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Abstract

Aims/hypothesis. The aim of this study was to evalu-
ate the relation between erectile dysfunction and en-
dothelial functions, coagulation activation, peripher-
al and autonomic neuropathy in men with Type 11
(non-insulin-dependent) diabetes mellitus.

Methods. We studied 30 Type 11 diabetic patients with
symptomatic erectile dysfunction and 30 potent dia-
betic patients matched for age and disease. Endothe-
lial functions were assessed with the L-arginine test,
plasma thrombomodulin and cell adhesion molecules
circulating concentrations. Haemostasis was evaluat-
ed with markers of thrombin activation and fibrinoly-
sis. Quantitative sensory testing (vibratory, warming,
and heat-pain thresholds), cardiovascular reflex tests
and 24-h blood pressure monitoring were used to as-
sess peripheral or autonomic neuropathy.

Results. Mean erectile score and HbA,  were
10.5+ 5.8 and 8.3 +1.6% in patients with erectile
dysfunction, and 24.0 + 0.7 and 6.8 + 1.4 % in those
without erectile dysfunction, respectively
(p <0.001); there was a significant relation between
HbA,, and erectile function score in patients with
erectile dysfunction (r=-0.45, p=0.02). The de-

crease in blood pressure and platelet aggregation in
response to L-arginine was lower (p < 0.05-0.02) in
patients with erectile dysfunction, whereas soluble
thrombomodulin, P-selectin and intercellular cell
ahhesion molecule-1 concentrations were higher
(p <0.05-0.02). Indices of coagulation activation
(F1 + 2 and p-dimers) and reduced fibrinolysis (PAI-
1) were also found to be higher in erectile dysfunction
patients. Heat-pain and warm perception thresholds,
as well as cardiovascular reflex tests, were most com-
monly abnormal in patients with erectile dysfunction
(p <0.05). In multivariate analysis, HbA, ., MBP re-
sponse to L-arginine, P-selectin, indices of coagula-
tion, and quantitative sensory testing were indepen-
dent predictors of erectile function score.

Conclusion/interpretation. Erectile dysfunction in di-
abetic men correlates with endothelial dysfunction.
A reduced nitric oxide activity might provide a unify-
ing explanation. [Diabetologia (2001) 44: 1155-1160]

Keywords Erectile dysfunction, endothelial func-
tions, L-arginine test, thrombomodulin, coagulation,
fibrinolysis, adhesion molecules, peripheral neuropa-
thy.

Received: 18 April 2001 and in revised form: 21 April 2001

Corresponding author: D. Giugliano, Via Emilia 1, 80021 Afra-
gola (NA), Italy, E-mail: dario.giugliano@unina?.it
Abbreviations: ED, erectile dysfunction; IIEF, international in-
dex of erectile function; CAMs, cellular adhesion molecules;
QSTs, quantitative sensory testing; ADP, adenosine diphos-
phate; CASE 1V, computer assisted sensory examination;
MBP, mean blood pressure

Erectile dysfunction (ED) is a common complication
and an important cause of decreased quality of life
in men with diabetes. These patients present a risk
of ED three-fold higher than the general population;
the prevalence of ED increases with age, but in dia-
betic men it can occur 10 to 15 years earlier regard-
less of their insulin dependency status [1].

The causes of ED in diabetic patients can be multi-
factorial, involving mainly vascular, neurological and
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pharmacological factors [2]. There is a greater inci-
dence of peripheral neuropathy [3], microangiopathy
[4] and arterial insufficiency [5] in diabetic patients
with ED than in potent diabetic men. Furthermore,
diabetic patients could have other co-morbid condi-
tions that are associated with ED without diabetes,
such as renal failure, hypertension and chronic liver
disease, thus the precise association of diabetes with
ED could be circumstantial.

