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Abstract

Background: In 1999, 1 year after the approval of the first oral phosphodiesterase type 5 (PDE5) inhibitor for the treatment of erectile dysfunction
(ED), the first Princeton Consensus Conference was held to address the clinical management of men with ED who also had cardiovascular
disease. These issues were readdressed in the second and third conferences. In the 13 years since the last Princeton Consensus Conference,
the experience with PDE5 inhibitors is more robust, and recent new data have emerged regarding not only safety and drug–drug interactions,
but also a potential cardioprotective effect of these drugs.
Aim: In March 2023, an interdisciplinary group of scientists and practitioners met for the fourth Princeton Consensus Guidelines at the Huntington
Medical Research Institutes in Pasadena, California, to readdress the cardiovascular workup of men presenting with ED as well as the approach
to treatment of ED in men with known cardiovascular disease.
Method: A series of lectures from experts in the field followed by Delphi-type discussions were developed to reach consensus.
Outcomes: Consensus was reached regarding a number of issues related to erectile dysfunction and the interaction with cardiovascular health
and phosphodiesterase-5 inhibitors.
Results: An algorithm based on recent recommendations of the American College of Cardiology and American Heart Association, including the
use of computed tomography coronary artery calcium scoring, was integrated into the evaluation of men presenting with ED. Additionally, the
issue of nitrate use was further considered in an algorithm regarding the treatment of ED patients with coronary artery disease. Other topics
included the psychological effect of ED and the benefits of treating it; the mechanism of action of the PDE5 inhibitors; drug–drug interactions;
optimizing use of a PDE5 inhibitors; rare adverse events; potential cardiovascular benefits observed in recent retrospective studies; adulteration
of dietary supplements with PDE5 inhibitors; the pros and cons of over-the-counter PDE5 inhibitors; non–PDE5 inhibitor therapy for ED including
restorative therapies such as stem cells, platelet-rich plasma, and shock therapy; other non–PDE5 inhibitor therapies, including injection therapy
and penile prostheses; the issue of safety and effectiveness of PDE5 inhibitors in women; and recommendations for future studies in the field
of sexual dysfunction and PDE5 inhibitor use were discussed.
Clinical Implications: Algorithms and tables were developed to help guide the clinician in dealing with the interaction of ED and cardiovascular
risk and disease.
Strengths and Limitations: Strengths include the expertise of the participants and consensus recommendations. Limitations included that
participants were from the United States only for this particular meeting.
Conclusion: The issue of the intersection between cardiovascular health and sexual health remains an important topic with new studies
suggesting the cardiovascular safety of PDE5 inhibitors.

Keywords: erectile dysfunction; phosphodiesterase type 5 inhibitors; cardiovascular risk factors; sexual dysfunction; major adverse cardiovascular events.
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Introduction

Twenty-five years have passed since the first oral phosphodi-
esterase type 5 (PDE5) inhibitor was approved in the United
States for the treatment of erectile dysfunction (ED), a mile-
stone event in drug development and sexual medicine prac-
tice.1 Shortly after its approval, it became clear that new
guidelines were needed for the clinical management of sexual
dysfunction in patients with overt or latent cardiovascular
disease (CVD). To address this need, an interdisciplinary panel
of experts was convened in Princeton, New Jersey, in June
1999 to consider the available data at that time, and to
develop recommendations for clinical management of sexual
dysfunction in patients with CVD. The findings and consensus
recommendations from this meeting were published in the
American Journal of Cardiology in 2000.2 Two subsequent
Princeton meetings were convened in 2004 and 2010, with
important additions and modifications to the guidelines.3,4

The third Princeton Consensus Conference (P3) Recommen-
dations focused on 2 central concepts: (1) men who present
with ED may have the same cardiovascular (CV) risk factors
that are associated with atherosclerotic CVD (ASCVD) and
therefore, an evaluation and management strategy for the
potential CV risk in men with ED was needed; and (2) the
need to re-evaluate and modify the cardiac risk associated
with sexual activity itself, whether spontaneous or assisted
by the use of PDE5 inhibitors. This included assessing the
patient’s exercise capacity and stress testing, if indicated, to
assure that men could achieve the physical demands of sexual
activity prior to prescribing treatment for ED. The P3 also
addressed the issue of testosterone replacement therapy and
the surrounding controversies.

