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Background and Purpose—Studies investigating determinants of atherosclerotic disease progression are relatively rare.
Moreover, although atherosclerotic disease can be assessed noninvasively in different vascular beds, previous studies
have not considered progression of atherosclerosis at �1 site. The present study was designed to identify risk factors
for progression of atherosclerosis measured at multiple sites in the arterial tree.

Methods—The Rotterdam Study is a population-based cohort study of 7983 men and women �55 years of age. Carotid
plaques and intima-media thickness were assessed by ultrasound, aortic atherosclerosis by x-ray, and lower-extremity
atherosclerosis by the ankle-arm index. Data on progression of atherosclerosis over an average period of 6.5 years were
available for 3409 participants. Associations of established cardiovascular risk factors with mild, moderate, and severe
progression of atherosclerosis were investigated through multinomial regression analysis.

Results—Age, smoking, total cholesterol, and systolic blood pressure and/or hypertension were strong, independent
predictors of moderate and severe progression of atherosclerosis at multiple sites. Diabetes mellitus predicted only
severe progression of atherosclerosis. Associations of sex with progression of atherosclerosis were remarkably modest.

Conclusions—Age, smoking, total cholesterol, and systolic blood pressure and/or hypertension strongly predict
progression of extracoronary atherosclerosis in the elderly, but sex remarkably does not. These results emphasize the
need for prevention of progression of extracoronary atherosclerotic disease in men and women alike. (Stroke. 2003;34:
2374-2379.)
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Various noninvasive methods are available to detect the
presence and severity of atherosclerotic disease. Carotid

atherosclerosis assessed by ultrasound, aortic atherosclerosis
as shown on abdominal x-ray, and lower-extremity athero-
sclerosis assessed by the ankle-arm index (AAI) are all
important predictors of cardiovascular disease.1–4 Moreover,
they are strongly associated with the presence and amount of
coronary calcification5 and with cardiovascular risk
factors.6–8

Although the amount of atherosclerosis at 1 point in time is
a reflection of lifelong accumulation of atherosclerotic le-
sions, changes in the extent of atherosclerosis with time give
important information about whether, and at what rate,
atherosclerotic disease advances. Several studies have re-
ported associations of cardiovascular risk factors with pro-
gression of atherosclerosis.7,9,10 However, none of these
studies has yet investigated whether the associations of
cardiovascular risk factors with progression of atherosclerosis
are consistent across different vascular beds.

Within the Rotterdam Study, a prospective, population-
based cohort study among men and women �55 years of age,
various noninvasive methods were used to assess progression
of atherosclerosis over an average period of 6.5 years. We
investigated associations of cardiovascular risk factors with
progression of atherosclerosis measured at multiple sites in
the arterial tree.

Materials and Methods

Study Population
The Rotterdam Study is a prospective, population-based cohort study
of 7983 men and women �55 years of age. Its aim is to investigate
the incidence and determinants of chronic disabling diseases. At
phase 1 (baseline; 1990 to 1993), all inhabitants of a suburb of the
city of Rotterdam who were �55 years of age were invited to
participate in an extensive home interview and 2 visits to the research
center. The overall response rate was 78%. Phase 3 was conducted in
a similar way from 1997 to 1999. Between phases 1 and 3, 25% of
the participants had died, and 0.4% were lost to follow-up. Because
at phase 2 only a small part of the atherosclerosis measurements were
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performed, data from this phase were not included in the present
study. The Medical Ethics Committee of the Erasmus University
Medical Center approved the Rotterdam Study, and written informed
consent was obtained from all participants.11

Of the 7983 participants of the Rotterdam Study, 6505 had never
experienced a myocardial infarction, stroke, or revascularization
procedure before phase 3. For 6145 of these participants, the extent
of atherosclerosis was assessed at baseline at least at 1 site in the
arterial tree. For 3506 participants, information on at least 1 measure
of atherosclerosis at phase 3 of the Rotterdam Study was also
available. Subjects with missing data on �2 cardiovascular risk
factors investigated in the present study were excluded (n�97),
resulting in a study population of 3409 participants.

