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Abstract Arterial and venous thrombosis have always
been regarded as different pathologies and epidemio-
logical studies have examined the association between
venous thrombosis and indicators of atherosclerosis
and/or arterial thromboembolic events. We measured
the flow-mediated dilation (FMD), a well-known
marker of arterial endothelial dysfunction, in young–
middle-aged and old-aged patients with and without
unprovoked deep venous thrombosis (DVT). The aim
of this study was to investigate whether DVT was a
significant predictor for impaired FMD, considering all
the patients and young–middle-aged (age<65 years)
and old-aged (age≥65 years) patients separately. FMD
was measured in the brachial artery on a population of

120 subjects with the same atherosclerosis risk
factors, 68 male and 52 female, 70 young–middle-
aged subjects (mean age±SD 49.5±10.5 years) and
50 old-aged subjects (76.2±7.7 years). Patients with
DVT showed a significant decrease of FMD
compared to patients without DVT (6.8±5.5% vs.
10.9±3.5%, p<0.001). Moreover, old-aged patients
showed a significant decrease of FMD compared to
the young–middle-aged subjects (7.4±4.1% vs. 9.8±
5.3%, p=0.005). In the whole study population,
DVT was strongly associated with FMD (risk factors
adjusted β=−4.14, p<0.001). A significant interac-
tion between age and the presence of DVT on
predicting FMD was found (p=0.003) suggesting a
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differential behavior of DVT as predictor of FMD. In
young–middle-aged group, multivariate model con-
firmed that DVT was the most significant predictor
of continuous FMD (β=−6.06, p<0.001). On the
contrary, DVT was no more a predictor of FMD in
the old age group (β=−0.73, p=0.556). Furthermore,
old-aged patients without DVT showed a statistically
significant decrease of FMD compared to the young–
middle-aged subjects without DVT (8.2±2.1% vs.
12.6±2.7%, p<0.001) and old-aged patients with
DVT showed a not statistically significant decrease
of the FMD compared to the young–middle-aged
patients with DVT (6.7±5.3% vs. 6.8±5.7%, p=
0.932). In conclusion, young–middle-aged patients
with spontaneous DVT show an impaired FMD,
whereas this impairment in old-aged subjects is
evident independently from the presence or absence
of DVT. Aging per se may be associated with
physiologic abnormalities in the systemic arteries
and with endothelial dysfunction.
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Introduction

The possible link between venous thrombosis and
atherosclerosis is not yet clear and the role of the
respective risk factors and the biological mechanisms
underlying this association remain to be elucidated.
This is of clinical interest, since the possible inter-
actions between cardiovascular disease and venous
thrombosis may have important clinical implications
with respect to the risk assessment, the modification
of the risk factors, and the medical treatment (Jerjes-
Sanchez, 2005; Prandoni et al. 2003). Endothelial
dysfunction has been reported to be the initial step in
atherosclerosis and represents overall functional
changes characterized by vasospasm, coagulation
abnormalities, and increased vascular proliferation.
Measurement of the flow-mediated dilation (FMD) of
the brachial artery with high-resolution ultrasound
scanning represents a valuable method to evaluate
non-invasively peripheral endothelial dysfunction
(Agouni et al. 2008). Disturbance of vascular dilatation
due to reduced nitric oxide bio-availability in the
vascular wall leads to predominance of vasoconstric-

