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Abstract

Aims/hypothesis. Ninety percent of all men with dia-
betes have Type II (non-insulin-dependent) diabetes
mellitus, and erectile dysfunction (ED) is common
in this patient group. This study evaluated the effects
of sildenafil on men with erectile dysfunction and
Type 1I diabetes and compared the results with glyc-
ated haemoglobin concentrations and chronic diabet-
ic complications.

Methods. Patients (mean age, 59 years) in this dou-
ble-blind, placebo-controlled trial were randomised
to sildenafil (25-100 mg; n = 110) or matching place-
bo (n = 109) for 12 weeks. Primary criteria for effica-
cy included questions 3 (achieving an erection) and 4
(maintaining an erection) from the International In-
dex of Erectile Function (IIEF, score range, 0-5).
Secondary outcome measures included a global effi-
cacy question (GEQ), patient event logs, a life satis-
faction checklist, and the remaining IIEF questions.
Results. After 12 weeks, the mean scores for ques-
tions 3 and 4 had improved significantly in patients
receiving sildenafil (3.42 + 0.23 and 3.35 + 0.24) com-

pared with placebo (1.86+0.22 and 1.84 +0.23;
p <0.0001). Similarly, the GEQ score was higher in
the sildenafil (64.6%) than the placebo group
(10.5%). Even when correlating efficacy with glycat-
ed haemoglobin concentrations (<8.3% or>8.3%,
the median concentration found in this study) or the
number of diabetic complications (0 or>1), the
mean scores for the GEQ and questions 3 and 4
from the IIEF remained higher for all the sildenafil
groups compared with the placebo groups
(p <0.0001).

Conclusion/interpretation. Sildenafil was well-tolerat-
ed and effective in improving erectile dysfunction in
men with Type II diabetes, even in patients with
poor glycaemic control and chronic complications.
[Diabetologia (2001) 44: 1296-1301]
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Diabetes mellitus is very common, with Type II (non-
insulin-dependent) diabetes mellitus accounting for
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90 % t0 95 % of the diagnosed patients [1]. A frequent
complication of diabetes is erectile dysfunction (ED),
with an estimated prevalence of 20 % to 85 % (ranging
from mild to complete ED) [2], which occurs at an ear-
lier age than in non-diabetic men. In the Massachu-
setts Male Aging study [3], men with treated diabetes
had an age-adjusted prevalence of complete ED (no
erections) of 28 %, which was approximately three
times higher than the prevalence of complete ED ob-
served in the entire sample of men (10 %).

Although ED in patients with diabetes is often
complex and can be caused by several mechanisms
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— including vascular disease, autonomic neuropathy,
hormone imbalance, and psychogenic factors — neu-
ropathy and/or vascular disease seem to be the most
frequent causes of ED in diabetic men [4]. The risk
of ED increases with a longer duration of diabetes
and with metabolic indices of inadequate diabetes
control (e.g., increased blood glucose and glycated
haemoglobin [HbA, ] concentrations) [5].

There is a large degree of overlap between condi-
tions typically associated with diabetes and risk fac-
tors for ED, namely, vascular disease, treated or un-
treated hypertension, neuropathy, and obesity which
are all markedly more common in diabetic patients
than in non-diabetic control subjects [6]. The inci-
dence of diabetic microvascular complications, such
as retinopathy, nephropathy, and neuropathy, can be
reduced considerably by blood glucose control,
whereas the risk of microvascular and macrovascular
complications in this patient group can be reduced
by normalising blood pressure [7].

Treatment options for men with ED have ad-
vanced considerably during the past 10 to 15 years
and include intracavernous prostaglandin injections
[8], vacuum constriction therapy [9], and transure-
thral alprostadil pellets [10]. However, efficacy and
long-term satisfaction with these treatment options
have not been optimal.

