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Erectile dysfunction, physical activity and
metabolic syndrome: differences in markers of
atherosclerosis
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Abstract

Background: Erectile dysfunction (ED), impaired arterial elasticity, elevated resting heart rate as well as increased
levels of oxidized LDL and fibrinogen associate with future cardiovascular events. Physical activity is crucial in the
prevention of cardiovascular diseases (CVD), while metabolic syndrome (MetS) comprises an increased risk for CVD
events. The aim of this study was to assess whether markers of subclinical atherosclerosis are associated with the
presence of ED and MetS, and whether physical activity is protective of ED.

Methods: 57 MetS (51.3 ± 8.0 years) and 48 physically active (PhA) (51.1 ± 8.1 years) subjects participated in the
study. ED was assessed by the International Index of Erectile Function (IIEF) questionnaire, arterial elasticity by a
radial artery tonometer (HDI/PulseWave™ CR-2000) and circulating oxLDL by a capture ELISA immunoassay.
Fibrinogen and lipids were assessed by validated methods. The calculation of mean daily energy expenditure of
physical exercise was based on a structured questionnaire.

Results: ED was more often present among MetS compared to PhA subjects, 63.2% and 27.1%, respectively (p <
0.001). Regular physical exercise at the level of > 400 kcal/day was protective of ED (OR 0.12, 95% CI 0.017-0.778, p
= 0.027), whereas increased fibrinogen (OR 4.67, 95% CI 1.171-18.627, p = 0.029) and elevated resting heart rate
(OR 1.07, 95% CI 1.003-1.138, p = 0.04) were independently associated with the presence of ED. In addition, large
arterial elasticity (ml/mmHgx10) was lower among MetS compared to PhA subjects (16.6 ± 4.0 vs. 19.6 ± 4.2, p <
0.001), as well as among ED compared to non-ED subjects (16.7 ± 4.6 vs. 19.0 ± 3.9, p = 0.008). Fibrinogen and
resting heart rate were highest and large arterial elasticity lowest among subjects with both MetS and ED.

Conclusions: Markers of subclinical atherosclerosis associated with the presence of ED and were most evident
among subjects with both MetS and ED. Thus, especially MetS patients presenting with ED should be considered
at high risk for CVD events. Physical activity, on its part, seems to be protective of ED.

Trial registration: ClinicalTrials.gov NCT01119404

Background
Atherosclerosis begins with oxidation of LDL particles
in the arterial wall [1]. Oxidatively modified LDL
(oxLDL) damages the endothelium of the artery - a
pathophysiology similar to that of vascular erectile dys-
function (ED) [1,2]. As a result, the elasticity of the
arteries deteriorates. Impaired arterial elasticity and
increased levels of circulating oxLDL as well as elevated

fibrinogen and resting heart rate associate with subclini-
cal atherosclerosis and increased risk of cardiovascular
disease (CVD) events [3-8].
Besides similar pathophysiology, ED and CVD share

same risk factors [9]. In addition, a high prevalence of
both silent and clinical CVD has been reported among
ED patients [9,10]. ED has also been reported as an
independent predictor of incident CVD [11,12]. Since
ED often precedes CVD symptoms from other vascular
beds, it is thought to be an early clinical manifestation
of systemic atherosclerosis [9,13].* Correspondence: hanna.pohjantahti-maaroos@kuh.fi
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Physical activity is known to be crucial in the preven-
tion of CVD. Sedentary lifestyle, on its part, predisposes
to metabolic syndrome (MetS), a clustering of metabolic
disorders; visceral obesity, hypertension, dyslipidaemia
and insulin resistance or diabetes [14]. MetS comprises
a high risk for CVD events even in the absence of dia-
betes [15]. Mechanisms that link MetS to increased
CVD risk are, however, incompletely understood.
In the present study we assessed arterial elasticity, cir-

culating oxLDL levels, fibrinogen and resting heart rate
among MetS and physically active (PhA) subjects. The
aim was to study whether these markers of subclinical
atherosclerosis associate with ED and MetS, and
whether physical activity is protective of ED.