tion, which is usually associated with increased platelet
adhesivity and increased endothelial permeability for
lipoproteins and white blood cells leading to connective
tissue proliferation. For many years, venous thrombosis
and atherosclerotic disease have been considered
two different disease entities with important differ-
ences in their pathways to thrombosis, but they may
be associated, with a high proportion of patients
with venous thrombosis demonstrating endothelial
dysfunction, preclinical atherosclerotic changes, and
higher risk of subsequent development of athero-
sclerotic disease (Prandoni et al. 2006; Prandoni
2007; Sorensen et al. 2007; Tsai et al. 2002). In
particular, a recent paper has evidenced that in
patients with primary arterial or venous disease, the
arterial and venous vessel walls deteriorate simulta-
neously, as the prevalence of preclinical indicators of
atherosclerosis is higher in patients with spontaneous
venous thrombosis than in healthy subjects, demon-
strating a relationship between asymptomatic athero-
sclerotic lesions and idiopathic venous thrombosis of
the lower limbs (Jezovnik et al. 2010a). On the other
hand, flow-mediated and glyceryl-trinitrate-mediated
dilation of the brachial artery have resulted impaired in
patients with idiopathic venous thrombosis, indicating
that these patients may have functional disturbances of
the venous wall, which could be involved in thrombus
formation, especially in subjects without known risk
factors of venous thrombosis (Jezovnik et al. 2010b).

The aim of this study was to investigate whether
DVTwas a significant predictor for FMD, assessed in a
peripheral artery by high-resolution ultrasound scan-
ning, considering the overall study population and
young–middle-aged and old-aged patients separately.
DVTexposed and not exposed groups were matched for
cardiovascular risk profile.

Materials and methods

Patients

We enrolled consecutive patients hospitalized in the
Department of Internal Medicine with and without
DVT assessed through the compression ultrasonogra-
phy (CUS) of lower limb veins. The study was
approved by the local Scientific and Ethical Commit-
tee, the subjects gave written informed consent and
the investigation conformed to the principles outlined
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in the Declaration of Helsinki. The subjects were
chosen to obtain two matched groups homogeneous
with respect to the common risk factors for athero-
sclerosis (age, male gender, obesity, current cigarette
smoking, dyslipidemia, diabetes mellitus, and arterial
hypertension), with respect to cardiovascular diseases
(stable and unstable angina, myocardial infarction,
and cerebrovascular accident such as nonhemorrhagic
stroke and peripheral vascular disease) and with respect
to medication history (use of statins, antihypertensive
agents, nitrates, and platelet anti-aggregating agents)
and biochemical parameters (total, low-density lipopro-
tein (LDL), and high-density lipoprotein (HDL) choles-
terol; triglycerides, plasma glucose, and erythrocyte
sedimentation rate (ESR)). Exclusion criteria included
pregnancy, cancer, concomitant infection, leg trauma or
bone fracture, cast therapy, surgical procedures in the
last 90 days, condition of being chronically ill,
bedridden or nonambulatory, and treatment with pro-
thrombotic agents (steroids, estrogens). Patients with
DVT were selected in the acute phase (within 2 weeks
from onset) of disease and heparin was administered to
the patients with venous thrombosis after the ultrasono-
graphic evaluations in the form of low-molecular-
weight heparin (enoxaparin, at a dosage of 1 mg/kg
twice a day).

Measurements and biochemical parameters

In all enrolled subjects we measured weight, standing
height, and level of overweight was measured by
body mass index. We asked questions on number of
cigarettes smoked per day and duration of smoking;
responses to these questions provided the foundation
for the definitions of smoking status and pack-years
of smoking. Blood pressure was measured using the
same protocol. Three measurements were taken with a
random-zero sphygmomanometer, and the mean of
the last two of three measurements was used. A
venous blood sample was drawn after an overnight
fast for the determination of lipid parameters (total,
LDL, and HDL cholesterol and triglycerides), plasma
glucose, and erythrocyte sedimentation rate. Lipids,
plasma glucose, and ESR were measured by standard
methods. The following cut-off values were considered:
systolic arterial pressure >140 mmHg and diastolic
arterial pressure >90 mmHg for definition of arterial
hypertension, a total cholesterol level >200 mg/dl, a
low-density lipoprotein cholesterol level >100 mg/dl, a

high-density lipoprotein cholesterol level <40 mg/dl for
male subjects or <50 mg/dl for female subjects and a
triglyceride level ≥150 mg/dl for definition of dyslipi-
demia, a fasting glycemia ≥125 mg/dl for definition of
diabetes mellitus, ESR ≥20 mm/h for definition of
inflammation in the body. The screening for mutations
and conditions associated with thrombophilia (anti-
thrombin III, protein C or protein S deficiency, factor
V Leiden, prothrombin G20210A mutation, hyper-
homocysteinemia, and lupus-like anticoagulants) was
performed in all the subjects and the subjects with
alterations of these factors were excluded from the
study.

