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Abstract
Objective: Type 2 diabetes mellitus (T2DM) is associated with endothelial dysfunction, characterized by a reduction of nitric

oxide (NO)-mediated relaxation. Phosphodiesterase type 5 inhibitors (PDE5i) improve NO levels. The aim of the study was to

investigate whether long-term, chronic treatment with the PDE5i vardenafil improves systemic endothelial function in

diabetic men.

Design: A prospective, investigator-initiated, randomized, placebo-controlled, double-blind, clinical trial was conducted.

Methods: In total, 54 male patients affected by T2DM, diagnosed within the last 5 years, and erectile dysfunction were

enrolled, regardless of testosterone levels. In all, 26 and 28 patients were assigned to verum and placebo groups respectively.

The study consisted of an enrollment phase, a treatment phase (24 weeks) (vardenafil/placebo 10 mg twice in a day) and

a follow-up phase (24 weeks). Parameters evaluated were as follows: International Index of Erectile Function 15 (IIEF-15),

flow-mediated dilation (FMD), serum interleukin 6 (IL6), endothelin 1 (ET-1), gonadotropins and testosterone (measured by

liquid chromatography/tandem mass spectrometry).

Results: IIEF-15 erectile function improved during the treatment (P!0.001). At the end of the treatment both FMD (PZ0.040)

and IL6 (PZ0.019) significantly improved. FMD correlated with serum testosterone levels (R2Z0.299; P!0.001). Testosterone

increased significantly under vardenafil treatment and returned in the eugonadal range only in hypogonadal men (nZ13),

without changes in gonadotropins. Chronic vardenafil treatment did not result in relevant side effects.

Conclusion: This is the first double-blind, placebo-controlled clinical trial designed to evaluate the effects of chronic

treatment of vardenafil on endothelial health-related parameters and sexual hormones in patients affected by a chronic
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disease. Chronically administered vardenafil is effective and improves endothelial parameters in T2DM patient. Moreover,

chronic vardenafil therapy improves hypogonadism in diabetic, hypogonadal men.
www.eje-online.org
European Journal of

Endocrinology

(2016) 174, 513–522
Introduction
Type 2 diabetes mellitus (T2DM) is a common chronic

disease characterized by systemic inflammation causing

progressive damage to the whole organism (1). Hypergly-

caemia, insulin resistance and free fatty acids production

are associated with endothelial dysfunction, representing

the major role in DM comorbidity development (1, 2).

Endothelial dysfunction advances through progressive

stages: i) reduction in the availability of vasodilator

molecules such as nitric oxide (NO); ii) increase of

vasoconstrictor markers such as endothelial adhesion-

related molecules; and iii) increase of pro-inflammatory

mediators such as interleukins (IL) and cytokines (3). NO is

crucial for endothelial health, and conversely, reduction

of NO availability is the first step in endothelial

dysfunction. Physiologically, NO has a vasodilator effect

through activation of guanylyl cyclase in vascular smooth

muscle cells, where cyclic guanosine monophosphate

(cGMP) is produced (4, 5). In experimental models of

endothelial dysfunction due to T1 and T2DM, a reduction

of NO availability has constantly been demonstrated (3).

This is generally accompanied by an increase of pro-

inflammatory mediators. In men, endothelial dysfunction

is associated to erectile dysfunction.

Phosphodiesterase type 5 inhibitors (PDE5i) are

indicated for the treatment of erectile dysfunction (6, 7).

PDE is a family of enzymes modulating the intra-cellular

concentration of second messengers, such as cAMP and

cGMP, by controlling their rates of degradation (8). PDE5i

facilitates penile erection, increasing the NO-dependent

cGMP production in cavernous vascular smooth muscle

cells (6, 7). In addition, PDE5i has cardiovascular effects,

improving cardiac output with beneficial outcome on

chronic congestive heart failure (9) and inducing remodel-

ing of cardiac muscle cells and inhibiting platelet

aggregation (10). Pre-clinical evidences show favorable

PDE5i effects against inflammation (11, 12).

Recently, we performed a meta-analysis of six

randomized clinical trials, which used chronic PDE5i in

diabetic men, finding an overall beneficial effect on some

endothelial health-related parameters, such as flow-

mediated dilation (FMD) and IL6 serum levels (13).
The aim of this study was to prospectively investigate

the effect on endothelial function of 6-month daily

treatment with oral vardenafil 20 mg in patients with

T2DM and erectile dysfunction, compared to placebo.

