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EDITORIAL COMMENT

INFLAMMATORY MARKERS

Primary and a Half Prevention

A number of large prospective population-based studies
have established the potential importance of measuring
serum inflammatory markers as a means of identifying
high-risk asymptomatic subjects. Of these, the highsensitivity C-reactive protein (hsCRP) measurement (2) is
the best studied to date. However, not all researchers agree
on the magnitude of risk conferred by an elevated hsCRP
level (3), and further data are required concerning day-today variability in individual subjects as well as defining the
clinical benefits that might accrue from treatment and risk
stratification according to hsCRP results. Nevertheless, this
is an exciting area in preventive medicine. Encouraging
work also is now appearing about inflammatory markers
that might be more specifically related to atherogenic
processes, such as lipoprotein-associated phospholipase A2,
a lipoprotein-associated enzyme implicated in the vascular
inflammatory pathway leading to plaque formation (4).
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We should be able to detect atherosclerosis early, before
clinical events occur. After all, it is a disease process that
begins in childhood (1), takes many decades to progress in
most subjects, and affects an organ (the vasculature) for
which we have multiple diagnostic modalities available.
Nevertheless, we have not yet established a reliable
methodology for seeing clearly through this long presymptomatic window of atherosclerotic disease. This failure is
probably because the pathogenesis of the disease is very
complex, involving a plethora of contributing moieties
(lipoproteins, a variety of cells, extracellular matrix, oxidants, cytokines and thrombomodulators, among others)
and because much of the disease processes occur inside the
vessel wall, rather than adjacent to or within the lumen.
Furthermore, there is only a loose association between the
burden of plaque and the risk of an event, with factors such
as vascular function, plaque composition, plaque geometry
and remodeling, inflammation, and collateralization all
confounding the relationships among plaque size, luminal
narrowing, and clinical events.
See pages 1980 and 1987
Preventive strategies for atherosclerosis often are divided
rather simplistically into “primary” and “secondary” prevention, on the basis of the presence or absence of a prior
clinical event. This dichotomy, however, does not emphasize identification of those asymptomatic individuals with
particularly high risk nor target such subjects for intensive
preventive therapy, that is, those who require “primary and
a half” prevention. In this regard, novel blood tests and
imaging modalities have been developed for these high-risk
asymptomatic subjects that now might improve our diagnostic capabilities and therapeutic targeting strategies.
With such developments, preventive cardiology efforts
may now move beyond the identification of epiphenomenal
“risk factors,” to the measurement of processes more directly
related to the pathology within the arterial wall (i.e., how
the risk factors have impacted on atherogenesis in a particular individual).
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CORONARY CALCIUM SCANNING
Vascular imaging is an even more appealing concept for
identification for high-risk subjects because it might provide
information about specific location of vulnerable plaque(s)
in addition to identifying vulnerable patients. The detection
of coronary artery calcium with fluoroscopy has long been
recognized as valuable in predicting the presence of obstructive coronary artery disease, and it has been more than a
decade since computed tomography scanning for quantification of coronary calcium was popularized (5). This promising technique does appear to add extra diagnostic information over and above the measurement of traditional risk
factors (6), and the absence of coronary calcium appears to
have a high negative predictive value for subsequent events.
Nevertheless, some questions remain about lower specificity
than sensitivity, particularly in low-risk subjects, reproducibility of measurements with serial studies, and aspects
related to radiation and cost-effectiveness.

VASCULAR ULTRASONOGRAPHY
By contrast, ultrasonography is a very appealing technique
for studying atherosclerosis because it is noninvasive, relatively inexpensive, widely available, simple, and generally
reproducible. Although the coronary arteries cannot be well
visualized by noninvasive ultrasonography, early changes in
peripheral arteries have been widely studied in the hope and
expectation that this might provide useful insights into
presymptomatic atherosclerosis, given the systemic nature of
this disease. Furthermore, it became apparent more than a
decade ago that ultrasonography was useful for the detection
of both early structural changes in the artery walls (such as
thickening or minor plaque), as well as early functional
changes (such as loss of endothelium-dependent dilatation,
which precedes plaque formation in high-risk subjects).
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Thus, in 1992, we first described the technique of
ultrasonography-based measurement of flow-mediated dilatation (FMD) in children and young adults at risk of
atherosclerosis (7), which was later shown to be mediated
predominantly by endothelial nitric oxide release in response to increased shear stress. This technique has been
used by many research groups, who have documented a
relationship between FMD and most cardiovascular risk
factors in both low-risk and high-risk subjects. Recently,
several centers have demonstrated a relationship between
decreased brachial FMD and a higher incidence of cardiovascular events during follow-up (e.g., reference 8). Nevertheless, long-term prognostic data in a large population of
asymptomatic subjects remain lacking.
At around the same time, Salonen et al. (9) reviewed the
data concerning the measurement of intima-media thickness (IMT) of the common carotid artery as an accurate and
reproducible measure of atherosclerosis. Carotid IMT has
been shown to correlate well with traditional risk factors and
burden of atheroma elsewhere in the body, and it also
appears to be predictive of subsequent cardiovascular events
in large population studies. As with FMD, there is some
variation in the protocols used for measurement carotid
IMT, but most investigators have shown a significant
relationship between ultrasonography-based measurement
of this parameter and subsequent risk of events. Carotid
IMT has now been used extensively as a surrogate endpoint
in disease reversibility trials.

