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Abstract

Aims/hypothesis. A retrospective analysis of pooled
data from twelve placebo-controlled trials was conduct-
ed to characterise the efficacy and safety of tadalafil for
the treatment of erectile dysfunction in men with diabe-
tes compared with that in men without diabetes.
Methods. Patients were randomly allocated to tadalafil
10 mg, 20 mg, or placebo, taken as needed for 12
weeks. The study population comprised 637 men with
diabetes (mean age 57 years) and 1681 men without
diabetes (mean age 56 years).

Results. At baseline, patients with diabetes had more
severe erectile dysfunction than patients without dia-
betes, with mean International Index of Erectile Func-
tion (IIEF) erectile function domain scores of 12.6 and
15.0 respectively (p<0.001). Compared with placebo,
tadalafil 10 mg and 20 mg improved all primary effi-
cacy outcomes in both patient groups (p<0.001). Men
with diabetes receiving tadalafil 20 mg experienced a
mean improvement of 7.4 in their IIEF erectile func-

tion domain score against baseline versus 0.9 for pla-
cebo (p<0.001). This group reported on average that
53% of their attempts at intercourse were successful,
compared with 22% for placebo (p<0.001 for the
change from baseline). Baseline IIEF erectile function
domain scores correlated inversely with baseline
HbA c levels. The responses to tadalafil were similar
regardless of levels of baseline glycaemic control, dia-
betic therapy received, or previous use of sildenafil.

Conclusions/interpretation. Despite more severe base-
line erectile dysfunction in men with diabetes,
tadalafil was efficacious and well tolerated in this
population. As reported for other phosphodiesterase 5
inhibitors, the response to tadalafil was slightly lower
in men with diabetes than in men without diabetes.
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Introduction

Diabetes mellitus is associated with accelerated large
vessel atherosclerosis, microvascular arterial disease,
autonomic neuropathy, dyslipidaemia, concomitant
hypertension and prominent endothelial dysfunction
[1]. All of these conditions contribute to erectile dys-
function, and in men with diabetes, the risk of erec-
tile dysfunction is approximately four-fold higher

Abbreviations: ANCOVA, analysis of covariance -

c¢GMP, cyclic guanosine 3’, 5'-monophosphate - GAQ, Global
assessment questions - [IEF, International Index of Erectile
Function - NO, nitric oxide - PDES5, phosphodiesterase type 5 -
SEP, Sexual Encounter Profile
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Table 1. Summary of twelve tadalafil studies
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Study No. Doses analysed Diabetic Non-diabetic Total
centers (mg)2 patients patients
1 18 10, 20, placebo 216 0 216
2 17 10, placebo 37 106 143
3 18 10, placebo 36 119 155
4 8 10, 20, placebo 47 149 196
5b 4 20, placebo 17 123 140
6 20 20, placebo 40 155 195
7 23 10, 20, placebo 49 204 253
8 10 20, placebo 21 100 121
9 17 20, placebo 82 160 242
10 21 20, placebo 36 171 207
11 19 20, placebo 25 195 220
12 13 20, placebo 31 199 230
Total 188 637 1681 2318

a This pooled analysis only includes patients in the 10 mg tadalafil, 20 mg tadalafil and placebo treatment groups. b The week 12

data from this 6-month study were used in this analysis

than in men without diabetes [2, 3]. Erectile dysfunc-
tion in men with diabetes is also more severe and
less responsive to therapy than in men without diabe-
tes [4].

