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Introduction: Diabetes and cardiovascular disease are risk factors for erectile dysfunction (ED). Selective in-
hibitors of the type 5 phosphodiesterase are the first option for treating ED. However, it is unknown why there
are patients with low response to this treatment. Polymorphisms in the PDE5A gene may influence the response
to PDE5 inhibitors treatment.

Aim: The aim of this study is to analyze the relationship between PDE5A polymorphisms, diabetes, and the
efficacy of sildenafil treatment.

Methods: A Spanish prospective cohort of 170 Caucasian male patients diagnosed with ED and ischemic heart
disease treated with angioplasty was studied.

Main outcome measures: ED was evaluated according to the 5-item version of the International Index for
Erectile Function before and after treatment with sildenafil 50 mg. The gene sequence of the PDE5A gene was
analyzed for the presence of rs12646525 and rs3806808 polymorphisms. Glucose and glycosylated hemoglobin
levels were measured in blood serum samples. The relationship between treatment response, genotype, and
glycemic status was analyzed.

Results: Patients with G-allele of rs3806808 polymorphism showed a worse response to the treatment compared
to TT-homozygote patients. Nondiabetic G-allele carriers showed a worse treatment response than
TT-homozygotes patients. These differences were not seen in diabetic patients. There were no significant dif-
ferences in treatment response according to the rs12646525 polymorphism in total population or according to
the glycemic status. Logistic regression analysis showed that nondiabetic carriers of the major allele of both the
rs12646525 and rs3806808 polymorphism had a significantly higher likelihood to respond to the treatment than
diabetic patients carriers of the minor allele (P < .05).

Conclusion: The response to sildenafil treatment depends on polymorphisms in the PDE5A gene and the
glycemic status of the patients.
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INTRODUCTION

Erectile dysfunction (ED) is defined as the consistent or
recurrent inability to achieve and/or maintain a penile erection
sufficient for sexual performance.1

Prevalence studies have identified age, obesity, diabetes, hy-
pertension, and cardiovascular disease (CVD), among others, as
risk factors for ED.2e4

There is a significant overlap of ED common risk factors with
those of CVD. Besides, published studies suggest that ED could be
the manifestation of generalized or focal arterial disease.5e9

Indeed, in a cohort study of 420 patients from a cardiac rehabili-
tation program, 52.6% of patients presented ED with different
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degrees of severity.10 In Spain, the odds ratio for having ED differs
by risk groups; thus, for the high blood pressure (HBP) group, the
odds ratio is 1.58, for diabetes it is 4 (odds ratio adjusted to age), for
hypercholesterolemia 1.63, for peripheral vascular disorder 2.63,
and for cardiac problems 1.79.11

Sildenafil is a high-affinity selective inhibitor of the type 5
cyclic guanosine monophosphate (cGMP)-specific phosphodies-
terase 5 (iPDE5). Sildenafil acts by facilitating the relaxation of
the cavernosum smooth muscle induced by nitric oxide (NO),
allowing the accumulation of intracavernous cGMP, which
reduces the contractile status of vascular smooth muscle and
induces vasodilatation.12 Selective inhibitors of PDE5 are now
the first treatment option for ED, with a reported efficacy of
70%. However, the efficacy of PDE5 inhibitors is significantly
lower in difficult-to-treat subpopulations.

Currently there is no clear definition for therapeutic failure of
iPDE5. Different alternative therapeutic interventions to rescue
patients who do not respond to intermittent use of iPDE5 have
been proposed, such as daily use of iPDE5.Nonetheless, the re-
sults were not statically significant.13 The correlation of several
gene polymorphisms related to penile erection and the resistance
to iPDE5 treatment have been previously studied. An example is
the insertion/deletion (I/D) polymorphism in the angiotensin-
converting enzyme gene.14,15 Other published candidate poly-
morphisms for correlation with ED are G894T and 4VNTR
located in the NO synthase gene (NOS).16 Based on this meta-
analysis, only G894T variant but not 4VNTR is associated with
an increase in the risk of having ED.16

The PDE5A gene encodes the principal cGMP-catalyzing
enzyme in the penis, regulating cGMP clearance, and it is the
primary target of sildenafil.17 The PDE5A gene is located on
chromosome 4 (4q26); it has 21 exons and a length of 4415 base
pairs encoding a protein of 875 amino acids.18 Genotypic vari-
ants of the PDE5A gene may predispose to essential hypertension
and ED.

