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Aerobic physical activity improves endothelial function in the middle-aged
patients with erectile dysfunction
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Abstract

Objective. Physical activity (PhA) has proven to be a protective factor for normal erectile function. The aim of this study was to
evaluate the effects of a standard protocol of aerobic PhA on quality of erectile dysfunction (ED) in patients with arterial ED.
Materials and methods.  Fifty patients (48-62 years) were selected and underwent to standard protocol of aerobic PhA: 150 min of
moderate intensity aerobic activity per week (group A). Twenty patients, matched aged, with vascular ED who did not accept to
undergo the standard PhA’s protocol, represented the control group. All patients were evaluated, by IIEF-5 questionnaire
administration, penile eco color doppler and flow-cytometric analysis for detection of serum concentrations of original
immunophenotype endothelial progenitor cells (EPCs)=CD45,./CD34,,/CD144,,; and endothelial microparticles
(EMPs) = CD45,,.,/CD34,,.,/CD144,.

Results.  After 3 months, group A showed IIEF 5 score and peak systolic velocity significantly higher (p < 0.05) compared to
controls, and significantly lower values (p < 0.05) of acceleration time, in addition serum concentrations of EPCs and EMPs were
significantly lower (p < 0.05) in group A compared to controls.

Conclusions. PhA improves quality of arterial ED, without other pharmacological approach, probably by reduced endothelial
apoptosis. This study characterises the study of endothelial dysfunction by new cell circulating markers.

Keywords: Physical activity, erectile dysfunction, middle-aged men, endothelial dysfunction, endothelial progenitor cells, endothelial
microparticles

Introduction erectile dysfunction (ED) were studied. Patients were
assessed at baseline and after 3 months of study
treatment, in this study at baseline, patients were
randomised to receive phosphodiesterase type 5 in-
hibitor (PDES5i) alone (group A) or PDE5i plus regular
(>3 h/week), aerobic, non-agonistic PhA (group B). All
subjects completed the International Index of Erectile
Function (ITEF-15) questionnaire. IIEF restoration of
ED occurred in 77.8% (intervention group) versus
39.3% (control) (p < 0.004). The IIEF-15 score
resulted in statistical improvement in intervention
group in all the domains but one (orgasm): erectile
function, 24.7 versus 26.8 (p=0.003); confidence
(Q15), 3.53 versus 4.07 (p=0.006); sexual desire,
6.46 versus 7.18 (p=0.028); intercourse satisfaction,
9.85 versus 11.25 (p=0.001); total satisfaction, 7.17
versus 8.07 (p=0.009); total score, 56.2 versus 61.07

There is now a wealth of sophisticated epidemiological
evidence to demonstrate that physical activity (PhA) is
associated with reduced risk of coronary heart disease,
obesity, type 2 diabetes and other chronic diseases and
conditions. Causal relationships between PhA and
cardiovascular disease, type 2 diabetes, colon cancer
and all-cause mortality have been recognised for some
time. More recently, the pertinent issue has been the
dose-response relationship between PhA and health:
What is the minimum dose of activity associated with
health and well-being? What doses of activity offer
greater health benefits? [1].

Physical activity end erectile dysfunction

PhA has proven to be a protective factor for normal (p=0.007). PhA was the only independent variable for
erectile function in numerous epidemiological studies. normal erection (p=0.010) (95% confidence interval
In a recent study, a total of 60 patients complaining of [CI]: 0.036-0.643), higher sexual satisfaction
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®»=0.022) (95% CI: 0.084-0.821) and normal total
ITIEF-15 score (p=0.023) (95% CI: 0.85-0.837) [2].

In an evaluation of 3.941 adult men (age >20 years)
logistic regression analyses were used to examine the
relative odds of ED association with PhA. PhA level was
divided into active (>150 min/week), moderately active
(30-149 min/week) and inactive (<30 min/week)
categories. Moderately active or inactive men had an
approximately 40-60% greater odds of ED compared
with active men. The logistic regression model showed
that PhA level were independently associated with a
greater odds of ED. Moderate-intensity PhA (>150
min/week) is associated with the maintenance of proper
erectile function [3].