Nitric oxide is widely recognized as the most im-
portant factor involved in corpus cavernosal smooth
muscle relaxation, and hence in erection [6]. Nitric
oxide is synthesized and released directly from para-
sympathetic nonadrenergic, noncholinergic nerves
[7], and from vascular endothelial cells after stimula-
tion by acetylcholine [8]. Neurogenic and endotheli-
um-mediated corpus cavernosal smooth muscle re-
laxation in tissue from diabetic men is impaired [9].
This situation is reminiscent of that occurring in other
vascular tissues in which endothelial-mediated
smooth muscle relaxation is inhibited by high glucose
concentrations [10]. Hyperglycaemia could be the
link between ED and endothelial dysfunction in dia-
betic men. Although it has been suggested that a de-
fect in nitric oxide activity might play a part in the
pathogenesis of both ED and ischaemic heart disease
[11], so far no study has assessed the association be-
tween ED and endothelial functions in diabetic pa-
tients without vascular complications. Moreover, the
role of coagulation abnormalities has not been evalu-
ated in patients with ED.

Our aim was to evaluate the association between
ED and endothelial functions, haemostasis, peripher-
al and autonomic neuropathy in men with Type II di-
abetes mellitus. For this purpose, we did a case-con-
trol study comparing two groups of Type II diabetic
patients, with or without ED.

Subjects and methods

We studied 30 Type II diabetic patients with symptomatic erec-
tile disfunction (ED) from at least six months, manifested as a
persistent inability to attain and maintain an erection sufficient
to permit sexual activity [12]. All patients presented for rou-
tine follow-up to Diabetes Clinics and then referred to the
Center for Metabolic Diseases at the teaching Hospital of the
Second University of Naples. None had clinical evidence of
any peripheral vascular disease or psychological disorder. Im-
paired renal function, including macrolbuminuria, pelvic trau-
ma, prostatic disease, non-diabetic neuropathy, proliferative
retinopathy, and other ED-risk factors, such as use of drugs or
alcohol, were also considered exclusion criteria. Participants
who satisfied the inclusion criteria completed questions 1 to 5
of the IIEF (International Index of Erectile Function), which
is a multidimensional questionnaire for assessing ED [13].
The erectile function score represents the sum of questions 1
to 5 of the ITEF questionnaire, with a maximum score of 25 (5
for each question). Another group of 30 Type II diabetic pati-
ents, matched for age, body mass index and duration of diabe-
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Table 1. Characteristics of Type II diabetic patients

Patients with ~ Patients without

ED ED
n 30 30
Age (years) 55+£55 529+5.0
BMI (kg/m2) 272427 26.1 2.5
IIEF score 10.5+5.8 247 +7.9*
Duration of diabetes (years) 9.5+6.6 102+5.0
HbA,. (n.v. =4.6-5.6%) 83+1.6 6.8 +1.4
Plasma glucose (mmol/l) 102 £3.6 9.7+32
Serum cholesterol (mmol/l) 48+ 14 47+15
Serum triglycerides (mmol/l)  1.35 +0.75 1.25+0.7
Smokers (%) 70 80
Mean blood pressure (mmHg) 90.4 +10.1 88.9+£6.9
Dipper (%) 40 333
Heart rate (beat/min) 71.6 £7.5 69.0 + 6.6
Platelet aggregation (%) 30.7 £ 18.2 258 +15.5
Microalbuminuria (% )® 30 20
Diabetes treatment (%)
Diet 0 10
Oral drugs 70 60
Insulin 30 30
Data are means =+ SD; n.v. = normal values.
2 p <0.001
> (>30mg/24 h)

tes, but without ED, served as the control group (Table 1). All
patients gave informed consent to participate in the study and
the protocol was approved by the review board of the Second
University of Naples.