A polymorphism of PDE5 gene (rs3806808/G1142T) has
been described in a population of hypertensive patients with ED;
however, it presents a genotypic distribution without differences
between homo- and heterozygotes.19

The goal of the present work was to evaluate the influence of
PDE5A gene polymorphisms on the response to sildenafil
treatment.
MATERIAL AND METHODS

Participants
The study includes a Spanish prospective cohort of 170

Caucasian male patients diagnosed with ischemic heart disease
treated with angioplasty performed in the cardiology department
of the Virgen de la Victoria University Hospital (Málaga, Spain).
Inclusion criteria were the following: (i) age range from 18 to 75;
(ii) to have suffered an acute coronary event treated with primary
J Sex Med 2016;13:1104e1110
angioplasty and to be classified as a low cardiac risk according to
Princeton criteria20 and therefore no additional cardiac tests
needed prior to resuming sexual activity; and (iii) to be able to
sign the informed consent. All patients filled out a questionnaire
about their personal histories and cardiovascular risk factors. In
total, 82.2% of patients were being treated with b-blockers
(bisoprolol or carvedilol), 85.2% were treated with statins
(simvastatin or atrorvastatin), and 40.3% were treated with an
oral antidiabetic (metformin). None of the patients were treated
with nitrates of any kind.

The IIEF-5 test (5-item version of the International Index for
Erectile Function) was used to evaluate ED in all patients. This
test evaluates ED using 5 simple questions: (i) During intercourse,
how often were you able to have an erection? (ii) When you had
erections with sexual stimulation, how often were your erections
hard enough for penetration? (iii) During sexual intercourse, how
often were you able to maintain your erection after you had
penetrated (entered) your partner? (iv) During sexual intercourse,
how difficult was it to maintain your erection to completion of
intercourse? (v) When you attempted sexual intercourse, how
often was it satisfactory for you? Patients were classified in groups
based on ED severity; severe ED (1e10 points in the IIEF-5 test),
moderate ED (11e16 points), and mild ED (17e21 points).21

Sildenafil administration: 4 doses of sildenafil 50 mg (Viagra)
along with instructions for proper use were provided to all pa-
tients (1 dose, 1 hour before sexual activity).22
Treatment Response Assessment
IIEF-5 test post-treatment was performed, as previously

described, when patients returned to the clinic for a follow-up
visit 2 months from the beginning of sildenafil treatment.
Based on the IIEF-5 assessment, patients were dichotomized into
2 groups:

Group 1 Responders: patients who reported an increase of at
least 4 points in the IIEF-5 score after treatment.

Group 2 Nonresponders: patients who did not increase the
IIEF-5 score after treatment.23

Patients were also classified based on glucose levels according to
the European Association for the Study of Diabetes criteria: (i)
nondiabetic patients, plasma glucose concentration below 126
mg/dL; and (ii) diabetic patients: plasma glucose above 126 mg/dL.
Laboratory Methods
After obtaining informed consent, a fasting blood sample was

drawn from each patient in the Urology Department. Blood
samples were obtained from the antecubital vein and placed in
vacutainer tubes (BD Vacutainer, London, UK). The serum was
separated by centrifugation for 10 minutes at 4000 rpm and
immediately frozen at�80�C until analysis. Glucose, glycosylated
hemoglobin, uric acid, urea, creatinine, cholesterol, triglyceride,
HDL cholesterol (HDL-C), C-reactive protein (CRP), free
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testosterone, bioavailable testosterone, and gamma-glutamyl
transferase (GGT) were measured in a Dimension autoanalyzer
(Dade Behring Inc, Deerfield, IL, USA) by enzymatic methods
(Randox Laboratories Ltd, Crumlin, United Kingdom). LDL
cholesterol (LDL-C) was calculated using the Friedewald formula.
Insulin was quantified by radioimmunoassay (supplied by Bio-
Source International, Camarillo, CA, USA) following the manu-
facturer’s instructions. The Homeostasis Model Assessment of
InsulinResistance (HOMA-IR)was calculated from fasting insulin
and glucose with the following equation: HOMA-IR ¼ fasting
insulin (mIU/mL) � fasting glucose (mmol/L)/22.5.24 Anthro-
pometric measurements (waist measurement and body mass index
[BMI] calculation) were performed in all patients as well.
Genetic Analysis
DNA extraction from blood samples was performed with

