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Asymmetric dimethyl arginine levels correlate with cardiovascular
risk factors in patients with erectile dysfunction
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Abstract

Background: Erectile dysfunction is related to penile arterial endothelial nitric oxide production. Asymmetric dimethylarginine (ADMA)
and E-selectin are often considered plasma markers of endothelial function.
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bjective: This study investigated the relationship between these plasma markers and cardiovascular risk factors in patients w
ysfunction.
ethods and results:Cardiovascular risk factors, ADMA and E-selectin were assessed in 45 patients with erectile dysfunction
arkers showed associations with baseline risk factors. E-selectin levels showed an inverse relationship with age (p= 0.005) and stati

herapy (p= 0.03) and a weak association with concomitant�-blocker therapy (p= 0.05). Compared to these relatively weak associa
ith cardiovascular risk factors, ADMA levels showed strong associations with pulse pressure (p< 0.001), lack of smoking (p= 0.002) and

ipoprotein (a) (p= 0.004) concentrations and weak associations with LDL-cholesterol (p= 0.02), and C-reactive protein levels (p= 0.04).
DMA levels correlated with E-selectin (partialr = 0.76;p< 0.001) after adjustment for lipoprotein (a), pulse pressure and smokin
hange in E-selectin or ADMA levels was seen after 70 days therapy with sildenafil and no relationship was found between eith
arker and the acute pulse wave response to a single challenge dose of sildenafil.
onclusion:ADMA levels correlate at baseline with some cardiovascular risk factors including inflammatory markers and lipoprote
atients with erectile dysfunction.
2005 Published by Elsevier Ireland Ltd.
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. Introduction

Erectile dysfunction is a common problem in patients
ith established atherosclerosis and is associated with a

educed endothelial function[1–3]. Cardiovascular risk
actors including diabetes, smoking, hypertension and
ypercholesterolaemia are all associated with atherosclero-
is, erectile dysfunction1 and endothelial dysfunction[4].

number of novel plasma markers have been associated
ith atherosclerosis and endothelial dysfunction. Erectile
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function is dependent on nitric oxide (NO) production
penile nerves and thus erectile dysfunction is assoc
with reduced plasma levels NO. The guanidino dime
arginine derivatives – symmetric (SDMA) and asymme
dimethylarginine (ADMA) are derived from degradation
methylated proteins and are found in plasma[5]. ADMA, in
contrast to SDMA, has been shown to inhibit NO synth
reduce NO levels and to be associated with cardiovas
events[6]. ADMA levels are 10-fold higher inside endothe
cells. E-selectin is produced by the endothelium in resp
to oxidative stress and its levels are inversely associated
endothelial function[5–7]. Sildenafil as a phosphodiester
(PDE) 5 inhibitor has acute effects on nitric oxide produc
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and hence endothelial function in the penile and general
vasculatures. ADMA levels have been shown to correlate
with the degree of atherosclerosis in patients with renal
disease[8], insulin resistance diabetes[9,10] and coronary
heart disease[11]. ADMA has been suggested to play a role
in erectile dysfunction but this has never been investigated
[12]. This study investigated the relationship between
these markers of endothelial function, cardiovascular risk
factor profiles and sildenafil-induced changes in pulse wave
velocity in patients with erectile dysfunction.

2. Methods

2.1. Patient selection

Patients were recruited with ethical consent from an erec-
tile dysfunction clinic. Erectile dysfunction was assessed by
the International Index of Erectile Function (IIEF) score[13]
and patients with an IIEF score <20 were recruited for the
study. Baseline anthropometric data was collected and a full
medication history was obtained. Initial investigations were
performed after the patient had been rested and prior to phle-
botomy.

2.2. Investigation protocol
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many) were measured in duplicate using an ELISA assays on
samples stored frozen at−70◦C. Assay CVs were 6.3% for
E-selectin and 7.1% for ADMA.