Nitric oxide (NO) released in response to sexual
stimulation relaxes penile vascular smooth muscle by
increasing intracellular concentrations of cyclic gua-
nosine 3',5'-monophosphate (¢cGMP) [5, 6]. Vasodi-
lation of erectile tissues allows the sinusoidal spaces
to fill with blood, resulting in the attainment and
maintenance of an erection. This process is reversed
by phosphodiesterase type 5 (PDES), the major PDE
in penile cavernosal smooth muscle that is responsi-
ble for cGMP degradation [7]. PDES inhibitors (e.g.
tadalafil, sildenafil citrate and vardenafil) enhance
the downstream effect of NO by preventing cGMP
degradation [8]. Although these drugs have been ef-
fective in men with varied causes and severity of
erectile dysfunction, the response to PDES inhibition
depends on the baseline quality of pudendal blood
flow and the capacity of the vascular endothelial cell
and pudendal nerve to release NO during sexual
stimulation [9, 10, 11]. In patients with diabetes, hy-
perglycaemia impairs NO release by endothelial cells
and the pudendal nerve [12, 13, 14]. Endothelial dys-
function in diabetes may also contribute significantly
to the pathogenesis of erectile dysfunction and car-
diovascular disease [15, 16, 17]. Thus, the combina-
tion of pronounced vascular insufficiency, autonomic
neuropathy and endothelial dysfunction leads to
more severe erectile dysfunction in men with diabe-
tes, and these patients are less responsive to PDES
inhibition than patients in an age-matched cohort
without diabetes [4].

To determine how baseline characteristics and
treatment outcomes in patients with erectile dysfunc-
tion differed in men with and without diabetes, we
conducted a retrospective analysis of data from the

twelve primary placebo-controlled tadalafil clinical
efficacy studies that have been completed to date.

Subjects and methods

Study design. The twelve randomised, double-blind, placebo-
controlled parallel group studies in our analysis were conduct-
ed in accordance with the ethical principles of the Declaration
of Helsinki at 188 outpatient centres in North America, South
America, Europe, Asia and Australia from November 1999 to
February 2003 (Table 1). One study enrolled only men with
erectile dysfunction and diabetes; the remaining 11 studies in-
cluded men with diverse aetiologies of erectile dysfunction. In-
formed consent was obtained from all subjects. A screening
visit included medical history, physical examination, laborato-
ry safety tests and an electrocardiogram. Patients entered a 4-
week, treatment-free, run-in period, during which baseline
severity of erectile dysfunction was established. Eligible pa-
tients were then randomly allocated to a 12-week, double-blind
treatment period with placebo or a fixed dose of tadalafil. For
the purposes of this analysis, the diagnosis of diabetes mellitus
was based on the patient’s medical history. In 606 of 637 pa-
tients (95%), the diagnosis of diabetes was confirmed by the
use of concomitant hypoglycaemic medications, elevated
HbA ¢ or elevated random glucose levels (based upon diag-
nostic criteria of the American Diabetes Association).

Study population. Eligible men were 18 years old and older,
had a minimum 3-month history of erectile dysfunction (de-
fined as a consistent change in the quality of erection that ad-
versely affects the patient’s satisfaction with sexual inter-
course), were in a stable heterosexual relationship, and agreed
not to use any other erectile dysfunction treatment from the
run-in period until the final study visit. Patients were excluded
from the study if receiving nitrates, or if they had a recent his-
tory of serious unstable cardiovascular condition, stroke or spi-
nal cord injury. Additional exclusion criteria included: uncon-
trolled blood pressure, HbA ¢ 13% or higher, clinically signifi-
cant renal or hepatic insufficiency, or history of radical prosta-
tectomy or other pelvic surgery with subsequent failure to
achieve an erection. Patients who had undergone bilateral
nerve-sparing prostatectomy were eligible, irrespective of their
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ability to achieve an erection. In addition, patients with stable
cardiovascular conditions, multiple cardiovascular risk factors,
diabetic retinopathy, urinary microalbuminuria, or diabetic
neuropathy were eligible for enrollment. Sildenafil non-re-
sponders were excluded from most studies.

Study drug. Placebo and tadalafil (10 and 20 mg doses) were
studied in this pooled analysis. Patients were instructed to take
the study drug with water prior to expected sexual activity, but
no more than once per day. No restrictions were placed on
food or alcohol intake, or timing of sexual activity relative to
dosing. Study drugs were provided at no cost to the patient by
Lilly ICOS LLC.

