PWV or common carotid distensi-
bility was almost entirely due to logistic reasons. Of 3550 subjects
with a measurement of PWV, 69 subjects (1.9%) were excluded from
the analyses because the variation between the successive PWV
measurements was .10% or ,10 successive measurements were
made, leaving 3481 subjects for analyses. All subjects with a
measurement of common carotid distensibility were included in the
analyses. Of all subjects with a PWV measurement, 47% had
information on carotid intima-media thickness, 87% had information
on carotid plaques, 93% had information on plaques in the aorta, and
96% had information on presence of peripheral arterial disease. Of
all subjects with a measurement of the DC, 53% had information on
carotid intima-media thickness, 91% had information on carotid
plaques, 92% had information on plaques in the aorta, and 96% had
information on presence of peripheral arterial disease. Missing
information on indicators of atherosclerosis was due to logistic
reasons. The large number of subjects with missing information on
carotid intima-media thickness was due to leeway in the offline
analysis of ultrasonographic images.

Statistical Analysis
Mean PWV adjusted for age, sex, MAP, and heart rate was
calculated per quartile of the continuous indicators of atherosclerosis
or per category of the categorical indicators of atherosclerosis with
ANCOVA. Analogously, mean DC adjusted for age, sex, MAP, and
heart rate was calculated per quartile of the continuous indicators of
atherosclerosis or per category of the categorical indicators of
atherosclerosis. A test for trend was performed with multiple linear
regression analysis, with the quartiles or categories of the different
indicators of atherosclerosis as ordinal variables. Analyses were
repeated after exclusion of subjects with prevalent cardiovascular
disease and in strata of sex. Next, the associations were examined
with multiple linear regression analysis with PWV or DC as
dependent variable and the different indicators of atherosclerosis as
independent variables, adjusted for age, sex, MAP, heart rate, and
several cardiovascular risk factors (BMI, total cholesterol, HDL
cholesterol, serum glucose, smoking, and diabetes mellitus). We also
examined the association between aortic stiffness and common
carotid artery stiffness with multiple linear regression analyses with
DC as dependent and PWV as the independent variable and,
additionally, by calculating the correlation between PWV and DC.
All analyses were performed with the use of SPSS 8.0 statistical
package for Windows 95 (SPSS Inc).

Results
Table 1 presents the baseline characteristics of the study

population. Levels of cardiovascular risk factors were in the

high normal range, as expected in a general population of

elderly subjects. Mean values of PWV per quartile or per

category of the indicators of atherosclerosis, adjusted for age,

sex, MAP, and heart rate, are shown in Figure 1. PWV

consistently increased with increasing common carotid

intima-media thickness, plaques in the carotid artery, and

plaques in the aorta (P for trend ,0.01 for all 3 associations).

Presence of peripheral arterial disease was associated with a

significantly increased PWV compared with absence of

peripheral arterial disease (mean difference in PWV between

subjects with and without peripheral arterial disease, 0.40 m/s

[95% CI, 0.17 to 0.63]). The associations of PWV with all

indicators of atherosclerosis were positive. Mean values of

the common carotid DC per quartile or per category of the

indicators of atherosclerosis, adjusted for age, sex, MAP, and

heart rate, are shown in Figure 2. The DC consistently

decreased with increasing intima-media thickness and

plaques of the common carotid artery and plaques in the aorta

(P for trend ,0.01 for all 3 associations). Presence of

peripheral arterial disease was associated with a borderline

significantly decreased DC compared with absence of periph-

eral arterial disease (mean difference in DC (1023/kPa)

between subjects with and without peripheral arterial disease,

20.29 [95% CI, 20.62 to 0.03]). The associations of DC with

all indicators of atherosclerosis were negative. Results were

the same after exclusion of subjects with prevalent cardio-

vascular disease (n5503) and when performed in strata of sex

(data not shown).