Sildenafil citrate, the first oral therapeutic agent
for the treatment of ED [11], is a potent and selec-
tive inhibitor of cyclic guanosine monophosphate
(cGMP)-specific phosphodiesterase type 5 (PDES),
the predominant isozyme metabolising cGMP in
the corpus cavernosum [12]. Penile erection de-
pends on relaxation of corpora cavernosa smooth
muscle. In response to sexual stimuli, cavernous
nerves and endothelial cells release nitric oxide,
which stimulates formation of cGMP via guanylate
cyclase. By selectively inhibiting cGMP catabolism
in cavernosal smooth muscle cells, sildenafil restores
the erectile response to sexual stimulation without
causing erections in the absence of such stimulation
[11].

We assessed the efficacy and safety of sildenafil in
men with Type II diabetes and ED, with particular
emphasis on glycaemic control (e.g., the concentra-
tion of HbA, ) and the presence and number of dia-
betic complications.

Subjects and methods

Study design. This study was a double-blind, placebo-con-
trolled, and flexible-dose escalation study which included 219
patients with Type II diabetes and ED from multiple clinical
centres. After a 4-week run-in period, during which baseline
data on sexual function were collected, patients entered a 12-
week double-blind treatment period. Following randomisation
to sildenafil or matching placebo, patients returned for follow-
up visits after 2, 4, 8, and 12 weeks of treatment.
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Inclusion criteria. To be eligible, participants had to be 37 years
of age or older with a clinical diagnosis of ED and be in a stable
relationship of more than 6 months duration with a female
partner. Patients had to have a clinical diagnosis of Type II dia-
betes of at least 2 years’ duration as defined by the National
Diabetes Data Group [13], had to be at least 35 years of age
at the time of diagnosis of diabetes, and must not have re-
quired insulin for at least 2 years after diagnosis. Diabetes had
to be generally stable with HbA, . concentrations of less than
11%.

Major exclusion criteria. Patients with genital anatomical de-
formities, major psychiatric disorders, a history of alcoholism
or substance abuse, ED as a result of spinal cord injury, a
history of myocardial infarction, stroke, heart failure, or un-
stable angina within the past 6 months, a history of hypoten-
sion, or currently using nitrates were excluded. Also exclud-
ed were patients who had one of the following: Type I (insu-
lin-dependent) diabetes mellitus, HbA,, concentrations of
11% or more, recurrent hypoglycaemic episodes, severe dis-
abling autonomic neuropathy, diabetes secondary to pancre-
atic damage, Cushing’s syndrome, and acromegaly. Patients
with cardiovascular disease were not specifically excluded,
but were carefully considered for study entry because of the
potential impact of resuming sexual activity and the mild
and transient vasodilatory effects of sildenafil on blood pres-
sure.

Informed consent and ethics committee approval. Written con-
sent was obtained from each subject before screening proce-
dures commenced. The study was carried out in compliance
with Good Clinical Practice (GCP) standards and the World
Medical Assembly Declaration of Helsinki and according to
local laws and regulations relevant to the study of therapeutic
agents in the countries of conduct: Denmark, Finland, France,
Germany, Sweden, and United Kingdom.

Study drug. All patients started at a 50-mg dose of sildenafil ci-
trate (VIAGRA, n = 110) or matching placebo (n = 109), with
the option of adjusting the dose to 25 or 100 mg based on effi-
cacy and tolerability.