Clinical Characteristics
At baseline, a trained investigator visited all participants at home and
collected information using a computerized questionnaire. The
obtained information included current health status, medical history,
drug use, and smoking behavior. Additionally, during 2 visits to the
research center, established cardiovascular risk factors were mea-
sured, and nonfasting blood samples were obtained.12 Obesity was
defined as body mass index (BMI) �30.0 kg/m2 and/or waist
circumference �102 cm in men or �88 cm in women.13 We defined
hypertension as systolic blood pressure �160 mm Hg, diastolic
blood pressure �100 mm Hg, and/or use of blood pressure–lowering
medication with indication of hypertension at phase 1 of the
Rotterdam Study. Hypercholesterolemia was defined as serum total
cholesterol �6.5 mmol/L and/or the use of cholesterol-lowering
medication at phase 1. We defined diabetes mellitus as a random or
postload serum glucose level �11.1 mmol/L and/or the use of blood
glucose–lowering medication.

Measures of Atherosclerosis
The extent of atherosclerosis was assessed at phases 1 and 3 of the
Rotterdam Study by measuring carotid plaques, carotid intima-media
thickness (IMT), aortic atherosclerosis, and lower-extremity athero-
sclerosis (as indicated by the AAI). Progression of atherosclerosis
was divided into 4 categories (no, mild, moderate, severe), except for
progression of carotid plaques (3 categories: no, moderate, severe)
because of the sample distribution of this measure of progression of
atherosclerosis. To be able to compare the different associations of a
particular cardiovascular risk factor with progression of the different
measures of atherosclerosis, we tried to categorize progression of
atherosclerosis in such a way that a specific category (eg, the severe
category) included a comparable percentage of the study sample for
all of the 4 measures.

Carotid Atherosclerosis
Ultrasonography of both carotid arteries was performed with a
7.5-MHz linear-array transducer and a duplex scanner (ATL Ultra-
Mark IV, Advanced Technology Laboratories). The common carotid
artery, carotid bifurcation, and internal carotid artery were examined
on both the left and right sides for the presence of plaques as
described before.2 A weighted plaque score ranging from 0 to 6 was
computed by adding the number of sites at which a plaque was
detected, dividing by the total number of sites for which an
ultrasonographic image was available, and multiplying by 6 (the
maximum number of sites). Progression of carotid plaques was
computed by subtracting the plaque score at phase 1 from the plaque
score at phase 3. Subjects for whom data on the presence of plaques
were not available for at least 4 of the 6 sites examined both at phase
1 and at phase 3 were excluded from analyses. We defined no,
moderate, and severe progression of carotid plaques as a change in
plaque score of 0, 1 to 2, or �3 points, respectively. Subjects with a
decrease in plaque score were added to the group with no progression
because we considered this to be due mainly to measurement error.

Common carotid IMT was determined as the average of near- and
far-wall measurements, and the average of left and right common
carotid IMT was computed.2 Progression of IMT was defined as the
difference in mean IMT between phase 3 and phase 1. Subjects were
divided into categories of progression of IMT on the basis of their

ranking in the sample distribution. Subjects with an increase in IMT
below the 30th percentile of the distribution of all subjects with an
increase in IMT were considered to have no progression of IMT.
Subjects with an increase in IMT above the 30th, 60th, and 90th
percentiles of the sample distribution were considered to have mild,
moderate, and severe progression of IMT, respectively. We added
subjects for whom we found a decrease in IMT to the group with no
progression. Because of the limited availability of ultrasonographers
at the end of 1992 and in 1993, ultrasound data are missing for some
of the subjects who visited the Rotterdam Study research center at
phase 1.