All patients were studied after a 12-h overnight fast, avoid-
ing the morning dose of insulin, if scheduled in their treatment.
Endothelial function was assessed with the L-arginine test [14].
The diabetic patients were placed in a supine position with a
room temperature kept between 20 and 24°C. All patients
were instructed to refrain from smoking and from drinking al-
coholic beverages or coffee from the night before the test. In-
travenous lines were inserted in a large antecubital vein of
one arm for infusion and in a dorsal vein of the contralateral
arm for blood sampling. Patency was preserved by a slow sa-
line infusion (0.9 % NaCl). Automatic measurements of blood
pressure and heart rate (Finapres, Omheda 2300, Englewood,
Calif., USA) were carried out. The study began after the pa-
tient had rested for 30 min. An intravenous bolus of 3 g L-argi-
nine (10 ml of a 30 % solution of L-arginine monochloride), the
natural precursor of nitric oxide, was injected within 60 s.
Blood pressure and platelet aggregation responses to 1.25 mi-
cromolar adenosine diphosphate (ADP) were measured be-
fore L-arginine injection and after 10 min. The overall repro-
ducibility of L-arginine test in the same patient was 0.75%.
L-arginine mimics some of the effects of nitric oxide, including
vasodilation and antiplatelet activity [15]; since the vascular ef-
fects of L-arginine are thought to derive from metabolic con-
version to nitric oxide, the L-arginine test has been used for
evaluating endothelial function [14].

The assessment of peripheral neuropathy was based on the
quantitative sensory examination using the vibratory, thermal
and pain sensory thresholds. Quantitative Sensory Testing
(QSTs) was done by a computerized system (Computer Assist-
ed Sensory Examination, CASE 1V, Stillwater, MN) designed
to evaluate vibratory and warming detection thresholds, as
well as heat-pain via a numerical visual analogue scale (1 to
10) of pain. This battery of tests allows noninvasive assessment
of large-fibre (vibratory), and small-fibre sensory function
(warming, pain). Sensory abnormalities measured by CASE
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IV provide a reliable, reproducible, and sensitive index of dia-
betic neuropathy [16].

All patients were evaluated for cardiac autonomic neurop-
athy by cardiovascular reflex tests. Autonomic nerve function
tests included the heart rate variation during deep breathing
and the heart rate responses to the squatting test [17]. The
squatting test gives information an both sympathetic and para-
sympathetic activity, and is better than other single tests in
identifying early sympathetic involvement [18]. R-R intervals
were recorded with a standard 12-lead ECG. The patients
also monitored their blood pressure during 24 h (DynaPulse
5000, Pulse Metric Inc, San Diego, Calif., USA). Based on the
blood pressure night-time decrease, the patients were catego-
rized in non-dipper and dipper, respectively, for a night-time
reduction less than 10 %, and between 10 and 20 %.

Blood for routine chemical analyses were taken after an
overnight fast. Blood for assessing haemostatic parameters,
soluble thrombomodulin, P-selectin and intercellular adhesion
molecule-1 (ICAM-1) was collected through a silicone-treated
needle and was allowed to flow freely into silicone-treated
glass tubes, where it was mixed with 1/10 of its volume of
0.1 mol/l sodium citrate. The blood was immediately centri-
fuged at 1700 g - 20 min at 4°C and frozen at —80°C until as-
sayed. Plasma glucose was measured by the glucose-oxidase
method; serum cholesterol and triglyceride concentrations
were measured by standard enzymatic methods; HbA, . con-
centration was measured by high pressure liquid chromatogra-
phy. Coagulative parameters were measured with immunosor-
bent commercially available kits (F1 + 2: Dade Behring, Mar-
burg, Germany; b-dimer: Diagnostica Stago, Asmicres,
France; PAI-1 and tPA: Byk-Sangtek Diagnostica, Germany).
Thrombomodulin (Asserachrom, Diagnostica); P-selectin and
ICAM-1 (R&D Systems, Minneapolis, Minn., USA) were
also measured by immunosorbent kits. For all, the intra-assay
and interassay coefficients of variation were below 5% and
7 %, respectively.