In the intervening decade since the most recent Prince-
ton guidance,4 new questions have arisen regarding optimal
treatment of sexual dysfunction in men with underlying or
comorbid CVD. Most importantly, there is now a far more
robust, long-term database of clinical experience in the use of
PDE5 inhibitors by men with ED,5 with comprehensive safety
analyses, including in-depth investigation of patients taking
a variety of antihypertensive drugs or α-blockers for benign
prostatic hyperplasia (BPH), and also in men prescribed both
PDE5 inhibitors and nitrates (despite the contraindication).6,7

There have been significant advances also in both basic and
applied science of PDE5 inhibition and nitric oxide regulation,
in addition to mounting experience with PDE5 inhibitors used
for other indications, such as pulmonary artery hypertension
in both men and women, in which PDE5 inhibitors are now
first-line therapy. Significant advances have also taken place in
new treatment approaches for ED, including therapies derived
from regenerative medicine and shockwave therapy. New
guidelines have also been published for optimal evaluation
of patients with multiple risk factors for ASCVD.8 There
are also emerging data on the use of PDE5 inhibitors in
women, in addition to centrally acting compounds for treating
components of female sexual dysfunction (FSD). Recently,
there has been an emerging literature suggesting that PDE5
inhibitors may have cardioprotective effects and may play a
role in preventative cardiology.

Princeton 4 (P4) was convened on March 10 to 11, 2023,
at The Huntington Medical Research Institutes, a nonprofit
biomedical research facility in Pasadena, California. The
program content and presenters were determined by the
organizing committee (R.A.K., R.C.R., A.L.B., M.M.), which

included senior investigators in cardiology (R.A.K.), urology
(A.L.B.), sexual medicine (R.C.R.), and men’s health (M.M.).
A multispecialty group of U.S. experts was selected by
the organizing committee to critically evaluate our current
evidence base regarding the relationship between ED and
CV health, to update the CV workup in the ED patient,
reassess when and how to treat ED patients with known
CVD, and reassess the accuracy and relevance or previous
Princeton management algorithms. The panel also assessed
the overall safety and role of PDE5 inhibitors in relationship
to CV health, examining new studies indicating a potential
cardioprotective role of PDE5 inhibitors and preventative
cardiology, and re-examining the role of PDE5 inhibitors in
women. In addition, newer non–PDE5 inhibitor therapies for
the treatment of ED and FSD were considered. A noteworthy
omission was the topic of testosterone replacement therapy
and the surrounding controversy. Because there was an ongo-
ing randomized, prospective, controlled study of testosterone
replacement therapy with CV outcomes as major endpoints,
the results of which were forthcoming at the time of the
meeting, the organizing committee thought it best to wait for
those results to become available before developing further
clinical guidelines for testosterone use in men with ED or
other conditions. Since the meeting, the results of this study
have been published and are briefly discussed in the section
on clinical management of ED. The meeting was funded by
an unrestricted educational grant from Sanofi, whose staff
were not involved in the selection of speakers, topics, or any
aspect of the content of the meeting. Prior to the meeting, each
panelist was responsible for providing a written summary
of published literature on their assigned topic, focusing on
studies published since the prior Princeton meeting.4 These
summaries were then circulated in advance of the meeting
and panelists presented major findings on each topic, along
with panel discussion, during the open portion of the meeting
on March 10. For the closed session on day 2, a modified
Delphi approach was used to develop consensus on the major
recommendations and management algorithms, following the
same process as in the previous consensus meetings.2-4

We are deeply honored to dedicate the P4 to the memory of
Professor Graham Jackson, MD, FESC, FRCP, FACC (1947-
2016), who was a pioneer in the field of the intersection of sex-
ual health and CV health.9 His decades-long contributions to
cardiology, sexual medicine, and men’s health have served as
a guiding inspiration to his many patients, colleagues, friends,
and family. We honor Dr Jackson with heartfelt appreciation
and are saddened by his loss.

Epidemiology and pathophysiology revisited

Sexual activity and cardiac risk: can he climb 2

flights of stairs?