Echo-Doppler study

The ultrasonographic evaluations have been effectu-
ated for diagnosis and measurements at day 1.

The presence of DVT was assessed by CUS that
combines real-time imaging of the deep veins with
venous compression. Lower extremity venous imag-
ing is performed with the patient supine, the head
elevated (10–20°), the leg positioned with the knee
slightly elevated and the hips slightly rotated exter-
nally. The ultrasonographic evaluations of the endo-
thelial function and the flow-mediated endothelial-
dependent vasodilatation have been effectuated
through flow-mediated dilatation measurement in the
brachial artery of the non-dominant arm. The validity
of the method has been confirmed in previous studies
(Corretti et al. 2002; Drexler et al. 2002; Roman et al.
2006; Bots et al. 2005; Peretz et al. 2007). The diameter
of the brachial artery was measured by an expert
sonographer on ultrasound images obtained in B-mode
with a high-resolution 5–10-MHz multi-frequency
linear probe connected to an ESAOTE Technos-MPX
(Esaote, Genova, Italy). All the patients were fasting
and had not been smoking, drinking alcohol and
coffee, or taking anti-oxidative agents for 12 h at least.
Subjects were examined in the morning (between 9
and 11 a.m.) and after 10 min of rest in a supine
position in a quiet, temperature-controlled room (21°C
to 23°C) the brachial artery was explored at the
antecubital fossa level on a longitudinal plane, opti-
mizing the depth and the acoustic window pre-sets and
keeping them in the same position during the study, by
using a mechanical probe-holder arm. After the basal
measurement of the diameter and of the speed of the
brachial artery flow, a sphygmomanometer cuff has
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been inflated around the forearm at a pressure of
50 mmHg higher than the basal systolic pressure and
deflated after 5 min. The measurement of the vessel
diameter and the speed of the flow have been
effectuated before and after the deflation every 30 s
for 3 min, registered in telediastole, coinciding with R
wave of the ECG, which was continuously monitored.
The variations of the diameter during the reactive
hyperemia have been expressed as percentage increase
of the diameter compared to the basal value. The
measurement has been registered at the media–adven-
titia interface of anterior (near) and posterior (far) vessel
walls. For each scanning the diameters have been
measured in four heart cycles and the average has been
calculated by dividing the difference between the
maximum diameter and the basal one by the maximum
diameter. The diameter of the brachial artery was
measured by the same expert sonographer (MG),
who was blinded to clinical data. The intraobserver
variability for the repeated measurements of resting
arterial diameter were 0.023±0.004 and 0.051±
0.005 mm, respectively. When this study was
performed on two separate days in 28 patients, the
within-patient difference for the measurement of the
percent increase in the arterial diameter during
reactive hyperemia was 1.4±0.3%.

Statistical analysis

Patients’ baseline characteristics were reported as
mean ± standard deviation (SD) or frequencies and
percentages for continuous and categorical variables,
respectively. Baseline comparisons between groups
were made using Chi-square test for categorical
variables and Mann–Whitney U test for continuous
variables.

Univariate and multivariate linear regression models
(adjusting for the established risk factors) were used to
investigate possible association between continuous
FMD and presence of DVT. Results were reported as
regression coefficients (β) along with their standard
errors (SE) and p values.

Interaction between age and DVT in predicting
continuous FMD was evaluated including in the
multivariate model the age by DVT multiplicative
term. Young–middle-aged and old-aged patients sub-
groups analyses were performed in the same fashion.