Methods
Subjects
120 men with MetS and 80 physically active (PhA) men
participating in the Hämeenlinna Metabolic Syndrome
research program (HMS) were recruited in the study.
MetS was diagnosed according to National Cholesterol
Education Program (NCEP) criteria [16]. We inter-
viewed the subjects on their medical history and lifestyle
habits. Participation of a PhA subject was accepted if he
exercised more than three times a week and 30 minutes
per exercise on a regular basis without chest pain, dys-
pnea or fatigue, and did not fulfil the criteria of MetS.
Exclusion criteria were non-specific beta-blocker medi-
cation and suspected non-vascular ED. Suspicion of
non-vascular ED was based on patient records and
patients’ self-report during in the presence of possible
psychogenic, urogenital, neurological or endocrinological
cause for ED. Diagnoses of diabetes, hypertension and
CVD were based on patients’ report on previously diag-
nosed diseases, patient records and the use of antihyper-
glycemic, antihypertensive or antianginal medication.
Positive family history of CVD was considered among
subjects reporting previously diagnosed CVD in a first
degree relative.
Subjects filled in a structured questionnaire on their

average amount, type and intensity of leisure time physi-
cal exercise per week. The compendium of physical
activities and subjects’ self-rated intensity levels were
used in estimating the metabolic equivalent (MET)
values [17]. The energy expenditure of mean daily physi-
cal exercise was calculated in kilocalories by multiplying
the MET value and exercise times per week and mean
duration of exercise in hours and person’s weight in
kilograms and finally dividing it by seven. Physical activ-
ity level was considered low if mean daily energy expen-
diture of physical exercise was < 200 kcal/day, moderate
if 200-400 kcal/day and high if > 400 kcal/day. In addi-
tion, waist circumference, height, weight and blood pres-
sure were measured.

Each study subject signed an informed consent. The
ethics committee of the Kanta-Häme Hospital District
in Finland approved the study which was carried out in
compliance with the Helsinki Declaration.

International Index of Erectile Dysfunction (IIEF)
questionnaire
Subjects filled in the IIEF questionnaire [18]. The sum
of the questions 1-5 and 15 was calculated to assess the
presence of ED. Subjects with maximal score of 30 were
considered to have normal erectile function and subjects
with score of ≤25, were considered to have ED. To
ensure that the study subjects truly had either comple-
tely normal or impaired erectile function, subjects with
IIEF score 26 to 29 were excluded. The question num-
ber 15 (how do you rate your confidence that you can
get and keep your erection?) was used to assess the pre-
sence of erectile function in men reporting lack of sex-
ual activity in questions 1-5. A subject reporting very
high confidence in the question number 15, was consid-
ered to have normal erectile function. Those reporting
very low to medium confidence were considered to have
ED, and those reporting high confidence were excluded.

Arterial elasticity and laboratory procedures
Arterial elasticity was assessed by a non-invasive radial
artery tonometer (HDI/PulseWave™CR-2000) in a
semi-sitting position. Arterial tonometer uses a modified
Windkessel method to estimate systemic large (C1) and
small (C2) arterial elasticity [3]. C1 identifies the elasti-
city of the aorta and other large arteries, C2 the elasti-
city and endothelial function of the microvascular
circulation. Indices determined by this validated method
correlate tightly with those determined invasively [3,19].
In addition, C1 seems to correlate significantly with
MRI-determined aortic distensibility, whereas C2 corre-
late with endothelial function assessed by flow-mediated
dilation [20,21]. In addition, elasticity indices assessed
by the HDI/Pulsewave™CR-2000 have been reported
reliable and repeatable over a short and long period of
observation [19,22]. The reference values depend on age
and gender. Among men aged 50-59 years, C1 above 11
ml/mmHgx10 and C2 above 7 ml/mmHgx100 are con-
sidered normal.
Arterial elasticity indices were assessed automatically by

the tonometer as a mean of five most similar pulse waves
appearing during 30 seconds of measurement. Mean of
four consecutive measurements was assessed. Blood pres-
sure and resting heart rate were automatically measured
by the CR-2000 during the elasticity measurement.
Intraindividual CV% was 9.0% for C1 and 8.8% for C2.
Same experienced nurse performed all measurements.
Plasma levels of oxLDL were determined as duplicates

by a capture ELISA immunoassay (Mercodia AB,
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Uppsala, Sweden). It uses the same monoclonal antibody
as in the assays by Holvoet et al [6]. CV% of oxLDL
measurement was 7.7%. Fibrinogen and lipids were
assessed by validated methods.