Primary end points were endothelial health-related

parameters including hemodynamic and serum bio-

markers. The secondary end point was the evaluation of

gonadal status, evaluating serum total testosterone levels

by mass-spectrometry.
Subjects and methods

This is a longitudinal, prospective, randomized, placebo-

controlled, double-blind, investigator-started, clinical

trial. We enrolled patients with diagnosis of T2DM

according to the guidelines of the European Association

for the Study of Diabetes (14), made within 5 years before

enrollment. All subjects were under appropriate treatment

for T2DM and presented erectile dysfunction.

Patients were evaluated ten times during the study

protocol (Figure S1, see section on supplementary data

given at the end of this article). The study design included

an enrollment phase lasting up to 4 weeks, a treatment

phase of 24 weeks and a follow-up phase of 24 weeks.

Inclusion criteria were: i) male gender; ii) T2DM diagnosed

within 5 years; iii) BMI !35 kg/m2; iv) age between 40 and

65 years; and v) mild or severe erectile dysfunction. The

latter condition was considered for a score lower than 26 at

the erectile function domain of the International Index

of Erectile Function 15 (IIEF-15) questionnaire. Patient

exclusion criteria were: i) history of systemic diseases,

when not strictly linked to diabetes; ii) history of

psychiatric disorders; and iii) all contraindications to

treatment with PDE5i (e.g. retinitis pigmentosa, non-

arteritic anterior ischaemic optic neuropathy, history of

coronary artery disease, recent myocardial infarction,

unstable angina, systemic arterial hypotension, NO

donors therapy, beta-blockers therapy, amiodarone, severe

hepatic and renal failure).

The sample size was determined by power analysis

assuming variations of the primary end point (serum

http://www.eje-online.org/cgi/content/full/EJE-15-1100/DC1
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endothelin 1 (ET-1)) of 0.7G0.7 pg/ml from baseline (15).

Repeated measurement after baseline (ANCOVA), at 0.05 a

level, considering a two-sided test and 54 patients

enrolled, was performed and the power was 94%.

Patients were randomized through the permuted block

method and assigned to the study or control groups, in

which vardenafil (10 mg bid) and placebo were respectively

administered. Vardenafil and placebo tablets were identical

in shape, color and taste. The investigations performed at

each of the ten study visits. A blood sample was taken at

each visit after an overnight fast, in order to assay glucose,

HbAlc, total cholesterol, HDL, LDL, triglycerides, glutamic

oxaloacetic transaminase, glutamic pyruvic transaminase

(GPT), alkaline phosphatase, creatinine, urea and fibrino-

gen. Urine sample was taken for physical and chemical

examination. Two blood samples were left at room tem-

perature for 30 min and then centrifuged at 3600 r.p.m.

for 15 min. Plasma and blood clots were removed and

transferred into plain polypropylene tubes. Samples were

taken and stored at K20 8C. At the end of the study,

samples were used to assay IL6, ET-1, high-sensitivity

C-reactive protein (hs-CRP), inter-cellular chemotactic

protein 1 (ICAM-1), vascular cell adhesion molecule 1

(VCAM-1), luteinizing hormone (LH), follicle-stimulating

hormone (FSH) and testosterone. During the first visit,

patients underwent complete clinical workup including

blood pressure, cardiac frequency, body weight, height

and andrological examination. Furthermore, sexological

information was obtained through the self-filled ques-

tionnaire IIEF-15 (16). At each of the ten visits, blood and

urine collection, physical and andrological examination,

and questionnaire administration were repeated. FMD was

evaluated at the beginning of the study and at the end of

both treatment (visit 8) and follow-up phases (visit 10).
Instrumental examination

FMD is an ultrasonographic parameter of endothelial-

dependent dilation, measuring the change in brachial

artery diameter after 60 s of reactive hyperemia,

compared with baseline measurements after deflation

of a cuff placed around the forearm and inflated to

50 mmHg above systolic blood pressure for 5 min (17).