The results of the multiple linear regression analysis are

shown in Table 2. Significant associations between PWV and

all indicators of atherosclerosis were observed, adjusted for

age, sex, MAP, heart rate, and cardiovascular risk factors.

The DC was significantly associated with common carotid

intima-media thickness, plaques in the carotid artery, and

plaques in the aorta and borderline significantly associated

with presence of peripheral arterial disease (P50.09), after

adjustment for age, sex, MAP, heart rate, and cardiovascular

risk factors.

TABLE 1. Characteristics of the Study Population

Characteristic Value

Age, y 72 (60–101)

Men* 58%

Systolic blood pressure, mm Hg 143 (21)

Diastolic blood pressure, mm Hg 75 (11)

Heart rate, bpm 70 (11)

Total cholesterol, mmol/L 5.8 (1.0)

HDL cholesterol, mmol/L 1.4 (0.4)

BMI, kg/m2 26.8 (4.0)

Diabetes* 12%

Smoking*

Current 16%

Former 50%

Never 34%

PWV, m/s 13.5 (3.0)

DC, 1023/kPa 10.5 (4.4)

Intima-media thickness, mm 0.88 (0.16)

Plaques in carotid artery*

No 30.8%

Mild 41.8%

Moderate 24.9%

Severe 2.5%

Calcified plaques in the aorta*

No 43.3%

Mild 21.0%

Moderate 30.7%

Severe 5.0%

Peripheral arterial disease* 18.1%

Values are given as mean (SD), except for age, which is given as mean

(range), and categorical variables, which are given as percentage.

*Categorical variables.
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A quadratic relationship was found between DC and PWV:

DC527.421.93(PWV)10.043(PWV)2 [P total model

#0.001]. The correlation between DC and PWV was 20.41

(P,0.001).

Discussion
The objective of this population-based study was to examine

arterial stiffness in relation to atherosclerosis at different sites

in the arterial tree. We found aortic stiffness to be strongly

associated with common carotid intima-media thickness,

plaques in the carotid artery and in the aorta, and presence of

peripheral arterial disease. Common carotid artery stiffness

was strongly associated with all indicators of atherosclerosis

except for a borderline significant association with peripheral

arterial disease. Results were similar after additional adjust-

ment for cardiovascular risk factors and after exclusion of

subjects with prevalent cardiovascular disease.

Some aspects of this study need to be discussed. First, we

use several noninvasive measures as indicators of atheroscle-

rosis. Intima-media thickness and plaques in the common

carotid artery have been shown to be adequate indicators of

atherosclerosis of the carotid artery.27–29 Radiographically

detected calcifications in the aorta correlate well with athero-

sclerotic plaques observed at autopsy, and in most cases

visible calcification represented advanced atherosclerosis.30

Yao and colleagues31 compared the ankle-brachial pressure

Figure 1. Mean PWV per quartile of com-
mon carotid intima-media thickness and
per category of presence of peripheral
arterial disease, plaques in the carotid
artery, and plaques in the aorta, adjusted
for age, sex, MAP, and heart rate in
elderly subjects of the Rotterdam Study.
Bars indicate 95% CI; probability value
indicate P for trend, except for peripheral
arterial disease, in which the P-value indi-
cates P for difference between the
groups.

Figure 2. Mean DC per quartile of com-
mon carotid intima-media thickness and
per category of presence of peripheral
arterial disease, plaques in the carotid
artery, and plaques in the aorta, adjusted
for age, sex, MAP, and heart rate in
elderly subjects of the Rotterdam Study.
Bars indicate 95% CI; probability value
indicate P for trend, except for peripheral
arterial disease, in which the P-value indi-
cates P for difference between the
groups.
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index with arteriography of the distal aorta and arteries of the

lower extremities and demonstrated that the pressure index is

a valuable and sensitive method of assessment of occlusive

arterial disease. Second, some subjects were not available for

measurement of arterial stiffness or atherosclerosis because

they died before the third examination phase of the Rotterdam

Study, because they could not participate as a result of severe

illness, or because they were lost to follow-up. The unavail-

ability of these subjects probably affected the distribution.