Statistical methods
Statistics were analyzed with SPSS for Windows 17.0.
Data are presented as mean ± SD if not mentioned
otherwise. A probability value < 0.05 was considered sta-
tistically significant.
Student’s T-test was used in assessing the differences

between subjects with ED and normal erectile function
as well as between MetS and PhA subjects in case of
normality. Mann Whitney U-test was used in case of
non-normality. ANOVA was used to analyze the
adjusted p values for differences in two-dimensional
variables as well as in four-dimensional variables in case
of normality. Bonferroni post hoc analysis was used for
multiple comparisons regarding fibrinogen, resting heart
rate and arterial elasticity. The differences were adjusted
for age, smoking, blood pressure, diabetes, CVD, and
LDL cholesterol. Kruskall-Wallis test was used in case
of non-normality. Differences in categorical values were
calculated by c2 test. Univariate and multivariate ana-
lyses of the associations between risk factors and mar-
kers of CVD and the presence of ED were conducted
with binary logistic regression model. Traditional CVD
risk factors and assessed markers of subclinical athero-
sclerosis without strong correlation with each other
were included as covariates in the multivariate analysis.
Multivariate analysis was conducted with the enter
method by removing covariates without association to
ED one by one. The result was verified with the forward
conditional method and adjusted for the use of medica-
tions. OR, 95% CI and p values for covariates in the uni-
variate analyses and for significant covariates in the
adjusted multivariate analysis, as well as Nagelkerke R2

of the final model are presented.

Results
Fifty-seven MetS and 48 PhA subjects without exclusion
criteria completed the IIEF questionnaire. Ten men with
MetS and four PhA men reported lack of sexual activity.
All except one of these 14 men were diagnosed with ED
according to the question number 15. Altogether ten
men with MetS had previously diagnosed CVD. There
were four patients with coronary artery disease, three
with cerebrovascular disease, two with coronary artery
and cerebrovascular disease and one with coronary
artery and peripheral artery disease. ED was more often
present among MetS compared to PhA subjects, 36
(63.2%) and 13 (27.1%), respectively (p < 0.001) (Figure
1). Clinical characteristics and medications of the study
groups are presented in Table 1 and clinical chemistry

in Table 2. None of the study subjects used PDE5-
inhibitors.
There was an evident difference in the amount of daily

physical exercise between PhA and MetS subjects, 496.7
± 286.9 kcal/day vs. 176.3 ± 210.8 kcal/day, respectively
(p < 0.001). In addition, subjects with normal erectile
function were physically more active compared to sub-
jects with ED, 395.3 ± 319.5 kcal/day vs. 235.7 ± 237.3
kcal/day, respectively (p = 0.005). Physical activity of the
study groups is presented in Table 1.
Fibrinogen was lower among PhA compared to MetS

subjects, 2.90 ± 0.47 g/L vs. 3.53 ± 0.82 g/L, respectively
(p < 0.001). Furthermore, fibrinogen levels were lower
among subjects with normal erectile function compared
to those with ED, 3.00 ± 0.50 g/L vs. 3.51 ± 0.89 g/L,
respectively (p = 0.001). Fibrinogen levels were 2.91 ±
0.4 g/L among PhA subjects without ED, 2.87 ± 0.6 g/L
among PhA subjects with ED, 3.16 ± 0.6 g/L among
MetS subjects without ED, and 3.74 ± 0.9 g/L among
MetS subjects with ED (Figure 2). There were no signifi-
cant differences in oxLDL levels between any of the
groups (Table 2).
Resting heart rate was lower among PhA compared to