Aortic Atherosclerosis
Aortic atherosclerosis was diagnosed by radiographic detection of
calcified deposits in the abdominal aorta on a lateral abdominal
film.7 For progression of aortic atherosclerosis, baseline and
follow-up films were examined in pairs. Progression was scored on
a graded scale (with scores of 0 to 4 corresponding to 0, �1, 1 to 2.5,
2.5 to 4.9, and �5.0 cm progression, respectively). None of the
participants showed a decrease in the extent of aortic atherosclerosis.
We defined no, mild, moderate, and severe progression of aortic
atherosclerosis as a progression score of 0, 1, 2, and �2,
respectively.

Lower-Extremity Atherosclerosis
Systolic blood pressure at the ankles (posterior tibial artery) was
measured in the supine position with a random-zero sphygmoma-
nometer and an 8-MHz continuous-wave Doppler probe (Huntleigh
500D, Huntleigh Technology). We computed the ratio of the systolic
blood pressure at the ankle to the systolic blood pressure at the arm
to obtain the AAI. Because arterial rigidity prevents arterial com-
pression and therefore will lead to spuriously high values of the AAI,
an AAI �1.50 was considered invalid.12 Progression of lower-
extremity atherosclerosis was computed by subtracting the AAI at
phase 1 from the AAI at phase 3. For the analyses, we used the leg
with the largest decrease in AAI. Subjects with a decrease in AAI
below the 30th percentile of the sample distribution of all subjects
with a decrease in AAI were considered to have no progression of
lower-extremity atherosclerosis. Subjects with a decrease in AAI
above the 30th, 60th and 90th percentiles of the sample distribution
were considered to have mild, moderate, and severe progression of
lower-extremity atherosclerosis, respectively. We added subjects for
whom we found an increase in AAI to the group with no progression.
Data on progression of carotid plaques, IMT, aortic atherosclerosis,
and lower-extremity atherosclerosis were available for 2366, 2622,
2687, and 2756 participants, respectively.

Statistical Analyses
For subjects with missing data on clinical characteristics measured
on a continuous scale, we imputed the population mean. Using
multinomial logistic regression analysis, we examined the associa-
tion of cardiovascular risk factors with mild, moderate, and severe
progression of atherosclerosis. Analyses with age as the determinant
were adjusted for sex and duration of follow-up. Analyses with sex
as the determinant were adjusted for age, duration of follow-up,
and—to account for the large percentage of ever smokers (84.4%) in
men—current and past smoking. Analyses with all other cardiovas-
cular risk factors as the determinant were adjusted for age, sex,
duration of follow-up, current and past smoking, BMI, waist-to-hip
ratio, total and high-density lipoprotein (HDL) cholesterol, systolic
and diastolic blood pressures, diabetes mellitus, and use of choles-
terol-lowering and blood pressure–lowering medication at any point
in time between phase 1 and phase 3. Analyses on the association of
hypertension with progression of atherosclerosis did not include the
variables systolic and diastolic blood pressures, and subjects on
blood pressure–lowering medication with an indication other than
hypertension were excluded.

Results
Table 1 shows baseline characteristics of the study
population.

van der Meer et al Risk Factors for Progression of Atherosclerosis 2375

 by guest on January 14, 2017
http://stroke.ahajournals.org/

D
ow

nloaded from
 

http://stroke.ahajournals.org/


Current smoking was the strongest predictor of progression
of carotid plaques (Table 2). Age, total cholesterol, and
systolic blood pressure were also strong, independent predic-
tors of both moderate and severe progression. Men seemed to
be at a higher risk of carotid plaque progression, but the odds
ratio (OR) for severe progression was not statistically signif-
icant. Past smoking and diabetes mellitus only, but strongly
so, predicted severe progression of carotid plaques. BMI and
waist-to-hip ratio had ORs in opposite directions, especially

in their association with moderate progression of carotid
plaques.

Age and BMI were strong predictors of mild (only BMI),
moderate, and severe progression of carotid IMT (Table 3).
Sex (inverse association), current (borderline) and past smok-
ing, systolic blood pressure, and hypertension (borderline)
were significant predictors of severe but not mild and
moderate progression of carotid IMT. Other cardiovascular
risk factors did not predict progression of carotid IMT.