FMD was expressed in percentage and a score above 7%

was considered normal (17, 18).
Laboratory analysis

ICAM-1 and VCAM-1 were measured on serum samples,

diluted 1:2, using multiplex bead-based multiplex assay
for Luminex platform (R&D Systems, Inc., kit code LXSAH,

Minneapolis, MN, USA). IL6 was measured on plasma

samples by the Human IL6 Quantikine ELISA kit (R&D

Systems Europe, Ltd. Abingdon OX14 3NB, UK). Hs-CRP

and ET-1 were measured with the BN II System instrument

(Siemens) through a specific automated nephelometric

assay (CardioPhase hs-CRP, Dada Behring, Inc., Newark,

DE, USA). LH and FSH were assayed by ELISA. Testosterone

was analyzed by liquid chromatography mass spectro-

metry (LCMS) (Shimadzu Nexera UHPLC with Shimadzu

LCMS-8050 triple quadrupole) with the kit PelkinElmer

(Wallac OY, Turku, Finland), using serum samples

obtained at each visit. Other routine assays were

performed using commercially available kits.
Ethical

The local Ethics Committee of the University of Modena

and Reggio Emilia, Italy, approved the study protocol.

Patient informed consent was obtained and patients were

appropriately insured. The study was registered according

to European study registration rules (EudraCT: 2009-

014137-25) and on ClinicalTrials.gov (identification

number NCT02219646).

Statistical analysis

Statistical analysis was performed through the ‘intention-

to-treat’ method. Variables were evaluated for distribution

through the Kolmogorov–Smirnov test. Comparison

among different groups was performed by univariate

ANOVA when the variables showed parametric distri-

bution, whereas Mann–Whitney or Kruskal–Wallis tests

were applied for non-parametric values. Post hoc tests were

performed by Dunnett test. Parameters were compared

through linear regression analysis and Spearman’s corre-

lation coefficient.

Statistical analysis was performed using the ‘Statistical

Package for the Social Sciences’ Software for Macintosh

(version 21.0; SPSS, Inc.). For all comparisons, P values

!0.05 were considered statistically significant.
Results

In total, 54 patients were eligible and enrolled in the

study according to the inclusion criteria (Fig. 1). In total,

26 patients were randomized to receive vardenafil

(study group) for 6 months and 28 to placebo (control

group) (Fig. 1). Twelve patients dropped out: six from the

study and six from the control group (Fig. 1). Eight
www.eje-online.org
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Figure 1

Study flow chart.

Table 1 Endothelial health-related parameters in the 54

patients enrolled in the study. Values are expressed as meanG

S.D. and Mann–Whitney test was performed for comparison.

Vardenafil Placebo P value

Number of patients 26 28 –
IIEF-15 – erectile function domain
Baseline 16.62G7.90 17.68G7.51 0.614
End of treatment 26.00G4.59 17.92G8.38 !0.001
End of follow-up 14.38G5.73 14.04G6.39 0.853
P value !0.001 !0.001

Fibrinogen (mg/dl; NR: 150–450)
Baseline 267.24G107.59 312.71G51.45 0.215
End of treatment 272.50G85.77 299.72G46.27 0.187
End of follow-up 270.35G67.28 286.12G53.23 0.385
P value 0.468 0.282

FMD (%; NR: O7)
Baseline 6.83G3.89 7.87G5.09 0.308
End of treatment 8.57G2.84 6.41G2.77 0.040
End of follow-up 7.07G4.66 6.22G3.49 0.488
P value 0.295 0.194

Hs-CRP (mg/dl; NR: !0.5)
Baseline 0.22G0.35 0.29G0.50 0.510
End of treatment 0.23G0.46 0.19G0.19 0.378
End of follow-up 0.15G0.17 0.21G0.18 0.237
P value 0.890 0.926

IL6 (pg/ml)
Baseline 4.24G1.81 4.01G1.29 0.144
End of treatment 2.67G0.99 3.79G1.81 0.017
End of follow-up 2.69G0.90 2.95G1.11 0.871
P value !0.001 0.181

ET-1 (pg/ml; NR: 0.47–2.00)
Baseline 1.43G0.37 1.41G0.38 0.819
End of treatment 1.34G0.38 1.42G0.40 0.457
End of follow-up 1.25G0.35 1.37G0.45 0.350
P value 0.727 0.962

ICAM-1 (ng/ml)
Baseline 9.93G1.87 1.30G2.21 0.410
End of treatment 7.12G1.77 1.32G2.01 0.664
End of follow-up 7.42G1.82 1.24G2.01 0.689
P value 0.514 0.825

VCAM-1 (ng/ml)
Baseline 8.0G3.2 7.8G2.9 0.887
End of treatment 7.54G3.2 7.09G2.64 0.837
End of follow-up 7.96G4.49 7.07G2.34 0.999
P value 0.934 0.374

NR, normal range.
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patients withdrew for adverse events not related to the

drug and four patients for personal reasons (one patient

moved to another city and three patients refused

randomization).