In a other study of Esposito et al., total of 209
subjects were randomly assigned to one of the two
treatment groups. The 104 men randomly assigned to
the intervention programme received detailed advice
about how to increase the PhA. The 105 subjects in the
control group were given general information about
their level of PhA. Erectile function score improved in
the intervention group. At baseline, 35 subjects in the
intervention group and 38 subjects in the control group
had normal erectile function (34% and 36%, respec-
tively). After 2 years, these figures were 58 subjects in
the intervention group and 40 subjects in the control
group, respectively (56% and 38%, p=0.015). There
was a strong correlation between the success score and
restoration of erectile function [4].

Physical activity and endothelial dysfunction

The mechanisms by which exercise improves endothe-
lial function are not fully clarified. Several mechanisms
have been proposed to explain the positive effect of
exercise on the disease progression. They include the
decrease in cytokine production by the adipose tissue,
skeletal muscles, endothelial cells and blood mono-
nuclear cells, and also, the increase in the bioavailability
of nitric oxide, antioxidant defences and regenerative
capacity of endothelium [5].

Mobilisation of bone marrow-derived endothelial
progenitor cells (EPC) might explain exercise-induced
improvement of endothelial function, in a recent study,
EPC were quantified by flow cytometry and cell culture
in 25 healthy volunteers undergoing three protocols of
running exercise. Intensive running, defined as 30 min
at 100% of the velocity of the individual anaerobic
threshold (IAT; approximately 82% maximal oxygen
consumption; VO,max), as well as moderate running
with 30 min at 80% of the velocity of the IAT
(approximately 68% VO,max), increased circulating
EPC numbers to 235% 4 93% and 263% 4+ 106% of
control levels, respectively [6].

A sedentary lifestyle has adverse effects on the
cardiovascular system, including impaired endothelial
functions. In a recent study on healthy men to 7 days of
dry immersion (DI), the authors have investigated
endothelial properties before, during and after 7 days

of DI involving eight subjects. Microcirculatory func-
tions were assessed with laser doppler in the skin of the
calf and basal blood flow and endothelium-dependent
and independent vasodilation were studied. Also
plasma levels of microparticles, a sign of cellular
dysfunction, and soluble endothelial factors, reflecting
the endothelial state were measured. Basal flow and
endothelium-dependent vasodilation were reduced by
DI (22 + 4 vs. 15 + 2 arbitrary units and 29% + 6% vs.
12% + 6%, respectively, p < 0.05), and this was
accompanied by an increase in circulating endothelial
microparticles (EMPs), which was significant on day 3
(42 +8 vs. 65+ 10 EMPs/microliter, p < 0.05),
whereas microparticles from other cell origins remained
unchanged. Plasma soluble VEGF decreased signifi-
cantly during DI, whereas VEGF receptor 1 and soluble
CD62E were unchanged, indicating that the increase in
EMPs was associated with a change in antiapoptotic
tone rather than endothelial activation. This study
showed that extreme physical inactivity in humans
induced by 7 days of DI causes microvascular impair-
ment with a disturbance of endothelial functions,
associated with a selective increase in EMPs. Micro-
circulatory endothelial dysfunction might contribute to
cardiovascular deconditioning as well as to hypodyna-
mia-associated pathologies [7].

A recent cross-sectional multicenter study with six
research groups was undertaken, the purpose of this
study was to analyse the relationship of PhA to the
circadian pattern of blood pressure, central and
peripheral blood pressure, pulse wave velocity, carotid
intima-media thickness and biological markers of
endothelial dysfunction in active and sedentary indivi-
duals without arteriosclerotic disease. Determining that
sustained PhA and the change from sedentary to active
improve circadian pattern, arterial elasticity and carotid
intima-media thickness may help to propose lifestyle
intervention programmes. These interventions could
improve the cardiovascular risk profile in some para-
meters not routinely assessed with traditional risk
scales. From the results of this study, interventional
approaches could be obtained to delay vascular aging
with physical exercise [8].