Study evaluations. Erectile function was measured at the end
of the run-in period and every 4 weeks during the treatment pe-
riod using the International Index of Erectile Function (IIEF)
[18]. The Sexual Encounter Profile (SEP) patient diary was
also completed after every sexual attempt. The IIEF erectile
function domain consists of six questions regarding erection
frequency, erection firmness, penetration ability, maintenance
frequency, maintenance ability, and erection confidence, with a
possible total score ranging from 1 to 30. The change from
baseline to endpoint in the IIEF erectile function domain score
and in the percentage of ‘yes’ responses to SEP questions 2
(vaginal penetration) and 3 (intercourse success) were the co-
primary efficacy endpoints. Secondary endpoints included the
proportion of ‘yes’ responses to a global assessment question
(GAQ), namely “Has the treatment you have been taking dur-
ing this study improved your erections?”. This question was
answered at the end of the treatment period or upon early dis-
continuation. Safety evaluations included routine laboratory
tests (serum chemistry, haematology and urinalysis), adverse
event collection, vital sign determination, and physical exami-
nation.

Statistical analysis. Efficacy analyses were conducted on an
intent-to-treat basis and included patients who had a baseline
and at least one post-baseline measurement. The IIEF erectile
function domain was analysed using the last-observation-car-
ried-forward convention. The baseline and endpoint score for
each SEP question was the patient’s percentage of ‘yes’ re-
sponses to that question during the run-in and post-baseline pe-
riods respectively. Changes in proportions were treated as con-
tinuous outcomes. Analysis of covariance (ANCOVA) models
of combined data from twelve studies were used with terms for
study, treatment group, and baseline value, with a baseline by
treatment group interaction term if significant (p<0.10). Pair-
wise comparisons of active doses versus placebo were based
on least-squares means.

Analysis of the percentage of patients responding ‘yes’ to
the GAQ included all patients who answered the question at
the end of treatment or upon early discontinuation. Analysis of
the percentage of patients attaining an erectile function domain
score of 26 or higher at endpoint included all patients with an
erectile function domain score of less than 26 at baseline and
at least one post-baseline erectile function domain score. The
GAQ and the percentage of patients attaining an erectile func-
tion domain score of 26 or higher at endpoint were analysed
using a logistic regression model with terms for study, treat-
ment group, and baseline erectile function domain score. The
effect of diabetes on mean change in IIEF erectile function do-
main and SEP question 3 scores with tadalafil treatment was
assessed by the significance of the subgroup by treatment in-
teraction term in an ANCOVA model. The ANCOVA model
included terms for study, subgroup, treatment group, subgroup
by treatment group interaction, baseline efficacy score, and
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baseline efficacy score by treatment group interaction if signif-
icant (p<0.10). The test of whether the effect of tadalafil rela-
tive to placebo varied according to baseline HbAc, type of di-
abetic therapy (insulin, oral medication only, or no medica-
tion), and previous sildenafil treatment was analysed in a simi-
lar manner.

Analysis of SEP question 3 by time from dose to attempt
included all patients with at least one attempt made within the
respective time interval and was analysed in the same manner
as the overall analysis. Analyses were conducted using the
SAS statistical package (version 8.2, SAS Institute, Cary, N.C.,
USA).

Treatment-emergent adverse events, defined as events that
first occurred or worsened after randomisation, were sum-
marised by the preferred terms in the Medical Dictionary for
Regulatory Activities (MedDRA version 5; MedDRA MSSO,
Reston, Va., USA). Baseline and demographic characteristics
of diabetic and non-diabetic patient subpopulations were com-
pared by ANOVA (adjusting for study) for continuous vari-
ables and the Cochran—Mantel-Haenszel test (adjusting for
study) for categorical variables.

Results

Demographics. The mean patient age was 57+9 years
for the patients with diabetes and 56+11 years for the
patients without diabetes (p=0.26; Table 2). Mean
body mass index (28.1 kg/m?) for patients with diabe-
tes was higher than for patients without diabetes
(27.2 kg/m2, p<0.001). Comorbid conditions that were
more common in patients with diabetes included hy-
pertension, hyperlipidaemia and coronary artery dis-
ease. Mean HbA c levels were 8.1x£1.5% for patients
with diabetes (normal range: 4.3-6.1%). Mean base-
line IIEF erectile function domain scores and all addi-
tional measures of baseline erectile dysfunction sever-
ity were well balanced in all treatment groups for pa-
tients with and without diabetes.