Study evaluations. The primary outcome measures were as fol-
lows:
International Index of Erectile Function (ITEF) [14]: week 0
and week 12;
Question 3 (assesses the ability to achieve an erection suffi-
cient for sexual intercourse);
Question 4 (assesses the ability to maintain an erection af-
ter penetration).
The secondary outcome measures were as follows:
(1) Event Log of Erectile Function: pretreatment 4-week run-
in period through week 12 of treatment.
Completed by patients each time they engaged in sexual
activity. This asked about response to study drug and suc-
cess of intercourse attempts.
(2) Global Efficacy Question (GEQ), week 12;
This question asked “Has the treatment you have been ta-
king over the past 4 weeks improved your erections?”
(3) IIEF domains [14], week 0 and week 12;
The IIEF consists of 15 questions that are grouped into 5
different domains:
Erectile Function, Questions 1 to 5 and 15 (score range,
1-30);
Intercourse Satisfaction, Questions 6 to 8 (score range,
0-15);
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Orgasmic Function, Questions 9 and 10 (score range,
0-10);
Sexual Desire, Questions 11 and 12 (score range, 2-10);
Overall Satisfaction, Questions 13 and 14 (score range,
2-10).
Answers were scored from 1 (almost never/never) to 5 (al-
most always/always), with 0 indicating no sexual activity.
(4) Life Satisfaction Checklist [15], week 0 and week 12;
this is an 8-item questionnaire assessing the patients’ quali-
ty of life (life as a whole, sexual life, partnership relation,
family life, contacts with friends, leisure situation, voca-
tional situation, financial situation). Answers are scored
from 1 (very dissatisfying) to 6 (very satisfying).
(5) Partner Questionnaire, week 12;
two questions are asked relating to the patients’ ability to
achieve and maintain an erection. Answers are scored as
on the IIEF.

Statistical evaluation. We calculated the sample size needed to
detect a statistical difference in the mean endpoint response
for sildenafil (combined 25mg, 50 mg and 100 mg dose
groups) and compared it with placebo. Based on a difference
of 1.33 in mean scores and assuming a common standard devi-
ation for sildenafil and placebo of 2.0, a sample size of 50 pa-
tients per treatment arm was sufficient to achieve a power of
90 % to detect the specified difference between the two treat-
ment groups using an approximation (two-sided, alpha = 0.05)
to the test comparing two means for normally distributed re-
sponses. In total, 220 (110 in each group) were randomized to
sildenafil or placebo, which provided sufficient power for the
primary analysis of efficacy and the analysis of covariance (in-
cluding terms for treatment group, country, baseline value for
efficacy variables, duration of ED, aetiology of ED, age and
duration of diabetes).To determine if the effect of sildenafil
was related to the degree of glycaemic control, data were sub-
analysed by HbA,, concentration, using the median cutoff of
8.3%, to obtain a group with fair control and a poorly con-
trolled group.

Data were also subanalysed by the number of diabetic com-
plications, which were divided into four categories: cardiovas-
cular disease (angina, hypertension, congestive heart failure,
myocardial infarction, coronary or peripheral artery disease),
nephropathy (impaired renal function, albuminuria, microal-
buminuria), neuropathy (peripheral neuropathy), and retinop-
athy (visual abnormalities, macular degeneration). Each cate-
gory was only counted once, although patients could have
more than one complication in a given category, particularly
in the cardiovascular disease category. Subsequently, patients
were subdivided into two groups, with either none or one or
more diabetic complications.

Efficacy variables were analysed by ANCOVA. Each of the
two primary efficacy variables (IIEF questions 3 and 4) was
analysed separately, using univariate ANCOVA methods. Re-
sults were considered statistically significant with a p value of
less than 0.05 (using two-sided tests) in both analyses to show
efficacy over placebo. The GEQ was analysed using logistic re-
gression. The percentage of patients answering “yes” was esti-
mated from the actual percentage and adjusted using covari-
ates. The percentage of successful intercourse attempts was
analysed for a difference between treatment groups using lo-
gistic regression. All hypotheses were tested for significance
(p <0.05) and were two-sided. SAS version 6.12 (SAS Insti-
tute, Cary, N.C., USA) was used for the statistical analyses.
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Table 1. Demographic variables of patients at baseline

Placebo Sildenafil
(n=109) (n=110)
Mean age, years (range) 59.1 (45-72)  58.2 (38-80)

Mean weight, kg (range) 88.2 (62-121)  88.1 (60-146)