New markers of endothelial dysfunction

ED may be evaluated in many ways and recently this
has been done by estimating the number of circulating
endothelial precursor cells (EPCs) and endothelial
microparticles (EMPs) [9]. EPCs are progenitor cells
similar to the embryonic angioblast; they derive from
the mesoderm and have a common precursor with the
haematopoietic stem cells (HSC), the emangioblast.
EPCs may also originate from trans-differentiated
monocyte/macrophages [10]. The first EPC phenotype
was defined by the presence of the following antigens in
blood cells: CD34, CD133 and VEGFR2 (or KDR)
[11]. However, recent observations suggest that this
EPC phenotype is rich in haematopoietic progenitor
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cells (HPC) and expresses the panleukocyte antigen
CD45. Moreover, these cells have been reported to be
unable to form endothelial colonies in-vitro. A closer
look at the EPC biology indicates a progressive loss of
CD133 and CD34 antigens and the expression of
CD31, VE-cadherin (CD144) and Vwf, following their
mobilisation into the general circulation [12,13]. Thus,
the absence of CD45 and the concomitant presence of
CD34 and CD144 antigens assure that these cells are
true endothelial stem/progenitor cells [13-16]. On this
basis, we chose to evaluate the following EPCs
phenotype: CD45,,.,/CD34,,,/CD144s.

In addition to EPCs, EMPs may be found in the
general circulation. Cellular microparticles (MPs) are
fragments of the plasma membrane that are shed by
virtually all cells undergoing stress conditions, includ-
ing cell activation and apoptosis. Since the description
of the ‘platelet dust’ [17] numerous studies have
reported the presence of subcellular vesicles in cen-
trifuged plasma. Although long considered to be
cellular debris, blood MPs are more recently considered
reflective of cellular stimulation, activation and degen-
eration/apoptosis. By general consensus, MPs are small
in size (<1.5 um). EMPs are released as consequence
of endothelial dysfunction, atherogenesis and endothe-
lial apoptotic processes [18].

There are no data on the benefits of a standard protocol
of aerobic PhA on vascular ED, and in particular, no
studies have assessed endothelial function by evaluation of
circulating endothelial progenitors cells and endothelial
microparticles, after PhA in these patients.

Based on these findings, the aim of this study was to
evaluate the effects of a standard protocol of aerobic
PhA on quality of ED in selected men with arterial ED,
without other specific treatment for ED.

Patients and methods

Patient selection

Fifty patients with arterial ED were enrolled, mean age:
57.3 + 0.5 years (range: 48-62). The diagnosis of
arterial ED was made when all the following criteria
were fulfilled: (a) international index of erectile func-
tion (ITEF-5) score <21 [19]; (b) cavernousal artery
peak systolic velocity (PSV) <30 cm/sc, 10 and 20 min
after the intracavernousal injection of alprostadil
(20 ug) by echo color Doppler [20]; (c) acceleration
time >110 ms [21].

Exclusion criterta: coronary artery disease, carotid and
lower limbs atherosclerosis, smokers, diabetics.

All 50 patients were underwent to aerobic phisical
activity’s protocol (Table I) and observation of the
Mediterranean diet’s principles (Table I) explained by
the specialist at the beginning and during each monthly
conventional visit and represented the group A.

Twenty patients, mean age: 55.8 + 1.2 years (range:
46-64) were excluded from aerobic PhA protocol for
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Table I. Protocol of aerobic physical activity and Mediterranean diet’s
principles observed by patients during the study.

Detection of target heart rate according to Karvonen’s formula [22]:
Frequency of cardiac reserve (FCR) = Maximum heart rate — Basal
cardiac frequency
More generally: THR = (Maximum heart rate* — basal cardiac
frequency) x % Intensity) + basal cardiac frequency, where:

intensity = 70-80% for aerobic work

Doses of activiry: 150 min of moderate intensity aerobic activity per
week

Duration of bouts: 30 min

Practical advice: All patients practiced physical activity with heart
rate training between 40 and 60% of maximum heart rate.