Possible interactions among risk factors in predict-
ing FMD were also investigated using RECursive

Partitioning and AMalgamation (RECPAM) method
(Ciampi et al. 1995; De Berardis et al. 2007),
separately for patients with age <65 years and patient
with age ≥65 years. This tree-based method inves-
tigates the interactions among clinical covariates. At
each partitioning step, the method chooses the
covariate and its best binary split to maximize the
difference in the outcome of interest. The algorithm
stops when user-defined conditions (stopping rules)
are met. To obtain more robust and stable split, a
permutation approach was adopted to choose the best
splitting variable.

A p value <0.05 was considered for statistical
significance. All analyses were performed using SAS
Release 9.1 (SAS Institute, Cary, NC, USA). For the
RECPAM analysis, we used a SAS macro routine
written by F. Pellegrini.

Results

The final study population consisted of 120 subjects with
the same atherosclerosis risk factors, 68 men (56.7%)
and 52 women (43.3%). The mean age was 60.6±
16.2 years (range 17 to 96 years). Baseline clinical
characteristics of patients divided according to the
presence of DVTwere reported on Table 1. There were
70 young–middle-aged subjects (mean age, 49.5±
10.5 years; range, 17 to 64 years) and 50 old-aged
subjects (mean age, 76.2±7.7 years; range, 65 to
96 years). The patients were then divided in four
subgroups: 36 young–middle-aged subjects without
spontaneous DVT (with a mean age±SD of 51.2±
9.5 years, range 23 to 64 years, 21 men and 15
women), 34 young–middle-aged patients with sponta-
neous DVT (with a mean age±SD of 47.7±11.4 years,
range 18 to 63 years, 19 men and 15 women), 24 old-
aged subjects without spontaneous DVT (with a mean
age±SD of 76.0±7.9 years, range 65 to 92 years, 13
men and 11 women), and 26 old-aged patients with
spontaneous DVT (with a mean age±SD of 75.9±6.8
years, range 66 to 90 years, 15 men and 11 women).

No differences in risk factors were detected
between DVT exposed and not exposed groups.

Patients with DVT showed a significant decrease
of FMD compared to patients without DVT (6.8±5.5
vs. 10.9±3.5, p<0.001), old-aged patients showed a
significant decrease of FMD compared to the young–
middle-aged subjects (7.4±4.1 vs. 9.8±5.3, p=0.005)

754 AGE (2012) 34:751–760



and a statistically significant negative correlation was
found between age and FMD (r=−0.28, p<0.01;
Fig. 1). Then we tested the interaction between age
and the presence of DVT on predicting continuous
FMD. As a significant interaction was found (p=
0.003), subgroup analyses for young–middle-aged
and old-aged groups were performed, separately.

As shown in Table 2, unadjusted and adjusted
regression coefficients were estimated in all patients

from univariate and multivariate linear regression
models, respectively, the latter adjusted for the following
risk factors: age, gender, obesity, smoke, dyslipidemia,
diabetes mellitus, arterial hypertension, cardiovascular
diseases, use of platelet anti-aggregating drugs, use of
statins, and presence of DVT. Univariate DVT regres-
sion coefficient (−4.10, p<0.001) did not substantially
change after adjustment for the established risk
factors (−4.14, p<0.001), confirming that DVT was

Variable Not exposed (without DVT) Exposed (with DVT) p value

Number of subjects n (%) 60 (50) 60 (50) –

Age (years) 61.2±15.1 60.1±17.4 0.729

Gender male n (%) 34 (56.67) 34 (56.67) 1.000

Obesity n (%) 17 (28.33) 23 (38.33) 0.245

Smoke n (%) 19 (31.67) 13 (21.67) 0.216

Anti-aggregating drugs n (%) 17 (28.33) 18 (30.00) 0.841

Statins n (%) 17 (28.33) 12 (20.00) 0.286

Dyslipidemia n (%) 16 (26.67) 20 (33.33) 0.426

Diabetes mellitus n (%) 5 (8.33) 7 (11.67) 0.543

Arterial hypertension n (%) 17 (28.33) 26 (43.33) 0.087

Cardiovascular disease n (%) 4 (6.67) 3 (5.00) 0.697

Continuous FMD (%) 10.7±3.5 6.6±5.5 <0.001

Table 1 Patients’ baseline
characteristics reported as
mean ± standard deviation
(SD) in subjects with and
without deep venous
thrombosis (DVT)

Fig. 1 x–y plot showing a
regression line with 95%
confidence limits between
flow-mediated dilation
(FMD) and age in the study
population (n=120). Linear
regression evidences a
statistically significant
negative trend between
FMD and age (r=−0.28,
p<0.01)
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the most significant predictor of endothelium-dependent
vasodilatation.