FMD, IMT, AND POPULATION SCREENING
Three recent studies have investigated the relationship
between ultrasound-based measurements for vascular health
using FMD and/or IMT and subsequent risk, two in this
issue of the Journal (10,11) and one in a recent issue of
Circulation (12).
In the larger of the two population-based ultrasound
studies, Juonala et al. (12) studied the interrelations between
brachial endothelial function and carotid IMT in 2,109
healthy adults ages 24 to 39 years, documenting a very
strong inverse association between FMD and IMT (p ⬍
0.001), in a multivariate model adjusted for traditional risk
factors. Furthermore, this inverse relationship was strongest
in subjects with intermediate or impaired FMD, suggesting
that very good FMD might protect the vasculature from the
propensity of risk factors to lead to structural wall thickening. This study encourages the use of both FMD and IMT,
in appropriately expert hands, for the identification of
high-risk asymptomatic individuals.
In sharp contrast, the publication by the Firefighters And
Their Endothelium (FATE) investigators in this issue of
the Journal (10) found no significant relationship at all
between carotid IMT and brachial artery FMD in 1,578
middle-aged men without known cardiovascular disease.
Although possible interpretations of these data include
inaccuracies in the measurement techniques used or a lack
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of validity of carotid IMT and/or brachial FMD as good
measures of early vascular disease, the authors argue convincingly that carotid IMT and brachial artery FMD
probably provide complementary pathophysiologic insights
into early atherosclerosis. Nevertheless, it is worrisome for
the potential applicability of both techniques that two large
population-based studies by highly experienced investigators have produced such strikingly discordant results.
In the third of these studies, Witte et al. (11) postulate,
on the basis of meta-analysis, that the association between FMD and cardiovascular risk may be limited to
low-risk populations, in whom they document a significant association between these parameters. However, it
should be noted that the median sample size of the
meta-analyzed studies was only 20 subjects, that many of
the smaller studies recruited highly selected individuals
rather than population-based samples, and that the resulting analysis will necessarily reflect the findings of the
largest studies included, as well as being potentially
confounded by publication bias and the combination of
results from studies which used very different methodologies for the measurement of FMD. Thus, such findings
could best be regarded as hypothesis-generating, rather as
a definitive indication that FMD is best suited to risk
stratification in low-risk populations.
There is little doubt that the measurement of both FMD
and IMT has provided an extremely valuable insight into
the relationship between risk factors and early arterial
disease, as well as important data concerning the effects of
treatment on early atherogenic processes. Large population
studies support the predictive value of IMT, as do the only
prospective studies of FMD and event rates that have been
published to date, although as yet these have only been very
small; thus, the final results of the FATE investigation
concerning the predictive value of FMD for clinical events
are anxiously awaited. However, at the moment, the measurement of FMD must be regarded as a valuable clinical
research tool but certainly not ready for “prime time,” for
population screening, or clinical decision-making.
Therefore, the quest for “the Holy Grail” of identification
of high-risk asymptomatic subjects continues. One feels,
however, that the chalice is not far away, with blood tests
and ultrasonography the most likely modalities to permit
cost-effective identification of vulnerable patients and advanced imaging modalities more likely to allow localization
of vulnerable plaques.
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Brachial Flow-Mediated Dilation and Atherosclerosis

Relationship Between Carotid Artery
Intima-Media Thickness and Brachial Artery
Flow-Mediated Dilation in Middle-Aged Healthy Men
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Francois Charbonneau, MD, MSC, FRCPC, FACC,† Lawrence Title, MD, FRCPC, FACC,‡
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Hamilton, Calgary, Halifax, and Toronto, Canada
We aimed to determine the relationship between carotid intima-media thickness (IMT) and
brachial artery flow-mediated dilation (FMD) in healthy middle-age men.
BACKGROUND Carotid IMT and brachial artery FMD are frequently used as surrogate measures of
subclinical atherosclerosis. Whereas carotid IMT identifies early structural abnormalities,
brachial artery FMD, considered a bioassay of endothelial function, measures functional
vascular integrity. The relationship between carotid IMT and brachial artery FMD has not
been well studied.
METHODS
We measured traditional risk factors, carotid IMT, and brachial artery FMD in 1,578
middle-aged men without known cardiovascular disease and analyzed the relationship
between carotid IMT and brachial FMD.
RESULTS
Carotid IMT correlated with age, systolic blood pressure, body mass index, fasting glucose,
total and low-density lipoprotein (LDL) cholesterol, and with the overall Framingham risk
score (p ⬍ 0.001 for all), whereas impaired brachial artery FMD correlated with systolic and
diastolic blood pressure (p ⬍ 0.01). No relationship was observed between carotid IMT and
brachial artery FMD for the entire cohort (r ⫽ ⫺0.006, p ⫽ 0.82) and in subgroups defined
by traditional risk factors or by quintiles of carotid IMT and brachial FMD.
CONCLUSIONS In middle-aged healthy men, there is no significant correlation between carotid IMT and
brachial artery FMD. This finding suggests that these are unique, independent surrogates that
measure different aspects and stages of early atherosclerosis. Further studies are needed to
define their role in clinical research and in cardiovascular risk assessment. (J Am Coll
Cardiol 2005;45:1980 – 6) © 2005 by the American College of Cardiology Foundation
OBJECTIVES

It has been suggested that “atherosclerosis imaging may
enhance the detection and treatment of patients at risk for
coronary heart disease” (1). Proposed noninvasive atherosclerosis imaging techniques that may improve current risk
stratification include carotid ultrasound (US) and braSee page 1994
chial artery reactivity testing. High-resolution US measurements of carotid artery intima-media thickness (IMT)
identify and quantitate early structural vascular abnormalities (2,3). Increased carotid IMT correlates with cardiovascular (CV) risk factors (4 – 6) and is a potent independent
predictor of myocardial infarction and stroke (6 – 8). Brachial artery flow-mediated dilation (FMD) is an in vivo
indicator of vascular endothelial function (2,9,10) and was
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Hamilton, Canada; †Department of Medicine, Division of Cardiology, University of
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Manuscript received October 6, 2004; revised manuscript received November 16,
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also shown to correlate with various CV risk factors (9 –11)
and to have prognostic significance (12–14), albeit in much
smaller studies that require further confirmation.
Several previous studies in patients with cardiovascular
disease (CVD) or major risk factors have reported inverse
correlations between carotid IMT and brachial artery FMD
(15–19). These studies were small, however (ranging from
20 to 150 study participants), and need to be interpreted
with caution. Moreover, the relationship between carotid
IMT and brachial artery FMD has not been adequately
evaluated in apparently healthy individuals without CVD.
This relationship may be particularly relevant in those
subjects considered to be at low and intermediate risk of
future events based on current risk stratification algorithms,
as they are expected to benefit most from early atherosclerosis detection.
The Firefighters And Their Endothelium (FATE) study
is an ongoing prospective longitudinal cohort study designed to assess the relationship among endothelial function, emerging and traditional CV risk factors, and, ultimately, clinical events (20). The current report describes the
determinants of carotid IMT and brachial artery FMD and
examines the correlation between these two measures of
subclinical atherosclerosis in the FATE study participants.
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The two frames were averaged for each intervention.
Endothelium-dependent FMD was defined as the maximal
percent change in brachial artery diameter (between 60 and
90 s) after reactive hyperemia compared to baseline. The
intraobserver and interobserver variability for repeat measurements at the Core Laboratory are 0 ⫾ 0.07 mm and
0.05 ⫾ 0.16 mm, respectively (24). To document scanning
reproducibility, 50 subjects had repeat FMD testing 6 to 12
months after initial evaluation. The group mean was similar
on both occasions, 8.2 ⫾ 3.2% versus 8.3 ⫾ 2.8%, and the
mean of the absolute difference between determinations for
each subject was a very favorable 1.8 ⫾ 1.6%.
Statistical analysis. Continuous variables are expressed as
means ⫾ SD and discrete variables as counts and percentages. Because carotid IMT measurements were not normally distributed, logarithmic transformation was used.
Means were compared using analysis of variance or the
Student t test. Pearson’s correlation was used to test bivariate correlations and results were verified using the nonparametric Spearman’s rank correlation test. Multivariate
linear regression analysis with backward elimination was
used to determine the independent predictors of carotid
IMT and of brachial FMD and to test the relationship
between carotid IMT and brachial FMD (in this analysis
carotid IMT was the dependent variable and brachial FMD
was tested as an independent predictor) in models including
classic risk factors. The relationship between carotid IMT
and brachial FMD was tested for the entire cohort, in
subgroups defined by traditional risk factors, and in subsets
divided by quintiles of carotid IMT and by quintiles of
brachial FMD (within each fifth, Pearson’s and Spearman’s
rank bivariate correlation tests were performed). Statistical
significance was defined as two-sided p ⬍ 0.05. All statistical analyses were performed using SPSS version 12.0
(SPSS Inc, Chicago, Illinois).