Race, %
White 96.3 95.5
Black 0 1.8
Asian 1.8 1.8
Other 1.8 0.9
ED aetiology, %
Non-psychogenic 69.7 64.5
Psychogenic 8.3 3.6
Mixed 22.0 31.8
Smoking status, %
Ex-smoker 50.5 53.6
Never smoked 25.7 24.5
Smoker 239 21.8

Mean time since diagnosis of

ED, years (range) 3.7(0.7-11.1) 4.6 (0.4-21)
Mean time since diagnosis of
Type 11 diabetes, years (range) 9.7 (1.0-28)  10.1 (2.0-34)
Diabetic complications, %

0 311 42.7

1 523 40.9

2 16.5 14.5

3 0 1.8
Insulin used, % 36.7 31.8
Concomitant illness, %

Hypertension 52.3 40.0

Ischaemic heart disease 2.8 5.5

Hypercholesterolaemia 73 8.2
HbA, . concentration, median
(range) 8.4 (5.1-12.1) 83 (5.1-12.1)
% HbA,,

<83% 49.0 515

>83% 51.0 48.5
Mean treatment duration, d (SD) 84.0 +21.7 85.9+259
Number of doses taken per
month, (SD) 10.4 £ 6.0 10.9 £ 6.0
Last dose taken®, %

25 mg 0 0.9
50 mg 2.8 20.0
100 mg 95.4 77.3

#Two patients in each treatment group were missing last dose in-
formation and were excluded from the percentage calculation

Results

Demographics. The baseline characteristics of men
with ED randomised to placebo or sildenafil were
largely similar, although there were some minor dif-
ferences (Table 1). Most men in the sildenafil group
(85/110; 77.3 %) preferred the 100-mg dose of silde-
nafil over the lower doses. In comparison, 21.8 %
(24/110) and 0.9% (1/110) of patients used the 50-
mg and 25-mg dose of sildenafil, respectively.

Efficacy. After 12 weeks, there were marked im-
provements in the ability to achieve and maintain an



A.J.M.Boulton et al.: Sildenafil in Type II diabetes mellitus

Table 2. Efficacy parameters

1299

All patients HbA,.<83% HbA,.283% 0 complications > 1 complications
B P S B P S B P S B P S B P S
IIEF Q3,n 101 101 - 47 47 - 47 47 - 32 43 - 69 58
Mean score 1.77 186 3.42° 1.69 1.59 3.06* 1.69 1.50 3.04% 1.84 1.74 3512 173 2.00 3417
SEM - 022 023 - 0.34 040 - 037 0.36 - 041 043 - 0.30 0.32
IIEF Q4, n 100 101 47 47 46 47 32 43 69 57
Mean score 149 184 335 145 1.60 2.84° 145 139 3.04° 1.65 1.75 3.46* 142 195 3217
SEM - 023 0.24 - 036 041 - 038 0.37 - 043 044 - 0.31 0.34
EF domain, n 98 98 45 47 46 44 31 43 67 55
Mean score 104 115 2042 102 108 19.1# 10. 9.5 18.22 109 103 19.7¢ 102 127  21.0¢
SEM - 117 124 - 1.78  2.03 - 195 1.95 - 221 233 - 1.61 1.72
Successful 84 82 40 35 37 40 24 40 58 50
attempts, n
Estimated % 13.8 144 588* 141 159 486° 126- 168 62.0* 186 20.7 63.1° 114 134 56.3°
95% CI - 8.6-23 48-69 - 7.7-30 34-63 - 8.2-31 45-76 - 8.9-41 45-719 - 7.4-23 43-69
B baseline, P placebo, S sildenafil
2 p < 0.0001; ® p < 0.0002; ¢ p < 0.005
Table 3. Life satisfaction checklist . 80 % ¥ * x %
Placebo Sildenafil S 7 {
Mean score? % 601
Life as a whole 49 497 g 57
Sexual life 2.55 3.79° T 407
Partnership relation 5.05 5.15 5 304
Family life 5.39 5.37 £ 201 .
Contact with friends 5.18 513 < o0
Leisure situation 5.02 4.97 NS
Vocational situation 4.41 4.63 0-— T T T T
Financial situation 4.59 4.49 7= 103102 8 4 a8 2 0 38
- — — All patients <8.3% >8.3% 0 21
;Scores range from 1 (very dissatisfying) to 6 (very satisfying). HbA,, 1 of diabetic
p < 0.0001 vs placebo complications