In the same way, univariate obesity regression
coefficient (−2.46, p=0.010) did not substantially
change after adjustment for the established risk
factors (−2.04, p=0.018).

In young–middle-aged group, univariate and
multivariate models confirmed that DVT was the
most significant predictor of continuous FMD:
unadjusted and adjusted regression coefficients
were: −6.20 (p<0.001) and −6.06 (p<0.001),
respectively (Table 3). On the contrary, DVT was
no more a predictor of FMD in old-aged group (β=
−0.73, p=0.556; Table 4).

Furthermore, young–middle-aged patients with DVT
showed a statistically significant decrease of the FMD

compared to the subjects without DVT (6.8±5.7% vs.
12.6±2.7%, p<0.001). Old-aged patients with DVT
showed a not statistically significant decrease of the
FMD compared to the subjects without DVT (6.7±
5.30% vs. 8.2±2.1%, p=0.203). Old-aged patients
without DVT showed a statistically significant de-
crease of the FMD compared to the young–middle-
aged subjects without DVT (8.2±2.1% vs. 12.6±2.7%,
p<0.001). Old-aged patients with DVT showed no
statistically significant difference of the FMD com-
pared to the young–middle-aged patients with DVT
(6.7±5.3% vs. 6.8±5.7%, p=0.932; Fig. 2). Such
results suggested that the presence of DVT was
strongly associated with decreasing of FMD values,
while age plays a role on FMD only in patients without
DVT.

Univariate analysis Multivariate analysis

Variable Beta (SE) p value Beta (SE) p value

Deep venous thrombosis −4.10 (0.83) <0.001 −4.14 (0.80) <0.001

Age −0.05 (0.03) 0.089 −0.01 (0.03) 0.589

Gender (male) −1.66 (0.91) 0.070 −1.37 (0.77) 0.079

Obesity −2.46 (0.94) 0.010 −2.04 (0.85) 0.018

Smoke −0.06 (1.03) 0.952 −0.25 (0.86) 0.774

Dyslipidemia −2.84 (0.96) 0.004 −0.34 (1.36) 0.805

Cardiovascular disease −1.02 (1.95) 0.602 −2.43 (1.66) 0.145

Arterial hypertension −1.89 (0.94) 0.046 −0.23 (1.02) 0.818

Diabetes mellitus −1.25 (1.52) 0.413 0.10 (1.35) 0.943

Platelet anti-aggregating drugs −2.35 (0.98) 0.018 −1.66 (0.89) 0.066

Statins −1.93 (1.05) 0.069 −1.30 (1.43) 0.366

Table 2 Univariate and
multivariate linear regression
analyses for continuous
flow-mediated dilation