MetS subjects, 52.5 ± 9.6 beats/min vs. 65.1 ± 10.0
beats/min (p < 0.001). The difference remained signifi-
cant after adjustment for age and selective b-blocker
medication (p < 0.001). Resting heart rate was also
lower among subjects with normal erectile function,
compared to those with ED, 55.6 ± 9.8 beats/min vs.
63.5 ± 12.3 beats/min (p = 0.001). After adjustment for
age and selective b-blocker medication, the difference
remained significant (p = 0.001). Resting heart rate was
51.9 ± 9.0 beats/min among PhA subjects without ED,
54.3 ± 11.4 beats/min among PhA subjects with ED,

p < 0.001
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Figure 1 Prevalence of erectile dysfunction (ED) among
metabolic syndrome (MetS) and physically active (PhA)
subjects.
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62.3 ± 7.6 beats/min among MetS subjects without ED,
and 66.8 ± 11.0 beats/min among MetS subjects with
ED (Figure 3).
PhA subjects had better large arterial elasticity (C1)

compared to MetS subjects, 19.6 ± 4.2 ml/mmHgx10
and 16.6 ± 4.0 ml/mmHgx10, respectively (p < 0.001).
There was no difference between the groups in small
arterial elasticity (C2). Subjects with normal erectile
function had better C1 compared to those with ED, 19.0

± 3.9 ml/mmHgx10 and 16.7 ± 4.6 ml/mmHgx10,
respectively (p = 0.008). Also C2 was better among
those with normal erectile function compared to those
with ED, 7.5 ± 3.2 ml/mmHgx100 and 6.2 ± 3.0 ml/
mmHgx100, respectively (p = 0.035). The difference in
C1 remained significant even after adjustment for age (p
= 0.035) and the use of selective b-blockers (p = 0.026).
After the same adjustment the difference in C2 did not
remain significant. C1 was 19.7 ± 4.1 ml/mmHgx10

Table 1 Clinical characteristics of study subjects

PhA MetS

no ED ED no ED ED p

(n = 35) (n = 13) (n = 21) (n = 36)

Age1, years 49.4 ± 7.5 56.9 ± 6.7 45.9 ± 4.6 54.1 ± 8.2 < 0.001

CVD in family, n (%) 18 (51.4%) 9 (69.0%) 1 (52.3%) 18 (50.0%) NS

Diagnosed CVDb, n (%) 0 (0%) 0 (0%) 3 (14.3%) 7 (19.4%) < 0.05

Diabetics2,a, n (%) 0 (0%) 0 (0%) 7 (33.3%) 19 (52.8%) < 0.001

Hypertension2,a, n (%) 1 (2.9%) 3 (23.1%) 11 (52.4%) 20 (55.6%) < 0.001

ASAc, n (%) 4 (11.4%) 0 (0%) 5 (23.8%) 10 (27.8%) NS

b1-blocker
2,a, n (%) 0 (0%) 1 (7.7%) 4 (19.0%) 15 (41.7%) < 0.001

ACE-inhibitor, n (%) 1 (2.9%) 2 (15.4%) 2 (9.5%) 4 (11.1%) NS

ATR-blockera, n (%) 0 (0%) 0 (0%) 5 (23.8%) 11 (30.6%) < 0.01

Ca-blocker, n (%) 0 (0%) 1 (7.7%) 1 (4.8%) 3 (8.3%) NS

Diureticb, n (%) 0 (0%) 1 (7.7%) 4 (19.0%) 8 (22.2%) < 0.05

Statinb, n (%) 4 (11.4%) 2 (15.4%) 7 (33.3%) 14 (38.9%) < 0.05

Smokingb < 0.01

-current, n (%) 1 (2.9%) 0 (0%) 5 (23.8%) 6 (16.7%)

-former, n (%) 11 (31.4%) 6 (46.2%) 10 (47.6%) 18 (50.0%)

-never, n (%) 23 (65.7%) 7 (53.8%) 6 (28.6%) 12 (33.3%)

Physical activity2,a, kcal/day 506.9 ± 300 467.1 ± 256 209.4 ± 265 156.4 ± 172 < 0.001