RESULTS
Study population. Demographic data, CV risk factors,
carotid IMT, and brachial FMD measurements are shown
in Table 1. By design, the cohort was predominantly male.
Participants were commonly overweight. Relatively few
study participants reported current smoking or a history of
diabetes or hypertension. On average, blood pressure, cholesterol, and fasting plasma glucose levels were within target
ranges for primary disease prevention. The average 10-year
risk for coronary heart disease calculated according to the
Framingham model (25) was 8.2%, consistent with a relatively low-risk population.
The average mean and maximum carotid IMT measurements were 0.72 ⫾ 0.18 mm and 0.73 ⫾ 0.19 mm,
respectively, similar to previous published data in similar
populations (26). Mean brachial artery FMD was 8.59 ⫾
4.05%, lower than 10%, which is the generally accepted
normal lower range for this test. A significant number of
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Table 1. Characteristics of the FATE Study Participants
(n ⫽ 1,578)
Characteristic

Number (%)

Male gender
Hypertension
Diabetes
Current smoker

1,574 (99.7)
172 (10.9)
41 (2.6)
190 (12.0)

Characteristic

Mean ⴞ SD

Median

Age (yrs)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
BMI (kg/m2)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglycerides (mg/dl)
Fasting glucose (mg/dl)
Framingham risk score
Framingham risk at 10 yrs (%)
Mean carotid IMT (mm)
Maximum carotid IMT (mm)
Brachial artery FMD (%)

49.37 ⫾ 9.92
128.15 ⫾ 16.93
81.64 ⫾ 10.00
28.48 ⫾ 3.62
203.40 ⫾ 38.90
126.89 ⫾ 32.60
48.29 ⫾ 10.90
147.92 ⫾ 105.40
96.12 ⫾ 17.38
3.99 ⫾ 3.19
8.17 ⫾ 6.76
0.72 ⫾ 0.18
0.73 ⫾ 0.19
8.59 ⫾ 4.05

48.87
126.00
80.00
27.93
202.63
126.83
47.18
120.46
93.60
4.00
7.00
0.70
0.76
8.20

BMI ⫽ body mass index; FMD ⫽ flow-mediated dilation; HDL ⫽ high-density
lipoprotein; IMT ⫽ intima-media thickness; LDL ⫽ low-density lipoprotein.

subjects, 1,106 (70.1% of the study population), had attenuated FMD (⬍10%).
Correlations between traditional cardiovascular risk factors and carotid IMT. Study participants with a history of
hypertension had higher carotid IMT than those without
(0.81 ⫾ 0.20 mm vs. 0.70 ⫾ 0.18 mm, p ⬍ 0.0001 for mean
carotid IMT; and 0.82 ⫾ 0.21 mm vs. 0.72 ⫾ 0.18 mm, p
⬍ 0.0001 for maximum carotid IMT), as did those with a
history of diabetes compared to those without (0.81 ⫾ 0.22
mm vs. 0.71 ⫾ 0.18 mm, p ⫽ 0.001 for mean carotid IMT;
and 0.82 ⫾ 0.22 mm vs. 0.73 ⫾ 0.18 mm, p ⫽ 0.002 for
maximum carotid IMT). Trends toward higher carotid
IMT were observed for current smokers versus those who
denied current smoking (0.72 ⫾ 0.16 mm vs. 0.71 ⫾ 0.18
mm for mean carotid IMT and 0.74 ⫾ 0.17 mm vs. 0.72 ⫾
0.19 mm for maximum carotid IMT), although these
differences did not reach statistical significance. Bivariate
correlations between carotid IMT and measured traditional
CV risk factors are summarized in Table 2. Both mean and
maximum carotid IMT correlated with age, systolic blood
pressure, body mass index, total and LDL cholesterol, and
fasting plasma glucose (p ⬍ 0.001 for all). Similar results
were obtained using nonparametric analyses (data not
shown). Importantly, both mean and maximum carotid
IMT had highly statistically significant correlations of
moderate magnitude with the overall Framingham risk
score (r ⫽ 0.38, p ⬍ 0.001; and r ⫽ 0.37, p ⬍ 0.001,
respectively). In multivariate analyses, both mean and maximum carotid IMT were independently correlated with age
and with systolic and diastolic blood pressure, and maximum carotid IMT also correlated with LDL cholesterol
concentration.
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Table 2. Bivariate Correlations (Pearson’s Correlation
Coefficients) Between Cardiovascular Risk Factors and
Ultrasound Measures of Subclinical Atherosclerosis and
Endothelial Dysfunction

Risk Factor

Mean
Carotid
IMT*

Maximum
Carotid
IMT*

Brachial Artery
Flow-Mediated
Dilation

Age (yrs)
Systolic blood pressure
Diastolic blood pressure
BMI
Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides
Fasting glucose
Framingham risk score

⫹0.480†
⫹0.187†
⫹0.012
⫹0.122†
⫹0.097†
⫹0.093†
0.000
⫹0.036
⫹0.097†
⫹0.379†

⫹0.458†
⫹0.179†
⫹0.008
⫹0.113†
⫹0.102†
⫹0.102†
⫺0.006
⫹0.035
⫹0.102†
⫹0.367†

⫺0.010
⫺0.078‡
⫺0.077‡
⫺0.024
⫺0.015
0.000
⫹0.012
⫺0.017
⫺0.031
⫺0.019

*Log transformed; †p ⬍ 0.001; ‡p ⬍ 0.01.In multivariate analyses, age and systolic
and diastolic blood pressure were significant independent predictors of both average
and maximum carotid IMT (p ⬍ 0.01), and LDL cholesterol concentration was an
independent predictor of maximum IMT (p ⬍ 0.01). Only systolic blood pressure was
independently associated with brachial artery FMD (p ⫽ 0.001).
Abbreviations as in Table 1.

