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ORIGINAL PAPER
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Objective: Testosterone levels play a role in
cardiac and vascular pathology. In the pres-

ent study we investigated the prognostic significance of this
hormone for cardiovascular outcome, in a 5-year follow-up.
Materials and methods: Our cohort included 802 adult sub-
jects, from 40 to 80 years. Patients were excluded if they had
a past history of peripheral or coronary artery disease, and
revascularization. A blood sample was drawn to valuate
testosterone level, and we considered normal testosterone lev-
els 300 ng/dl. FMD (flow mediated dilatation) of the brachial
artery was assessed by measuring the increase of the brachial
artery diameter during reactive hyperemia after transient
forearm ischemia. B-mode longitudinal images of the brachial
artery were obtained at the level of the antecubital fossa.
The FMD was defined as the percentage change in the
brachial artery diameter 60 s after releasing the ischemic cuff.
Erectile dysfunction (ERD) was assessed by the International
Index of Erectile Function-5 (IIEF-5) score questionnaire. We
considered composite end points including the following major
adverse cardiovascular events (MACEs)
Results: Subjects with lower serum testosterone levels (n =
332) had higher prevalence of traditional cardiovascular risk
factors, such as hypertension (p = 0.009), diabetes (p = 0.03),
dyslipidemia (p < 0.0001), obesity (p = 0.002), and endothelial
function score (p < 0.0001). AMI, death after AMI, major
stroke and all clinical events were more frequent (p < 0.001)
in patients with testosterone levels < 300 ng/dl. Further, by
multiple logistic regression analysis we found that only dyslipi-
demia (p = 0,001), obesity (p = 0,007), testosterone < 300
ng/dl (p < 0,0001) and ED (p < 0,0001) were independent pre-
dictors of future events.
Conclusions: A therapeutic intervention on testosterone may
not only have a positive effect on the cardiovascular system
but also an important role in preventing new cardiovascular
events. 
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gy (1). In particular, in the present study we investigated
the prognostic significance of this hormone for cardio-
vascular outcome, in a 5-year follow-up.
We aimed to assess whether baseline testosterone levels
may be predictors of future cardiovascular events in a
cohort of intermediate cardiovascular risk patients,
according to Framingham risk score, and screened for the
presence of ED in our Centre of Early Diagnosis of Preclinical
and Multifocal Atherosclerosis and for Cardiovascular
Prevention. The follow-up period was 5 years. We therefore
aimed to test the hypothesis that measuring levels of this
hormone, can provide information not only on the pro-
gression of atherosclerosis disease and therefore about ED,
helping to define the prognosis, but can also be considered
predictive of the risk of developing cardiovascular events,
independently from common risk factors. 

MATERIALS AND METHODS
Our cohort included 802 adult subjects, males from 40
to 80 years (mean age of the whole population was 57.52
± 13.85 years old). They were intermediate cardiovascu-
lar risk patients, according to Framingham risk score, all
referred between 2009 and 2014 to our Department of
Cardiology. Patients were excluded if they had a past his-
tory of peripheral artery disease, coronary revasculariza-
tion, angina pectoris,myocardial infarction, carotid sur-
gery or cerebrovascular event. The adopted procedures
were in agreement with the Helsinki Declaration of 1975
as revised in 1983 and were approved by the local Ethic
Council. All patients gave their informed consent to par-
ticipate to the study, and at admission answered a ques-
tionnaire on personal and medical items, including age,
past medical history and use of medications. The main
cardiovascular risk factors were considered.
A blood sample was drawn in the morning, after 12-14
h overnight fast, to valuate testosterone level, and we
considered normal testosterone levels N300 ng/dl (2, 3). 
Flow mediated dilatation (FMD) of the brachial artery was
assessed (4) by measuring the increase of the brachial
artery diameter during reactive hyperemia after transient
forearmischemia. B-mode longitudinal images of the
brachial artery were obtained at the level of the antecu-
bital fossa.
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INTRODUCTION
Endothelial dysfunction (ED) represents the earliest event
in the development of atherosclerotic plaque, and it actu-
ally occurs when a structural lesion is still not evident.
Clinical and experimental evidence suggests that testos-
terone levels play a role in cardiac and vascular patholo-
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After marking the optimal position of the transducer, base-
line images of the brachial artery were digitally stored.
Arterial flow to the forearm was interrupted by insufflation
of the forearm cuff for 5 min by 200 mmHg or 50 mmHg
above systolic blood pressure, whichever was highest.
The FMD was defined as the percentage change in the
brachial artery diameter 60 s after releasing the ischemic
cuff.
Erectile dysfunction (ERD) was assessed by the International
Index of Erectile Function-5 (IIEF-5) score questionnaire,
which was preferentially filled in by the patient himself or,
if required, by a trained interviewer. The possible score for
the IIEF-5 ranges from 5 to 25, and ERD can be classified
into five categories based on the score: severe (5-7), mod-
erate (8-11), mild-to-moderate (12-16), mild (17-21), and
no ERD (22-25) (5). 
The median follow-up time for major CV events was 5.1
years. Except for 13 participants (excluded from the
population) who moved abroad, there was no loss to fol-
low-up in the study.
We considered composite end points including the fol-
lowing major adverse cardiovascular events (MACEs):
acute myocardial infarction (AMI), death for AMI, minor
stroke, major stroke, and death for stroke.