Alcohol intakeb, g/day 7.8 ± 6.0 6.0 ± 4.3 15.0 ± 13.5 20.1 ± 22.8 < 0.01

BMI2,a, kg/m2 23.8 ± 2.0 24.6 ± 3.0 32.7 ± 4.5 32.0 ± 4.8 < 0.001

Waist circumf.2,a, cm 88.6 ± 7.1 90.8 ± 8.9 113.5 ± 10.5 114.8 ± 13.3 < 0.001

SBP3,a, mmHg 127.2 ± 9.2 126.9 ± 11.2 136.5 ± 12.2 139.8 ± 16.5 < 0.001

DBPa, mmHg 73.9 ± 6.7 74.5 ± 5.6 82.1 ± 7.4 81.7 ± 8.8 < 0.001
1-3 p value for the difference between men with and without ED: 1 p < 0.001, 2 p < 0.01, 3 p < 0.05. NS if not mentioned.
a-c p value for the difference between PhA and MetS subjects: a p < 0.001, b p < 0.01, c p < 0.05. NS if not mentioned.

ASA - acetylsalicylic acid; ATR - angiotensin receptor; BMI - body mass index; CVD - cardiovascular disease; DBP - diastolic blood pressure; ED - erectile
dysfunction; MetS - metabolic syndrome; PhA - physically active; SBP - systolic blood pressure

Table 2 Clinical chemistry of study subjects

PhA MetS

no ED ED no ED ED p

(n = 35) (n = 13) (n = 21) (n = 36)

Cholesterol, mmol/L 5.27 ± 0.7 5.33 ± 0.8 5.26 ± 1.1 5.30 ± 1.6 NS

LDL-C, mmol/L 3.47 ± 0.7 3.32 ± 0.9 3.24 ± 0.9 3.21 ± 1.0 NS

HDL-C3,a, mmol/L 1.61 ± 0.3 1.81 ± 0.4 1.20 ± 0.2 1.16 ± 0.3 < 0.001

Triglycerides3,a, mmol/L 0.94 ± 0.5 0.86 ± 0.4 2.49 ± 1.4 3.19 ± 5.1 < 0.001

OxLDL, U/L 71.8 ± 21.4 75.5 ± 35.5 78.5 ± 40.1 80.8 ± 33.5 NS

Glucose2,a, mmol/L 5.49 ± 0.4 5.59 ± 0.6 6.54 ± 1.0 6.99 ± 2.2 < 0.001

HbA1C2,a,% 5.61 ± 0.2 5.60 ± 0.2 6.03 ± 0.6 6.47 ± 1.2 < 0.001

ED - erectile dysfunction; HbA1C - glycosylated haemoglobin; HDL-C - high density lipoprotein cholesterol; LDL-C - low density lipoprotein cholesterol; MetS -
metabolic syndrome; OxLDL - oxidized LDL; PhA - physically active. Upper indices for p values as in Table 1.
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among PhA subjects without ED, 19.0 ± 4.7 ml/
mmHgx10 among PhA subjects with ED, 17.8 ± 3.1 ml/
mmHgx10 among MetS subjects without ED and 15.9 ±
4.4 ml/mmHgx10 among MetS subjects with ED (Figure
4). C2 was 7.2 ± 2.7 ml/mmHgx100, 6.7 ± 3.3 ml/
mmHgx100, 8.1 ± 3.9 ml/mmHgx100, and 6.0 ± 2.9 ml/
mmHgx100, respectively (NS).
Results of the univariate analyses are presented in Table

3. MetS associated with the presence of ED even after
adjustment for age, physical activity, smoking and total
cholesterol (OR = 5.83, 95% CI 1.730-19.618, p = 0.004).
The association of MetS and ED did not remain significant
after adjustment for individual MetS components. Of the

markers of subclinical atherosclerosis, C1 and C2 were
negatively and fibrinogen and resting heart rate positively
associated with the presence of ED. The association
between ED and C1 remained significant after adjustment
for age (p = 0.047). OxLDL levels did not associate with
the presence of ED.
In the multivariate analysis among all study subjects,

age, fibrinogen and resting heart rate were directly and
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Figure 2 Fibrinogen levels (g/L) between the study groups (n =
105). Mean ± SEM is presented. P values after adjustment for age,
smoking, blood pressure, established CVD, diabetes and LDL
cholesterol, a p < 0.001, b p < 0.01, c p < 0.05.
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Figure 3 Resting heart rate (beats/min) between the study
groups (n = 105). Mean ± SEM is presented. P values after
adjustment for age, smoking, blood pressure, established CVD,
diabetes and LDL cholesterol, b p < 0.01, c p < 0.05.
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Figure 4 Large arterial elasticity (C1, ml/mmHgx10) between
the study groups (n = 105). Mean ± SEM is presented. After
adjustment for age, smoking, blood pressure, established CVD,
diabetes and LDL cholesterol, the differences were not significant.