TABLE 2. Odds Ratios for Progression of Carotid Plaques
Associated With Established Cardiovascular Risk Factors

OR (95% CI) for Progression of Carotid Plaques

No
(n�1345)

Moderate
(n�826)

Severe
(n�195)

Age (per SD)* 1.0 1.21 (1.11–1.33) 1.42 (1.22–1.64)

Sex (men)† 1.0 1.23 (1.01–1.50) 1.31 (0.94–1.83)

Current smoking 1.0 1.57 (1.21–2.02) 2.95 (1.89–4.61)

Past smoking 1.0 1.14 (0.92–1.42) 1.65 (1.11–2.47)

BMI (per SD) 1.0 0.88 (0.80–0.98) 1.00 (0.84–1.19)

WHR (per SD) 1.0 1.24 (1.11–1.39) 1.20 (0.98–1.46)

Total cholesterol (per SD) 1.0 1.12 (1.02–1.23) 1.28 (1.09–1.50)

HDL cholesterol (per SD) 1.0 0.94 (0.85–1.04) 0.96 (0.81–1.15)

Systolic BP (per SD) 1.0 1.19 (1.05–1.35) 1.25 (1.01–1.55)

Diastolic BP (per SD) 1.0 0.91 (0.81–1.03) 0.97 (0.79–1.19)

Hypertension (%)‡ 1.0 1.44 (1.17–1.77) 1.29 (0.90–1.85)

Diabetes mellitus (%) 1.0 0.81 (0.54–1.21) 1.76 (1.04–2.99)

Data are ORs and 95% CIs adjusted for age, sex, duration of follow-up,
current and past smoking, BMI, waist-to-hip ratio (WHR), total and HDL
cholesterol, systolic and diastolic blood pressures (BP), diabetes mellitus, and
use of blood pressure– and cholesterol-lowering medication.

*Adjusted for sex and duration of follow-up.
†Adjusted for age, current and past smoking, and duration of follow-up.
‡Not adjusted for systolic and diastolic blood pressures; subjects using blood

pressure–lowering medication with indication other than hypertension were
excluded.

TABLE 1. Baseline Characteristics of the Study Population

All Subjects
(n�3409)

Age, y 65.4 (6.8)

Men, % 38.3

Current smokers, % 20.1

Past smokers, % 41.9

Body mass index, kg/m2 26.3 (3.6)

Total cholesterol, mmol/L 6.7 (1.2)

HDL cholesterol, mmol/L 1.4 (0.4)

Systolic blood pressure, mm Hg 135.7 (20.7)

Diastolic blood pressure, mm Hg 73.8 (10.8)

Diabetes mellitus, % 6.0

Cholesterol-lowering medication, % 3.4

Blood pressure–lowering medication, % 23.1

Carotid plaques,* % 51.8

IMT, mm 0.76 (0.14)

Aortic atherosclerosis,† % 59.6

AAI‡ 1.12 (0.18)

Duration of follow-up, y 6.5 (0.4)

Data are mean (SD) for continuous variables and percentages for dichoto-
mous variables.

*As indicated by a carotid plaque score �0.
†As indicated by an aortic atherosclerosis score �0.
‡Lowest of both legs.

TABLE 3. Odds Ratios for Progression of Carotid Intima-Media Thickness
Associated With Established Cardiovascular Risk Factors

OR (95% CI) for Progression of Carotid IMT

No
(n�1013)

Mild
(n�690)

Moderate
(n�690)

Severe
(n�229)

Age (per SD) 1.0 1.02 (0.92–1.13) 1.16 (1.05–1.28) 1.34 (1.17–1.54)

Sex (men) 1.0 0.99 (0.79–1.23) 1.09 (0.88–1.35) 0.70 (0.50–0.97)

Current smoking 1.0 1.03 (0.78–1.37) 1.18 (0.89–1.57) 1.46 (0.95–2.24)

Past smoking 1.0 1.04 (0.82–1.32) 1.10 (0.87–1.40) 1.46 (1.02–2.07)