erection (Table 2), with the mean scores for IIEF Q3
and Q4 significantly higher in the sildenafil group
compared with the placebo group. Efficacy was simi-
lar between treatment groups when patients were
subanalysed by HbA, . concentration or the number
of diabetic complications. The median HbA,, con-
centration at baseline was 8.3 %, and the number of
diabetic complications was classified as 0 and greater
than 1 since the number of patients with two or more
complications was small ( <20 %, Table 1). Affirma-
tive responses to the GEQ (“Has treatment improved
your erections?”) were significantly higher in the sil-
denafil group, with more than 65% of patients an-
swering in the affirmative compared with only 11 %
in the placebo group (Fig.1). Although there was no
difference in efficacy when data were subanalysed
by HbA,, concentration, for most efficacy parame-
ters patients with no diabetic complications seemed
to respond slightly better than those with one or
more complications.

After 12 weeks of sildenafil treatment, scores of
erectile function were markedly improved compared
with placebo, with no differences in efficacy between

Fig.1. After 12 weeks of treatment, the percentage of patients
answering “yes” to the GEQ (“Did treatment improve your
erections?”) was significantly improved in patients receiving
sildenafil () compared with those receiving placebo ([J,
p < 0.0001). Patients with no diabetic complications responded
slightly better than those with one or more complications

the different subgroups (Table 2). Similarly, the esti-
mated number of successful intercourse attempts
was improved in patients receiving sildenafil com-
pared with those receiving placebo (p < 0.0001, Ta-
ble 2). Again, sildenafil was efficacious independent
of HbA, . concentration and number of diabetic com-
plications. In addition, using the Life Satisfaction
Checklist, a quality-of-life questionnaire, sildenafil
was shown to improve scores for sexual life 1.5-fold
over placebo treatment (Table 3); other domains
showed no significant differences between sildenafil
and placebo.

Adverse events. The most common treatment-related
adverse events (AEs) included headache and flush-
ing; all other AEs occurred in less than 5% of the pa-
tients (Table 4). All AEs were transient and mild to
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Table 4. Treatment-related adverse events

Placebo Sildenafil

Evaluable subjects, n 109 110
Completed study, % 92 93
Number of AEs, n 11 65
Subjects with AEs, % 6.4 37.3
Subjects with serious AEs, % 0 0
Subjects with severe AEs, % 0 0.9
Subjects discontinued due to AEs, % 0 0
AEs

Headache, % 3.7 18.2
Flushing, % 0 14.5
Dyspepsia, % 0.9 1.8
Abnormal vision, % 0 4.5

moderate in nature, and the rate of discontinuations
due to AEs of all causalities was low (1.8 % in both
treatment groups).

