


evidence report by the Agency for Healthcare Research and
QualityÐsponsored University of Ottawa Evidence-based
Practice Center (5). Erectile dysfunction may be caused by
chronic diseases, such as obesity, hypertension, dyslipide-
mia, and cardiovascular disease, or smoking; medications;
psychosocial factors; and hormonal abnormalities. This
guideline addresses only the utility of hormonal testing and
treatment of ED. Such treatments as vacuum constriction
devices, intraurethral suppositories, intracavernosal injec-
tions, and psychotherapy were not included in the evidence
review and are not addressed in this guideline.

METHODS

The databases used for the literature search included
MEDLINE (1966 to May 2007), EMBASE (1980 to week
22 of 2007), Cochrane Central Register of Controlled Tri-
als (second quarter of 2007), PsycINFO (1985 to June
2007), AMED (1985 to June 2007), and SCOPUS
(2006). The literature search was limited to studies pub-
lished in English. Reference lists of retrieved publications
were scanned. The literature search was updated by search-
ing for articles on MEDLINE and EMBASE published
between May 2007 and April 2009.

Two persons independently reviewed abstracts and
relevant full-text articles regarding study, study popula-
tion, and treatment characteristics. Disagreements were
discussed and resolved by consensus. The reviewers ex-
cluded reviews, pooled analysis, editorials, commentaries,
and letters. To assess the relative beneÞts and harms of
pharmacologic treatments for ED, eligible studies included
randomized, controlled trials (RCTs) of pharmacologic ED
treatments in men aged 18 years or older with ED. To
assess the clinical value of routine hormonal blood tests in
men with ED, eligible studies were those reporting preva-
lence of hypogonadism, hyperprolactinemia, or both in
men with ED and RCTs comparing hormone treatment
alone or in combination versus control in men with ED.
For adverse events, data abstracted included the number of
patients with any adverse event, speciÞc adverse events,
withdrawals due to adverse events, serious adverse events,
and serious cardiovascular adverse events. To assess the
risks for nonarteritic anterior ischemic optic neuropathy
(NAION) in men receiving phosphodiesterase-5 (PDE-5)
inhibitors, eligible studies included RCTs; nonrandom-
ized, controlled trials; and observational studies. Treat-
ments not generally prescribed by primary care physicians,
such as vacuum constriction devices, intraurethral suppos-
itories, intracavernosal injections, or psychotherapy, were
considered beyond the scope of this guideline.

This guideline rates the evidence and recommenda-
tions by using the American College of PhysiciansÕ guide-
line grading system, which is a slightly modiÞed version of
the Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) system (Table).

The objective of this guideline is to synthesize the ev-
idence for the following key questions:

Key question 1: What is the clinical utility of routine
hormonal blood testsÑtestosterone and prolactinÑin
identifying and affecting therapeutic outcomes for treatable
causes of ED?

Key question 2: What are the beneÞts of pharmaceu-
tical treatments for patients with ED?

Key question 3: What are the harms of the pharma-
ceutical treatments for patients with ED?

CLINICAL UTILITY OF ROUTINE HORMONAL

DIAGNOSTIC TESTS

Evidence was gathered from 29 studies, of which 28
reported measurement of testosterone (9Ð37) and 10 re-
ported measurement of prolactin (9, 10, 12, 14, 15, 20,
22, 27, 28, 38). Mean age of participants ranged from 47
to 60 years. The overall quality of evidence was rated as
low because of between-study variability in study popula-
tions, varying hormone measurement methods, and preva-
lence rates of hormonal abnormalities.

The prevalence of low total testosterone levels (12, 23,
34, 35), low free testosterone levels (21, 29), and hyper-
prolactinemia (14, 27, 28) in men with ED varied widely
across studies. The prevalence of low testosterone levels
(deÞned in the studies as�288 ng/dL [�9.9 nmol/L] or
�9.0 pg/mL [�31.2 pmol/L]) in men with ED varied
from 12.5% to 35% (20, 21, 31). This variability may be
due to between-study differences in study population char-
acteristics, hormonal measurement methods, diagnostic
criteria for ED or hormonal abnormalities, or a combina-
tion of these factors.Because evidence was insufÞcient to
determine whether men with ED had a higher preva-
lence of hypogonadism or hyperprolactinemia than men
without ED (31, 32), the value of routine hormonal
testing for the evaluation of ED is unclear.