Univariate analysis Multivariate analysis

Variable Beta (SE) p value Beta (SE) p value

Deep venous thrombosis −6.20 (1.03) <0.001 −6.06 (1.08) <0.001

Age 0.06 (0.06) 0.287 0.04 (0.05) 0.419

Gender (male) −1.70 (1.25) 0.180 −1.84 (1.04) 0.082

Obesity −3.09 (1.26) 0.017 −1.27 (1.13) 0.265

Smoke −1.43 (1.36) 0.299 −0.05 (1.05) 0.962

Dyslipidemia −3.12 (1.45) 0.035 −1.15 (1.83) 0.532

Cardiovascular disease −1.67 (3.77) 0.659 −1.27 (2.91) 0.662

Arterial hypertension −1.60 (1.66) 0.338 −0.12 (1.60) 0.941

Diabetes mellitus 1.68 (3.10) 0.590 4.44 (2.50) 0.081

Platelet anti-aggregating drugs −2.81 (1.69) 0.102 −1.19 (1.30) 0.367

Statins −1.57 (1.72) 0.363 −1.92 (1.97) 0.336

Table 3 Univariate and
multivariate linear regression
analyses for continuous
flow-mediated dilation in
patients with age <65 years
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Moreover, in order to investigate possible interac-
tions among age, gender, obesity, smoke, dyslipidemia,
diabetes mellitus, arterial hypertension, cardiovascular
diseases, use of platelet anti-aggregating drugs, use of

statins, and presence of DVT on FMD, RECPAM
analyses were performed, separately for patients with
age <65 years and patient with age ≥65 years. No
statistical significant interactions were found.

Univariate analysis Multivariate analysis

Variable Beta (SE) p value Beta (SE) p value

Deep venous thrombosis −1.20 (1.15) 0.301 −0.73 (1.23) 0.556

Age −0.04 (0.05) 0.552 −0.01 (0.07) 0.836

Gender (male) −1.67 (1.15) 0.152 −1.54 (1.19) 0.205

Obesity −1.91 (1.24) 0.130 −2.24 (1.25) 0.080

Smoke 1.62 (1.38) 0.246 1.55 (1.50) 0.310

Dyslipidemia −1.75 (1.16) 0.138 −0.24 (1.97) 0.905

Cardiovascular disease 0.34 (1.94) 0.861 −1.05 (1.94) 0.591

Arterial hypertension −0.42 (1.20) 0.727 0.292 (1.27) 0.818

Diabetes mellitus −1.18 (1.50) 0.436 −0.89 (1.50) 0.555

Platelet anti-aggregating drugs −0.76 (1.16) 0.513 −1.01 (1.18) 0.398

Statins −1.19 (1.20) 0.326 −0.93 (2.00) 0.644

Table 4 Univariate and
multivariate linear regression
analyses for continuous
flow-mediated dilation in
patients with age ≥65 years

Fig. 2 FMD of the brachial artery in patients with and without
deep venous thrombosis (DVT). Young–middle-aged patients
with DVT show a statistically significant decrease of the FMD
compared to the subjects without DVT (6.8±5.7% vs. 12.6±
2.7%, p<0.001). Old-aged patients with DVT show a not
statistically significant decrease of the FMD compared to the
subjects without DVT (6.7±5.30% vs. 8.2±2.1%, p=0.203).
Old-aged patients without DVT show a statistically significant

decrease of the FMD compared to the young–middle-aged
subjects without DVT (8.2±2.1% vs. 12.6±2.7%, p<0.001).
Old-aged patients with DVT show no statistically significant
difference of the FMD compared to the young–middle-aged
patients with DVT (6.7±5.3% vs. 6.8±5.7%, p=0.932). Box
plots with means, medians, quartiles, minimum, and maximum
values
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Discussion

The pathophysiology of venous thrombosis involves
blood stasis, hypercoagulability, and endothelial dam-
age. The pathways to arterial and venous thrombosis
have been considered completely different for many
years, but recent epidemiological studies have
evidenced an association between venous thrombosis
and indicators of atherosclerosis and/or arterial throm-
boembolic events (Van der Hagen et al. 2006; Reich et
al. 2006; Ageno et al. 2008; Heit 2008; Isma et al.
2009; Holst et al. 2010). A common denominator
might be represented by endothelial dysfunction.
Endothelial dysfunction has been conclusively shown
to be a primal event in the progression of athero-
thrombosis and to have a predictive value for future
ischemic cardiovascular events (Gresele et al. 2010;
Migliacci et al. 2007). FMD renders the endothelium-
dependent relaxation of a conduit artery following the
post-ischemic increase of blood flow. Brachial artery
reactivity, frequently used for non-invasive ultrasono-
graphic assessment of FMD, indicates endothelium-
dependent response to increased wall shear stress and
when impaired is a marker for endothelial dysfunction
and increased cardiovascular risk, correlating with
impaired endothelium-dependent relaxation in the
coronary arteries (Takase et al. 1998; Matsuo et al.
2004; Thanyasiri et al. 2005). In agreement with
previous results (Yavuz et al. 2008), the measurement
of endothelial-dependent vasodilatation in our old-aged
population has evidenced that FMD declines with
increasing age (Figs. 1 and 2) and we could confirm
that advanced age is a predictor of impaired endothelial
function in human subjects.