Principles of the traditional Mediterranean diet observed during the
study [23]:

1. High ratio of monounsaturated to saturated dietary lipids (mainly
olive oil)

. Moderate ethanol consumption

. High consumption of legumes

. High consumption of non-refined cereals, including bread

. High consumption of fruits

. High consumption of vegetables

. Low consumption of meat and meat products

. Moderate consumption of milk and dairy products

00 1 O Ul bW

*Maximum heart rate: 220 — age of patient.

rejection and represented control group, these patients
observed only the principles of the Mediterranean diet.

All patients underwent at baseline and after 3
months to dynamic penile echo colour Doppler and
blood withdrawal (100 ul), for EPC and EMP measure-
ments by flow cytometry. In addition to, all was
administered IIEF-5 questionnaire. The study was
approved by the internal Institutional Review Board
and an informed written consent was obtained from
each patient.

Blood EPC and EMP determination

EPCs and EMPs evaluation was performed in blood
(100 ul) following incubation in erythrocyte lysing
solution (Versalyse, IL, Milan, Italy) for 1 min. The
suspension was then washed twice with phosphate
buffer solution (PBS), centrifuged and the pellet was
rapidly incubated in PBS containing the following
monoclonal antibodies: anti-CD45 (10 ul), anti-CD34
(20 ul) and anti-CD144 (20 ul), respectively labelled
with r-phycoerythrin covalently bound to Texas red
(ECD), fluorescein isothiocyanate (FITC) and r-
phycoerythrin (PE), at room temperature for 20 min.
Each antibody was tested with the isotypic control.
Each sample was analysed by flow cytometry (EPICS
XL, Coulter Electronics, IL, Milan, Italy) using the
following gating strategy (Figure 1). Histograms 1
report the forward versus side scatter dot plot: 3
different cell populations can be identified; gate F:
lymphocytes; gate I: monocytes; gate L: polymorpho-
nuclear cells; Histograms 2 report the CD45,,,5 (E) and
CD45,; (G) cells; Histograms 3 report only the
CD45,,, cells (gate G) subdivided according to the
staining with CD34 and CD144 antigens. EPCs were
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Figure 1. Representative flow cytometric scattergrams showing the gating strategy used. Upper panels, after PhA standard aerobic protocol in
patients with ED; lower panels, before PhA aerobic protocol. Both histograms 1 report the forward versus side scatter dot plot: three different cell
populations can be identified (gate F: lymphocytes; gate I: monocytes; gate J: polymorphonuclear cells). Both histograms 2 report the CD45, (E)
and CD45,,, (G) cells. Both histograms 3 report only the CD45,,, cells (gate G) subdivided according to the expression of CD34 and CD144
antigen staining. EPCs were defined as CD45,,.,/CD34,,/CD144,,,,, whereas EMP CD45,,.,/CD34,.,/CD144s.

defined as CD45,.,/CD34,,/CD144,.,, whereas
EMPs as CD45,,.,/CD34,,,/CD144,,; events. Flow
cytometric analysis was conducted for 600 s or 100,000
events (cells) whichever occurred first.

Statistical analysis

Results are shown as mean + SEM. EPC and EMP
values were log-transformed before being analysed.
Statistical analysis was conducted by one-way analysis
of variance (ANOVA) followed by the Duncan Multiple
range test or unpaired Student’s z-test, as appropriate.
Statistical analysis was conducted using SPSS 10.0 for
Windows. A p-value lower than 0.05 was accepted as
statistically significant.