ReliaPrep Blood gDNA Miniprep System (Promega, Madison,
WI, USA). Genotyping was performed with the AB 7500 Fast
Real-Time PCR System (Applied Biosystems, Foster City, CA,
USA) based on TaqMan allelic discrimination SNP genotyping
technology. The genotyping analysis of the rs12646525 and
rs3806808 polymorphism in the PDE5 gene was carried out
with Taqman commercially available and prevalidated genotyp-
ing assays (C_123536_10 and C_29125589_20, respectively)
according to the manufacturer’s guidelines. All samples were
quantified in triplicate. Positive and negative controls were
included in all reactions.
Statistical Study
The biological variables are expressed as mean ± standard devi-

ation (SD) and a Student t test for paired samples was used to
compare the effects of treatment on the studied variables. c2 test
was used to assessHardy-Weinberg equilibrium and to compare the
genotype frequency between responders and nonresponders. The
c2 test also was used to compare ED severity and treatment effects.
Associations between responder or nonresponder to sildenafil
treatment based on the IIEF-5 test and risk factors were tested by
logistic regression analyses for age, PDE5 rs3806808 poly-
morphism (TT; TG; GG), and PDE5 rs12646525 polymorphism
(CC; CT; TT).The polymorphism variable was dichotomic
presence or absence allele rare and diabetes variable was calculated
with glucose levels >126 mg/dL diabetes or <126 mg/dL non-
diabetes. A P � .05 was considered statistically significant. Calcu-
lations were performed with SPSS 15.0 (SPSS Inc, Iberica, Spain).
RESULTS

A prospective cohort of 170 men treated for ischemic heart
disease and diagnosed with ED were included in this study to
evaluate the response to sildenafil treatment. The average age of
the cohort was 58.5 years old (median age: 59.5 years). Patients
were classified based on treatment response as described above:
responders/nonresponders.
Personal histories were grouped into categories and clinical
and biological variables were evaluated for all patients. Data of
measured variables measurements are listed in Table 1. It should
be noted that the metabolic syndrome is frequently observed in
the group of patients presented in this study. Remarkably,
although patients with severe ED were older, there were no
statistical differences in average age regarding ED severity before
treatment (60.02 ± 8.21 years vs 57.66 ± 7.32 years, average age
of patients with severe ED vs nonsevere ED respectively; P >

.05) or after treatment (61.47 ± 6.74 years old vs 56.19 ± 9.33
years old, average age of patients with severe ED vs nonsevere ED
respectively; P > .05). Additionally, there were nonstatistical
differences in treatment response among patients with different
glucose levels (nondiabetics and diabetics patients).However,
there was a higher incidence of responders in patients with BMI
below 30 kg/m2 (72.5% vs 27.5% respectively; P ¼ .043).

The distribution of ED based on the grade of severity according
to the IIEF-5 test before treatment was 51% patients with severe
ED, 30% patients with moderate ED, and 18% patients with
mild ED (Figure 1). Furthermore, there were no significant dif-
ferences in polymorphism distribution according to the IIEF-5
test before treatment. Distribution of patients based on the
response to 50 mg sildenafil treatment also is expressed in
Figure 1. After 50 mg of sildenafil treatment a significant
improvement was observed, especially in the moderate ED patient
group, which changes from moderate to low ED (44.2%) or to a
complete response (absence of ED; 13.4%; Table 2; P ¼ .001).

Allele distribution of rs3806808 and rs12646525 poly-
morphisms among ED patients followed the Hardy-Weinberg
equilibrium. In total, 137 patients presented the T-allele (here-
after the most frequent allele) of rs3806808 polymorphism
(80.6%) and 33 patients had the G-allele (19.4%; hereafter the
less frequent allele). A total of 120 patients presented the C-allele
of rs12646525 polymorphism (70.6%; hereafter the most
frequent allele) and 50 patients the T-allele (29.4%; hereafter the
less frequent allele). There were no statistically significant dif-
ferences in the distribution of the studied polymorphisms
regarding the metabolic syndrome (P > .05), glucose levels, age,
or BMI (P > .05).