A major issue of concern for the 1999 Princeton Consensus
Conference2 was the cardiac load or stress on the heart
that is likely to occur with sexual intercourse or other sex-
ual activity.2 This is especially relevant for men with pre-
existing CV conditions, including angina pectoris, congestive
heart failure, arrhythmias, and others. Epidemiologic data
available at the time indicated a slight, albeit statistically
significant association between sexual activity and incident
cardiac events.10 However, the absolute risk differences were
estimated to be minimal: “In the United States, a 50-year-old
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man has a baseline annual risk of myocardial infarction (MI)
of about 1%, which increases to only 1.01% as a consequence
of sexual activity.” The annual risk associated with sexual
activity increases to only 1.10%, even in high-risk men with
known CVD or risk factors.2 In a subsequent meta-analysis of
10 confirmatory studies, the absolute risk increase associated
with 1 hour of additional physical or sexual activity per week
was estimated as 2 to 3 per 10 000 person-years for MI and
1 per 10 000 person-years for sudden cardiac death. Regular
exercise was found in this meta-analysis to further attenuate
this marginally increased risk.11

Based on available evidence, P1 panelists concluded that
sexual intercourse or activity of approximately 30 minutes
duration with a usual partner in a long-standing relationship
corresponds to a workload of approximately 2 to 3 metabolic
equivalents of task (METS) and would not normally pose
a greater risk than climbing 2 flights of stairs without car-
diac symptoms.2 For patients who fail to meet this simple
benchmark, further cardiac assessment is indicated, including
a simple exercise stress test to confirm the patient’s self-report
of exercise intolerance. Conclusions reached by P1 concerning
cardiac risk of sexual activity were incorporated into the P2
and P3 guidelines2-4 and are retained in the current version. It
should be noted that in more recent analyses, some estimates
report higher expenditures of METS for moderately intense
sexual activity in young couples of 5 to 6 METS, which
corresponds to about 4 minutes on a standard Bruce Protocol
Treadmill Test.12 In younger individuals with CV risk factors,
5 to 6 METS on a treadmill without evidence of ischemia
suggests that, in general, sexual activity is safe.

Erectile dysfunction and CVD: is ED a harbinger of

future events?

Epidemiologic studies have examined the association between
ED and CV risk factors generally and its predictive relation-
ship to MI, stroke, cardiac death, and other major CV out-
comes (see Table 1).13-21 For example, it has been found that
ED symptoms precede clinically evident CVD by as long as 2
to 5 years, making the diagnosis of ED especially useful as a
marker of probable subclinical CVD.14,15 In men with ED, but
without overt cardiac symptoms, cardiac events occurred in
4.2% of men within 2 years of incident ED and 12.3% of men
at 5 years.15 In another study, incident ED was associated with
an adjusted hazard ratio of 1.25 (95% CI=1.02-1.53; p=0.04)
for subsequent cardiovascular events over 5 years.20 Further
supportive evidence in favor of ED as a harbinger of future CV
events comes from the National Institutes of Health–funded
prospective MESA (Multi-Ethnic Study of Atherosclerosis)
study.21 A total 1757 participants contributed data on sexual
function and ED for this well-designed, multicenter study, in
which the presence of ED almost doubled the man’s odds
for developing subsequent major adverse CV events (MACE)
(hazard ratio [HR],1.9; 95% confidence interval [CI], 1.1-
3.4).21 There has been controversy about whether ED is more
predictive of coronary artery disease (CAD) in younger or
older men,14,15,17 a topic that is addressed in detail in the
section on clinical management of ED.

Taken together, a diverse group of independent, multina-
tional studies have shown consistent evidence that ED predicts
subsequent CV events and cardiac deaths, regardless of the
confounding effects of age, body mass index, prior CVD, and
other relevant risk factors. The rate of adverse cardiac events

was almost twice as high in some studies when men with
ED were compared with others in their age cohort without
ED.13,16,17 Other studies have shown a dose-response effect
as men with more severe ED at baseline have proportionately
higher rates of subsequent CVD events.13,19,21 All major
studies to date have been strongly confirmatory, regardless
of the study population or outcome measures reported. The
consistency and robustness of this finding across study popu-
lations is compelling and demonstrates beyond doubt the role
of ED as an important harbinger for future CV events.