Results

No statistically significant difference (p value > 0.05) in
age between the two groups was observed. At baseline,

no statistically significant difference between the two
groups, relatively to the following parameters: IIEF-5
score, peak systolic velocity, acceleration time and
relatively to others vascular parameters as: end diastolic
velocity, resistance index, intimal cavernous thickness
(Table II). In addition, no statistically significant
difference (p value >0.05) between the two groups for
the following metabolic characteristics: body mass
index, total cholesterol, HDL, triglycerides, blood
pressure detected during the enrollment visit (Table
II). Finally, at baseline, no statistically significant
difference (p value >0.05) between the two groups
relatively serum EPCs (15.8% + 1.4% vs. 15.3% +
2.3%) and EMP concentration (6.7% =+ 0.4% vs.
7.1% + 1.1%) (Figure 2).

After 3 months, group A showed mean IIEF-5 score
significantly higher (p value <0.05) compared to
themselves at baseline and group B (Table II) and
showed statistically significant difference (p value
<0.05) relatively to all parameters investigated (peak
systolic velocity, acceleration time, body mass index,
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Table II. Penile dynamic echo-color doppler parameters, IIEF-5 score and metabolic features (mean + SEM) of the patients (group A and group
B) with arterial erectile dysfunction at baseline and after three months of standard aerobic protocol of physical activity.

Parameters Group A baseline Group B baseline Group A after 3 months Group B after 3 months
Peak systolic velocity (cm/s) 27.04+ 0.5 275+ 1.2 33.3 + 1.0%" 28.0+ 1.0
EDV (cm/s) 2.0+ 0.5 2.0+ 1.8 1.5+ 0.5 1.5+ 1.0
Acceleration time (ms) 127.2 + 1.2 129.3 + 1.6 112.1 + 1.0%" 1282+ 1.2
Resistance index 0.91 + 0.03 0.92 + 0.01 0.93 + 0.08 0.91 + 0.01
Intima-media thickness (mm) 0.33 + 0.02 0.34 + 0.04 0.32 + 0.02 0.35 + 0.04
IIEF-5 11.0 + 1.0 10.5 + 0.7 16.5 + 1.0*" 11.0 + 0.7
Serum T concentration (ng/dl) 436 + 12.2 452 + 15.0 450 + 15.2 453 + 20.0
Body mass index (kg/mz) 275+ 1.0 279+ 1.2 26.0 + 0.5*" 27.7+ 1.0
Total cholesterol (mg/dl) 213.1 + 13.1 218.0 £ 11.2 116.1 + 10.1*" 216.0 + 11.2
HDL cholesterol (mg/dl) 43.0 + 3.3 42.0 + 0.7 38.0 + 2.2*" 41.0 + 1.7
Triglycerides (mg/dl) 189.1 + 10.1 194.0 + 17.2 121.1 + 10.2*%" 190.0 +£ 17.2
Systolic blood pressure (mmHg) 1434+ 7.1 142.4 + 11.2 134.2 + 5.1*" 141.2+11.2
Diastolic blood pressure (mmHg) 94.1+ 7.4 92,5+ 6.2 87.5 + 8.4x" 92.5+ 6.2
*p < 0.05 compared to group A at baseline.
p < 0.05 compared to group B after 3 months.
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Figure 2. Percentage of circulating endothelial progenitor cells
(immunophenotype CD45,,.,/CD34,,/CD144,,) and percentage of
circulating endothelial microparticles (immunophenotype CD45,,./
CD34,,,,/CD144,) in all patients with ED at baseline (group A
compared to group B).

total cholesterol, HDL, triglycerides, blood pressure
detected during second visit), compared to themselves
at baseline and group B (Table II). Finally, group A
showed mean serum concentrations of EPCs
6.7% + 1.2% vs. 15.2% + 2.8%) and EMP (2.6% +
0.46% vs. 6.8% + 0.9%) significantly lower (p value
< 0.05) compared to themselves at baseline and group
B (Figure 3).