Table. The American College of Physicians’ Guideline
Grading System*

Quality of
Evidence

Strength of Recommendation

Benefits Clearly Outweigh
Risks and Burden OR
Risks and Burden Clearly
Outweigh Benefits

Benefits Finely Balanced
With Risks and Burden

High Strong Weak
Moderate Strong Weak
Low Strong Weak

Insufficient evidence to determine net benefits or risks

* Adopted from the classiÞcation developed by the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) workgroup.
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BENEFITS OF PHARMACOLOGIC TREATMENT

Oral PDE-5 Inhibitors
Evidence was gathered from 130 RCTs that evaluated

oral PDE-5 inhibitors, alone or combination (72 RCTs of
sildenaÞl [39Ð107], 27 RCTs of vardenaÞl [13, 108Ð133],
28 RCTs of tadalaÞl [134Ð161], 2 RCTs of mirodenaÞl
[156, 157], and 1 RCT of udenaÞl [162]), and 4 RCTs
with head-to-head comparisons of PDE-5 inhibitors (163Ð
166). Treatment duration for most trials was 12 months,
and 85% of the trials did not report treatment allocation
concealment.

PDE-5 Inhibitor Versus Placebo

Successful Sexual Intercourse.High-quality evidence
from RCTs showed that PDE-5 inhibitors improved suc-
cessful sexual intercourse. The weighted mean percentage
of successful sexual intercourse attempts was 69% (range,
52% to 85%) for sildenaÞl versus 35.5% (range, 19% to
68%) for placebo (41, 43, 44, 47, 48, 57, 66, 69, 78, 83,
84, 90, 93, 100, 102, 103), 68% (range, 50% to 88%) for
vardenaÞl versus 35% (range, 20% to 40%) for placebo
(13, 108, 110, 112, 115, 116, 121, 123, 124, 126, 127,
130, 132), and 69% (range, 50% to 85%) for tadalaÞl
versus 33% (range, 23% to 52%) for placebo (136, 137,
139Ð141, 143, 144, 147, 149, 153Ð157, 159). In trials
enrolling men with a wide spectrum of diseases, corre-
sponding values were 69% versus 36% (41, 43, 44, 47, 48,
57, 66, 69, 78, 83, 84, 90, 93, 100, 102, 103, 108), 68%
versus 35% (13, 110, 112, 115, 116, 121, 123, 124, 126,
127, 130Ð132), and 69% versus 33% (136, 137, 139Ð
141, 143, 144, 147, 149, 153Ð157, 159).

Improvement in Erections.High-quality evidence indi-
cated that all 5 agents (sildenaÞl, vardenaÞl, tadalaÞl, mi-
rodenaÞl, and udenaÞl) improved erections (range, 73% to
88%) compared with placebo (range, 26% to 32%) (13,
40Ð43, 47Ð49, 51, 54Ð58, 60, 62, 64, 66, 69Ð71, 74,
77Ð80, 82Ð84, 91, 95, 99, 100, 106, 109Ð113, 115, 116,
118, 120, 122Ð124, 130, 132, 136Ð144, 146, 147, 149,
153Ð157, 161, 162, 167, 168). Men assigned to PDE-5
inhibitors experienced improved erections compared with
placebo recipients in trials limited to patients with speciÞc
medical conditions, such as diabetes (42, 53, 54, 58, 60,
104, 107, 109, 126, 127, 146, 161), depression (40, 52,
66, 91, 122), cardiovascular disease (45, 61, 64, 74, 80, 82,
95, 120, 133), prostate cancer (73, 96, 101, 111, 131, 142,
158, 169), multiple sclerosis (62, 106), colorectal cancer
(71), schizophrenia (92), liver failure (63), and renal failure
(89, 128).