ICAM-1, VCAM-1, hs-CRP and microalbuminuria were

not normally distributed at Kolmogorov–Smirnov test.

Compliance to treatment was evaluated by assessing

the number of tablets brought back by the patients at each

visit after receiving a full blister at the previous visit.

Compliance was not different between study and control

groups (91G9 and 87G15% respectively) (PZ0.336).

Erectile function was evaluated by filling the IIEF-15.

The score at the erectile function domain did not

significantly differ at baseline between study and control

groups (PZ0.614) (Table 1), but it changed during the

study, and at the end of the treatment phase (visit 8), it

was significantly higher in the study than in the control

group (P!0.001) (Table 1). This difference was lost at the

end of the study (visit 10) (PZ0.853) (Table 1). In the study

group, IIEF-15 erectile function domain significantly

changed among the visits (P!0.001), with a score higher

at visit 8 than at baseline and at visit 10 (P!0.001). In

contrast, in the control group, the score at IIEF-15 erectile

function domain showed lower values at the end of the

study than at baseline and visit 8 at post hoc test (P!0.001).

Considering the known efficacy of vardenafil in the

treatment of ED, the improvement of erectile function

domain at IIEF-15 confirmed compliance.

The mean age of patients was not different between

study (55.8G5.0 years) and control group (55.0G5.0 years)

(PZ0.562). Similarly, there were no differences in

months of T2DM diagnosis between study and control
www.eje-online.org
groups (27.0G21.8 and 29.0G18.2 months respectively)

(PZ0.743), confirming successful randomization. In total,

16 patients (57%) in the control group and 18 patients

(69%) in the study group were treated with hypoglycemic

drugs at baseline, without significant differences

(PZ0.358). No significant vascular complications were

present at baseline in both study and control groups.

Compliance was good in both groups and erectile

function improved significantly in the study group

(Table 1). No differences were seen between study and

control groups considering hemoglobin and hematocrit.

www.eje-online.org
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Glycemic control

Mean glucose serum levels were slightly above the normal

range both in the study (142G47 mg/dl) and control

groups (136G35 mg/dl) at baseline, without significant

differences between the groups (PZ0.606) and across the

visits. Similarly, no differences were seen in HbAlc and

microalbuminuria. Concerning anti-diabetic treatment,

20 patients (37%) were treated only with lifestyle

modifications, 26 (48%) with oral hypoglycemic drugs

and eight (15%) with oral drugs and insulin. No

modification of anti-diabetic treatment was recorded

during the study.
–50%
 

–100
End of treatment phase End of the study

Figure 3

Comparison of IL6 serum levels across visits in the study and

control groups. *Significant differences between study and

control groups (values are reported in Table S3, see section on

supplementary data given at the end of this article).

Error bars represented S.D.
Safety

This is the first study evaluating chronic treatment with

vardenafil, 20 mg daily (10 mg bid) for 6 months (in

diabetic men). Blood counts, liver and renal function

were monitored throughout the study and remained in

the normal range (data not shown). Therefore, chronic

use of vardenafil is safe in diabetic patients. Adverse

events – e.g. cough and bronchitis in six patients – were

not related to treatment. Two serious adverse events

occurred in the placebo group: one case of acute

myocardial infarction and one case of syncope related

to dyspnea and cough.
Endothelial health-related parameters

FMD scores were significantly higher in the study than in

control group at visit 8 (PZ0.040), whereas no differences

were seen at baseline and at visit 10 (PZ0.308 and

PZ0.488 respectively) (Table 1) (Fig. 2). This confirms

and extends previous reports on beneficial effects of PDE5i

on hemodynamic parameters. FMD was inversely related

only to red blood cell distribution width (RDW) at visit

8 only in the study group (R2Z0.028; PZ0.032).

IL6 was not different between study and control groups

at baseline (PZ0.144) (Table 1). No differences were

observed from visits 2 to 5, whereas IL6 was significantly

lower in the study than in the control group at visits 6, 7

and 8 (PZ0.049, PZ0.040 and PZ0.017 respectively)

(Table 1 and Table S3, see section on supplementary data

given at the end of this article). In addition, in the

study group, IL6 was significantly lower at visits 8, 9

and 10 compared to baseline (PZ0.019, PZ0.030 and

PZ0.018 respectively) at post hoc test (Table S3, see section

on supplementary data given at the end of this article

and Fig. 3).