As evidenced in our study, young–middle-aged
subjects show impaired FMD when affected by DVT,
whereas in the elderly there is no further decrease of
endothelial-dependent vasodilatation in the presence
of DVT.

Univariate and multivariate linear regression models,
the latter adjusted for the common atherosclerosis risk
factors (age, gender, obesity, smoke, dyslipidemia,
diabetes mellitus, and arterial hypertension), cardiovas-
cular diseases, use of platelet anti-aggregating drugs,
use of statins, and presence of DVT indicate that DVT
was the most significant predictor of endothelium-
dependent vasodilatation in the whole study population
and in the young–middle-aged subjects (Tables 2 and
3), but not in the elderly (Table 4). The results of this

study suggest that FMD is comparable in old-aged
patients with and without DVT and that DVT does not
predict impairment of FMD and endothelial dysfunc-
tion in the elderly.

This evidence confirms that aging in itself is
associated with impaired FMD and consequently with
an increased risk of cardiovascular events, in which
endothelial dysfunction is an early marker. Previous
studies have evidenced a decrease of FMD in elderly
subjects with obstructive sleep apnea syndrome
(Chung et al. 2009), arterial hypertension (Kimura et
al. 1999), and microalbuminuria with or without
diabetes mellitus (Stehouwer et al. 2004).

A borderline level of significance was reached for
the correlation between male gender and FMD in the
whole study population and in the group of young–
middle-aged subjects (p=0.08), but not in the old age
group. This evidence is in agreement with the results
of a pioneer study evaluating FMD in the elderly,
where aging resulted associated with progressive
endothelial dysfunction in normal humans and the
decrease of endothelial-dependent vasodilation occurred
earlier in men, whereas women showed a steep decline
at around the time of the menopause (Celermajer et al.
1994). This gender difference in the pattern of age-
related decline in endothelial function supports the
concept of a hormonal influence on vascular
disease and risk. Male gender remains a cardiovas-
cular risk factor, even after controlling for other
influences, such as cigarette smoking and hyper-
tension and life expectancy is greater for women
than for men, in large part because of their lower
incidence of cardiovascular death in middle age. The
protective effect of estrogens on the arterial wall
decreases with advancing age and this phenomenon,
considering the advanced mean age of the overall study
population (60.6±16.2 years) and of the two subgroups
(49.5±10.5 and 76.2±7.7 years, respectively), might
explain why the interaction between gender and
impaired endothelial function found in our study did
not reach statistical significance.

We have to consider some limitations to the present
study. We included a small number of patients and we
excluded from the study patients who did not meet
stringent criteria of inclusion. Therefore, the results
obtained in this study may not apply to a more
general population of patients. Further studies are
needed to evaluate the utility of FMD as a screening
test for cardiovascular risk in elderly patients with
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idiopathic DVT and to evaluate the association
between FMD and future cardiac events in elderly
patients with DVT.

In conclusion, we have examined young–middle-
aged and old-aged subjects with and without unpro-
voked DVT and we have evaluated the arterial
endothelial function by FMD measurement in the
brachial artery. Data obtained show that old-aged
subjects have altered endothelial function and that
aging per se, irrespective of exposure to known risk
factors, may be associated with physiologic abnor-
malities in the systemic arteries. Endothelial dysfunc-
tion, an early indicator of pathology valuable to guide
risk factors modification and therapeutic intervention,
is present in the elderly and is not aggravated by other
concomitant diseases as in the case of spontaneous
deep phlebothrombosis.
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