Dose.Improvement in erectile function was related to
higher dose for sildenaÞl (50 mg vs. 25 mg but not 100 mg
vs. 50 mg) and vardenaÞl (20 mg vs. 10 mg vs. 5 mg) but
not tadalaÞl (20 mg vs. 10 mg vs. 5 mg) (53, 57, 74, 77,
109, 113, 114, 116, 118, 127, 161, 162, 167, 168).

PDE-5 Inhibitor Versus Non–PDE-5 Inhibitor

SildenaÞl was more effective than nonÐPDE-5 in-
hibitor treatments, such as sublingual apomorphine,
psychotherapy, continuous positive airway pressure,
phentolamine, and alfuzosin, in improving erectile func-
tion (170 Ð174), frequency of penile penetration or erec-
tion maintenance, and percentage of successful inter-
course attempts (175Ð179).

PDE-5 Inhibitor Plus Non–PDE-5 Inhibitor Versus
PDE-5 Inhibitor

SildenaÞl combined with other ED therapies (such as
psychotherapy, dihydroergotamine, cabergoline, atorvasta-
tin, quinapril, and alfuzosin) resulted in greater improve-
ments in erectile function and frequency of penile penetra-
tion or maintenance of erection than did sildenaÞl alone
(169, 175, 179Ð185).

PDE-5 Inhibitor Versus PDE-5 Inhibitor

Successful Sexual Intercourse.Low-quality studies com-
paring tadalaÞl and sildenaÞl provided insufÞcient evi-
dence to determine whether 1 treatment was more effective
than the other (163).

Improvement in Erections.Evidence from 2 low-quality
RCTs comparing tadalaÞl and sildenaÞl was insufÞcient to
determine the effectiveness of 1 drug over the other (163,
166).

Hormonal Treatments
Evidence was gathered from 15 RCTs that evaluated

the efÞcacy of hormonal therapy (oral, intramuscular, gel,
cream, or patch testosterone) on ED outcomes in hypogo-
nadal men (186Ð200).

Hormonal Therapy Versus Placebo

Successful Sexual Intercourse.Low-quality evidence was
insufÞcient to show whether testosterone was more effec-
tive than placebo (193, 200). In 1 low-quality trial, gel
testosterone (50 to 100 mg) but not patch testosterone
modestly improved the frequency of successful sexual in-
tercourse compared with placebo (187).

Improvement in Erections.Low-quality evidence was
insufÞcient to determine whether testosterone was more
effective than placebo (186, 189, 191, 193, 195, 197).

Hormonal Therapy Plus PDE-5 Inhibitor Versus PDE-5 Inhibitor

Successful Sexual Intercourse.Low-quality evidence was
insufÞcient to determine whether testosterone plus a
PDE-5 inhibitor (sildenaÞl) was more effective than a
PDE-5 inhibitor (sildenaÞl) and placebo in improving fre-
quency or percentage of successful sexual intercourse at-
tempts (188, 190).

Improvement in Erections.Low-quality evidence was
insufÞcient to determine whether testosterone plus a
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PDE-5 inhibitor (sildenaÞl) was more effective than a
PDE-5 inhibitor (sildenaÞl) and placebo (188, 190, 194).

HARMS OF PHARMACOLOGIC TREATMENT

Oral PDE-5 Inhibitors
PDE-5 Inhibitor Versus Placebo

High-quality evidence showed that men receiving
PDE-5 inhibitors are more likely to have at least 1 adverse
event compared with placebo recipients. However, the in-
cidence for more serious adverse events was less than 2%,
with no difference between PDE-5 inhibitors and placebo.
The most common adverse effects were headache, ßushing,
rhinitis, and dyspepsia. Less common adverse effects were
visual disturbances, myalgia, nausea, diarrhea, vomiting,
dizziness, and chest pain.

PDE-5 Inhibitor Versus Non–PDE-5 Inhibitor

SildenaÞl was associated with fewer adverse events
than nonÐPDE-5 inhibitors (170Ð179).