Correlations between traditional cardiovascular risk factors and brachial artery FMD. Brachial artery FMD did
not differ significantly among study participants with or
without a history of hypertension, diabetes, or current
smoking. As shown in Table 2, there was a modest inverse
correlation between brachial artery FMD and systolic and
diastolic blood pressure in univariate analyses, suggesting
that study participants with higher blood pressure had more
abnormal endothelial function. However, there were no
significant correlations between brachial artery FMD and
other measured individual risk factors and the overall
Framingham risk score (r ⫽ ⫺0.019, p ⫽ NS). In multivariate analysis, only higher systolic blood pressure was
independently predictive of lower brachial artery FMD (p ⫽
0.001).
Relationship between carotid IMT and brachial artery
FMD. Adequate measurements of both carotid IMT and
brachial artery FMD were obtained in 1,557 study participants (98.7%). There was no significant correlation between
brachial artery FMD and mean carotid IMT (r ⫽ ⫺0.006,
p ⫽ 0.82) or maximum carotid IMT (r ⫽ ⫺0.012, p ⫽
0.65) (Fig. 1). The lack of an overall correlation was
consistent in nonparametric correlation analyses (Table 3).
Because of the known impact of smoking on brachial artery
FMD, these relationships were examined in analyses stratified by smoking status. No significant correlations were
found. Subjects with and without abnormal endothelial
response, defined as brachial artery FMD ⬍10%, did not
differ significantly in their measured mean or maximum
carotid IMT (mean carotid IMT: 0.72 ⫾ 0.18 mm vs. 0.71
⫾ 0.17 mm, p ⫽ 0.59; maximum carotid IMT: 0.73 ⫾ 0.18
mm vs. 0.72 ⫾ 0.18 mm, p ⫽ 0.58). No significant
differences in brachial artery FMD were noted in those
subjects with mean and/or maximum carotid IMT below
and above the mean or the median value for the entire
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cohort. In multivariate regression models with mean and
maximum carotid IMT, respectively, as dependent variables
and brachial artery FMD and other variables identified in
bivariate analysis to be significantly correlated with carotid
IMT as predictors, brachial artery FMD was not an independent predictor of either mean (beta coefficient ⫽
⫺0.052; p ⫽ 0.70) or maximum carotid IMT (beta coefficient ⫽ ⫺0.015; p ⫽ 0.912).
The impact of traditional CV risk factors on the relationship between carotid IMT and brachial artery FMD was
evaluated in prespecified subgroup analyses. There was no
significant correlation between carotid IMT (both mean
and maximum IMT) and brachial artery FMD among
current smokers or subjects with hypertension (history of
hypertension or blood pressure ⬎140/90 mm Hg) or diabetes (history of diabetes or fasting blood glucose ⬎7.0
mmol/l).
We divided the study participants by quintiles of carotid
IMT, i.e., in subsets defined by various degrees of structural
vascular abnormalities (Table 3), and evaluated the correlation between carotid IMT and brachial artery FMD within
each fifth. There were no significant correlations. We then
divided the study population by quintiles of brachial artery
FMD, i.e., in subsets defined by various degrees of functional vascular abnormalities (Table 3), and evaluated correlations between carotid IMT and brachial artery FMD
within each fifth. No significant correlations were observed.
All correlation analyses between carotid IMT and brachial artery FMD were also evaluated in analyses stratified
by study center. Results were similar, with lack of correlation between carotid IMT and brachial artery FMD for the
entire cohort and within each of the four research centers.

Figure 1. Correlation between mean carotid intima-media thickness
(IMT) and brachial artery flow-mediated dilation (FMD).

1984
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Table 3. Relationship Between Carotid IMT and Brachial Artery FMD Across Quintiles of Carotid IMT and Brachial FMD
1
0.51 ⴞ 0.08
Brachial artery FMD (%)

Mean carotid IMT (mm)

Quintile of Mean Carotid IMT (mm)
2
3
4
0.61 ⴞ 0.09
0.69 ⴞ 0.03
0.76 ⴞ 0.01

8.4 ⫾ 3.7

8.7 ⫾ 3.8

1
3.8 ⴞ 1.8

Quintile of Brachial Artery FMD (%)
2
3
4
6.4 ⴞ 0.6
8.2 ⴞ 0.5
10.0 ⴞ 0.6

0.71 ⫾ 0.17

0.73 ⫾ 0.19

8.6 ⫾ 4.0

0.73 ⫾ 0.20

8.9 ⫾ 4.2

0.71 ⫾ 0.16

5
0.98 ⴞ 0.17
8.3 ⫾ 4.3

Spearman’s Rho
⫺0.004;
p ⫽ 0.885

5
14.6 ⴞ 3.5
0.71 ⫾ 0.17

The Spearman’s rank correlation coefficient for mean carotid IMT and brachial artery FMD for the entire cohort was ⫺0.004; p ⫽ 0.885; similarly, there was no significant
correlation between mean carotid IMT and brachial FMD in study participants within any fifth of mean IMT and any fifth of brachial artery FMD.
Abbreviations as in Table 1.