Statistical analysis. Data are presented as means + SD. Mean
blood pressure (MBP) was calculated as diastolic blood pres-
sure plus one-third of pulse pressure. Individual changes of pa-
rameters recorded during the L-arginine test were calculated as
the difference between the values found at 10 min and baseline
values. Data were analysed statistically by ANOVA; individu-
al means were compared using paired or unpaired student’s
t tests. The chi-square test was used for determining the fre-
quency of pathological findings between groups. Multivariate
analysis was used to measure the association of ED with gly-
caemic control, indices of endothelial function, and haemosta-
sis after adjusting covariates. Statistical analyses were done us-
ing computer software. A p value of less than 0.05 was chosen
as the level of statistical significance.

Results

All 60 participants completed the 5 questions of the
questionnaire. Mean erectile function score was
10.5 + 5.8 (range 1 to 20) in diabetic patients with
ED and 24.0 + 0.7 (range 23 to 25) in diabetic patients
without ED (p < 0.001); mean HbA, was 8.3 £ 1.6%
(range 5.8 to 13) and 6.8 + 1.4% (4.6 to 8.4), respec-
tively (p < 0.001). There was an inverse association
between HbA,. and erectile function score in the
group of patients with ED (r = -0.45, p = 0.02). The
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Table 2. Coagulation and fibrinolysis parameters in diabetic
patients with or without erectile dysfunction

Patients with  Patients without

ED ED

(n=30) (n=30)
F1 +2 (nmol/l) (n.v. = 02-12) 1.7+05 1.1+0.4
D-dimer (g/1) (n.v.=1.5-2.8) 3.8+0.9 25+0.7
PAL-1 (ug/l) (n.v. = 4-43) 55+14 41 = 107
tPA (ug/l) (n.v. = 1.3-10.4) 10+3 92+2.8
PAI-1/tPA 56+1.4 45+09°

2 Indicates significant differences (p < 0.05 or less) between
groups

other clinical characteristics of the patients did not
differ between the two groups; in particular, the per-
centage of dipper and non-dipper blood pressure pro-
files was not different, nor was there any difference in
the prevalence of microalbuminuria (Table 1). How-
ever, markers of coagulation activation (F1 + 2 and
D-dimer) and reduced fibrinolysis (PAI-1) were high-
er in the ED group (Table 2).

The changes in blood pressure recorded during the
L-arginine test were expressed as MBP variations
from baseline. In patients without ED, the L-arginine
bolus produced a decrease of MBP (-4.5=+
2.1 mmHg) which was different compared with pres-
timulatory values (p <0.01), and also greater
(p < 0.02) than that obtained in patients with ED, in
whom no change from baseline was observed after L-
arginine (+ 0.3 + 1.4 mmHg) (Fig.1). Similarly, the
decrease from baseline of platelet aggregation re-
sponse to ADP (-9.7 + 4.3 %) was greater (p < 0.05)
in patients without ED than in patients with ED
(-1.7+1.3%). There was a positive association
(r=0.38, p < 0.05) between the fall in MBP after -
arginine and the erectile function score in the diabet-
ic patients with ED. Soluble thrombomodulin was
higher in the ED group (37+9 vs 26 +8ug/l,
p <0.02) and correlated with the erectile function
score (r=-0.34, p <0.05). P-selectin and ICAM-1
concentrations were increased in patients with ED
(61 +£17 and 268 + 42ug/l, respectively), compared
with patients without ED (43 + 13 and 220 + 38 ug/l,
p <0.05), and showed a correlation with the erectile
function score (r=-0.41, p<0.02 for P-selectin;
r=-0.30, p < 0.05 for ICAM-1).