Table 3 Univariate analyses of risk factors and markers
of CVD as predictors of ED

Covariates OR 95% CI p

Age, years 1.14 1.066-1.209 < 0.001

Smoking, yes/no 1.16 0.349-3.871 NS

No of pack-years in smokers 1.06 1.005-1.116 0.031

Metabolic syndrome, yes/no 4.62 2.005-10.623 <0.001

Diabetes, yes/no 4.43 1.666-11.794 0.003

Hypertension, yes/no 3.24 1.387-7.587 0.007

CVD, yes/no 2.94 0.718-12.082 NS

Family history of CVD, yes/no 1.14 0.529-2.466 NS

BMI, kg/m2 1.11 1.029-1.200 0.007

Physical activity, >400 vs. <200 kcal/day 0.22 0.082-0.561 0.002

HDL cholesterol, mmol/L 0.47 0.177-1.239 NS

LDL cholesterol, mmol/L 0.82 0.524-1.293 NS

Triglycerides, mmol/L 1.31 0.948-1.802 NS

Heart rate, beats/min 1.07 1.026-1.110 0.001

Fibrinogen, g/L 2.83 1.517-5.274 0.001

C1, ml/mmHgx10 0.88 0.794-0.969 0.010

C2, ml/mmHgx100 0.87 0.756-0.993 0.040

OxLDL, U/L 1.00 0.991-1.016 NS

BMI - body mass index; C1 -large arterial elasticity; C2 - small arterial elasticity;
CVD - cardiovascular disease; ED - erectile dysfunction; HDL -high density
lipoprotein; LDL - low density lipoprotein; OxLDL - oxidized low density
lipoprotein
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physical activity > 400 kcal/day inversely associated with
the presence of ED. These covariates remained signifi-
cant even after adjustment for traditional CVD risk fac-
tors and medications. Results of the adjusted
multivariate analysis are presented in Table 4.
In the multivariate analysis among MetS subjects only,

age (OR 1.23, 95% CI 1.09-1.39, p = 0.001) and fibrinogen
(OR 4.30 95% CI 1.21-15.2, p = 0.024) associated directly
and physical activity > 400 kcal/day (OR 0.05, 95% CI
0.004-0.65, p = 0.022) inversely with the presence of ED.
These covariates were significant predictors of ED even
after adjustment for smoking, diabetes, hypertension,
CVD, LDL and HDL cholesterol, triglycerides, BMI, family
history of CVD, and selective beta-blockers. Among PhA
subjects, age was the only significant predictor for the pre-
sence of ED (OR 1.16, 95% CI 1.04-1.30, p = 0.008).

Discussion
In the present study, physical activity was an indepen-
dent predictor of normal erectile function, whereas
increased fibrinogen and resting heart rate associated
independently with erectile dysfunction (ED). Impaired
large arterial elasticity (C1) was related to the presence
of ED as well as to the presence of MetS. Markers of
subclinical atherosclerosis were most evident among
subjects with both MetS and ED.
Previously physical activity has been found to

decrease the risk of ED and to improve sexual function
among those with established ED [23-25]. We found a
physical exercise level of > 400 kcal/day (i.e. > 2800
kcal/week) to associate independently with normal
erectile function in the analyses among all participants
as well as in the analyses restricted to MetS subjects
only. To our knowledge, this is the first study report-
ing the positive association between physical activity
and the presence of normal erectile function among
MetS.
PhA subjects presented often with normal erectile

function, whereas ED was highly prevalent among men
with MetS. Although we excluded subjects with submaxi-
mal IIEF score (score 26-29), still considered as normal
erectile function by the IIEF, the presence of ED among
PhA subjects was lower than expected [26]. Since obesity,

smoking and excess alcohol consumption have been
reported to associate with ED, and physical activity is
protective of ED, the overall healthy behaviour of the
PhA subjects must have contributed to the high existence
of normal erectile function among them [23-25,27].
In a recent study, MetS did not improve prediction of