Discussion

This 12-week controlled trial shows that sildenafil is
well tolerated and markedly improves the ability to
achieve and maintain an erection, increases the num-
ber of successful attempts at intercourse, and im-
proves sex-related quality of life in Type II diabetic
men with ED. Men with diabetes have an approxi-
mately threefold higher risk for ED than men with-
out diabetes [3], and it has been shown that erectile
function decreases with lack of glycaemic control
(e.g., with increased blood glucose and HbA, . con-
centration) [5]. Advanced glycation end-products ac-
cumulating in tissue proteins are a result of increased
blood glucose and play a part in many of the compli-
cations of diabetes. They have also been shown to de-
crease nitric oxide activity and modulate endotheli-
um-dependent relaxation and thus could adversely
affect nitric oxide-signalling mechanisms within the
corpora cavernosa [16]. In a convenience sample of
men with Type II diabetes, a multivariate analysis
showed that HbA, . was an independent predictor of
erectile function and that patients with a mean
HbA, concentration of 6.9 % had no signs of neuro-
pathy and scored 20.1 points on the erectile function
domain score, with only 10% of patients using insu-
lin. In comparison, patients with mean HbA,_ con-
centrations of 8.8% had signs of neuropathy and
scored only 14.7 points on the erectile function do-
main score, with 70 % of patients using insulin [2]. In
our study, sildenafil (25-100 mg) was an effective
oral therapy for men with Type II diabetes as deter-
mined by the IIEF (questions 3 and 4, erectile func-
tion domain), the GEQ, and the percentage of suc-
cessful attempts at intercourse. Efficacy was indepen-
dent of HbA,, concentrations (<8.3% or>83%).
However, men with fewer diabetic complications
seemed to respond marginally better to IIEF ques-
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tions 3 and 4 and the GEQ and reported slightly
more successful attempts at intercourse than the
men who had more conditions typically associated
with diabetes.

In a previous study of diabetic patients, sildenafil
was shown to be an effective and well tolerated treat-
ment in a mixed (Type I and II) group of 268 diabetic
men with ED [1]. In this patient group, efficacy of sil-
denafil was independent of age, duration of ED, and
duration of diabetes, and erections were improved
by 56 % with sildenafil, compared with 10 % for pla-
cebo. Thus, our study has shown better efficacy of sil-
denafil possibly due to a more homogenous group,
consisting exclusively of Type II diabetic men.

The efficacy and safety of sildenafil have been as-
sessed from more than 11000 patient-years of obser-
vation in controlled clinical trials, several of which fo-
cused on and/or included men with diabetes; more-
over, since its regulatory approval in the United
States in March 1998, sildenafil has been prescribed
to more than 10 million patients worldwide [17]. The
safety profile of sildenafil in this study of men with
ED and Type II diabetes is in agreement with previ-
ous reports, in which the most common AEs associat-
ed with use of sildenafil in flexible-dose studies were
headache (16%), flushing (10%), dyspepsia (7 %),
and visual disturbances (3 % ), all consistent with the
known pharmacologic effects of the drug [18]. These
effects were generally transient and mild to moderate
in nature and the rate of discontinuations due to AEs
of all causalities was similar for patients receiving pla-
cebo (1.8%) or sildenafil (1.8 %). All clinical studies
conducted so far have shown that the incidence of
AEs and the rate of discontinuations due to AEs is
similar in patients with diabetes compared with pa-
tients without diabetes ( <2 %) [19].

When treating patients with diabetes, it is also im-
portant to establish that AEs related to metabolic
function, which could exacerbate diabetes, do not oc-
cur. There is no indication from clinical trial data that
sildenafil adversely affects blood glucose concentra-
tions in patients with diabetes. Furthermore, in a pre-
viously published study in 21 men with diabetes, no
clinically important changes in laboratory test results
were observed, suggesting that sildenafil did not im-
pair metabolic control [20].

In summary, this first trial of sildenafil in men with
Type II diabetes showed a better response rate than
previously reported in a mixed diabetic population.
Because poorly controlled diabetes is often associat-
ed with diabetic neuropathy [21] and peripheral vas-
cular disease [22], both of which can increase the
risk of ED, it is encouraging that treatment with sil-
denafil was able to improve erections in men with
Type II diabetes independent of the degree of glycae-
mic control or the presence of neuropathic and vascu-
lar complications. Moreover, the favourable tolera-
bility coupled with a mechanism of action requiring
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sexual stimulation, are desirable characteristics for a
successful treatment for ED.
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