The results of QSTs examination showed patho-
logical changes in about 40% of patients with ED;
QSTs were abnormal in about 15 % of patients in the
group without ED. Pain and warmth perception
thresholds were most commonly abnormal in diabetic
patients with ED (p <0.01 and p < 0.05, respective-
ly); the vibratory threshold abnormalities were only
marginally more common in the ED group (Table 3).
The diabetic patients with abnormal perception
thresholds (pain and warmth) had a lower erectile
function score (p < 0.05). The percentage of patients
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Mean blood pressure

(mmHg)

Platelet aggregation

(%)

Patients with Patients without
ED ED

Fig.1. Variations of mean blood pressure and platelet aggrega-
tion to 1.25 umol/l ADP after L-arginine bolus (3 g within 30 s)
in diabetic patients. The decrease of both parameters was
(p < 0.05) higher in patients with erectile dysfunction

with abnormalities of autonomic cardiovascular tests
was higher in the group with ED compared with the
group without ED (Table 3).

Multivariate analysis showed that HbA,_  was an
independent predictor of erectile function score
(p <0.01), even after adjusting for MBP response to
L-arginine, indices of coagulation, P-selectin, and
QSTs, which were also independent predictors
(p <0.05).

Discussion

The association between diabetes mellitus and ED is
well established [19]. In our study, Type II diabetic
patients with medically documented ED presented a
poorer glycaemic control than that of a matched con-
trol group of diabetic patients without ED. Glycae-
mic control of diabetes, as assessed by HbA, . concen-
trations, was inversely and independently associated
with the level of ED, even after adjusting for other
variables, such as endothelial dysfunction, coagula-
tion activation, and neuropathy, which were also in-
dependent predictors of ED. It is possible that the
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Table 3. Abnormal (% ) autonomic and sensory tests in diabet-
ic patients with or without erectile dysfunction

Patients Patients P

with ED  without ED

(n=30) (n=30)
Deep breathing 30 13.3 0.05
Squatting vagal test 70 30 0.02
Squatting sympathetic test 60 30 0.02
Heat-pain threshold 40 10 0.01
Warm threshold 50 30 0.05
Vibratory threshold 20 13.3 NS

various aspects of long-lasting hyperglycaemia, either
acute, chronic or post-prandial [20], all contributing
to raising HbA, ., could be involved in the develop-
ment of ED in men with diabetes mellitus.

The association between global glycaemic control
and ED has been reported. In the largest study of
prevalence and risk association [21, 22], an Italian
multicentre cross-sectional study of 9868 diabetic
men 20 to 69 years old, ED was reported by 3534
(35.8%) of patients. After accounting for the effect
of age, Type II diabetic men (37/100) tend to report
ED less frequently than Type I men (51/100); in
both, a positive correlation was observed between
ED and poor glycaemic control and smoking; BMI
increased only the risk of ED in Type I diabetic men.
Since the groups we studied were matched for BMI
and smoking, glycaemic control of diabetes remains
the only significant predictor of ED in our diabetic
population.

A link between the pathogenesis of ED and de-
creased local nitric oxide activity has been suggested
because in isolated corpus cavernosum strips from di-
abetic patients with ED both neurogenic and endo-
thelium-dependent relaxation were impaired [S]. In
our study, diabetic patients with ED presented evi-
dence of abnormal endothelial functions. Blood pres-
sure and platelet aggregation responses to L-arginine,
the natural precursor of nitric oxide, were significant-
ly reduced (p < 0.02) compared with diabetics with-
out ED. Moreover, the ED group showed plasma
thrombomodulin and CAMs concentrations signifi-
cantly higher (p <0.02 and p <0.05 respectively)
than those recorded in potent diabetic patients.
Thrombomodulin is mostly located on endothelial
cells; after proteolytic cleavage from the endothelial
surface, soluble thrombomodulin can be detected in
circulating plasma and has been suggested as a labo-
ratory marker of endothelial cell damage and of en-
dothelial cell function [23]. Type 1I diabetic patients
could have plasma concentrations of soluble throm-
bomodulin higher than age-matched control subjects
[24] and an increase in soluble thrombomodulin re-
flects an increased risk of symptomless carotid ath-
erosclerosis [25]. Soluble forms of CAMs are also
considered to be an index of endothelial activation
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or even a molecular marker of early atherosclerosis
[26]. In one study, plasma CAMs were associated
with the risk of deterioration of peripheral neuropa-
thy in diabetic patients [27]. Our findings suggest
that diabetic patients with ED present an impairment
of endothelial functions and indices of endothelial ac-
tivation more marked than diabetic patients without
ED.