PDE-5 Inhibitor Plus Non–PDE-5 Inhibitor Versus
PDE-5 Inhibitor

SildenaÞl was associated with fewer adverse events
than PDE-5 inhibitors combined with nonÐPDE-5 inhib-
itors (169, 175, 179, 181Ð185).

PDE-5 Inhibitor Versus PDE-5 Inhibitor

Very-low-quality evidence showed that adverse events
did not statistically signiÞcantly differ among men receiv-
ing sildenaÞl, tadalaÞl, and vardenaÞl (163Ð166).

NAION
Nonarteritic anterior ischemic optic neuropathy is de-

Þned as ischemic optic neuropathy in the absence of tem-
poral arteritis and polymyalgia rheumatica, and ÒpossibleÓ
NAION is deÞned as papillitis, optic neuritis, or both in
the absence of temporal arteritis, polymyalgia rheumatica,
and previous optic neuropathies. Very-low-quality evi-
dence evaluating the association of NAION with the use of
PDE-5 inhibitors showed that among 4 million veterans
aged 50 years or older, PDE-5 inhibitors were not associ-
ated with an increased risk for NAION (absolute risk, 4.6
cases per 10 000 men per year; relative risk, 1.02 [95% CI,
0.92 to 1.12]); however, PDE-5 inhibitors were associated
with an increased risk for possible NAION (absolute risk,
2.4 cases per 10 000 men per year; relative risk, 1.34 [CI,
1.17 to 1.55]) (201).

Priapism
Trials evaluated for this guideline did not report pria-

pism. Prolonged erection and priapism were reported in-
frequently during postmarketing surveillance (202).

Contraindications
Concurrent use, regularly or intermittently, of nitrates

in any form (for example, nitroglycerin and isosorbide di-

nitrate) is acontraindication for oral PDE-5 inhibitor
therapy.

Hormonal Treatments
Hormonal Therapy Versus Placebo

Very-low-quality evidence showed that adverse events
did not differ between oral or gel testosterone and placebo
(187, 193, 200). Prostate-speciÞc antigen levels were sim-
ilar in testosterone and placebo groups in 3 trials reporting
these data (189, 198, 199).

Hormonal Therapy Plus PDE-5 Inhibitor Versus PDE-5 Inhibitor

Low-quality evidence showed that the incidence of ad-
verse events was low and did not differ between sildenaÞl
alone versus sildenaÞl plus patch, gel, or oral testosterone
(188, 190, 194). Prostate-speciÞc antigen levels were not
signiÞcantly higher in the sildenaÞl plus testosterone
groups than the sildenaÞl groups in 2 trials reporting these
data (190, 194).

SUMMARY

The evidence regarding the utility of hormonal blood
tests in identifying and affecting therapeutic outcomes for
treatable causes of ED was inconclusive. The evidence
demonstrated clinical beneÞt associated with the use of
PDE-5 inhibitors regardless of the cause (such as diabetes,
depression, or prostate cancer) or baseline severity of ED.
The magnitude of beneÞt increased with severity of ED.
Higher doses of sildenaÞl and vardenaÞl were associated
with a modestly greater magnitude of beneÞt with respect
to erectile function; however, this was not true for tadalaÞl.
Overall, PDE-5 inhibitors were relatively well tolerated
and were associated with mild or moderate adverse events.
The incidence of adverse events did not signiÞcantly differ
among the various PDE-5 inhibitors. Evidence was insuf-
Þcient to determine whether PDE-5 inhibitors are associ-
ated with an increased risk for NAION.

FUTURE RESEARCH

The quality of reporting primary studies should be
improved. Authors reporting trials in journals that publish
ED-related research should consider using the CONSORT
(Consolidated Standards of Reporting Trials) Statement
as a reporting guide. Some studies evaluated the doseÐ
response effect of PDE-5 inhibitors with respect to efÞcacy
and harms; however, more high-quality studies are needed.
The evidence regarding the incidence of adverse events was
limited and inconclusive, and more high-quality head-to-
head trials are needed to explore differences in adverse
events, especially severe adverse events. The evidence
regarding the utility of routine hormonal blood tests
was inconclusive, given the limited number of studies
and various methodological issues, and needs to be fur-
ther developed.
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RECOMMENDATIONS

Recommendation 1: The American College of Physi-
cians recommends that clinicians initiate therapy with a
PDE-5 inhibitor in men who seek treatment for erectile
dysfunction and who do not have a contraindication to
PDE-5 inhibitor use (Grade: strong recommendation;
high-quality evidence).

