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Abstract. Endothelial vasodilator dysfunction, assessed by brachial artery flow-mediated
dilatation (FMD) and carotid intima-media thickening (IMT), is an indicator of subclinical
atherosclerotic disease. We examined their correlation and interaction with traditionally
cardiovascular risk factors, in a group of middle-aged subjects with a low total cardiovascular risk (<
5%) estimated based on the SCORE (Systematic Coronary Risk Evaluation) system. A number of 74
subjects aged from 45 to 55 years were studied under identical conditions by a single sonograph. The
brachial artery was identified at 5 cm proximal to the transient bifurcation by using a 10 MHz
ALOKA ProSound SSD 4000 ultrasound system (ALOKA CO., LTD., Tokyo, Japan). After baseline
imaging, a right arm cuff was inflated to > 50 mm Hg above systolic blood pressure (SBP), for 5
minutes. After the cuff was deflated ischemia-induced distal hyperemia produced a transient increase
of artery diameter. The relative change in mean arterial diameter was calculated as: % Dilation =
[Maximum diameter – Baseline diameter] × 100 / Baseline diameter, where maximum diameter was
the maximum mean diameter observed at 45 – 60 seconds after cuff release. For carotid ultrasound
study, the image was focused on the posterior (far) 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. Continuous variables are expressed as means ± SD. Means were compared using
analysis of variance or the Student t-test. Our study shows that in a relatively healthy middle-aged
subject, there is no significant correlation 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.
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INTRODUCTION

A noninvasive ultrasound technique to evaluate brachial artery flow–
mediated dilatation (FMD) has recently been much used in the study of arterial
physiology [2]. Impaired brachial FMD is related to the prevalence and extent of
coronary atherosclerosis and predicts cardiovascular events [1]. The dilatation
response with increased blood flow is mainly mediated by nitric oxide released
from arterial endothelial cells [6].
The thickness of the common carotid intima-media (IMT) measured by
ultrasounds represents a marker of structural atherosclerosis. Increased IMT is
correlated with cardiovascular (CV) risk factors and the severity of coronary
atherosclerosis, and predicts cardiovascular events in population groups [7].
To gain insight into the role of the status of the vascular endothelium in the
early stages of atherosclerosis, we have analyzed the relation between brachial
FMD and carotid IMT in a group of middle – young subjects with low
cardiovascular risk. We hypothesized that brachial FMD is correlated to carotid
IMT, and that status of brachial endothelial function would modify the association
between risk factors and carotid atherosclerosis.
MATERIALS AND METHODS

A number of 74 subjects (52 male and 22 female) have voluntarily completed
a questionnaire for identification of CV risk factors, which comprised: personal
data (age, gender), hypertension or diabetes history, and cigarette smoking. An
objective examination assessed systolic arterial blood pressure and body mass
index. The study was conducted according to the Declaration of Helsinki, and the
written informed consent was obtained from each subject.
Venous blood samples were withdrawn in the morning, after an overnight
fast. Serums total cholesterol (TC), triglyceride (TG), high density lipoprotein –
cholesterol (HDL – C) and fasting glucose concentrations were measured using
standard enzymatic methods (Boehringer – Mannheim) with a fully automated
analyzer (model 717 Roche/Hitachi; Tokyo, Japan). The low density lipoprotein –
cholesterol (LDL – C) concentration was calculated using Friedewalds’ equation:
LDL (mg/dl) = [TC (mg/dl) – TG (mg/dl) / 5] – HDL – C (mg/dl).
Subjects were studied under identical conditions by a single sonograph, with
the use of methods that had been previously described. Each subject rested in the
supine position for several minutes in a temperature-controlled room. The brachial
artery was identified at 5 cm proximal to the transient bifurcation by using a 10
MHz ALOKA ProSound SSD 4000 ultrasound system (ALOKA CO., LTD.,
Tokyo, Japan). After baseline imaging, a right arm cuff was inflated to > 50 mm
Hg above systolic blood pressure (SBP), for 5 minutes. After the cuff was deflated
ischemia-induced distal hyperemia produced a transient increase of artery diameter.
The relative change in mean arterial diameter was calculated as: % Dilation =
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[Maximum diameter – Baseline diameter] × 100 / Baseline diameter, where the
maximum diameter was the maximum mean diameter observed at 45 – 60 seconds
after cuff release.
For carotid ultrasound study, the image was focused on the posterior (far) 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.
Continuous variables are expressed as means ± SD. 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 non-parametric
Spearmans’s rank correlation test. Multivariate linear regression analysis was used
to determine the independent predictors of carotid IMT and brachial FMD and to
test the relationship between IMT and brachial FMD, in models including classical
risk factors. The relationship between carotid IMT and brachial FMD was tested
for entire group and in subgroups defined by traditional risk factors (Pearsons’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 Excell Microsoft Office 2003.
RESULTS

Demographic data, traditional CV risk factors, carotid IMT, and brachial
FMD measurement are shown in Table 1. The subjects were predominantly male
and were commonly overweight. Many subjects reported current smoking and a
history of mild hypertension. Few study subjects had diabetes.
Table 1
Characteristics of the study subjects (n = 74)
Characteristics
Male gender
Female gender
Hypertension
Diabetes
Current smoking
Age (yrs)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
BMI (kg/m2)
Total cholesterol (mg/dl)
Triglycerides (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Fasting glucose (mg/dl)
Total cardiovascular risk (%)
Mean carotid IMT (mm)
Brachial artery FMD (%)