Hyperglycaemia impairs nitric oxide availability to
target cells, mimicking the endothelial dysfunction
seen in the diabetic patient. Hyperglycaemia could
increase free radical formation which could quench
and deactivate nitric oxide, reducing its availability
for target cells [28-30]. Among free radicals, superox-
ide anion seems the more likely candidate in mediat-
ing the haemodynamic changes of hyperglycaemia
because it is rapidly generated in hyperglycaemic
conditions, it rapidly reacts with nitric oxide and its
serum concentrations correlate with indices of gly-
caemic control, such as plasma glucose and glycated
proteins [31]. Data [32] also support this interpreta-
tion; in their hands, glycated haemoglobin directly
impairs acetylcholine-mediated relaxation of rat cor-
pus cavernosum in a dose-dependent manner, an ef-
fect mimicked by pyrogallol, a donor of superoxide
anions, and completely reversed by superoxide dis-
mutase, the enzyme involved in the degradation of
superoxide anions. The results also fit with previous
data showing a significant increase of the specific
AGE pentosidine in the diabetic human penis, but
not in the serum, suggesting a tissue-specific effect of
the AGEs [33]. Thus, an impairment in nitric oxide
bioavailability, due to nitric oxide quenching mediat-
ed by superoxide anions, could play a part in the
pathogenesis of ED associated with diabetes mellitus.

Diabetes mellitus is characterized by the existence
of a thrombosis-prone condition [34]. When coagula-
tion is activated, cleavage parameters, including
F1 +2 and D-D, are released into circulation [35].
Our data show for the first time that patients with
ED present markers of coagulation activation and re-
duced fibrinolysis higher than patients without ED,
which points for a role of unbalanced haemostasis in
the pathogenesis of diabetic ED. Hyperglycaemia
seems to be linked to coagulation activation through
an increased generation of free radicals [36].

Erectile dysfunction also depends on a complex in-
teraction of sensory and autonomic fibres [37]. A
study found abnormal warm thresholds in all their pa-
tients with neurogenic ED; however, they did not
evaluate a matched control group of non-ED diabet-
ics [38]. Another study found the prevalence of neur-
opathy to be 38 % in diabetic patients with ED [39].
More recently, a report showed a higher prevalence
of sensory threshold abnormalities in a group of 68
diabetic men with ED, with a preferential involve-
ment of axon-reflex vasodilation (89 % ), followed by
warmth perception (81 %) [40]. In our study, the best
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discriminator of neurological involvement in diabetic
men with ED was heat-pain threshold for peripheral
neuropathy and the squatting test for autonomic neu-
ropathy. As a whole, tests of small-fibre sensory func-
tion and cardiovascular reflex tests are most com-
monly abnormal in Type II diabetic patients with ED.

Our data show that erectile dysfunction in diabetic
men correlates with the level of glycaemic control,
with endothelial functions, and with neuropathy. A
defective nitric oxide activity, linked to reduced nitric
oxide availability, could provide a unifying explana-
tion for the association between ED and endothelial
dysfunction in Type II diabetic patients.

Acknowledgements. We wish to thank the following Diabetes
Clinics in Naples for having allowed us to evaluate their dia-
betic patients: Diabetic Clinic “Lepanto” (Dr. R. Acampora),
Diabetes Centers ASL NA1 (Dr. P. Mattei, Dr. V. Armentano).