BMI (per SD) 1.0 1.14 (1.02–1.27) 1.17 (1.05–1.31) 1.25 (1.06–1.46)

WHR (per SD) 1.0 0.97 (0.86–1.10) 0.89 (0.78–1.01) 1.01 (0.85–1.22)

Total cholesterol (per SD) 1.0 1.02 (0.92–1.13) 1.03 (0.93–2.14) 1.09 (0.94–1.27)

HDL cholesterol (per SD) 1.0 1.02 (0.91–1.13) 0.93 (0.84–1.04) 1.01 (0.86–1.19)

Systolic BP (per SD) 1.0 0.99 (0.86–1.14) 0.99 (0.86–1.14) 1.31 (1.07–1.60)

Diastolic BP (per SD) 1.0 0.98 (0.86–1.12) 0.91 (0.79–1.04) 0.91 (0.75–1.10)

Hypertension (%) 1.0 0.85 (0.67–1.08) 0.93 (0.74–1.17) 1.34 (0.97–1.85)

Diabetes mellitus (%) 1.0 0.80 (0.52–1.23) 0.78 (0.51–1.19) 0.63 (0.33–1.21)

See Table 2 for explanation of variables.
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Table 4 shows that age, smoking habits, total cholesterol,
systolic blood pressure, and hypertension were all strong
predictors of mild, moderate, and severe progression of aortic
atherosclerosis. Sex predicted only mild progression. For
BMI and diastolic blood pressure, there was a protective
effect, as there was for HDL cholesterol, but the OR for
severe progression was not statistically significant for HDL
cholesterol. Diabetes mellitus was a strong predictor of severe
progression of aortic atherosclerosis.

Current smoking was the strongest predictor of mild,
moderate, and severe progression of lower-extremity athero-
sclerosis (Table 5). Age, total cholesterol, and hypertension
also predicted moderate and severe progression of lower-
extremity atherosclerosis. Sex was a borderline significant
predictor of severe progression of lower-extremity athero-
sclerosis, but the association with moderate progression was

inverse. Diabetes mellitus predicted only severe progression.
For BMI and HDL cholesterol, there was a protective effect.

When we excluded subjects with a decrease in carotid
plaque score or IMT or an increase in AAI, results were
similar to those presented in the tables. In subgroup analyses
stratified by sex, we found no major differences between men
and women that were consistent across the 4 measures of
atherosclerosis. Moreover, no statistically significant interac-
tions between risk factors were consistently found. We did
not find evidence of a nonlinear association for any of the
associations of continuous variables with progression of
atherosclerosis, apart from a modest exponential association
of age with progression of carotid IMT (overall value for
quadratic term, P�0.08; for moderate and severe progression,
P�0.07 and 0.03, respectively, adjusted for sex and duration
of follow-up) and with progression of aortic atherosclerosis

TABLE 4. Odds Ratios for Progression of Aortic Atherosclerosis Associated With
Established Cardiovascular Risk Factors

OR (95% CI) for Progression of Aortic Atherosclerosis

No
(n�825)

Mild
(n�912)

Moderate
(n�765)

Severe
(n�185)

Age (per SD) 1.0 1.42 (1.28–1.58) 1.56 (1.40–1.74) 1.84 (1.56–2.17)

Sex (men) 1.0 1.28 (1.03–1.58) 0.96 (0.76–1.20) 0.99 (0.69–1.42)

Current smoking 1.0 1.74 (1.30–2.34) 2.64 (1.95–3.58) 2.45 (1.49–4.02)

Past smoking 1.0 1.31 (1.04–1.65) 1.48 (1.15–1.89) 1.69 (1.13–2.53)

BMI (per SD) 1.0 0.87 (0.78–0.97) 0.85 (0.75–0.95) 0.75 (0.62–0.91)

WHR (per SD) 1.0 1.04 (0.91–1.17) 1.10 (0.96–1.25) 1.05 (0.85–1.30)