Unfortunately, this is inevitable, especially in a population-

based study among elderly subjects. Information on the

different indicators of atherosclerosis was not available for

every subject with a PWV measurement. This was mainly due

to logistic reasons, and missing information is therefore likely

to be randomly distributed over categories of severity of

arterial stiffness and thus will not have introduced bias in the

estimates. Third, for determining the presence of plaques in

the abdominal aorta, we used x-rays from the second exam-

ination phase, which took place on average 4 years before the

third examination phase in which arterial stiffness was

measured. The reason for this was that x-rays made in the

third examination phase were not yet evaluated for the

presence of aortic plaques at the time of the present analyses.

Using x-rays from the second follow-up examination phase

may have led to some misclassification in severity of plaques

in the aorta, but this misclassification is nondifferential with

respect to arterial stiffness and thus, if present, will have led

to an underestimation of the associations. Finally, BMI may

have influenced determination of carotid-femoral PWV be-

cause the distance between the carotid artery and the femoral

artery was measured over the body surface and therefore was

dependent on body build. A high BMI can therefore result in

an overestimation of carotid-femoral PWV, leading to mis-

classification in arterial stiffness. Since BMI is not related to

atherosclerosis, this misclassification in arterial stiffness is

nondifferential with respect to atherosclerosis and will thus

have led to an underestimation of the association.

Previous studies on the association between arterial stiff-

ness and atherosclerosis reported conflicting results. Nonin-

vasive measurement of distensibility of the carotid artery has

been shown to be closely related to postmortem established

atherosclerosis of the carotid artery.12 The presence of ather-

omatous plaques in the aorta has been found to be strongly

correlated with decreased aortic distensibility in subjects with

various pathologies.13 Among hypertensive patients, those

with high aortic PWV compared with those with low aortic

PWV had a higher frequency of carotid artery stenosis and

tended to have a higher frequency of aortic and lower limb

atherosclerotic lesions.11 In contrast to the above, other

studies found no relation between arterial stiffness and

atherosclerosis. One study found the severity of aortic ath-

erosclerosis to be unrelated to the loss of aortic distensibility

and observed a steady progression of loss of aortic distensi-

bility with increasing age regardless of the atherosclerotic

severity.14 In an ecological study, Avolio and colleagues15

found similar changes in PWV with age in populations with

different prevalence of atherosclerosis and concluded that

arterial distensibility is not associated with atherosclerosis.

Megnien and colleagues17 found no association between

aortic stiffness as determined by PWV and coronary and

extracoronary atherosclerosis in a cross-sectional study of

190 asymptomatic men at risk for coronary heart disease.

This study, however, comprised only a small number of

subjects. The Atherosclerosis Risk in Communities (ARIC)

study examined the relation between distensibility and

intima-media thickness of the common carotid artery. They

did not observe an association between arterial wall thickness

and increased arterial stiffness, except for the thickest 10% of

the artery walls.16 We found increased common carotid

stiffness only in the highest quartile of intima-media thick-

ness of the common carotid artery (Figure 2), which resem-

bles the findings of the ARIC study, but we observed

increased aortic stiffness in the upper 2 quartiles of intima-

media thickness of the common carotid artery (Figure 1). The

absence of a clear association between arterial stiffness and

intima-media thickness in the lower 2 quartiles of intima-

media thickness is in agreement with recent evidence that

TABLE 2. Multiple Linear Regression (b) Coefficients and 95% CI Describing the Association*

Between Aortic Stiffness and Common Carotid Stiffness and Different Indicators of

Atherosclerosis in Elderly Subjects From the Rotterdam Study

Indicator of Atherosclerosis PWV, m/s DC, 1023/kPa

Common carotid intima-media thickness, mm 0.96 (0.01, 1.91) 23.12 (24.17, 22.08)

Plaques in the carotid artery

Mild (vs none) 0.20 (20.02, 0.66) 20.10 (20.40, 0.21)