References

1. Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ,
McKinley JB (1994) Impotence and its medical and psy-
chosocial correlates: results of the Massachussets Male Ag-
ing Study. J Urol 151: 54-61

2. Korenman SG (1998) New insights into erectile dysfunc-
tion: a practical approach. Am J Med 105: 135-142

3. Kolodny RC, Kahn CB, Goldstein HH, Barnett DM (1973)
Sexual dysfunction in diabetic men. Diabetes 23: 306-309

4. McCulloch DK, Campbell IW, Wu FC, Prescott RJ, Clarke
BF (1980) The prevalence of diabetic impotence. Dia-
betologia 18: 279-283

5. Metro MJ, Broderick GA (1998) Diabetes and vascular im-
potence: does insulin dependence increase the severity? Int
J Impot Res 10: A42

6. Krane RJ, Goldstein I, Saenz de Tejada I (1989) Impo-
tence. N Engl J Med 321: 1648-1659

7. Kim N, Azadzoi KM, Goldstein I, Saenz de Tejada I (1991)
A nitric oxide-like factor mediates nonadrenergic-noncho-
linergic neurogenic relaxation of penile corpus cavernosum
smooth muscle. J Clin Invest 88: 112-118

8. Palmer RMJ, Ferrige AG, Moncada S (1987) Nitric oxide
release accounts for the biological activity of the endotheli-
um-derived relaxing factor. Nature 327: 524-526

9. Saenz de Tejada I, Goldstein I, Azadzoi K, Krane RJ, Co-
hen RA (1989) Impaired neurogenic and endothelium-me-
diated relaxation of penile smooth muscle from diabetic
men with impotence. N Engl J Med 320: 1025-1030

10. Tesfamarian B, Cohen RA (1992) Free radicals mediate
endothelial cell dysfunction caused by elevated glucose.
Am J Physiol 263: H321-H326

11. Sullivan M E, Thompson CS, Dashwood MR et al. (1999)
Nitric oxide and penile erection: Is erectile dysfunction an-
other manifestation of vascular disease? Cardiovasc Res
43: 658-665

12. NIH Consensus Development Panel an Impotence (1993)
Impotence. JAMA 270: 83-90

13. Rosen RC, Riley A, Wagner G, Osterloh IH, Kirkpatrick J,
Mishra A (1997) The International Index of Erectile Func-
tion (IIEF). Urology 49: 822-830

14. Giugliano D, Marfella R, Verrazzo G et al. (1997) L-argi-
nine for testing endothelium-dependent vascular functions
in humans. Am J Physiol 273: E606-E612



1160

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bode-Boger SM, Boger RH, Creutzig A etal. (1994) L-
arginine infusion decreases peripheral arterial resistance
and inhibits platelet aggregation in healthy subjects. Clin
Sci (Colch) 87: 303-310

Suarez GA, Dyck PJ (1999) Quantitative sensory as-
sessment. In: Dyck PJ, Thomas PK (eds) “Diabetic
Neuropathy”, WB Saunders Company, Philadelphia
ppl51-169

Marfella R, Giugliano D, Di Maro G, Acampora R, Giunta
R, D’Onofrio F (1994) The squatting test. A useful tool to
assess both parasympathetic and sympathetic involvement
of the cardiovascular autonomic neuropathy in diabetes.
Diabetes 43: 607-612

Marfella R, Salvatore T, Giugliano D et al. (1994) Detec-
tion of early sympathetic cardiovascular neuropathy by
squatting test in NIDDM. Diabetes Care 17: 149-151
Ellemberg M (1975) Impotence in diabetes: the neurologic
factor. Ann Intern Med 75: 213-219

Muggeo M, Bolli G, Bompiani G et al. (2000) Consensus
Document — Glycemic control and cardiovascular diseases
in type 2 diabetes mellitus. Beyond fasting glycemia and
glycosylated hemoglobin. Diabetes Nutr Metab 13:
182-185

Fedele D, Coscelli C, Santeusanio F et al. (1998) Erectile
dysfunction in diabetic subjects in Italy. On behalf of
Gruppo Italiano Studio Deficit Erettile. Diabetes Care 21:
1973-1979