CVD after adjustment for its individual components
[28]. In agreement, MetS per se was not an independent
predictor of ED in the present study. However, we
found a high prevalence of ED among MetS which has
also been reported previously [29]. The prevalence of
ED in the presence of diabetes or CVD is known to be
even higher [13,30]. Accordingly, there were more dia-
betics and CVD patients among those with MetS and
ED in the present study. Those with ED were also older
and more often hypertensive. Although subjects with
non-selective b-blocker medication were excluded, ED
subjects were more often on selective beta-blockers.
These factors may contribute to the higher number of
ED among MetS, and thereby to the findings of the
study. However, neither diabetes nor CVD were signifi-
cant predictors of ED in the multivariate analyses of the
present study. In addition, although the risk of sexual
dysfunction caused by b-blockers was low in a previous
systematic review of randomized trials, the results of the
present study were adjusted for the use of selective
beta-blockers [31]. Furthermore, also medications
reported to improve sexual function were more often
used among subjects with MetS and ED [32,33]. Thus,
the high use of medications among MetS seems rather
reflect the physical inactivity, obesity and concomitant
diseases among them, whereas the high prevalence of
ED among MetS may reflect the presence of underlying,
atherosclerotic disease.
We found increased fibrinogen levels among MetS

compared to PhA subjects which agrees with previous
studies [34,35]. Physical inactivity, obesity and smoking
have been reported to associate with increased fibrino-
gen levels, and thus may partly explain the difference
[35-37]. Fibrinogen levels were significantly higher also
in the presence of ED compared to the levels in the pre-
sence of normal erectile function in the analyses among
all participants but also among only MetS subjects. In
addition, increased fibrinogen levels associated with the
presence of ED independently of multiple other CVD
risk factors. There are no previous studies on the asso-
ciation of increased fibrinogen and ED among MetS.
However, our finding agrees with a previous study by
Vlachopoulos et al [38] reporting an independent pre-
dictive value of fibrinogen for the presence of ED both
among men with and without coronary artery disease.
Differing from the analyses restricted to MetS subjects
only, fibrinogen levels did not associate with the pre-
sence of ED among PhA subjects in the present study.

Table 4 Significant predictors of ED in the multivariate
analysis

Covariates OR 95% CI p

Age, years 1.19 1.072-1.322 0.001

Heart rate, beats/min 1.07 1.003-1.138 0.040

Physical activity, >400 vs. <200 kcal/day 0.12 0.017-0.778 0.027

Fibrinogen, g/L 4.67 1.171-18.627 0.029

The model was adjusted for smoking, CVD, diabetes, hypertension, family
history of CVD, BMI, HDL and LDL cholesterol, triglycerides and medications.
R2 = 0.546.
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The reason may be the small number of ED among
them, again reflecting the protective effect of healthy,
active lifestyle.
In line with previous publications we found a decrease

in large arterial elasticity (C1) among MetS compared to
PhA subjects [39,40]. In addition, impaired C1 asso-
ciated with the presence of ED. C1 was especially low
among men with both MetS and ED. There are also
previous reports on the connection between impaired
large arterial elasticity and ED [41,42]. However, in
these studies arterial elasticity was assessed by ultra-
sound or pulse-wave velocity measurements, not by the
pulse-wave analysis as in our previous and the present
study [43].
Endothelial dysfunction is believed to be a key

mechanism in the pathogenesis of ED as well as of
other atherosclerotic cardiovascular diseases [1,2]. In
studies assessing endothelial function by a regional mea-
surement of brachial flow-mediated dilation, endothelial
dysfunction associated with ED [44,45]. Small arterial
elasticity (C2), assessed in the present study, reflects the
systemic endothelial function of the microvascular circu-
lation but is also affected by alterations in the elastic
properties of the arterial wall [3]. Since C2 is not a mere
measurement of endothelial function, it may explain
why the association between C2 and the presence of ED
did not remain significant after adjustments.
Regular aerobic exercise may attenuate age-related