A higher incidence of nonresponse among nondiabetic pa-
tients was observed when the less frequent allele of PDE5A
rs3806808 polymorphism was present compared with the most
frequent allele carriers (58.6% of nonresponders who carried the
G-allele vs 27.8% of nonresponders who carried the TT geno-
type; P ¼ .024; Figure 2). With respect to diabetic patients, no
statistically significant differences were observed based on the
polymorphism found (48% nonresponders vs 52% responders
among patients with the less frequent allele (GT/GG), and
57.9% nonresponders vs 42.1% responders among patients with
TT genotype; P > .05). On the other hand, there were
nonsignificant differences in treatment response in nondiabetic
or diabetic patients based on PDE5A rs12646525 polymorphism
(data not shown).
J Sex Med 2016;13:1104e1110



Table 1. Summary of clinical and biological variables

Biological Variables
Total Patients
n ¼ 170

Nonresponders
n ¼ 83

Responders
n ¼ 87

Age (y) 58.66 ± 8.35 59.60 ± 7.80 57.72 ± 8.82
Waist (cm) 101.39 ± 9.62 102.43 ± 10.17 100.75 ± 8.99
BMI (kg/m2) 28.75 ± 3.64 29.45 ± 3.88 28.11 ± 3.30
SBP (mm Hg) 133.85 ± 18.68 133.93 ± 19.46 131.48 ± 19.10
DBP (mm Hg) 82.88 ± 11.61 82.05 ± 11.42 81.21 ± 10.40
Glucose (mg/dL) 129.77 ± 44.50 134.24 ± 45.00 129.28 ± 49.74
Urea (mg/dL) 39.02 ± 10.71 38.98 ± 9.85 39.17 ± 11.67
Creatinine (mg/dL) 0.97 ± 0.25 0.97 ± 0.28 0.96 ± 0.19
Uric acid (mg/dL) 5.39 ± 1.33 5.41 ± 1.15 5.38 ± 1.47
GGT (UI/L) 45.47 ± 38.24 40.43 ± 29.74 47.10 ± 45.88
Triglycerides (mg/dL) 158.33 ± 136.46 144.58 ± 87.55 168.04 ± 162.15
Cholesterol (mg/dL) 163.73 ± 37.31 163.54 ± 38.14 167.84 ± 37.57
HDL-C (mg/dL) 42.82 ± 11.81 43.58 ± 12.44 42.01 ± 11.61
LDL-C (mg/dL) 95.62 ± 29.09 95.69 ± 29.55 95.58 ± 29.11
CRP (mg/dL) 4.34 ± 3.21 4.92 ± 4.42 3.71 ± 1.67
HBA1c 6.38 ± 1.27 6.54 ± 1.30 6.30 ± 1.33
Insulin (mg/dL) 13.84 ± 10.14 13.43 ± 10.41 14.46 ± 10.09
Total testosterone (nmol/L) 14 ± 2.5 13.9 ± 2.6 17.3 ± 3.5
Total Testosterone (ng/dL) 403.45 ± 72.04 400.57 ± 74.92 498.55 ± 100.86
SHBG (nmol/L) 47.16 ± 13 44.33 ± 16 33.66 ± 7.37
Free testosterone (%) 1.86 ± 0.42 1.83 ± 0.43 1.89 ± 0.42
Bioavailable testosterone (%) 43.72 ± 10.02 43.10 ± 10.10 44.48 ± 10.05
HOMA-IR 4.49 ± 4.00 4.48 ± 4.569 4.49 ± 3.41