Fedele D, Bortolotti A, Coscelli C et al. (2000) Erectile
dysfunction in type 1 and type 2 diabetics in Italy. On be-
half of Gruppo Italiano Studio Deficit Erettile nei Diabe-
tici. Int J Epidemiol 29: 524-531

Nawroth PP, Héring HU (1999) Thrombomodulin and cor-
onary heart disease. Lancet 353: 1722-1723

Aso Y, Fujiwara Y, Tayama K, Takebayashi K, Inukai T,
Takemura Y (2000) Relationship between soluble throm-
bomodulin in plasma and coagulation or fibrinolysis in
type 2 diabetes. Clin Chim Acta 301: 135-145

Salomaa V, Matei C, Aleksic N et al. (1999) Soluble throm-
bomodulin as a predictor of incident coronary heart disease
and symptomless carotid artery atherosclerosis in the Ath-
erosclerosis Risk in Communities (ARIC) study: a case-
control study. Lancet 353: 1729-1734

Ridker PM, Hennekens CH, Roitman-Johmson B, Stamp-
fer MJ, Allemn J (1998) Plasma concentrations of soluble
intercellular adhesion molecule 1 and risks of future myo-

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

L.De Angelis et al.: Erectile and endothelial dysfunction

cardial infarction in apparently healthy men. Lancet 531:
88-92

Jude EB, Abbott CA, Young MJ, Anderson SG, Douglas
JT, Boulton AJ (1998) The potential role of cell adhesion
molecules in the pathogenesis of diabetic neuropathy. Dia-
betologia 41: 330-306

Giugliano D, Marfella R, Coppola L et al. (1997) Vascular
effects of acute hyperglycemia in humans are reversed by
L-arginine. Circulation 95: 1783-1790

Marfella R, Nappo F, De Angelis L, Paolisso G, Taglia-
monte MR, Giugliano D (2000) Hemodynamic effects of
acute hyperglycemia in type 2 diabetic patients. Diabetes
Care 23: 658-663

Marfella R, Esposito K, Giunta R et al. (2000) Circulating
adhesion molecules in humans: role of hyperglycemia and
hyperinsulinemia. Circulation 101: 2247-2251

Giugliano D, Ceriello A, Paolisso G (1996) Oxidative
stress and diabetic vascular complications. Diabetes Care
19: 257-267

Cartledge JJ, Eardley I, Morrison JFB (2000) Impairment
of corpus cavernosal smooth muscle relaxation by glycosy-
lated human haemoglobin. BJU Int 85: 735-741

Seftel AD, Vaziri ND, Ni Z et al. (1997) Advanced glyca-
tion end products in human penis: elevation in diabetic tis-
sue, site of deposition, and possible effect through iNOS
or eNOS. Urology 50: 1016-1026

Colwell JA (1993) Vascular thrombosis in type II diabetes
mellitus. Diabetes 42: 8-11

Boisclair MD, Ireland H, Lane DA (1990) Assessment of
hypercoagulable states by measurement of activation frag-
ments and peptides: Blood Rev 4: 25-40

Ceriello A (1993) Coagulation activation in diabetes melli-
tus: the role of hyperglycaemia and therapeutic prospects.
Diabetologia 36: 1119-1125

Andersson K-E, Wagner G (1995) Physiology of penile
erection. Physiol Rev 75: 191-236

Fowler CJ, Ali Z, Kirby RS, Pryor JP (1988) The value of
testing for unmyelinated fibre, sensory neuropathy in dia-
betic impotence. Br J Urol 61: 63-67

Vardi Y, Sprecher E, Kanter Y, Livne PM, Hemli JA, Yar-
nitsky D (1996) Polyneuropathy in impotence. Int J Impot
Res 8: 65-68

Wellmer A, Sharief MK, Knowles CH et al. (1999) Quanti-
tative sensory and autonomic testing in male diabetic pa-
tients with erectile dysfunction. BJU Int 83: 66-70