reduction in large arterial elasticity [46] and decrease
circulating oxLDL levels [47]. However, a significant
decrease in arterial elasticity and increase in oxidative
stress have been reported after exercise at a vigorous
level [48,49]. In our study, large arterial elasticity was
better among PhA compared to MetS subjects whereas
oxLDL levels were comparable between the groups. The
relatively small number of study subjects may explain
why the trend of increasing oxLDL in the presence of
MetS and ED remained non-significant. In addition,
although the inclusion criterion of minimum physical
exercise for the PhA subjects was relatively low, the
reported high level and intensity of exercise among
them might have influenced the results.
Previously MetS variables, such as hypertension, insu-

lin resistance and obesity, have been reported to associ-
ate with adrenergic overdrive [50]. Accompanying
elevation in resting heart rate increases peak blood flow
during diastole which in turn enhances pulsatile and
shear stress on the endothelium [51]. Resulting endothe-
lial dysfunction and loss of arterial elasticity may explain
the connection between elevated resting heart rate and
ED [51,52]. In agreement, resting heart rate was higher
among MetS compared to PhA subjects in the present
study, despite the higher use of beta-blockers among
MetS. In addition, heart rate was higher among ED

compared to non-ED subjects, being highest among
men with both MetS and ED. Since MetS subjects with
ED were physically most inactive, the elevated resting
heart rate was at least partly a consequence of their phy-
sical unfitness. However, elevated resting heart rate pre-
dicted the presence of ED independently of physical
activity, multiple other CVD risk factors, and beta-
blocker medication.
Because of the cross-sectional design, we cannot

make assumptions on the linkage between the mar-
kers of subclinical CVD and true CVD risk in the
future. However, the present study provides possible
pathophysiological links between erectile dysfunction
and increased cardiovascular risk among MetS. Sub-
jects with MetS are known to be at high risk for CVD
[15]. ED, on its part, is considered as an early clinical
manifestation of systemic atherosclerosis [9,13]. Mar-
kers of subclinical atherosclerosis, assessed in the pre-
sent study, have previously been reported to associate
with increased risk of CVD events and mortality
[4,5,7,8]. Since increased fibrinogen and elevated rest-
ing heart rate as well as impaired arterial elasticity
were present among MetS compared to PhA subjects,
as well as among ED compared to non-ED subjects,
they may partly explain the increased CVD risk asso-
ciated both with MetS and with ED. Since these mar-
kers of subclinical atherosclerosis were most evident
among subjects with both MetS and ED, especially
these patients should be considered at high cardiovas-
cular risk.
One mechanism linking MetS to ED is believed to be

hypogonadism associated with visceral obesity [53]. In
addition, physical activity may partly intermediate its
benefits through an induced increase in testosterone
levels [54]. Another possible pathophysiologic linkage
between MetS and ED is subclinical inflammation [55].
We did not assess testosterone or CRP levels which was
a limitation of the study.
IIEF questionnaire is a reliable method to assess the

presence and severity of ED [56]. In our study, number
of subjects reported lack of sexual activity and thus
were unable to answer the IIEF questions concerning
erectile function during intercourse. Among them, we
used a single-question assessment of ED. Although the
single-question assessment has been found to properly
identify men with ED [57], we wanted to be sure that
subjects participating in the study truly had either com-
pletely normal erectile function or real ED. Therefore,
we accepted only men with either full score or score
≤25 in the six-question IIEF or men with full score or
score ≤3 in the single-question assessment to participate
in the study. Because of the relatively small number of
study subjects and the fact that a single-question assess-
ment of ED was used among subjects without previous
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sexual activity, we could not study the effects of severity
of ED.

Conclusions
Increased fibrinogen and resting heart rate as well as
impaired arterial elasticity associated with the presence
of ED and were most evident among subjects with both
MetS and ED. Physical exercise, on its part, was a strong
and independent predictor of normal erectile function
among all as well as among only MetS subjects. Thus,
especially MetS patients presenting with ED should be
considered at high risk for CVD. In addition, our find-
ings support the importance of physical exercise in the
management of MetS and concomitant diseases.
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