DISCUSSION
The main finding of our study is the lack of correlation
between measurements of carotid IMT and brachial artery
FMD in a cohort of middle-aged men without CVD and
with relatively few risk factors. This finding could have
several explanations: 1) it is possible that, contrary to current
prevalent beliefs, carotid IMT and/or brachial artery FMD
are not valid measures of early vascular disease; 2) it is
possible that the research techniques employed, specifically
the US measurements, were not adequate and allowed for
noise, which may have obscured an existent correlation; and
finally, 3) carotid IMT and brachial artery FMD may
provide distinct information identifying different stages in
atherogenesis. We believe the latter to principally account
for our findings, although we cannot exclude the possibility
that brachial artery FMD may be less informative in this
cohort than previously thought.
Thus, both carotid IMT and brachial artery FMD are
well-validated techniques (2,3,9,23). Both are highly reproducible when performed by experienced technicians in a
research environment (2–13,21–24). Carotid IMT was
shown to correctly identify histologic abnormalities and to
correlate with traditional and emerging cardiovascular risk
factors (2– 6). It correlates with prevalent CV disease (4,21)
and, importantly, it was a potent independent predictor of
incident myocardial infarction and of stroke in large cohort
studies (6 – 8). Moreover, interventions known to decrease
the atherosclerotic process and to prevent clinical events,
such as statins, angiotensin-converting enzyme inhibitors,
and other blood-pressure-lowering agents (2,3,22), were
shown to retard the progression of carotid IMT. Several
lines of evidence suggest that brachial artery FMD is a valid
measure of vascular integrity. The vasomotor response of
the brachial artery in response to hyperemia measured by
high-resolution US was shown to be nitric-oxide-dependent
and to correlate well with coronary endothelial-dependent
vasomotor function (9,23,24). Interventions that improve
vascular health and increase the bioavailability of nitric
oxide, such as statins and angiotensin-converting enzyme
inhibitors, were shown to improve brachial artery FMD
(9,27,28). Finally, although examined to date only in
relatively small studies that are often retrospective and

requiring further confirmation, emerging evidence suggests
that brachial artery FMD may be an independent predictor
of outcomes (12–14). It is essential, however, to realize that
the data correlating brachial artery FMD to coronary
endothelial function and to CV outcomes are derived
primarily from studies in individuals with manifest CV
disease or at high risk for CV disease, with very limited
information on low- and moderate-risk groups.
The notion that technical limitations in performing the
US assessments may have obscured an existent correlation is
not justified. Indeed, all US scans were performed at
experienced research US laboratories, following common
standardized protocols and using rigorous quality control
measures; all measurements were obtained at the Core US
Laboratories, which have extensive experience with these
techniques. Scanning and measurement reproducibility were
high. Moreover, analysis of the correlation between carotid
IMT and brachial artery FMD within each center and for
the entire cohort stratified by study center yielded similar
results.
Therefore, we believe that our findings support the
conclusion that in apparently healthy individuals with relatively few risk factors, carotid IMT and brachial artery
FMD do indeed provide distinct, independent information
about the complex atherosclerotic process. Such information
may be temporarily dissociated, with abnormalities in endothelial function preceding anatomic lesion formation.
However, we do recognize the possibility that brachial
artery FMD, which is less well validated in prospective
studies than carotid IMT and did not correlate with classic
risk factors in our study, may be of limited value in a
relatively healthy population, which, in the absence of major
sustained alterations to vascular function imposed by the
prolonged exposure to traditional risk factors, may be more
susceptible to the impact of short-term (possibly transient)
factors. Several previous small studies (some lacking methodologic details) have evaluated this relationship and do
generally report significant correlations (15–19). We believe
that a strong publication bias may have resulted in underreporting of negative studies. Moreover, with few exceptions (16), previous studies have focused on high-risk
patients.
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We also report associations between traditional CV risk
factors and carotid IMT and brachial artery FMD, respectively. In univariate analysis, carotid IMT correlated with
age, systolic blood pressure, body weight and body mass
index, total and LDL cholesterol, fasting blood glucose, and
a history of hypertension and of diabetes. Importantly, there
was a significant correlation of moderate magnitude with
the overall Framingham risk score. In multivariate analysis,
age, blood pressure, and LDL cholesterol concentration
were independent predictors of carotid IMT. Our observations are consistent with previous reports (2–7). Some risk
factors appear only modestly correlated with carotid IMT,
which may be related to overall good risk factor control in
our population and the data for carotid IMT and for many
risk factors clustering around average (“normal”) population
values.
By contradistinction, brachial artery FMD was correlated
only with blood pressure. The poor correlation between
brachial artery FMD and traditional risk factors is puzzling
and may reflect the complexity of endothelial function,
which is the result of the interplay of a wide range of
systemic factors, including those acting for years or decades
(CV risk factors), but also acute influences. Previous studies
relating brachial FMD and risk factors have yielded mixed
results and have suffered from small sample sizes, different
methodologies, and heterogeneous populations. In one of
the larger previous studies, Celermajer et al. (11) assessed
brachial artery FMD in 500 healthy subjects. In multivariate
analysis, the strongest determinants were age and cigarette
smoking. However, no relationship between lipid parameters or blood pressure and brachial artery FMD was found.
In a population of young adults (n ⫽ 326), Leeson et al. (29)
demonstrated a weak relationship between n-3 fatty acids
and FMD in certain subgroups, but no relationship with
standard risk factors. In our study, a weak relationship
between FMD and blood pressure is identified. However,
there was no correlation with age, other risk factors, or
Framingham risk scores. These findings suggest that brachial artery FMD could represent a unique measure of
vascular health, which may be influenced significantly by
parameters currently not measured. Such parameters may
overwhelm the influences of traditional risk factors, especially in a generally healthy population with a low prevalence
of traditional risk factors.
Our findings pertain solely to the population studied,
middle-aged, apparently healthy men without CVD, and
should not be generalized. Further studies in various populations are needed.
In conclusion, in a relatively healthy cohort of middleaged men, no significant correlation exists between carotid
IMT and brachial artery FMD. This finding may be related
to a temporal dissociation between functional and structural
vascular abnormalities in a low-risk population. However,
we cannot exclude the possibility that brachial artery FMD,
which did not correlate with most traditional CV risk
factors in our study, may not be a good measure of the
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sustained effect of risk factors on endothelial function in a
low-risk population and may register primarily the shortterm impact of various factors. Although these noninvasive
measures of early structural subclinical atherosclerosis and of
endothelial dysfunction may provide unique and possibly
complementary information about vascular health, our findings suggest that endothelial function testing is not yet ready
for “prime time” clinical use and underscore the need for
well-designed large prospective studies aimed at evaluating
the value of brachial artery FMD in predicting CV events.
Such studies are underway (20) and may represent the
ultimate test of validity for this bioassay of endothelial
function.
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Background—Endothelial vasodilator dysfunction and carotid intima-media thickening (IMT) are 2 indicators of
subclinical cardiovascular disease. We examined their correlation and interaction with risk factors in a large,
community-based cohort of young adults.
Methods and Results—As part of the longitudinal Cardiovascular Risk in Young Finns Study, we measured endothelium-dependent brachial artery flow–mediated dilatation (FMD) and carotid artery IMT by ultrasound in 2109 healthy
adults aged 24 to 39 years. FMD was inversely associated with IMT (Pⱕ0.001) in a multivariate model adjusted for age,
sex, brachial vessel size, and several risk variables. The subjects with age- and sex-specific FMD values in the extreme
deciles were classified into groups of impaired (n⫽204, FMD⫽1.1⫾1.4%, mean⫾SD) and enhanced (n⫽204,
FMD⫽16.3⫾2.9%) FMD response. The number of risk factors was correlated with increased IMT in subjects with an
impaired FMD response (P⬍0.05) but not in subjects with an enhanced FMD response (P⬎0.2).
Conclusions—Brachial FMD is inversely associated with carotid IMT. The number of risk factors in young adults is
correlated with increased IMT in subjects with evidence of endothelial dysfunction, but not in subjects with preserved
endothelial function. These observations suggest that endothelial dysfunction is an early event in atherosclerosis and that
the status of systemic endothelial function may modify the association between risk factors and atherosclerosis.
(Circulation. 2004;110:2918-2923.)
Key Words: endothelium 䡲 vasodilation 䡲 atherosclerosis