Based upon the IIEF questionnaire and SEP patient
diary recordings, patients with diabetes had more se-
vere erectile dysfunction at baseline than non-diabetic
counterparts (Table 2). The mean IIEF erectile func-
tion domain in patients with diabetes was 12.6, com-
pared to 15.0 in the population without diabetes
(p<0.001). Patients with diabetes had a mean 17%
success rate for intercourse attempts during the treat-
ment-free run-in period, versus 24% for patients with-
out diabetes (p<0.001). Based on IIEF erectile func-
tion domain scores [19], 47% of patients with diabetes
and 31% of patients without diabetes had severe erec-
tile dysfunction at baseline.

Efficacy. Compared with placebo, tadalafil improved
erectile function in diabetic and non-diabetic men
with erectile dysfunction (Table 3, Fig. 1) (p<0.001
for all primary and secondary efficacy endpoints). The
mean improvement in IIEF erectile function domain
score for men with diabetes was 6.2 for tadalafil
10 mg and 7.4 for tadalafil 20 mg, versus 0.9 for pla-
cebo (p<0.001 for both dose groups). For men without



Impact of diabetes mellitus on the severity of erectile dysfunction and response to treatment

Table 2. Patient demographic and baseline characteristics
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Diabetic patients

Non-diabetic patients

n=637 n=1681
Mean age in years (SD) 57 ) 56 (11)
Age >65 years 117 (18%) 400 (24%)
BMI in kg/m? (SD), p<0.0012 28.1 (4.6) 27.2 4.1)
Cigarette smokers 179 28%) 393 (23%)
Duration erectile dysfunction =12 months 582 91%) 1477 (88%)
Erectile dysfunction etiology, p<0.0012
Mixed 96 (15%) 572 (34%)
Organic 526 (83%) 870 (52%)
Psychogenic 15 2%) 239 (14%)
Baseline erectile function
Erectile dysfunction severity (IIEF EF), p<0.0012
Normal (26-30) 19 (3%) 74 (4%)
Mild (17-25) 158 (25%) 645 (38%)
Moderate (11-16) 156 (25%) 446 (27%)
Severe (1-10) 301 47%) 515 (31%)
Baseline IIEF mean, p<0.0012 12.6 15.0
Baseline SEP question 2, p<0.0012 37% 51%
Baseline SEP question 3, p<0.0012 17% 24%
Medical history
Coronary artery disease, p<0.052 39 (6%) 78 (5%)
Depression 26 (4%) 74 (4%)
Hypertension, p<0.0012 267 (42%) 428 (25%)
Hyperlipidaemia, p<0.0012 142 (22%) 230 (14%)
HbA ¢ concentration
Mean % HbA c (SD), p<0.0012 8.1 (1.5) 5.7 (0.6)
>ULN (6.1%), p<0.0012 583 92) 265 (16)
Glycaemic control?
Good (HbA ¢ <7.0%) 152 (24%) 1638 (98%)
Fair (HbA c 7.0-9.5%) 367 (58%) 31 (2%)®
Poor (HbA ¢ >9.5%) 118 (19%) 5 (0.3%)P
Diabetic therapy, p<0.0012 1677 (99.8)
None 63 (10%) 0
Oral only 364 (57%) 4 (0.2)
Insulin only 146 (23%) 0
Insulin + oral 64 (10%) 0

Data are n (%) unless indicated otherwise. @ For diabetic pa-
tients compared with non-diabetic patients. ® Assignment to
patient category was based on established clinical diagnosis at

diabetes, the mean change was slightly greater: 6.7 for
tadalafil 10 mg and 8.9 for tadalafil 20 mg, versus 0.8
for placebo (both p<0.001, interaction p value=0.006).
The mean percentage of attempts resulting in success-
ful completion of sexual intercourse (SEP question 3)
also increased significantly in patients treated with
tadalafil 10 and 20 mg, with mean changes from base-
line of 30% and 37% respectively for men with diabe-
tes, and 35% and 47% for men without diabetes (all
p<0.001 vs placebo, interaction p value=0.028).

The mean proportion of successful intercourse at-
tempts (SEP question 3) with tadalafil 20 mg was

screening. IIEF EF, International Index of Erectile Function;
EF, erectile function; SEP, Sexual Encounter Profile; ULN, up-
per limits of normal

53% for patients with diabetes, compared with 22% in
patients receiving placebo, and 71% and 33% for pa-
tients without diabetes taking tadalafil 20 mg and pla-
cebo respectively. A greater proportion of men, both
with and without diabetes, who were receiving
tadalafil indicated that the treatment improved their
erections (GAQ) compared with patients assigned to
placebo treatment (Table 3).