Treatment with an oral PDE-5 inhibitor demonstrated
statistically signiÞcant and clinically relevant improvements
in sexual intercourse and erectile function in patients with
ED. Improvement in erectile function was related to
higher doses for sildenaÞl and vardenaÞl. However, higher
doses were associated with a greater risk for an adverse
effect. Nitrate therapy is a contraindication for treatment
with oral PDE-5 inhibitors.

Recommendation 2: The American College of Physicians
recommends that clinicians base the choice of a speciÞc PDE-5
inhibitor on the individual preferences of men with erectile
dysfunction, including ease of use, cost of medication, and
adverse effects proÞle (Grade: weak recommendation; low-
quality evidence).

The evidence is insufÞcient to compare the efÞcacy
and adverse effects of different PDE-5 inhibitors for the
treatment of ED because only few head-to-head trials are

available. Therefore, individual preferences, ease of use,
and cost of medication are reasonable criteria to help select
a treatment.

Recommendation 3: The American College of Physicians
does not recommend for or against routine use of hormonal
blood tests or hormonal treatment in the management of pa-
tients with erectile dysfunction (Grade: insufÞcient evidence to
determine net beneÞts and harms).

The prevalence of low testosterone varies from
12.5% to 36% in studies of men with ED. However,
the evidence is inconclusive about the effectiveness of
hormonal treatment in the management of patients with
ED, even in patients with low testosterone levels. Trials
comparing testosterone (in oral, injection, gel, patch,
and cream forms) with placebo in hypogonadal men
with ED were small, were of low quality, or reported
inconsistent effects on erectile function. Clinicians
should individualize decisions to measure hormone lev-
els on the basis of the clinical presentation (for exam-
ple, decreased libido, premature ejaculation, and fa-
tigue) and physical Þndings (for example, testicular
atrophy and muscle atrophy) that suggest hormonal
abnormality.

Figure. The American College of Physicians guideline on hormonal testing and pharmacologic treatment of erectile dysfunction.

PDE-5� phosphodiesterase-5.
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SUMMARY OF RECOMMENDATIONS AND EVIDENCE