2.4. Pulse wave profile analysis

Blood pressure was determined in a sitting position using
an Omron 705 system on each visit after a 5 min rest and prior
to each determination of pulse wave profile. Pulse wave pro-
files were obtained using a validated, commercially available
volume pulse system (Pulse Trace MP 2000; Micro Medical,
Rochester, UK) which employs the principle of photoplethys-
mography and appropriate acquisition and analysis software
for non-invasive recording and analysis of the arterial pulse
[14–16]. Measurements were made on three occasions over
15 min. Data on pulse rate was recorded and the reflection and
stiffness indices calculated using an in-built transfer function.
Mean results were obtained for each determination and used
in subsequent analyses. Pulse wave profiles from both visits
were related to underlying cardiovascular risk factors.

2.5. Statistical analysis

The study design was based on the hypothesis that silde-
nafil administration would be associated with a 10% change
in stiffness index, which has a CV of 10%, and that this
w ng
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Patients were studied after recruitment and again 70
ater. Patients recruited to the study were admitted to a
nit after a 12 h fast and allowed 50 min bed rest in a

ing position at constant temperature (18◦C). Baseline bloo
ressure and blood sampling were performed from the
ominant arm. All blood samples were separated prom
fter a further 10 min rest photoplethysmographic meas
ent was conducted on the fourth finger of the hand o
ther arm. The patient was given a single sildenafil 50

ablet and the blood pressure measurement repeated
0 min with photo-plethysmography 10 min later. During

nterim period between visits patients were randomize
/weekly sildenafil or daily silenafil using a card-based
omization system stratified for diabetes and coronary
isease.

.3. Cardiovascular risk profile

All patients had their cardiovascular risk profiles incl
ng smoking, blood pressure, fasting lipids, apolipoprot
apo), lipoprotein (a) [Lp(a)], glucose, hemoglobin A
HbA1c), urine albumin: creatinine ratio (ACR) assesse
aseline using standard procedures and automated labo

echniques. All routine biochemical assays were standar
sing UK national quality control schemes and measure
ingle batch to reduce variation (CV < 5%). Biochemical
actors were assessed after a 12 h fast by standard auto
echniques. E-selectin (R&D Systems, Abingdon, Oxf
K) and ADMA (DLD Diagnostika Gmbh, Hamburg, Ge
r

d

ould relate to a 10% difference in ADMA levels givi
0% power for a 5% significance level with 22 subje
er group. All analyses were performed using GB Stat
ynamic Microsystems; Silver Spring, MD, USA. Variab
howing non-Gaussian distributions as determined by
nd kurtosis statistics were log transformed prior to a
sis. Smoking and prescribed medications were code
ichotomous variables. Least squares multiple regre
nalysis was performed with IIEF score and pulse w
arameters as dependent variables and demographic c

eristics, lifestyle risk factors, biochemical and physiolog
isk factors as dependent variables. Treatment assign
as coded as a separate dichotomous variable. All vari
ere included in the model and selected by forward step
nalysis. Ap-value of 0.05 was considered significant.

. Results

.1. Study completion

Three patients only completed one visit and asked to w
raw from the study after the initial visit. Results for
emaining patients (45) were analysed on a per protocol b

.2. Baseline characteristics

Patient characteristics are shown inTable 1. Coronary
eart disease was present in 24%, type 2 diabetes mell
5%, 33% were current smokers and 33% were ex-smo
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Table 1
Clinical and biochemical characteristics of patients with erectile dysfunction

Parameter Day 1 value Day 70 Value

Age (years) 58.5± 7.9 –

Body mass index (kg/m2) 27.4± 3.7 27.8± 3.8
Cholesterol (mmol/L) 4.95± 0.99 4.85± 1.00
Triglycerides (mmol/L) 1.50(0.75–8.17) 1.55(0.50–7.15)
HDL-cholesterol (mmol/L) 1.17± 0.32 1.19± 0.30
LDL-cholesterol (mmol/L) 2.76± 0.84 2.68± 0.85
Apolipoprotein A1 (g/L) 1.46± 0.27 1.44± 0.31
Apolipoprotein B (g/L) 1.06± 0.25 1.03± 0.24
Lipoprotein (a) (g/L) 0.10(0.02–1.49) 0.08(0.02–0.92)
C-reactive protein (mg/L) 3.1(0.4–8.0) 1.9(0.4–9.7)
Fibrinogen (g/L) 3.30(1.03–3.66) 3.50(1.41–4.86)
Glucose (mmol/L) 5.4(4.1–20.1) 4.9(2.5–17.5)
HbA1c (%) 5.5(4.7–11.1) 5.5(4.6–10.6)
Albumin:creatinine ratio