Moderate (vs none) 0.40 (0.15, 0.66) 20.68 (21.05, 20.032)

Severe (vs none) 1.30 (0.70, 1.90) 22.29 (23.15, 21.43)

Calcified plaques in the aorta

Mild (vs none) 0.39 (0.17, 0.61) 20.22 (20.55, 0.11)

Moderate (vs none) 0.80 (0.60, 1.02) 20.25 (20.56, 0.06)

Severe (vs none) 2.06 (1.59, 2.52) 20.80 (21.49, 20.11)

Presence of peripheral arterial disease (vs absence) 0.29 (0.05, 0.52) 20.30 (20.64, 0.04)

Values are b coefficient (95% CI).

*All models adjusted for age, sex, MAP, heart rate, total cholesterol, HDL cholesterol, serum glucose, smoking, BMI,

and presence of diabetes mellitus.
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suggests that intima-media thickness may only reflect athero-

sclerosis beyond a certain level.32

Several possibilities for the observed association between

arterial stiffness and atherosclerosis can be hypothesized. One

possibility is that presence of atherosclerosis leads to stiffen-

ing of the arteries. In favor of this hypothesis is the study of

Farrar and colleagues,33 which shows an increase in PWV in

cynomolgus monkeys fed an atherogenic diet and a decrease

in PWV in cynomolgus monkeys fed an atherosclerosis

regression diet. An alternative possibility is that increased

arterial stiffness leads to vessel wall damage and atheroscle-

rosis. Without the shock-absorbing capacity, the stiff arterial

wall may be subjected to increased intraluminal stress on

impact of increased pulsatile pressure.34 A third possibility is

that both mechanisms apply and that atherosclerosis is not

only a consequence of arterial stiffness but may by itself, in

advanced stages, also increase arterial stiffness. This would

result in a self-perpetuating, reinforcing process. A final

possibility is that arterial stiffness and atherosclerosis are

independent processes that frequently occur at similar sites in

the artery without the existence of a causal relationship.

Future long-term longitudinal studies, preferably starting in

young subjects, will be needed to elucidate the temporal

relationship between arterial stiffness and atherosclerosis.

The strong association of aortic stiffness with atheroscle-

rosis at various sites of the arterial tree suggests that aortic

stiffness can be used as an indicator of generalized athero-

sclerosis. Whether this also holds for common carotid artery

stiffness is less clear since common carotid artery stiffness

was associated with carotid and aortic atherosclerosis but not

clearly with the presence of peripheral arterial disease.

Possibly, assessment of atherosclerosis in the abdominal aorta

was more accurate than assessment of atherosclerosis of the

peripheral arteries, which was assessed by a proxy.

Stiffening of the arterial tree leads to an increased systolic

blood pressure and simultaneously a decreased diastolic

blood pressure, resulting in wide pulse pressure.35 The in-

creased systolic blood pressure has a negative effect on the

heart due to an increased workload, while a reduced diastolic

blood pressure may limit coronary perfusion. These effects

may explain the association between arterial stiffness and

myocardial infarction, as observed in cross-sectional stud-

ies.36,37 Recent evidence shows that a wide pulse pressure is

also a strong risk factor for stroke,38,39 and a cross-sectional

study showed a relation between arterial stiffness and stroke.7

These results suggest that arterial stiffness may be a risk

factor for cardiovascular diseases like stroke and myocardial

infarction, which needs confirmation in prospective studies.

The strong association between arterial stiffness and athero-

sclerosis observed in our study may provide an additional

explanation for the association between arterial stiffness and

cardiovascular disease. Future longitudinal studies concern-

ing the association between arterial stiffness and cardiovas-

cular disease must determine whether arterial stiffness is a

risk factor for cardiovascular disease, independent of its

association with atherosclerosis.

In conclusion, the results of this population-based study in

elderly subjects suggest that arterial stiffness is associated

with atherosclerosis at various sites in the arterial tree.
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