Concerning the other parameters of endothelial

function, ET-1, hs-CRP, ICAM-1 and VCAM-1 changed
www.eje-online.org
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neither between groups nor across study visits (Table 1).

However, there was a highly significant correlation

between IL6 and hs-CRP both in the study and control

groups (P!0.001 and P!0.001 respectively) (Table S2, see

section on supplementary data given at the end of this

article). IL6 was positively correlated with ET-1, ICAM-1

and VCAM-1 only in the study group (PZ0.015, PZ0.002

and PZ0.006 respectively) (Table 2). These results suggest

that chronic Vardenafil treatment impacts on endothelial,

inflammation-related parameters, beneficially affecting

endothelial function.
Risk factors

In total, 26 patients were smokers (48%) and 28 non-

smokers (512%), equally distributed between study

(11smokingpatients,42%)andcontrolgroups (15smoking

patients, 58%) (c2-test; PZ0.873). As expected, smokers

had significantly higher levels of IL6, hs-CRP and fibrino-

gen than non-smokers (Table S1, see section on supple-

mentary data given at the end of this article). In the study

group, these significant differences between smokers and

non-smokers at baseline disappeared at visit 8, 9 and 10.

FMD scores did not change between smokers and non-

smokers. However, in smoking patients, FMD at the end of

the treatment phase was significantly higher in the study

than in the control group (PZ0.003). This improvement

did not occur in non-smoking patients (PZ0.635)

(Table S1, see section on supplementary data given at the

end of this article).
Table 2 Testosterone serum levels of the 54 patients enrolled in t

Non-hypogonadal patients

Vardenafil Placebo P value

Number of patients 19 22
Testosterone (nmol/l)
Visit 2a 16.04G3.57 15.76G3.34 0.795
Visit 3 14.04G7.15 15.74C5.39 0.414
Visit 4 14.71G6.22 15.85G4.27 0.519
Visit 5 12.95G5.29 13.91G4.14 0.559
Visit 6 13.31G4.43 14.67G3.80 0.349
Visit 7 14.09G5.73 13.84G3.66 0.887
Visit 8b 13.17G5.84 14.40G5.24 0.247
Visit 9 13.19G4.55 15.02G4.41 0.351
Visit 10c 13.94G4.55 14.65G3.47 0.612
P value 0.836 0.751

Values are expressed as meanGS.D.
aBaseline.
bEnd of treatment phase.
cEnd of the study.

www.eje-online.org
Patients were subdivided into two subgroups depend-

ing on whether they were under pharmacological treat-

ment for hypertension (nZ27, 50%) or not (nZ27, 50%).

In either case, they were equally distributed between

control (nZ14, 51.85%) and study groups (nZ13, 48.15%)

(c2-test; PZ0.070). The anti-hypertensive treatment did

not change during the study in both groups. Hypertensive

men had higher IL6, hs-CRP and fibrinogen than non-

hypertensive men (P!0.001) (Table S1, see section on

supplementary data given at the end of this article) with

no differences among visits in response to treatment.

These results suggest that the chronic vardenafil effect on

endothelial function is different depending on the

concomitance of classical risk factors for cardiovascular

diseases.
Gonadal status

Total testosterone serum levels did not change between

groups and across visits (Table 2). In total, 13 patients

(24%) were hypogonadal at baseline, according to the cut-

off limit (10.4 nmol/l) proposed by the Endocrine Society

(19), equally distributed between the study and the

control groups (c2-test; PZ0.640) (Table 2). In hypogona-

dal men, total testosterone serum levels significantly

improved in the study compared to the control group

and across visits (Table 2). In particular, total testosterone

serum levels improved rapidly after 1 week of treatment,

remaining in the normal range until the end of treatment

phase (Table 2). After the end of therapy, testosterone
he study.