Baseline IIEF erectile function scores correlated in-
versely with baseline HbA c levels in diabetic patients
with erectile dysfunction (Pearson’s r=-0.14;
p<0.001); the mean IIEF scores at baseline in patients
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Table 3. Treatment efficacy
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Diabetic patients

Non-diabetic patients

Placebo Tadalafil Tadalafil Placebo Tadalafil Tadalafil
n=201 10 mg 20 mg n=508 10 mg 20 mg
n=141 n=295 n=253 n=920
IIEF erectile function domain
Mean endpoint score 13.4 19.2 19.9 15.7 21.6 23.9
Change from baseline (mean + SEM) 0.9£0.6 6.2+0.82 7.4£0.52 0.8+£0.3 6.7x0.52
8.9+0.32
SEP diary question 2 (vaginal penetration)
Mean % success post-baseline 35.8 59.5 64.7 52.8 75.3 82.7
Change from baseline (mean + SEM) -0.8+2.5 23.2+3.32  27.0+2.12 3.4+1.2 24.3+2.02
29.9+1.02
SEP diary question 3 (intercourse completion)
Mean % success post-baseline 21.5 48.6 52.8 332 60.9 70.6
Change from baseline (mean + SEM) 4.1+£2.6 20.7£3.42  36.7+2.22 8.8+1.3 34.7+2.32
47.1+1.22
Secondary efficacy measures
Improved erections (GAQ1)b 29.7 60.62 74.52 334 72.12 85.84
Return to normal IIEF, %¢ 7.9 35.62 34.3a 12.5 40.92 58.1a

IIEF evaluable population: diabetic patients: placebo, n=194;
10 mg, n=137; 20 mg, n=283; non-diabetic patients: placebo,
n=492; 10 mg, n=245; 20 mg, n=896. SEP evaluable popula-
tion: diabetic patients: placebo, n=194; 10 mg, n=139; 20 mg,
n=286; non-diabetic patients: placebo, n=500; 10 mg, n=245;
20 mg, n=902. 2 p<0.001 (pairwise comparison between place-
bo and treatment). b Patients with yes response to GAQ ques-

tion 1 (percent of the total who answered the question).
NB.: Study no. 5 did not administer GAQ. ¢ Defined as the
percent of patients whose IIEF erectile function domain score
improved to =26 from a baseline score below 26. IIEF, Interna-
tional Index of Erectile Function; SEP, sexual encounter pro-
file; GAQ, global assessment question

Table 4. Treatment efficacy in men with diabetes as a function of diabetes medication

Mean values No oral agents or insulin Oral agents only Insulin
Placebo Tadalafil Tadalafil Placebo Tadalafil Tadalafil Placebo Tadalafil Tadalafil
n=22 10 mg 20 mg n=107 10 mg 20 mg n=72 10 mg 20 mg
n=13 n=28 n=80 n=177 n=48 n=90
IIEF EF domain
Baseline score 14.2 12.2 15.8 12.9 13.5 12.3 11.4 12.3 12.0
Endpoint score 15.9 23.1 23.3 13.6 19.8 20.6 12.3 17.0 17.4
Change from baseline 1.6 10.92 7.52 0.7 6.3b 8.4b 0.8 470 5.4
SEP Diary question 3
Baseline % success 21.6 19.7 27.5 18.0 18.9 17.6 15.1 18.5 9.9
Post-baseline % success 26.2 52.0 64.4 25.4 53.7 55.8 14.0 39.0 43.7
Change from baseline 4.6 32.3a 36.92 7.4 34.8b 38.2b -1.1 20.5b 33.8>

a p<0.05 (pairwise comparison between placebo and treatment); ® p<0.001 (pairwise comparison between placebo and treatment).
IIEF, International Index of Erectile Function; SEP, Sexual Encounter Profile