Number (%)
52 (70,27)
22 (29.73)
47 (63.51)
2 (2.70)
58 (78.37)
59.37 ± 9.92
145.15 ± 14,67
91.64 ± 12.67
28.48 ± 4.56
223.12 ± 26.78
156.94 ± 87.66
126.89 ± 33.56
38.45 ± 10.89
96.10 ± 13.67
4.22 ± 0.87
0.70 ± 0.19
11.78 ± 4.06
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The average mean carotid IMT measurements were 0.70 ± 0.19, similar to
previously published data [4]. Mean brachial artery FMD was 11.78 ± 4.06%,
lower than 11%, which is generally accepted as normal lower range for this test [2].
A significant number of subjects, 62 (83.78%), had an attenuate FMD (< 11.5).

CORRELATION BETWEEN TRADITIONAL CARDIOVASCULAR RISK FACTORS
AND CAROTID IMT

DATA PLAGIARISM

Study subjects with history of hypertension had higher carotid IMT than
those without (0.81 ± 0.20 mm vs. 0.70 ± 0.18 mm, p < 0.0001), as did current
smokers vs. those who denied current smoking (0.81 ± 0.22 mm vs. 0.71 ± 0.18
mm, p = 0.001). Bivariate correlations between carotid IMT and measured
traditional CV risk factors are summarized in Table 2. In multivariate analyses,
age, systolic and diastolic blood pressure, and LDL cholesterol concentration were
significant independent predictors of mean carotid IMT (p < 0.01). the content of this Table is identical with

framed content of Table 2 from Yan2005

Table 2
Bivariate correlations (Pearson’s correlation coefficient) between cardiovascular risk factors
and ultrasound measures
Cardiovascular risk factor
Age (yrs)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
BMI (kg/m2)
Total cholesterol (mg/dl)
Triglycerides (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Fasting glucose (mg/dl)
†

Mean carotid IMT
0.480†
0.187†
0.012
0.122†
0.097†
0.036
0.093
0.00
0.097†

Brachial artery FMD
– 0.010
– 0.078‡
– 0.077‡
– 0.024
– 0.015
– 0.017
0.000
0.012
– 0.031

p < 0.001; ‡p < 0.01

CORRELATION BETWEEN TRADITIONAL CARDIOVASCULAR RISK FACTORS AND FMD

Brachial artery FMD (Fig.1 and Fig.2) did not differ significantly among
study subjects with or without 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, suggesting that
study subjects with higher blood pressure had a more abnormal endothelial
function. In multivariate analysis, only higher systolic blood pressure was
independently predictive of lower brachial artery FMD (p = 0.001).
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Fig. 1. Determination of FMD before ischemia.

Fig. 2. Determination of FMD after ischemia.
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RELATIONSHIP BETWEEN CAROTID IMT AND BRACHIAL ARTERY FMD

After the measurement of both mean carotid IMT and brachial artery FMD in
74 subjects, we found a moderate and inverse correlation between vascular
parameters (r = – 0.006, p = 0.82). In subjects with FMD > 11% (normal value of
FMD) we did not observe important modifications of mean carotid IMT (0.72 ±
0.18 mm vs. 0.71 ± 0.17 mm, p = 0.59). The impact of traditional CV risk factors
on the relationship between carotid IMT and brachial artery FMD was evaluated in
pre-specified subgroups analyses. There was a weak correlation between mean
carotid IMT and brachial FMD among current smokers (r = – 0.016, p = 0.72),
subjects with hypertension (r = – 0.001, p = 0.92) or with diabetes (r = – 0.009,
p = 0.88).
DISCUSSIONS

Three recent studies have investigated the relationship between ultrasoundbased measurements for vascular health using FMD and/or IMT and subsequent
risk.
In the larger of the two population-based ultrasound studies, Juonala et al. [5]
studied the interrelations between brachial endothelial function and carotid IMT in
2109 healthy adults aged 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 the 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 [4].
In sharp contrast, the publication by the firefighters and their endothelium
(FATE) investigators 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 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 [10].
In the third of these studies, Witte et al. [9] postulate, on the basis of metaanalysis, 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
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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 than a definitive indication that FMD is best suited to
risk stratification in low-risk populations [9].
The main finding of our study was the moderate correlation between
measurements of carotid IMT and brachial artery FMD in a group of middle age
adults without CVD and with relatively few risk factors. Our data from 74 subjects
thus confirm observations from previous small-scale studies that have suggested an
inverse relation between brachial FMD response and carotid IMT [3, 8].
Our data also indicate that young adults presenting with low cardiovascular
risk have a moderate risk to develop thickened carotid IMTs, but when they have
evidence of endothelial dysfunction, the risk of development thickened IMTs
increase significantly. Our results are in concordance with the concepts that
endothelial dysfunction is an early event in 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 [5].
CONCLUSION

Our findings support the conclusion that in apparently healthy individuals
with relatively few risk factors, carotid IMT and brachial artery FMD provide
distinct, independent informations about the complex atherosclerotic process.
These findings may be related to a temporal dissociation between functional
and structural vascular abnormalities in a low risk population. Therefore, these
non-invasive measures of early structural subclinical atherosclerosis may provide
complementary information about vascular health.
This study encourages the use of both FMD and IMT for the identification of
asymptomatic individuals with low cardiovascular risk.
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