Total cholesterol (per SD) 1.0 1.23 (1.11–1.37) 1.28 (1.14–1.43) 1.49 (1.25–1.78)

HDL cholesterol (per SD) 1.0 0.83 (0.75–0.93) 0.81 (0.73–0.91) 0.94 (0.78–1.12)

Systolic BP (per SD) 1.0 1.26 (1.09–1.46) 1.37 (1.17–1.59) 1.29 (1.03–1.63)

Diastolic BP (per SD) 1.0 0.84 (0.73–0.96) 0.85 (0.74–0.98) 0.75 (0.60–0.94)

Hypertension (%) 1.0 1.26 (0.99–1.61) 1.68 (1.31–2.16) 1.84 (1.26–2.70)

Diabetes mellitus (%) 1.0 0.98 (0.63–1.52) 1.03 (0.65–1.63) 1.92 (1.07–3.44)

See Table 2 for explanation of variables.

TABLE 5. Odds Ratios for Progression of Lower-Extremity Atherosclerosis
Associated With Established Cardiovascular Risk Factors

OR (95% CI) for Progression of Lower-Extremity Atherosclerosis

No
(n�1359)

Mild
(n�599)

Moderate
(n�599)

Severe
(n�199)

Age (per SD) 1.0 1.03 (0.93–1.14) 1.10 (1.00–1.21) 1.65 (1.43–1.91)

Sex (men) 1.0 0.86 (0.70–1.06) 0.77 (0.62–0.96) 1.37 (0.98–1.90)

Current smoking 1.0 1.51 (1.14–2.00) 1.55 (1.17–2.05) 3.17 (2.04–4.93)

Past smoking 1.0 1.20 (0.95–1.51) 1.12 (0.89–1.42) 1.35 (0.90–2.03)

BMI (per SD) 1.0 0.93 (0.84–1.04) 0.86 (0.77–0.97) 0.80 (0.67–0.96)

WHR (per SD) 1.0 0.98 (0.86–1.11) 1.05 (0.92–1.18) 1.03 (0.83–1.26)

Total cholesterol (per SD) 1.0 1.05 (0.95–1.17) 1.15 (1.04–1.28) 1.37 (1.18–1.60)

HDL cholesterol (per SD) 1.0 0.92 (0.83–1.03) 0.94 (0.85–1.05) 0.76 (0.64–0.91)

Systolic BP (per SD) 1.0 1.06 (0.92–1.21) 1.04 (0.90–1.19) 1.12 (0.91–1.37)

Diastolic BP (per SD) 1.0 1.00 (0.88–1.15) 0.97 (0.85–1.11) 0.88 (0.72–1.08)

Hypertension (%) 1.0 1.12 (0.89–1.41) 1.27 (1.01–1.60) 1.41 (1.00–2.00)

Diabetes mellitus (%) 1.0 0.81 (0.52–1.27) 0.80 (0.52–1.25) 1.83 (1.10–3.02)

See Table 2 for explanation of variables.
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(overall P�0.08; for mild and moderate progression, P�0.02
and 0.03, respectively). Addition of the quadratic term for age
to the multivariate models did not change any of the ORs
associated with the other cardiovascular risk factors.

Finally, the Figure shows ORs for severe progression of all
measures of atherosclerosis associated with current smoking,
obesity, hypercholesterolemia, hypertension, and diabetes
mellitus.

Discussion
The present study shows that age, smoking behavior, total
cholesterol, and systolic blood pressure and/or hypertension
are strong, independent predictors of progression of athero-
sclerosis measured at multiple sites in the arterial tree.
Diabetes mellitus is a strong predictor of severe but not of
mild or moderate progression of atherosclerosis. Sex shows a
remarkably modest association with progression of extracor-
onary atherosclerosis.