See theFigure for a summary of the recommendations
and clinical considerations. TheTable describes the Amer-
ican College of PhysiciansÕ guideline grading system.
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129. Zumbé J, Porst H, Sommer F, Grohmann W, Beneke M, Ulbrich E.
Comparable efÞcacy of once-daily versus on-demand vardenaÞl in men with
mild-to-moderate erectile dysfunction: Þndings of the RESTORE study. Eur
Urol. 2008;54:204-10. [PMID: 18395326]
130.Ralph D, Eardley I, Kell P, Dean J, Hackett G, Collins O, et al. Improve-
ment in erectile function on vardenaÞl treatment correlates with treatment satis-
faction in both patients and their partners. BJU Int. 2007;100:130-6. [PMID:
17488308]
131.Montorsi F, Brock G, Lee J, Shapiro J, Van Poppel H, Graefen M, et al.
Effect of nightly versus on-demand vardenaÞl on recovery of erectile function in
men following bilateral nerve-sparing radical prostatectomy. Eur Urol. 2008;54:
924-31. [PMID: 18640769]
132.Tan HM, Chin CM, Chua CB, Gatchalian E, Kongkanand A, Moh CL,
et al. EfÞcacy and tolerability of vardenaÞl in Asian men with erectile dysfunc-
tion. Asian J Androl. 2008;10:495-502. [PMID: 18385912]
133.Miner M, Gilderman L, Bailen J, Cook D, Dawson K, Stanislaus M, et al.
VardenaÞl in men with stable statin therapy and dyslipidemia. J Sex Med. 2008;
5:1455-67. [PMID: 18373526]
134. Mirone V, Costa P, Damber JE, Holmes S, Moncada I, Van Ahlen H,
et al. An evaluation of an alternative dosing regimen with tadalaÞl, 3 times/week,
for men with erectile dysfunction: SURE study in 14 European countries. Eur
Urol. 2005;47:846-54; discussion 854. [PMID: 15925082]
135.Young JM, Feldman RA, Auerbach SM, Kaufman JM, Garcia CS, Shen
W, et al. TadalaÞl improved erectile function at twenty-four and thirty-six hours
after dosing in men with erectile dysfunction: US trial. J Androl. 2005;26:310-8.
[PMID: 15866997]
136.McMahon CG, Stuckey BG, Lording DW, Wittert GA, Murphy A, Shin
J, et al. A 6-month study of the efÞcacy and safety of tadalaÞl in the treatment of
erectile dysfunction: a randomised, double-blind, parallel-group, placebo-
controlled study in Australian men. Int J Clin Pract. 2005;59:143-9. [PMID:
15854188]
137.Carson C, Shabsigh R, Segal S, Murphy A, Fredlund P, Kuepfer C; Trial
Evaluating the Activity of Tadalafil for Erectile Dysfunction-United States
(TREATED-US) Study Group. EfÞcacy, safety, and treatment satisfaction of
tadalaÞl versus placebo in patients with erectile dysfunction evaluated at tertiary-
care academic centers. Urology. 2005;65:353-9. [PMID: 15708052]
138. Rosano GM, Aversa A, Vitale C, Fabbri A, Fini M, Spera G. Chronic
treatment with tadalaÞl improves endothelial function in men with increased
cardiovascular risk. Eur Urol. 2005;47:214-20; discussion 220-2. [PMID:
15661417]
139. De Rose AF, Gallo F, Carmignani G. Evaluation of sexual activity in
patients treated with tadalaÞl: a randomized prospective placebo-controlled trial.
Int J Impot Res. 2005;17:76-9. [PMID: 15510191]
140. Eardley I, Gentile V, Austoni E, Hackett G, Lembo D, Wang C, et al.

Clinical GuidelinesHormonal Testing and Pharmacologic Treatment of Erectile Dysfunction

www.annals.org 3 November 2009Annals of Internal MedicineVolume 151 ¥ Number 9647



EfÞcacy and safety of tadalaÞl in a Western European population of men with
erectile dysfunction. BJU Int. 2004;94:871-7. [PMID: 15476525]
141.Staab A, Tillmann C, Forgue ST, Mackie A, Allerheiligen SR, Rapado J,
et al. Population dose-response model for tadalaÞl in the treatment of male
erectile dysfunction. Pharm Res. 2004;21:1463-70. [PMID: 15359583]
142.Montorsi F, Nathan HP, McCullough A, Brock GB, Broderick G, Ahuja
S, et al. TadalaÞl in the treatment of erectile dysfunction following bilateral nerve
sparing radical retropubic prostatectomy: a randomized, double-blind, placebo
controlled trial. J Urol. 2004;172:1036-41. [PMID: 15311032]
143.Skoumal R, Chen J, Kula K, Breza J, Calomfirescu N, Basson BR, et al.
EfÞcacy and treatment satisfaction with on-demand tadalaÞl (Cialis) in men with
erectile dysfunction. Eur Urol. 2004;46:362-9; discussion 369. [PMID:
15306109]
144. Seftel AD, Wilson SK, Knapp PM, Shin J, Wang WC, Ahuja S. The
efÞcacy and safety of tadalaÞl in United States and Puerto Rican men with erectile
dysfunction. J Urol. 2004;172:652-7. [PMID: 15247754]
145.Porst H, Padma-Nathan H, Giuliano F, Anglin G, Varanese L, Rosen R.
EfÞcacy of tadalaÞl for the treatment of erectile dysfunction at 24 and 36 hours
after dosing: a randomized controlled trial. Urology. 2003;62:121-5; discussion
125-6. [PMID: 12837435]
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