RESULTS
Baseline clinical characteristics,
laboratory data and ultrasonogra-
phy findings in relation to plasma
values of testosterone are summa-
rized in Table 1. Subjects with
lower serum testosterone levels (n =
332) had higher prevalence of tra-
ditional cardiovascular risk factors,
such as hypertension (p = 0.009),
diabetes (p = 0.03), dyslipidemia (p
< 0.0001), obesity (p = 0.002), and
endothelial function score (p <
0.0001). There were no significant
differences in age and in the pres-
ence of smoking or familiarity.
At five years follow-up we had 47
(5.8%) AMI and 27 (3.45%) minor
or major stroke. 3.98% was the
cardiovascular mortality. AMI,

death after AMI, major stroke and all clinical events were
more frequent (p < 0.001) in patients with testosterone
levels < 300 ng/dl at baseline (Figure 1).
Table 2 shows the baseline clinical characteristics, labo-
ratory data and ultrasonographic findings in relation to
the occurrence of all clinical events (n = 90), as registered
in the 5-year follow-up. Further, by multiple logistic
regression analysis we found that, among all evaluated
baseline clinical and laboratory variables, only dyslipi-
demia (p = 0,001), obesity (p = 0,007), testosterone <
300 ng/dl (p < 0,0001) and ED (p < 0,0001) were inde-
pendent predictors of future events.

DISCUSSION
Several studies had stressed the relation between lower
serum testosterone levels and erectile dysfunction, which
is also a result of ED.
ED is therefore the common etiological factor for erectile
dysfunction and cardiovascular events. In our study we
wanted to define not only the known relation between
ED and a worse erectile function in patients with lower
levels of testosterone, but we also evaluate if this hor-
mone could have an influence on cardiovascular out-
come, beyond traditional risk factors and preclinical ath-
erosclerosis. There is actually increasing evidence that

Table 1. 
Relations between total serum testosterone, FMD and ED according 
to IIEF-5 (n = 802).

No ED Mild Mild to Moderate Severe
ED moderate ED ED ED

Total serum testosterone
Model 1 1.02 0.98 0.90 0.85 0.78
OR (CI 95%) (0.89 to 1.16) (0.64 to 1.10) (0.78 to 1.02)** (0.72 to 0.97)*** (0.62 to 0.86)***
Model 2 1.03 0.95 0.88 0.83 0.80
OR (CI 95%) (0.91 to 1.2) (0.63 to 1.12) (0.80 to 1.06)** (0.77 to 0.95)*** (0.58 to 0.86)***
FMD (%)
Model 1 1.04 0.94 0.81 0.76 0.68
OR (CI 95%) (0.96 to 1.18) (0.82 to 1.07)* (0.69 to 0.94)*** (0.63 to 0.83)*** (0.59 to 0.79)***
Model 2 1.06 0.96 0.84 0.73 0.70
OR (CI 95%) (1.02 to 1.22) (0.87 to 0.98)* (0.70 to 0.93)*** (0.66 to 0.79)*** (0.64 to 0.73)***
FMD: flow-mediated vasodilation; OR: odd ratio; CI: confidence inverval; ED: erectile dysfunction; 
IIEF-5: international index of erectile function-5; FMD: artery flow-mediated vasodilation.
Model 1: adjusted for age. Model 2: adjusted for age and cardiovasclular risk factors.
*P < 0.05. **P < 0.01. ***P < 0.001.

Table 2. 
Predictors of cardiovascular events at follow up.

Univariate logistic regression Multiple regression
Odd ration 95% CI P Odd ration 95% CI P

Diabetes 2.37 1.7797 to 3.1623 < 0.0001
Hypertension 4.14 3.0584 to 5.6145 < 0.0001
Current smoking 1.34 1.0218 to 1.7823 0.03
Familiarity 1.38 1.0485 to 1.8294 0.02
Dyslipidemia 4.14 3.0584 to 5.6145 < 0.0001 2.21 1.3944 to 3.5325 0.001
Obesity 2.70 1.9326 to 3.9880 < 0.0001 2.23 1.2492 to 3.9924 0.007
Testosterone ≤ 300 ng/dl 10.10 7.2609 to 14.0694 < 0.0001 4.90 2.9971 to 8.0251 < 0.0001
Erectile function (score) 0.75 0.7275 to 0.7890 < 0.0001 0.86 0.8165 to 0.9094 < 0.0001
Endothelial function (%) 0.81 0.7891 to 0.8434 < 0.0001 0.87 0.8321 to 0.9201 < 0.0001
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low testosterone levels are associated with increased car-
diovascular mortality in men (6-9).
On the other hand, there was an association of low
testosterone levels with decreased FMD independent of
major cardiovascular confounders, so low levels of this
hormone may be associated with impaired ED as meas-
ured by FMD.

CONCLUSIONS
Given the demonstrated relationship to events at the fol-
low up, a possible therapeutic intervention on testos-
terone (with attention to the potentially increased risk of
prostate cancer that remains a matter of debate), may not
only have a positive effect on the cardiovascular system
but also an important role in preventing newcardiovas-
cular events, through a more accurate stratification of
patients.
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Erectile dysfunction and cardiovascular risk

Figure 1. 
Major adverse cardiovascular events (MACEs) at mean follow-up of 5.1 years
according to testosterone levels.
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