Hypogonadal patients

Non-hypogonadal vs

hypogonadal (P value)

Vardenafil Placebo P value Vardenafil Placebo

7 6

7.95G1.59 8.24G1.51 0.628 !0.001 !0.001
14.40G5.99 11.65G2.61 0.999 0.919 0.103
14.21G8.44 10.46G2.60 0.537 0.881 0.014
13.90G8.80 10.74G3.34 0.699 0.763 0.020
11.26G5.47 11.48G2.70 0.792 0.387 0.094
8.86G2.45 10.46G4.33 0.143 0.070 0.099

13.69G3.03 6.93G3.34 0.010 0.840 0.005
8.88G1.63 10.91G8.28 0.143 0.154 0.022
9.01G1.63 6.27G4.33 0.548 0.020 0.001

0.036 0.081

http://www.eje-online.org/cgi/content/full/EJE-15-1100/DC1
http://www.eje-online.org/cgi/content/full/EJE-15-1100/DC1
http://www.eje-online.org/cgi/content/full/EJE-15-1100/DC1
http://www.eje-online.org/cgi/content/full/EJE-15-1100/DC1
www.eje-online.org
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levels rapidly returned into the hypogonadal range

(Table 2). This result suggests that vardenafil rapidly

improves and maintains normal testosterone production

in hypogonadal men. In hypogonadal patients, LH was not

different between the study and the control groups at

baseline (5G5 mIU/ml vs 3G1 mIU/ml; PZ0.431), during

the study until visit 8 (6G7 mIU/ml vs 3G1 mIU/ml;

PZ0.748) and 10 (6G7 mIU/ml vs 3G2 mIU/ml;

PZ0.134). Similarly, LH did not change across visits both

in the study (PZ0.976) and control groups (PZ0.849).

Given the high heterogeneity of the LH values, the role of

LH on the beneficial effect of vardenafil on testosterone

production remains unclear. No changes in testosterone

serum levels occurred in non-hypogonadal men.

No correlations between endothelial health-related

parameters and blood cell variables were found in

hypogonadal and non-hypogonadal men. However, at

the end of treatment phase, an inverse correlation

between FMD and RDW (R2Z0.028; PZ0.032) was found

in hypogonadal men treated with vardenafil. The corre-

lation between FMD and RDW seen in the study group was

maintained only in hypogonadal men. This result suggests

beneficial effects of vardenafil on RDW in chronically

treated, hypogonadal men returning to eugonadism.
Discussion

This is the first prospective, non-sponsored clinical trial

in which vardenafil 20 mg daily was used for long-term

treatment (in diabetic men with erectile dysfunction).

Chronic vardenafil was able to improve penile and

systemic endothelial function in diabetic men, without

any drug-related adverse events during the 6 months of

treatment. Its efficacy was rapidly lost after withdrawal.

To the best of our knowledge, no other studies ever

evaluated the effect of this specific PDE5i on endothelial

function for such a long period. Chronic vardenafil results

in decreased IL6 serum levels after 6 months of treatment,

maintaining its beneficial effect during withdrawal. IL6

belongs to the family of pro-inflammatory cytokines,

known mediators of inflammation, endothelial dysfunc-

tion and atherosclerosis (20). Recently, IL6 was proposed

as a regulator of cell senescence (21) and marker of

cardiovascular risk (22), being related to cardiovascular

mortality (23). Here, we demonstrate that IL6 is positively

related to hs-CRP and ET-1, although vardenafil did not

influence these endothelial parameters. A meta-analysis

of the available data in the literature suggested that

chronic treatment with the PDE5i sildenafil decreases

IL6 serum levels in diabetic men (13). However, daily
administration of sildenafil was continued only for up to

12 weeks as the longest duration of therapy so far. In this

longitudinal, prospective clinical trial, we demonstrate

for the first time the beneficial effects of vardenafil on

endothelial function extending the chronic use of a PDE5

inhibitor for a much longer duration of low-dose

administration. We show that the reduction in endo-

thelial inflammation was maintained after treatment

withdrawal, suggesting a long-lasting, positive effect on

chronic inflammation.

FMD is a well-known and reliable hemodynamic

parameter of endothelial function. Data from the litera-

ture demonstrate an FMD improvement after chronic (13,

24, 25, 26, 27) and acute sildenafil administration

in diabetic men (28). By using vardenafil, here, we

demonstrate that FMD improves during treatment.

However, FMD did not correlate with endothelial serum

biomarkers, suggesting that FMD and biomarkers evaluate

two different aspects of the vasodilation and chronic

inflammation. Accordingly, FMD improvement was lost

after treatment withdrawal, while IL6 remained at

significantly lower levels, demonstrating that hemody-

namic parameter modifications can be explained only in

part by endothelial biomarkers.