T

he endothelium controls vascular tone, coagulation, and
inflammatory responses.1 Endothelial dysfunction is an
early event of atherosclerosis that precedes structural atherosclerotic changes in the vascular wall.2 On the other hand,
preserved endothelial function may offer protection against
the development of future adverse cardiovascular events in
subjects with atherosclerotic vascular disease.3 The available
evidence also suggests that an improvement in endotheliumdependent vasodilation in response to treatment is associated
with a decreased risk of subsequent cardiovascular events.4

The status of the vascular endothelium may therefore serve as a
marker of inherent atherosclerotic risk in an individual. An impaired
FMD response may reflect a vascular phenotype prone to atherosclerosis, whereas a preserved FMD response may be associated
with a decreased risk to develop atherosclerosis.
The thickness of the common carotid intima-media (IMT)
as measured by ultrasound represents a marker of structural
atherosclerosis. Increased IMT is correlated with cardiovascular risk factors12 and the severity of coronary atherosclerosis13 and predicts cardiovascular events in population
groups.14 We have previously shown in the Young Finns
cohort that risk factors identified in childhood predict increased IMT in adulthood,12 emphasizing the importance of
early risk factor exposure in the development of atherosclerosis. To gain insight about the role of the status of the
vascular endothelium in the early stages of atherosclerosis,
we have now analyzed the relation between brachial FMD
and carotid IMT in this population of 2109 healthy young
adults. We hypothesized that brachial FMD is a correlate of
carotid IMT and that the status of brachial endothelial

See p 2774
A noninvasive ultrasound technique to evaluate brachial artery
flow–mediated dilatation (FMD) has recently been much used in
the study of arterial physiology.5,6 The dilatation response with
increased blood flow is mainly mediated by nitric oxide released
from arterial endothelial cells.7 Brachial FMD response is correlated
with coronary endothelial function as tested by invasive methods.8,9
Impaired brachial FMD is related to the prevalence and extent of
coronary atherosclerosis10 and predicts cardiovascular events.3,11
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function would modify the association between risk factors
and carotid atherosclerosis.

Methods
Subjects
The Cardiovascular Risk in Young Finns Study is an ongoing,
5-center, follow-up study of atherosclerosis precursors in Finnish
children and adolescents. The first cross-sectional survey was conducted in 1980, when 3596 participants, aged 3, 6, 9, 12, 15, and 18
years, were randomly chosen in each area from the national population register.15 In 2001, we reexamined 2283 of these individuals,
then aged 24 to 39 years. Complete data on carotid and brachial
artery ultrasound studies were available for 2109 subjects. Local
ethics committees approved the study, and all subjects gave their
written, informed consent.

Clinical Characteristics and Risk Factors
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Height and weight were measured, and body mass index (BMI) was
calculated.16 Waist and hip circumference was measured with an
accuracy of 0.1 cm. In 1980, blood pressure was measured in
3-year-olds with an ultrasound device (Arteriosonde 1020, Roche)
and in others with a standard mercury sphygmomanometer. In 2001,
a random-zero sphygmomanometer was used. The average of 3
measurements was used in the analysis. Smoking habits were
assessed with a questionnaire in subjects aged 12 years or older. In
2001, a history of diabetes and a family history of premature
coronary heart disease (CHD) were assessed by questionnaire. The
family history was considered positive if either the study subject’s
father or mother had been diagnosed with CHD at or before the age
of 55 years. For the determination of serum lipoprotein levels,
venous blood samples were drawn after an overnight fast. All lipid
determinations were done using standard methods.16 LDL cholesterol concentration was calculated by the Friedewald formula. Fasting
plasma highly sensitive C-reactive protein concentrations were
analyzed by latex turbidometric immunoassay (Wako Chemicals
GmbH). The lower detection limit reported for the assay was 0.06
mg/L, and the coefficient of variation (CV) in repeated measurements was 3.3%. Glucose concentrations were analyzed enzymatically (Olympus Diagnostica GmbH), and homocysteine concentrations were measured with use of a microparticle enzyme
immunoassay kit (Imx assay, Abbott Laboratories).