with good (HbA,c <7.0%), fair (HbAc 7.0-9.5%), or
poor (HbA,c >9.5%) glycaemic control were 14.1,
12.4, and 11.5 respectively. Similarly, during the treat-
ment-free period, the mean rates of successful inter-
course in patients with good, fair, or poor glycaemic
control were 21%, 17% and 12% respectively. Despite
the more severe baseline erectile dysfunction associat-

ed with poor glycaemic control, tadalafil treatment
significantly improved erectile function and inter-
course success in each patient subgroup, except for
the erectile function domain score in the 10-mg
tadalafil group with poor glycaemic control (Fig. 2).
The effect of tadalafil relative to placebo was not sig-
nificantly influenced by baseline HbA c levels (inter-
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Fig. 1. Tadalafil treatment in diabetic and non-diabetic pa-
tients. a. IIEF erectile function domain. b. Successful penetra-
tion (SEP question 2). c. Successful intercourse completion
(SEP question 3). Bars represent mean endpoint values after
12 weeks of treatment; dashed lines represent mean baseline
values for each of the three coprimary endpoints. **p<0.001
compared to placebo. Open bars: placebo; light grey bars:
tadalafil 10 mg; dark grey bars: tadalafil 20 mg

action p values: p=0.52 for erectile function domain
score, p=0.70 for SEP question 3). Tadalafil treatment
improved erectile function in patients taking oral hy-
poglycaemic medications, insulin, or neither (Ta-
ble 4). The effect of tadalafil relative to placebo was
not significantly influenced by type of diabetic thera-

Non-diabetic patients

py (interaction p values: p=0.32 for IIEF erectile func-
tion domain score, p=0.90 for SEP question 3).

Patients who, in the opinion of the investigator, had
had prior ineffective treatment with sildenafil were ex-
cluded from nine of the twelve studies. Among men
with diabetes, response to tadalafil in these studies
was similar betwee patients previously treated with
sildenafil (presumptive sildenafil responders, based
upon study entry criteria) and those not previously
treated with sildenafil. For tadalafil 20 mg, the mean
change from baseline in IIEF erectile function domain
score was 6.8 for men previously treated with silde-
nafil (n=134) and 8.4 for patients with no prior silde-
nafil use (n=89), compared with 0.8 (n=57) and 1.7
(n=34) in the respective placebo groups (both p<0.001
versus placebo, interaction p-value=0.80). Results for
the other coprimary endpoints were similar.
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Fig. 2. Tadalafil treatment efficacy in diabetic patients as a
function of glycaemic control. a. IIEF erectile function do-
main. b. Successful intercourse completion (SEP question 3).
Bars represent mean endpoint values after 12 weeks of treat-

>9.5%

ment; dashed lines represent mean baseline values. *p<0.05;
** p<0.001 compared to placebo. Open bars: placebo; light
grey bars: tadalafil 10 mg; dark grey bars: tadalafil 20 mg

Table 5. Treatment-emergent adverse events (occurring in =3% of patients in any group)

Diabetic patients

Non-diabetic patients

Placebo Tadalafil Placebo Tadalafil
n=201 n=508
10 mg 20 mg 10 mg 20 mg
n=141 n=295 n=253 n=920
Any event 39.8 47.5 47.5 37.2 58.5 51.0
Headache 6.0 9.2 9.5 3.9 12.6 16.4
Dyspepsia 0.5 8.5 5.4 1.2 7.1 8.7
Back pain 1.5 43 6.1 2.6 5.9 5.0
Myalgia 0.5 2.8 3.1 1.2 4.3 2.8
Cough 2.0 0 4.1 2.0 2.8 1.2
Nasopharyngitis 1.5 4.3 2.0 4.1 7.9 2.1
Flushing 0.5 2.1 2.4 1.4 3.6 35
Pain in limb 0.5 1.4 2.7 0.8 32 2.7
Nasal congestion 0 0.7 2.0 0.8 4.0 2.4
Influenza 1.5 0.7 1.0 2.8 4.3 1.1

Data shown are percentages
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Fig. 3. Effects of tadalafil treatment on successful intercourse
completion (SEP question 3) over time in diabetic patients.
Bars represent mean per-patient success; dashed lines represent
mean baseline values. * p<0.05; *¥p<0.001 compared to place-
bo. The number in each bar represents the number of patients
having at least one attempt at intercourse in the respective time
interval. Open bars: placebo; light grey bars: tadalafil 10 mg;
dark grey bars: tadalafil 20 mg

The success rate of intercourse attempts was rela-
tively stable over time at time intervals of up to 36
hours after treatment with tadalafil (Fig. 3). The mean
per-patient percentage of successful intercourse at-
tempts with tadalafil 20 mg ranged from 50 to 63% at
time intervals from 0.5 to 36 hours, versus 22 to 30%
for placebo and 45 to 61% for tadalafil 10 mg.