Discussion

The study evaluated the benefits induced by aerobic
PhA on the severity of ED in a setting of selected
middle-aged patients with arterial ED and found a

group A group B

Imendothelial progenitor cells @endothelial microparticles

Figure 3. Percentage of circulating endothelial progenitor cells
(immunophenotype CD45,,.,/CD34,,/CD144,,) and percentage of
circulating endothelial microparticles (immunophenotype CD45,./
CD34,,.,/CD144,,) in all patients with ED after 3 months of PhA
standard aerobic protocol (group A compared to group B).

significant improvement in all vascular and metabolic
parameters analysed, in particular a reduction of
apoptosis and repair endothelial assessed by original
immunophenotype of circulating EPC and MPE.

The results of this study shows, in agreement with
previous articles by other authors, that PhA improves
the severity of ED; however, with some important
points for originality: a clear clinical setting of ED
patients analysed, a well-defined approach of PhA and
finally a new methodological model for the study of
reparative and apoptotic endothelial function.

ED is experienced at least some of the time by most
men who have reached 45 years of age, and it is
projected to affect 322 million men worldwide by 2025.
The prevalence of ED is high in men of all ages and
increases greatly in the elderly [24].
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ED’s severity and prevalence both increase with
aging: since ED is a symptom, physicians should
diagnose underlying pathologies that might lead to it
instead of focussing on finding a viable treatment.
Cardiovascular alterations occur in the elderly and
might lead to ED because of penile blood flow
impairment: diabetes, smoking and sedentary life-style,
being risk factors for vascular pathologies, can affect
erectile function. Metabolic syndrome and psychologi-
cal factors are highly prevalent in aging men and might
be other important determinants of ED. Drugs play a
role in the pathogenesis of ED, as they can alter
hormonal or vascular mechanics needed for achieving
or maintaining erection. Alterations in penile vessels
can be observed in the elderly: lack of androgens might
lead to a reduction of smooth muscle cells content in
the penis and an increase in the caliber of vascular
spaces [25].

About 60% of the elderly population expresses their
interest for maintaining sexual activity. Although aging
and functional decline may affect sexual function, when
sexual dysfunction is diagnosed, physicians should rule
out disease or side effects of medications. Common
disorders related to sexual dysfunction include cardio-
vascular disease, diabetes, lower urinary tract symptoms
and depression. Early control of cardiovascular risk
factors may improve endothelial function and reduce
the occurrence of ED. Treating those disorders or
modifying lifestyle-related risk factors (eg obesity) may
help prevent sexual dysfunction in the elderly [26].

Physical inactivity negatively impacts on erectile
function, and experimental and clinical exercise inter-
ventions have been shown to improve sexual responses
and overall cardiovascular health. Mediterranean-style
diets and a reduction in caloric intake have been found
to improve erectile function in men with the aspects of
the metabolic syndrome. In addition, both clinical and
experimental studies have confirmed that combining
the two interventions provides additional benefit to
erectile function, likely via reduced metabolic distur-
bances (e.g. inflammatory markers, insulin resistance),
decreased visceral adipose tissue and improvement in
vascular function (e.g. increased endothelial function)
[27].

A recent study on 674 men aged 45-60 year that
included a urological physical examination, medical
history and assessment of testosterone (T) and sex
hormone-binding globulin showed a positive correla-
tion between the IIEF-5 and the Paffenbarger score
(specific questionnaire for self-reported PhA levels)
(r=0.164, p < 0.001). The IIEF-5 score increased with
an increasing Paffenbarger score (PhA index) up to a
level of 4000 kcal/week. T revealed a trend to a
significant impact on the ITEF-5 score but showed no
association with the Paffenbarger score. The risk of
severe ED was decreased by 82.9% for males with PhA
of at least 3000 kcal/week compared with males with
PhA under 3000 kcal/'week (OR=0.171, p=0.018)
[28].