The strength of the present study, a relatively large cohort
study in a very homogeneous population of elderly people, is
the assessment of progression of atherosclerosis at multiple
sites. Still, several methodological issues of this study need to
be considered. First, subjects with the most severe atheroscle-
rosis at baseline are more likely to have died and therefore are
not included in the present study. Although this may have
somewhat limited the range of baseline levels of atheroscle-
rosis, it does not affect the validity of the risk estimates.
Second, because we defined categories of progression of
carotid IMT and the AAI according to percentiles, one should
note that the distinction between these categories is not based
on clear-cut clinical differences in progression of atheroscle-
rosis. Moreover, our definitions of no, mild, moderate, and
severe progression of atherosclerosis depend on the distribu-
tion of progression of atherosclerosis within our study pop-

ulation and may therefore be different in other populations.
Third, baseline levels of atherosclerosis may influence the
association between cardiovascular risk factors and progres-
sion of atherosclerosis. However, because of the phenomenon
of regression to the mean as a result of measurement error,
adjusting for baseline atherosclerosis may introduce bias that
leads to an overestimation of the risk estimates.14 For cate-
gorical variables, no statistical model has yet been developed
to adjust for baseline values without introducing bias. For
continuous variables, both the Atherosclerosis Risk in Com-
munities study and the Cardiovascular Health Study, inves-
tigating associations between cardiovascular risk factors and
progression of IMT, showed that not adjusting for baseline
levels of atherosclerosis gave similar results as adjusting for
baseline atherosclerosis while at the same time taking mea-
surement error into account.15,16 In the present study, we did
not adjust for baseline levels of atherosclerosis. Finally,
although the measures of atherosclerosis used in the present
study were strongly associated with coronary calcification,5

differences between these measures exist. For the carotid
plaque score, we measured distinct atherosclerotic lesions,
and radiographically assessed calcification of the abdominal
aorta has been shown to specifically represent advanced
intimal atherosclerosis.17 However, changes in IMT and AAI
may also be due in part to nonatherosclerotic processes such
as fibromuscular hypertrophy, which causes modest increases
in IMT, and hemodynamic factors and vascular stiffness,
which may influence AAI.

Although for coronary atherosclerosis differences between
men and women are pronounced,18 we report remarkably
modest and inconsistent associations between sex and pro-
gression of extracoronary atherosclerosis. This finding is in
accordance with the fact that the difference between men and
women is much smaller for the incidence of stroke than for

Associations of cardiovascular risk fac-
tors with severe progression of athero-
sclerosis. Bars represent ORs adjusted
for age, sex, and duration of follow-up;
lines represent 95% CIs. HC indicates
hypercholesterolemia; HT, hypertension;
and DM, diabetes mellitus.
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the incidence of myocardial infarction.19,20 Moreover, we
have previously shown that the prevalences of peripheral
arterial disease in men and women participating in the
Rotterdam Study are similar.12 It should be kept in mind that
these findings could be different in populations with pre-
menopausal women, in whom the protective effects of en-
dogenous estrogens may lead to a slower rate of progression
of atherosclerosis than in men.21 However, because most
clinical events related to atherosclerotic disease occur in
postmenopausal women, the results from the present study
stress the importance of prevention of progression of extra-
coronary atherosclerotic disease in both men and women
alike.

Although we used a standardized protocol for the measure-
ment of IMT both at baseline and at the follow-up visit, a
relatively large part of the computed change in IMT over the
years may be distorted by measurement error. This may
explain why only a few cardiovascular risk factors (smoking
habits, BMI, and systolic blood pressure) were significant
predictors of progression of carotid IMT, whereas associa-
tions of traditional cardiovascular risk factors with progres-
sion of carotid plaques were much stronger. Both more
precise methods to measure progression of carotid IMT and
the assessment of not only the presence but also the volume
of carotid plaques will further improve our ability to deter-
mine the rate of progression of carotid atherosclerosis.

This population-based study shows that age, smoking
behavior, total cholesterol, and systolic blood pressure and/or
hypertension are strong predictors of progression of athero-
sclerosis, regardless of the site of measurement. Sex is not an
important risk indicator for progression of extracoronary
atherosclerotic disease in men and women �55 years of age.
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