Safety. Tadalafil 10 and 20 mg was well tolerated,
with similar adverse event profiles for diabetic and
non-diabetic subpopulations (Table 5). The most com-
mon treatment-emergent adverse events across the
twelve studies were headache, dyspepsia, back pain,
myalgia, and nasopharyngitis. Less than 4% of pa-
tients in any group discontinued the treatment due to
adverse events. For patients receiving tadalafil 20 mg,
3.7% of patients with diabetes and 3.2% of patients
without diabetes discontinued due to an adverse event,
compared with 2.0% and 1.0% in the respective place-
bo groups. The incidence of serious adverse events
was similar between tadalafil and placebo treatment
groups, occurring in 5 of 201 (2.5%), 2 of 141 (1.4%),
and 5 of 295 (1.7%) of patients with diabetes in the
placebo, tadalafil 10 mg, and tadalafil 20 mg groups
respectively. There was no increase in serious events
of myocardial infarction or myocardial ischaemia with
tadalafil treatment. There were no notable changes in

clinical laboratory values, ECG parameters, physical
examination findings, or vital signs with tadalafil
treatment in patients either with or without diabetes.

Discussion

Men with diabetes mellitus are at increased risk of de-
veloping erectile dysfunction due to a number of fac-
tors, including autonomic neuropathy, vascular insuf-
ficiency, poor glycaemic control, hyperlipidaemia, and
hypertension [20]. The large, well-defined patient
population included in the current analysis was re-
cruited from investigative sites in 20 countries. In this
population, diabetic patients with erectile dysfunction
had lower mean baseline IIEF erectile function scores,
a greater likelihood of having severe erectile dysfunc-
tion, and lower self-reported success rates for vaginal
penetration and intercourse completion at baseline,
compared with non-diabetic patients with erectile dys-
function. These findings provide convincing support
for the widely held assumption that erectile dysfunc-
tion associated with diabetes is more severe than erec-
tile dysfunction observed in the general population. In
addition, the current analyses indicate that PDES inhi-
bition is efficacious for the treatment of erectile dys-
function in men with diabetes, albeit with a slightly
lower response than in men without diabetes.

Previous epidemiological studies have established
increased age, hypertension, hyperlipidaemia, diabe-
tes, depression, and autonomic neuropathy as caus-
ative risk factors for erectile dysfunction. In this study
the mean age of the diabetic and non-diabetic popula-
tion was similar and fewer patients with diabetes were
older than age 65. Therefore age did not contribute to
the increased severity of baseline erectile dysfunction
noted in the patients with diabetes. Hypertension, hy-
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perlipidaemia and coronary artery disease were more
common in patients with diabetes and probably con-
tributed to the greater severity of erectile dysfunction
observed in this population. Each of these comorbid
conditions is associated with endothelial dysfunction,
a common mechanistic link between erectile dysfunc-
tion and cardiovascular disease [21]. Endothelial dys-
function is frequently observed in patients with diabe-
tes and has been associated with insulin resistance
[22]. In our study we did not collect data to determine
the proportion of patients with the metabolic syn-
drome, a condition that is likely to be associated with
insulin resistance. Nevertheless, there was a high
prevalence of pre-existing hypertension and hyperlipi-
daemia, which may indicate an underlying insulin re-
sistance. Furthermore, endothelial function is im-
paired in the presence of hyperglycaemia, primarily
through a decrease in NO bioavailability and respon-
siveness [23]. In addition, hyperglycaemia may pro-
duce reactive oxygen species, cause apoptosis of the
nitrergic nerves, or produce smooth muscle fibrosis,
further damaging the NO-cGMP erectile function
pathway [24, 25].