Average and standard deviations were calculated for the variable measurements shown in the table after 50 mg sildenafil treatment.
BMI ¼ body mass index; CRP ¼ C-reactive protein; DBP ¼ diastolic blood pressure; GGT ¼ gamma-glutamyl transferase; HBA1c ¼ glycated hemoglobin;
HDL-C ¼ high-density lipoprotein cholesterol; HOMA ¼ Homeostasis Model Assessment of Insulin Resistance; LDL-C ¼ low-density lipoprotein cholesterol;
SBP ¼ systolic blood pressure; SHBG ¼ sex hormone binding globulin.
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Finally, we observed that, in the logistic analysis, nondiabetic
patients with TT and mild ED are more likely to have a better
response to sildenafil treatment (OR ¼ 0.091; OR ¼ 0.220;
OR ¼ 0.050, respectively), and therefore these patients are less
likely to be nonresponders. On the other hand, diabetic patients
with the less frequent allele are 8.085 times more likely not to
respond to sildenafil treatment (P < .05) (Table 3).
Figure 1. Distribution of patients according IIEF5-DE was calcu-
lated before and after 50 mg sildenafil treatment.
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DISCUSSION

Our main finding is that the response to Sildenafil treatment
in patients with ED depends on the presence of PDE5A poly-
morphism (rs3806808) together with the metabolic status of the
patient and DE severity. In fact, patients with the less frequent
allele of PDE5A, rs3806808 polymorphism, had a worse
Table 2. Improvement of ED severity after treatment

IIEF-5
pretreatment

IIEF-5 post-treatment

Severe
ED

Moderate
ED

Mild
ED

Without
ED

Severe (87) 43 (49%) 22 (25%) 16 (18%) 6 (7%)
Moderate (52) 3 (5.7%) 19 (6.5%) 23 (44.2%) 7 (13.4%)
Mild (31) 1 (3.2%) 0 (0%) 19 (61%) 11 (35%)

Distribution (%) of the patients according IIEF-5 test for ED before and after
treatment with sildenafil. The IIEF-5 test (5-item version of the International
Index for Erectile Function) was used to evaluate ED in all patients. Patients
were classified in groups based on ED severity; severe ED (110 points in the
IIEF-5 test), moderate ED (11e16 points), and mild ED (17e21 points). The c2

test was used to compare the distribution according to IIEF-5 criteria before
and after treatment. A P � .05 was considered statistically significant.



Figure 2. Allele frequencies distribution of PDE5A gene
rs3806808 was calculated according to the response to treatment
in non-diabetic patients. A P � .05 was considered statistically
significant according to c2 test.
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response to sildenafil treatment than patients with the most
frequent allele.

There is evidence that factors such as age,25 hypertension,
diabetes,26,27 and hypercholesterolemia are associated with
endothelial dysfunction, which causes structural changes in
penile tissues resulting in arterial insufficiency and alterations in
cavernous smooth muscle relaxation.28 Indeed, it is thought that
vascular impairment through hyperlipidemia, apart from effects
Table 3. Multivariate logistic regression analyses

Variables OR (95% CI) P

PDE5 rs3806808 allele
rare G (TG or GG)

Reference

TT 0.220 (0.063e0.764) .017
PDE5 rs12646525 allele

rare T (TC or TT)
Reference

CC 0.436 (0.124e1.525) .194
Age 0.984 (0.932e1.040) .573
Diabetes vs no diabetes Reference
Nondiabetes 0.091 (0.016e0.517) .007
PDE5 rs3806808 TT

and nondiabetes
Reference

Allele rare TG/GG by
diabetes

8.085 (1.253e52.181) 0.028

PDE5 rs12646525CC
and nondiabetes

Reference

Allele rare by diabetes 5.081 (0.808e31.962) .083
Obese Reference
Nonobese 0.445 (0.174e1.139) .091
Severe DE Reference
Moderate DE 0.050 (1.001e6.966) .050

P < .05 statistically significant differences. Independent variables: age, PDE5
rs3806808 polymorphism (TT; TG; GG), PDE5 rs12646525 polymorphism
(CC; TC; TT), the polymorphism variable was dichotomic presence or absence
allele rare. Diabetes variable was calculated with glucose levels >126 mg/dL
diabetes or <126 mg/dL nondiabetes. Dependent variable: Responder (1) or
Nonresponder (0) to treatment with sildenalfil by IIEF-5.
of diabetic mellitus, is responsible for 40% of ED pre-
sentations.29 A fundamental treatment for ED is PDE5s in-
hibitors.30 However, one third of men with ED do not respond
to therapy with iPDE5.31 There is no scientific consensus on
what causes those patients to not respond to iPDE5 treatment,
probably because multiple factors influence the response to
iPDE5 treatment, such as the above-mentioned hypertension
and diabetes. In fact, the improvement of hyperlipemia state,
obesity, hypertension, or diabetes helps ED patients.32 However,
our results show that these factors have no significant influence
on the response to treatment. Nonresponder patients were older
and have higher glucose and CRP levels and a worse metabolic
profile than responders (nonstatistically significant). On the
other hand, we observed that, in agreement with the literature,
ED severity is related to a worse metabolic profile.25e27