BMI and PhA independently and differentially
affected ED risk. BMI had greatest influence with low
physical activity, and PhA exerted greatest influence
when BMI was high. A population representative cross-
sectional analytic study of ED in Hong Kong, with two-
stage stratified random sampling and face-to-face
interviews conducted by trained interviewers with
structured questionnaires. Study subjects were 1506
men aged 26-70. In this study, age, PhA and general
psychological distress were independently associated
with ED after multivariate adjustments. An U-shaped
relationship between BMI and ED was observed only
among men with no exercise (<once/week): BMI
<18.5 (OR=2.99; 95% CI: 1.01-8.86), 18.5-19.9
(OR=2.66; 95% CI. 1.04-6.79), 20.0-20.9
(OR=1.37; 95% CI: 0.49-3.79), 22.0-22.9 (OR=
1.36; 95% CI: 0.58-3.17), 23.0-24.9 (OR=1.66; 95%
CI: 0.70-3.93), >25.0 (OR=2.47; 95% CI: 1.08-5.67)
using BMI 21.0-21.9 as reference, adjusted for age and
smoking status. Being physically active (>1000 kcal/
week) only reduced the risk of ED (OR = 0.40, 95% CI:
0.16-0.95) in men who were obese, adjusted for age
smoking status and BMI [29].

Another recent study was conducted from October
2000 to October 2003 at a university hospital in Italy.
The 55 men randomly assigned to the intervention
group received detailed advice about how to achieve a
loss of 10% or more in their total body weight by
reducing caloric intake and increasing their level of
physical activity. Men in the control group (z=55)
were given general information about healthy food
choices and exercise. Erectile function score, levels of
cholesterol and triglycerides, circulating levels of inter-
leukin 6, interleukin 8 and C-reactive protein and
endothelial function as assessed by vascular responses
to L-arginine. After 2 years, body mass index decreased
more in the intervention group (from a mean [SD] of
36.9 [2.5] to 31.2 [2.1]) than in the control group (from
36.4 [2.3] to 35.7 [2.5]) (p < 0.001), as did serum
concentrations of interleukin 6 (p=0.03) and C-
reactive protein (p=0.02). The mean (SD) level of
PhA increased more in the intervention group (from 48
[10] to 195 [36] min/week; p < 0.001) than in the
control group (from 51 [9] to 84 [28] min/week;
p < 0.001). The mean (SD) IIEF score improved in the
intervention group (from 13.9 [4.0] to 17 [5];
p < 0.001), but remained stable in the control group
(from 13.5 [4.0] to 13.6 [4.1]; p=0.89). Seventeen
men in the intervention group and three in the control
group (p=0.001) reported an IIEF score of 22 or
higher. In multivariate analyses, changes in body mass
index (p =0.02), PhA (p =0.02) and C-reactive protein
(p=0.03) were independently associated with changes
in IIEF score [30].

PhA and EPC/MPE serum concentrations

The results of recent study suggest that finishing a
marathon race will lead to an inflammatory response
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and down-regulation of circulating haematopoietic
stem cells. With respect to EPCs no change is observed,
which may be because of a greater differentiation of the
remaining CD34 cells towards EPCs. Sixty-eight
healthy marathon runners (age: 57 + 6 years) were
included in this study. Blood cell counts were evaluated
by standard methods and circulating progenitor cells
before and immediately after the race were quantified
by fluorescence-activated cell sorter (FACS). Vascular
endothelial growth factor (VEGF) and epidermal
growth factor (EGF) was quantified by enzyme-linked
immunosorbent assay. A marathon race led to a
significant increase in white blood cell count
(5283 + 155 vs. 13,706 + 373  cells/microliter;
p < 0.001). Fluorescence-activated cell sorter analysis
revealed a significant decrease of CD34 cells
(1829 + 115 VS. 1175 + 75 cells/ml blood;
p < 0.0001), CD117 cells (2478 + 245 vs. 2193 + 85
cells/ml blood; p < 0.05) and CD133 cells (3505 + 286
vs. 2239 £ 163 cells/ml blood; p < 0.001). No signifi-
cant change was observed for EPCs defined as CD34/
VEGF-R2 cells (117 + 8 vs. 128 + 9 cells/ml blood;
p=0.33). With respect to VEGF, a significant down-
regulation was evident directly after the race
(48.9 + 8.0 vs. 34.0 + 7.5 pg/ml; p < 0.05), whereas
no change was obvious in EGF levels [31].