(mg/g creatinine)
0.80(0.2–23.1) 0.85(0.32–48.2)

IIEF score 5 (1–20) 21(1–25)***

Blood pressure (mmHg)
Pre 133± 18/81± 12 132± 12/83± 9
Post 122± 12/74± 11*** 122± 14/74± 7***

Heart rate (bpm)
Pre 68± 11 65± 16
Post 71± 15 74± 14

Reflection index (%)
Pre 74.0± 10.0 73.2± 10.6
Post 69.0± 12.4** 68.3± 11.4**

Stiffness index (m/s)
Pre 11.6± 3.9 11.1± 3.7
Post 10.4± 4.3 9.7± 3.6

E-selectin (ng/mL) 521(305–813) 489(83–982)
ADMA (ng/mL) 202(110–305) 213(111–396)
ADMA ( �mol/L) 1.01(0.55–1.52) 1.07(0.56–1.98)

Drug therapy on recruitment comprised anti-platelet medica-
tions in 69%, beta-blockers in 28%, angiotensin-I-converting
enzyme inhibitors in 7%, statins in 51%, and fibrates in 9%.

3.3. Associations with erectile dysfunction

All patients except one described some benefit from silde-
nafil therapy over 70 days as IIEF scores increased (+13
points [−1 to +24] points). In multiple regression analysis
change in IIEF score correlated (rn= 0.79;p< 0.001) with
initial IIEF score (β =−0.65;p= 0.002) and concentration of
apoB (β =−10.11;p= 0.01). No correlation between baseline
IIEF score and other cardiovascular risk factors was seen.
Neither ADMA nor E-selectin levels were associated with
either baseline IIEF score or change in IIEF score in response
to long-term 50 mg sildenafil therapy in univariate or multi-
variate analysis.

3.4. Associations with baseline risk factors

Markers showed different relationships with cardiovascu-
lar risk factors and concomitant medications in patients with
erectile dysfunction. These endothelium-related substances

Table 2
Relationship of E-selectin levels to cardiovascular risk factors in a population
with erectile dysfunction as defined by forward multiple regression analysis

Parameter Beta S.E. p

Beta-blocker (+) 0.29 0.14 0.05
Statin (+) −0.28 0.13 0.03
Age (years) −0.02 0.006 0.005
HDL-C (mmol/L) −0.20 0.13 0.14
Ln CRP 0.12 0.08 0.15
BMI (kg/m2) 0.03 0.02 0.08
DBP (mmHg) −0.006 0.005 0.21

BMI = body mass index; CRP = C-reactive protein, DBP = diastolic blood
pressure; Lp(a) = lipoprotein (a)Rn = 0.70,p< 0.001.

showed a degree of inter-relationship as E-selectin levels
showed a strong correlation with ADMA levels (partial
r = 0.65; p= 0.009) after adjustment for age, HDL-C and
pulse pressure. ADMA levels correlated with E-selectin
(partial r = 0.76;P< 0.001) after adjustment for Lp(a) and
pulse pressure and inversely for smoking status.

E-selectin levels (Table 2) showed a strong inverse rela-
tionship with age and with statin therapy and a weak positive
correlation with concomitant�-blocker therapy. Compared
to these relatively weak associations with cardiovascular
risk factors, ADMA levels (Table 3) showed strong associa-
tions with pulse pressure and Lp(a) concentrations and weak
associations with LDL-C, CRP levels and non-significantly
with fibrate therapy. A strong negative association was seen
between ADMA levels and current smoking.