The fact that diabetic people may present many clinical con-
ditions that are risk factors for ED, such as metabolic syndrome,
hypertension, overweight, and cigarette smoking make it difficult
to know whether hyperglycemia, as the main determinant of
vascular diabetic complications, is one of the pathogenetic
mechanisms of ED in diabetics.27,33,34 Based on epidemiological
studies, it has been suggested that both type 1 and type 2 diabetes
are associated with an increased risk for ED.35 In our study we
observed no statistically differences in the distribution of re-
sponders and nonresponders with respect to diabetic state (data
not shown). It is worth mentioning that some diabetic patients
were treated with ADO; nonetheless, we did not find significant
differences in the distribution of responder and nonresponder
patients based on this treatment. On the other hand, we found
significant differences between responders and nonresponders
based on the basal BMI. In agreement with previous studies, pa-
tients with BMI below 30 kg/m2 responded better to treatment.36

In this study, logistic regression analysis shows that diabetic
patients with the less frequent allele of PDE5A polymorphism
(rs3806808) were more likely to not respond to sildenafil treat-
ment compared to nondiabetic patients with the most frequent
allele. We conclude that there is an interaction between diabetic
and PDE5A polymorphism regarding the response to sildenafil
treatment. In the last decade, several studies have been published
regarding the possible associations between polymorphisms of
genes related to penile erection and ED risk20,37,38 T1142G
(rs3806808) and rs12646525 polymorphisms have been
described in the HapMap (Caucasian human haplotype map
database). T1142G (rs3806808) polymorphism is located near
an AP1 regulatory element sensible to cGMP. The functionality
of this polymorphism is not clear.19 Nonetheless, due to its
location, it could be implicated in PDE5 activity regulation
through cGMP degradation. It is already well established that the
mechanism of action of iPDE5 (sildenafil) is to inhibit PDE5
and as consequence to induce an increase of cGMP in the
cavernous muscle tissue. The increase in cGMP enable to relax
the muscle and the erection occurs.17 We found a worse response
to treatment in patients with the less frequent allele rs3806808.
J Sex Med 2016;13:1104e1110



PDE5 Polymorphisms on ED Treatment 1109
Therefore, it would be interesting to further analyze the function
of PDE5 in patients with and without this allele. Our study is
coincident with the Lin et al study, which reported a lower
frequency of the G-allele of rs3806808 gene in our group of
patients.13 However, in our case the presence of the G-allele was
not associated with higher values of systolic blood pressure. In
the cohort presented in this study, polymorphisms of rs3806808
of PDE5A gene in conjunction with glucose levels modulate the
response to sildenafil 50 mg treatment based on the IIEF-5 test.
When a distribution analysis was performed using obese and
diabetic status with respect to response or nonresponse to
treatment, we did not observe a statistically significant difference
(P > .05). However, the distribution of being diabetic and
having the less frequent allele of PDE5 polymorphism regarding
DE severity and obesity (BMI > 30) showed significant differ-
ences (P < .05) in both cases (data not shown). This data
reinforce the association between the less frequent allele and
diabetic status in the response to sildenafil treatment. Moreover,
our results indicate that the response to treatment does not
depend only on the polymorphism, but also on the obesity and
the severity of the ED of the patient, and therefore a more
rational use of the treatment should be established.
Limitation
Although this study included a small cohort, these preliminary

results highlight the need to study PDE5A polymorphisms in
relation to ED in bigger cohorts to discern which patients would
benefit from sildenafil treatment.
CONCLUSION

The response to sildenafil treatment depends on poly-
morphisms in the PDE5A gene and on the glycemic status of the
patients.
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