Men with erectile dysfunction and diabetes taking
tadalafil had a significant and clinically meaningful
improvement in erectile function compared with pla-
cebo treatment, a finding which is consistent with the
previously published study of tadalafil exclusively en-
rolling diabetic patients with erectile dysfunction [26].
The more severe erectile dysfunction at baseline ob-
served in men with diabetes, and the slightly smaller
improvement in erectile dysfunction, resulted in lower
post-baseline intercourse success rates (53% vs 71%
in patients without diabetes). Consistent with these re-
sults, 75% of diabetic patients treated with tadalafil
20 mg reported improved erections compared to 86%
of patients without diabetes.

Published reports for sildenafil citrate and varde-
nafil also recorded significant improvements in erec-
tile dysfunction in patients with erectile dysfunction
associated with diabetes [27, 28, 29, 30]; however,
endpoint success with all three medications was con-
sistently less than the endpoint efficacy reported when
the respective PDES5 inhibitor was administered to
non-diabetic patients with erectile dysfunction [9, 10,
11]. Definitive conclusions on the relative efficacy of
tadalafil, vardenafil and sildenafil citrate when admin-
istered to patients with erectile dysfunction and diabe-
tes must be deferred until blinded, head-to-head com-
parison trials have been completed.

Tadalafil treatment improved erectile function in
men with diabetes regardless of whether they had
good or poor glycaemic control, and independently of
whether they were taking insulin, oral medication or
were managed by diet alone. Poor glycaemic control,
as assessed by HbA c levels, was previously found to
be associated with more severe erectile dysfunction in
78 men with type 2 diabetes [31]. The current inte-
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grated analysis of 637 men with erectile dysfunction
and diabetes further confirms the observation that in-
adequate glycaemic control is linked to severity of
erectile dysfunction. While the treatment effect of
tadalafil was similar at all levels of glycaemic control,
patients with good baseline glycaemic control had bet-
ter endpoint absolute intercourse success rates—the
most important outcome to patient and partner. Eugly-
caemia could contribute to improved endothelial func-
tion, improved NO bioavailability, and enhanced
favourable response to PDES inhibition. Because co-
variant factors associated with poor glycaemic control
may ultimately contribute to the worsening of erectile
dysfunction, men with diabetes might be better moti-
vated to improve diabetic control, if they understood
that erectile dysfunction and diabetic control are relat-
ed. Further studies are needed to assess not only the
effect of lower blood glucose on erectile dysfunction,
but also the impact of good control on PDES5 respon-
siveness.

Because many of the placebo-controlled trials anal-
ysed in this report excluded patients with a previous
history of inadequate response to sildenafil, it is possi-
ble that this exclusion criterion contributed to the
favourable results reported for tadalafil. However, the
observation that sildenafil-naive patients recorded a
similarly robust effect of tadalafil treatment to patients
with a previous history of sildenafil use (and presum-
ably favourable response) makes this unlikely.

Tadalafil, which has a terminal half-life of 17.5
hours, improves erectile function for up to 36 hours
when administered to patients with erectile dysfunc-
tion of mixed aetiology [32]. In diabetic men treated
with tadalafil, evidence of sustained efficacy for up to
36 hours was again observed, extending this observa-
tion to a difficult-to-treat population with a high inci-
dence of severe erectile dysfunction.

The adverse event profile observed in patients with
diabetes was similar to that in patients without diabe-
tes, with no events unique to the diabetic population
identified. Adverse events seldom resulted in discon-
tinuation of treatment in patients either with or with-
out diabetes. The absence of more frequent serious
events of myocardial ischaemia in diabetic patients
treated with tadalafil suggests that PDES inhibition is
safe with regard to cardiovascular events.

This large integrated analysis provides convincing
evidence that erectile dysfunction associated with dia-
betes mellitus is more severe than erectile dysfunction
in men without diabetes. Tadalafil taken as needed
prior to sexual activity was well tolerated and signifi-
cantly improved erectile function in men with diabetes
for up to 36 hours after dosing, despite the severity of
erectile dysfunction in this population. The improve-
ment was not affected by the level of baseline diabetic
control or by the specific diabetic therapy received.
Further investigation is needed to study the impact of
tight glycaemic control on erectile dysfunction.
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