3.5. Relationship with change in pulse wave velocity
after sildenafil therapy

No relationship of baseline levels of E-selectin or ADMA
was found with change in reflectance index, stiffness index
(pulse wave velocity), pulse pressure or IIEF score in
response to acute administration of 50 mg sildenafil. No dif-
ference was seen in plasma E-selectin or ADMA levels in
patients receiving long-term (3 months) sildenafil therapy
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able 3
elationship of ADMA levels to cardiovascular risk factors in a pop

ion with erectile dysfunction as determined by forward multiple regres
nalysis

arameter Beta S.E. p

ibrate (+) 0.10 0.05 0.06
moking (+) −0.07 0.02 0.00
M (+) 0.07 0.03 0.07
DL-C (mmol/L) 0.04 0.02 0.02
n Lp(a) 0.11 0.03 0.00
n CRP 0.05 0.02 0.04
P (mmHg) 0.004 0.0009 <0.0

RP = C-reactive protein; DM = diabetes mellitus; Lp(a) = lipoprotein
P = pulse pressure;Rn = 0.84;p< 0.001.



4 A.S. Wierzbicki et al. / Atherosclerosis xxx (2005) xxx–xxx

4. Discussion

This study shows that in patients with erectile dysfunc-
tion on cardioprotective therapies ADMA concentrations
correlate with E-selectin levels and show a clear relationship
with pulse pressure, lack of smoking and lipoprotein (a)
concentrations and weak associations with LDL-C and CRP
levels. In contrast to E-selectin ADMA levels are not reduced
in patients on statin therapy. No relationship of ADMA or
E-selectin levels was found with baseline or post-sildenafil
therapy IIEF scores. Despite acute 50 mg sildenafil therapy
inducing changes in pulse pressure, reflectance and stiffness
indices within 30 min the degree of systemic vascular
response to sildenafil was not dependent on baseline ADMA
levels. This study was designed using patients as their own
controls as sildenafil therapy results in no change in IIEF
score in healthy individuals and has only small effects on
pulse wave parameters in this group. If a group of patients
with cardiovascular risk factors but no documented erectile
dysfunction had been used as controls it would be impossible
to exclude the actual presence of erectile dysfunction in
this group given the social stigma still associated with this
condition.

No previous study has investigated ADMA levels in
patients with erectile dysfunction, though a possible associa-
tion has been suggested[17]. One previous study has shown
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The correlation of ADMA levels with cardiovascular risk
factors has been seen in patients with renal disease, diabetes
with nephropathy, hypercholesterolaemia and hypertension
[9,28–30]but not previously explored in patients with erec-
tile dysfunction. The association with pulse pressure may
mimic that seen in patients with left ventricular hypertro-
phy on dialysis[31]. Similar weak relationships have been
observed between ADMA levels and LDL-C but no studies
have previously examined the relationship of ADMA with
Lp(a) or others plasma markers of inflammation except in
renal disease[32]. The presence of an association of ADMA
levels with these markers, known to show an association with
endothelial function, lends further support to the hypothesis
that ADMA levels can help determine endothelial function
[30]. The correlation of ADMA with E-selectin levels sug-
gest that like C-reactive protein ADMA may be related to the
effects of inflammation on the endothelium[32] and indeed
may regulate expression of endothelial chemokines and adhe-
sion molecules. However, a paradoxical association was seen
between ADMA levels and smoking compared to expecta-
tions based on influences on endothelial function. A similar
relationship between smoking and ADMA levels was also
seen in a study of 563 elderly men[33]. This may reflect sta-
tistical errors induced by multivariate or dichotonous analysis
or a different mechanistic action of smoking on ADMA pro-
duction.
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ICAM-1 and VCAM-1) are elevated in patients with E
ompared to controls[18]. There is a strong cross-correlat
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nd CAM levels are associated with their expression on
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roduction of reactive oxygen species[19] This suggests th
DMA levels should also be increased in this situation
ight correlate with degree of endothelial activation[20] as
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lood flow [24,25]. These findings are partially confirm

n this study as a weak but non-significant association
brate therapy was observed independent of blood pre
26].

No difference was seen in E-selection or ADM
evels in relation to acute or chronic sildenafil thera
ildenafil, like other PDE-5 inhibitors increases NO l
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ADMA levels correlate with carotid intima-media thic
ess[32] and may add additional risk information to class
isk factors[34]. Erectile dysfunction and to some extent II
core reflect the underlying burden of atherosclerosis[3] so
relationship with ADMA levels with risk factor burden
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