Chronic vardenafil administration significantly

increased testosterone in hypogonadal, diabetic men,

restoring eugonadism. This is the first in vivo demon-

stration, through a placebo-controlled, randomized, pro-

spective design, of a beneficial effect of vardenafil on

testosterone serum levels, measured using mass spec-

trometry. We show that PDE5i can improve testosterone

production in hypogonadal men, although the

mechanism remains unclear. Several observational trials

suggested an improvement of total testosterone serum

levels in men with erectile dysfunction after 3 months of

various therapies (29, 30). These authors suggested that

the improvement of testosterone levels was a consequence

of improved sexual activity in men using impotence drugs

(29, 30). In this way, testosterone deficiency was inter-

preted both as the cause and the effect of impotence (30).

In the current study, a significant testosterone increase

was already evident after 1 week of continuous vardenafil

treatment, even if it was not matched by significant LH

changes. Since the IIEF-15 score improved, although not

significantly, also in the study group, these results suggest

that vardenafil and, possibly, other PDE5i might increases

testosterone serum levels independently from sexual

activity (and LH), perhaps through a direct effect of the

PDE5 inhibitor either on testicular vasodilation, or on

Leydig cell function or both. The latter mechanism was
www.eje-online.org
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suggested in animal models. Prolonged PDE5i in rats

stimulates Leydig cell steroidogenesis, through a coordi-

nate stimulatory effect of cAMP and cGMP (31). Both

of these messengers act synergistically and converge

on steroidogenic acute regulatory protein to enhance

testosterone production (31, 32).

RDW was inversely related to FMD at the end of

vardenafil administration. RDW is a quantitative measure

of variability in the size of circulating erythrocytes,

with higher values reflecting greater heterogeneity in cell

sizes (33). Recently, high RDW values were demonstrated

to be associated with increased mortality risk for cardio-

vascular diseases and considered a powerful predictor of

cardiovascular mortality (33). We could speculate that

chronic vardenafil treatment, by reducing endothelial

dysfunction, may reduce mortality risk, as suggested

by the RDW trend. However, the association between

PDE5i administration and mortality risk needs further

confirmation.

Several studies reported a correlation between ET-1

and adhesion molecules with endothelial function

(34, 35). These parameters were proposed as markers of

endothelial function (24). In contrast with previous results

(24), we did not observe a decrease of these parameters.

Furthermore, we found no differences in these serum

variables when subgrouping the patients according to the

presence/absence of possibly confounding factors, such as

smoking habit or hypertension. This discrepancy is

unlikely to be related to the different PDE5i used, while

methodological differences in the assays used for these

measurements in each study might play a role. It is well

known that cytokines assays suffer of a wide number of

assay-to-assay variation, leading to out-of-range values

(36). Nevertheless, we demonstrated for the first time a

strong correlation between IL6 serum levels ET-1, ICAM-1

and VCAM-1, not seen before (37), suggesting that all of

these parameters reflect the inflammatory state affecting

the endothelium.

Endothelial function is influenced by several variables

including cigarette smoke. The improvement of FMD after

vardenafil treatment in smokers suggests that vardenafil

may be able to counteract the pro-inflammatory effects of

smoking. Similar results were obtained for patients with

hypertension, suggesting a similar mechanism between

these two risk factors.

In conclusion, we found that chronic PDE5i

improves endothelial parameters and, in hypogonadal

men with T2DM, serum testosterone levels. This protec-

tive endothelial effect should not necessarily be limited to

the male gender. Up to now there is limited experience
www.eje-online.org
about PDE5i use in women. However, endothelial

dysfunction, typical of chronic diseases, is similar in

both genders, and women benefit from these drugs in,

e.g., Raynaud syndrome. Thus, we might reasonably

expect beneficial endothelial effects in T2DM in women

as well, but this needs to be tested experimentally. In

addition, the effects of PDE5i should be further investi-

gated in male hypogonadism. The opportunity of

testosterone treatment in men with late-onset hypo-

gonadism represents a highly controversial issue (19).

These men often present several comorbidities, from

hypotestosteronemia to endothelial dysfunction, diabetes

and atherosclerosis. PDE5i may be useful in such men,

in which we obtained an improvement of the indexes

of chronic inflammation, of erectile function and of

circulating testosterone using a single drug. Thus, the

chronic use of PDE5i could become a new therapeutic

option of chronic inflammation and endothelial dys-

function at large.
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