Ultrasound Imaging
Carotid ultrasound studies were performed with Sequoia 512 ultrasound mainframes (Acuson) with a 13.0-MHz, linear-array transducer, as previously described.12 In brief, the image was focused on
the posterior (far) wall of the left carotid artery. A minimum of 4
measurements of the common carotid far wall were taken 10 mm
proximal to the bifurcation to derive mean carotid IMT. The
between-visit CV of IMT measurements was 6.4%.12
Brachial artery ultrasound studies were performed successfully for
2109 subjects. We excluded 146 scans because of poor image
quality, and 9 subjects refused to participate in the test. To assess
brachial FMD, the left brachial artery diameter was measured both at
rest and during reactive hyperemia. Increased flow was induced by
inflation of a pneumatic tourniquet placed around the forearm to a
pressure of 250 mm Hg for 4.5 minutes, followed by release. Three
measurements of arterial diameter were performed at end-diastole at
a fixed distance from an anatomic marker at rest and at 40, 60, and
80 seconds after cuff release. The vessel diameter in scans after
reactive hyperemia was expressed as the percentage relative to the
resting scan. The average of 3 measurements at each time point was
used to derive the maximum FMD (the greatest value between 40
and 80 seconds). All ultrasound scans were analyzed by a single
reader blinded to the subject’s details. We have previously reported
a short-term (2-hour) between-study CV of 9% for FMD measurements.17 In the present study, we assessed the long-term variation in
brachial measurements by reexamining 57 subjects 3 months after
the initial visit (2.5% random sample). The 3-month between-visit
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CV was 3.2% for brachial artery diameter measurements and 26.0%
for FMD measurements.

Statistical Methods
In statistical analyses, the FMD response was first treated as a
continuous variable and then as a categorized variable. When FMD
was categorized, the subjects with age- and sex-specific FMD values
in the extreme deciles were classified into groups of impaired
(n⫽204, FMD⫽1.1⫾1.4%, mean⫾SD) and enhanced (n⫽204,
FMD⫽16.3⫾2.9%) FMD response. Values between the 10th and
90th percentiles were considered intermediate (n⫽1701,
FMD⫽7.8⫾3.0%). The correlates for IMT and FMD were studied
by regression techniques. Variables in initial stepwise multivariate
models included LDL cholesterol, HDL cholesterol, C-reactive
protein, glucose, homocysteine, systolic blood pressure, BMI, waist
circumference, waist-to-hip ratio, diabetes, family history of CHD,
and smoking. Age and sex were forced into the models.
Subjects were defined to have a risk factor if they smoked or had
smoked, had a positive family history of CHD, or if their childhood
or current value of LDL cholesterol, systolic blood pressure, BMI
(childhood), or waist circumference (adulthood) exceeded the ageand sex-specific 80th percentile.12 To study how the FMD response
modifies the association between risk factors and IMT, we studied
the correlation between IMT and the number of risk factors in each
FMD response category.
Correlation analysis suggested a direct relation between FMD and
BMI. Because this was an unexpected finding,18 we explored the
possibility of a nonlinear relation between FMD and BMI with
multivariate models that included FMD as the dependent variable
and BMI, age, and higher-order BMI terms as independent variables.
Values for C-reactive protein were logarithmically (base 10)
transformed before analyses owing to their skewed distribution. All
analyses were repeated after excluding subjects who were taking
lipid-lowering (n⫽7) or antihypertensive (n⫽47) medications, with
essentially similar results. The statistical tests were performed with
SAS version 8.1 software, and statistical significance was inferred at
a 2-tailed probability value ⬍0.05.

Results
The characteristics of study subjects and the correlations
between risk variables and FMD/IMT are shown in Table 1.
FMD was correlated inversely with male sex, blood pressure,
glucose, and homocysteine (women only) and directly with
HDL cholesterol, C-reactive protein, and BMI. Carotid IMT
was correlated directly with male sex, age, LDL cholesterol,
blood pressure, BMI, waist circumference, waist-to-hip ratio,
glucose, smoking, and family risk of CHD and inversely with
HDL cholesterol.
Because the direct correlation between FMD and BMI was
unexpected, we examined the possibility of a nonlinear
relation between FMD and BMI. A scatterplot of BMI and
FMD values in the study population is shown in Figure 1
separately for men and women. Significant second-order
terms for BMI⫻BMI supported a curvilinear relation between FMD and BMI, in both men (P⫽0.047) and women
(P⫽0.01), as well as in smokers (Pⱕ0.05) and nonsmokers
(P⫽0.01). To assess the possibility that the direct correlation
in the nonobese range between BMI and FMD would result
from a confounding effect of smoking potentially associated
with a lower BMI, ie, linking lower weight to a lower FMD,
we examined smoking patterns in more detail (daily smoking
and number of cigarettes smoked per day). The distribution of
daily smokers was statistically not different in subjects in
BMI categories ⬍20 kg/m2 (26% daily smokers), between 20
and 25 kg/m2 (21% daily smokers), 25 to 30 kg/m2 (26% daily
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TABLE 2. Multivariate Model of the Relations Between Risk
Factors and Carotid IMT in 2011 Adults Aged 24 to 39 Years
␤⫾SE

P

FMD

⫺0.006⫾0.002

Age

0.029⫾0.002

Male sex

0.001⫾0.004

0.89

Systolic blood pressure

0.010⫾0.002

⬍0.0001

Waist circumference

0.013⫾0.002

⬍0.0001

Smoking

0.011⫾0.004

0.003

Positive family history of CHD

0.011⫾0.005

0.04

0.001
⬍0.0001

Values indicate the change in IMT (mm) per 1-SD change in risk variables.
Abbreviations are as defined in text.
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sure, carotid IMT, and male sex were inversely associated
with FMD in multivariate analysis. The results remained
similar when the second-order term for BMI was introduced
into the model, which also emerged as a significant
(P⫽0.0006) multivariate correlate of FMD.

Brachial FMD Response and Correlation Between
Risk Factors and Carotid IMT
The correlation between the number of childhood and current
risk factors and carotid IMT across the FMD groups is shown
in Figure 2. The number of risk factors was correlated with
IMT in subjects with impaired and intermediate FMD status,
whereas there was no significant correlation between the
number of risk factors and IMT in subjects with an enhanced
FMD response.

Discussion
According to the response-to-injury model of atherosclerosis,2 various factors can cause dysfunctional alterations in the
overlying endothelium. This injury may then predispose
arteries to the development of atherosclerosis, eg, by increasing the adhesiveness of the endothelium to leukocytes, by
changing its permeability, and by inducing endothelial expression of vasoactive molecules favoring atherogenesis.1
This model thus predicts that arterial endothelial damage or
activation is required before risk factors can induce atherosclerotic changes in the arterial wall. Our findings support
this hypothesis, as we found that the number of risk factors
was associated with increased carotid IMT in subjects with
impaired FMD but not among those with enhanced FMD.
These data thus support the concept that systemic endothelial
TABLE 3. Multivariate Model of the Relations Between Risk
Factors and Brachial FMD in 2021 Adults Aged 24 to 39 Years

Carotid IMT
Age
Male sex
BMI
Systolic blood pressure
HDL cholesterol

␤⫾SE

P

⫺0.34⫾0.10

0.001

0.15⫾0.10

0.14

⫺1.58⫾0.22

⬍0.0001

0.76⫾0.11

⬍0.0001

⫺0.33⫾0.10
0.22⫾0.11

0.002
0.04

Values indicate the change in FMD (%) per 1-SD change in risk variables.
Abbreviations are as defined in text.