A maximal bout of exercise induces a significant shift
in CD34" cells toward CD34"/KDR" cells; this
response was larger in subjects with a less favourable
lipid profile. In this study, healthy subjects (group 1,
n=11; group 2, n=14) performed a symptom-limited
cardiopulmonary exercise test on a bicycle ergometre.
Numbers of CD34%/kinase insert domain receptor
(KDR)" cells were determined by flow-cytometric
analysis, either after magnetic separation of CD34"
cells (group 1) or starting from whole blood (group 2).
Serum concentrations of VEGF and NO metabolites
were measured by using ELISA. Following exercise,
EPC increased by 76% (15.4 + 10.7 cells/ml vs.
27.2 + 13.7 cells/ml; p=0.01) in group 1 and by 69%
in group 2 (30.9 + 14.6 cells/ml vs. 52.5 + 42.6 cells/
ml; p=0.03). The increase in EPC correlated positively
with LDL and total cholesterol/HDL ratio and nega-
tively with peak oxygen consumption and oxygen
consumption at anaerobic threshold, VEGF levels
increased with exercise, with a strong trend toward
significance (p=0.055), nitric oxide (NO) levels
remained unchanged [32].

Regular exercise training augments the number of
circulating EPCs in patients with cardiovascular risk
factors and coronary artery disease and is associated
with improved vascular function and NO synthesis, in
this study, 20 patients with documented coronary artery
disease and/or cardiovascular risk factors joined a 12-
week supervised running training. Circulating EPCs
defined by the surface markers CD34, KDR and
CD133 were measured at baseline and after exercise
training by flow cytometry, with a significant increase in
circulating EPCs (2.9 + 0.4-fold increase; p < 0.0001),
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which was positively correlated with both, the change of
flow-mediated dilation (FMD) (r=0.81, p < 0.001)
and the increase of NO synthesis (r=0.83, p < 0.001).
Plasma VEGF and erythropoietin did not change in
response to exercise. However, in this study, there was
observed a positive correlation between the number of
EPCs and erythropoietin at baseline (r=0.70,
p < 0.01) and after training (r=0.73, p < 0.01) [33].

Finally, higher habitual PhA level in patients with
CAD was associated with higher flow-mediated dilation
and EPC count. Nonetheless, FMD only significantly
correlated with increased PhA level, but not EPC,
suggesting that increased PhA improves endothelial
function through mechanisms other than increasing
EPC count [34].

Strenuous activity in healthy individuals leads to a
time-dependent increase in EPCs and MPE, which may
be related to VEGF and IL-6. In a study, 18 healthy
young men cycled for 4 h continuously at 70% of their
individual anaerobic threshold. Peripheral blood was
drawn at 16 predefined time points during and after
finishing cycling. A significant rise in heart rate and
leukocytes was obvious, whereas lactate levels and
haematocrit did not change. The amount of circulating
progenitor cells, mature endothelial cells and micro-
particles, quantified by flow cytometry, showed a
significant time-dependent increase at 210/240 min.
In addition, a very early rise in VEGF and later increase
in IL-6, both measured by ELISA, were evident. All
observed changes were normalised 24 h after finishing
the test [35].

The studies of Navasiolava et al. [7] (cited in
introduction) and Mobius-Winkler et al. [35] remain
the only studies that evaluated directly the serum
concentrations of EMP during PhA.

In conclusion, this study shows that the standard
protocol of aerobic exercise improves vascular and
metabolic aspects of patients with arterial ED through
improvement of endothelial function; other studies will
examine the role of PhA in addition to medical therapy
or its effects on hormonal parameters of these patients.

Declaration of interest: The authors report no conflicts of
interest. The authors alone are responsible for the content and
writing of the paper.
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