Figure 2. Association between number of risk factors and
carotid IMT (mean⫾SEM) in young adults with enhanced, intermediate, and impaired FMD response (probability values are
from linear regression models adjusted for age and sex, testing
correlation between number of risk factors and IMT). Subjects
were defined to have risk factor if they smoked or had smoked,
had positive family history of CHD, or if their childhood or current values of LDL cholesterol, systolic blood pressure, body
mass index (childhood), or waist circumference (adulthood)
exceeded age- and sex-specific 80th percentile. Dashed line
indicates population mean for IMT. Number of subjects is
shown in columns. Abbreviations are as defined in text.

function reflects the propensity of arteries to develop atherosclerosis in response to exposure to cardiovascular risk
factors.19
Consistent with the idea that impaired systemic endothelial
function is an early event in atherosclerosis,2 we found that
impaired brachial FMD was related to increased carotid IMT.
Our data from a population of ⬎2000 subjects thus confirm
observations from previous small-scale studies that have
suggested an inverse relation between brachial FMD response
and carotid IMT.20,21 In concert with this idea, we have
recently reported that children with type 1 diabetes who have
endothelial dysfunction may be especially prone to develop
increased carotid IMT.22
Several risk factors related to atherosclerosis have also
been linked to endothelial dysfunction, presumably because
of increased oxidative stress.23 However, recent studies have
also shown that individuals with normal endothelial function
and various stages of endothelial dysfunction do not neces-
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sarily differ in their risk factor profiles.3,19,24 Al Suwaidi et
al24 observed among 157 patients with mildly diseased
coronary arteries that the proportion of hyperlipidemic, hypertensive, or smoking subjects did not differ across the
groups with or without endothelial dysfunction. Similarly,
Gokce et al3 found no difference in the proportion of these 3
main risk factors for CHD among 187 patients undergoing
vascular surgery between subjects with normal endothelial
function and mild or severe dysfunction. In the present study,
FMD was significantly related to carotid IMT but surprisingly, not with serum LDL cholesterol or smoking. In a
multivariate model controlling for the effects of age, sex, and
BMI, we found that FMD was correlated significantly, albeit
weakly, with systolic blood pressure (inverse association) and
with HDL cholesterol concentration (direct association). Together these observations suggest that endothelial status may
not be determined solely by the individual risk factor burden.
Previously we12 and others25,26 have shown that childhood
risk factors predict increased carotid IMT in adulthood. This
association seems to be independent of current risk factors,12
ie, suggesting that exposure to risk factors in childhood may
induce permanent effects on arteries that contribute to the
development of future atherosclerosis.12,27 In the present
study, the number of risk factors identified in childhood was
associated with increased carotid IMT measured in adulthood
in subjects with impaired FMD but not in subjects with
enhanced FMD. Therefore, these prospective data suggest
that enhanced vascular endothelium function in adulthood
may offer some protection for arteries against the development of atherosclerosis in response to early-life exposure to
risk factors.
Brachial artery size is an important determinant of the
FMD response. Smaller vessels dilate relatively more then
larger ones. Body size is directly related to brachial artery
diameter. In our population, there was a direct correlation
(r⫽0.28) between vessel size and BMI. Thus, one would
expect to observe smaller FMD responses in subjects with
higher BMIs, because they have larger brachial arteries and
presumably, an increased amount of systemic oxidative
stress.28 However, we found that BMI was directly associated
with FMD. This was unexpected, because in previous studies,
obesity had been linked to impaired coronary and peripheral
endothelial function.18,29 –31 We have no plausible explanation
for this observation, but it suggests that an increase in body
size within the nonobese range in a population of healthy
young adults is associated with physiological changes that
lead to enhanced FMD responses and overcomes the opposing influences of larger vessel size and increased oxidative
stress associated with higher BMIs. One possibility is that the
relation between body size and endothelial function is curvilinear and that we are observing the upward slope of this
relation in our population of healthy adults. Significant
second-degree terms in the regression models for BMI in both
men and women gave support for a curvilinear association
between BMI and IMT. A curvilinear relation between body
size and endothelial function is also supported in a previous
study by Higashi et al,32 linking lower BMIs to reduced
endothelium-dependent, acetylcholine-induced forearm flow
responses. Despite the unexpected association between BMI

and FMD, we have demonstrated that a higher BMI was
strongly associated with increased IMT in our population.12
We found a relatively large, long-term variation in FMD
measurements, larger than we have reported for the shortterm variation,17 but comparable to that in some earlier
reports.33,34 Several factors, including physiological and technical issues, may affect FMD variation.6 However, the
long-term reproducibility of the brachial artery diameter
measurements was excellent. This suggests that much of the
long-term variation in FMD is due to physiological fluctuations and not to measurement error. To simplify the FMD
test, we did not perform flow measurements to quantify the
hyperemia stimulus after cuff release. This was justified by
our earlier findings showing that the flow stimulus is not
correlated with the FMD response.35 We measured carotid
IMT in the far wall of the distal part of the common carotid
artery. A more complex carotid IMT score involving both the
internal and common carotid arteries might have a better
predictive value than either measure alone. However, the
association between carotid and coronary atherosclerosis is
only marginally increased when information about IMT in the
internal carotid artery and carotid bulb is added to that of the
common carotid IMT.36 Finally, we examined the relation
between FMD and IMT in a cross-sectional study, which
cannot prove a causal relation between these variables.
We conclude that brachial FMD is inversely associated
with carotid IMT. Our data also indicate that young adults
presenting with risk factors are at increased risk of having
thickened carotid IMTs, especially when they have evidence
of endothelial dysfunction. These results are in line with the
concepts that impaired systemic endothelial function is an
early event in atherosclerosis and that the status of systemic
endothelial function may modify the association between risk
factors and atherosclerosis. Thus, in addition to the evaluation
of conventional cardiovascular risk factors, noninvasive evaluation of endothelial dysfunction might be helpful to discriminate individuals at risk for atherosclerosis.
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