Conversely, men with cardiometabolic risk factors, includ-
ing obesity, diabetes, hypogonadism, and hypertension, are at
increased risk for incident ED, compared with healthy men of
similar age and risk profile.16,22-24 The co-occurrence of ED
with hypertension, hyperlipidemia, and diabetes provides fur-
ther support for vasculogenic ED, considered a downstream
symptom or pathophysiological sign of impaired endothelial
function.22-24 In short, converging lines of evidence from both
basic science and clinical studies have corroborated the role of
vascular mechanisms in ED, which in turn has been established
as a reliable predictor of future CV risk.

Inflammatory disorders, including lower urinary tract
symptoms (LUTS),25 respiratory illness,26 HIV-AIDS,27

and most recently, long-term COVID,28 have all been
implicated as risk factors or comorbidities for ED in large,
community-based studies. Moreover, the long-acting PDE5
inhibitor, tadalafil, has been approved by the Food and Drug
Administration (FDA) since 2011 for the treatment of LUTS,
with efficacy comparable to α-blockers and a high level of
patient acceptance and tolerability.25 The role of endocrine
factors and hypogonadism in ED was not addressed by the
conference.

Psychogenic factors: how distressed is the man or

his partner?

A clinically meaningful association between ED and psy-
chological distress was first documented in the MMAS
(Massachusetts Male Aging Study) study in the mid-1990s.29

In this landmark study, men with ED were found to be more
than twice as likely to report depressed mood compared with
controls, regardless of age and other confounding factors.
These findings have been replicated in both longitudinal
and cross-sectional study designs, in treated and untreated
patient populations, and across different geographic settings
(see Table 2).29-37 The consistency and bidirectionality
of these results has been confirmed in 2 separate meta-
analyses.38,39

There is compelling evidence that the direction of causality
is bidirectional (ie, psychological distress has been implicated
as both a cause and consequence of ED).38 Longitudinal
studies have shown that presence of depression or anxi-
ety increases the incidence of ED over time32; conversely,
successful treatment of ED has been associated in multiple
studies with significant improvements in mood in patients
with concomitant ED and depression.40-42 Improvements in
mood and overall quality of life have also been reported in
multiple studies of ED treatment.

Of note also, there is mounting evidence also that psy-
chogenic ED may be a harbinger of increased CVD risk,
not dissimilar to the risk level for vasculogenic ED. A sys-
tematic review in 2017 reported that psychogenic ED was
associated with an increased risk of CVD after adjusting
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Table 1. ED as a harbinger for CVD: supportive epidemiologic findings.

Study Study population Study design/data collection Main findings

Thompson
200520

Placebo treated men >55 years of age
(n= 9500) in U.S. prostate cancer
prevention trial.

Longitudinal assessment of ED, labs with
clinical follow-up from 1994 to 2003.

Men with incident ED have higher risk
of CV events comparable to smoking or
family history of MI.

Montorsi
200618

Italian community sample of men
(N = 285) with ED and CAD.

Cross-sectional comparison of CAD risk
in men with and without ED.

In patients with observable CAD, ED
onset precedes CAD by approximately
2-3 y.

Schouten
200819

Dutch, community sample (n = 1248) of
men aged 50-75 years of age without
CVD during baseline period
(1995-1998).

Longitudinal follow-up up to 8 y.
Extensive annual data collection.

Men with ED at baseline predicts cardiac
events at follow-up. Dose-response
effect—more severe ED predicts more
CV events irrespective of age and other
risk factors.

Gazzaruso
200816

Italian men with T2DM (n = 291) with
silent CAD.

Longitudinal follow-up to 48 mo. ED associated with increased MACE
(HR, 2.1). PDE5 use associated with
lower rates of MACE.

Inman 200917 Olmsted County longitudinal study of
U.S. men aged 40-70 years of age from
1996 to 2005 (N = 1402).

Longitudinal study of male health in the
general population.

ED associated with an approximately
80% higher risk of later CAD—a
stronger effect in younger men.

Chew 201015 Western Australian men with ED
(N = 1660) and without CVD at baseline,
45-70 years of age.

Retrospective linked data design health
records for follow-up.

Incidence of atherosclerotic CV events in
men with ED were twice the rate
observed in general male population
(SIRR, 2.1; 95% CI, 1.9-2.4)

Banks 201314 Australian men in national health survey
from 2006-2009 (N = 95 038).

Proportional hazards modeling of ED on
CV outcomes.

ED strongly predictive of subsequent CV
events and death in men with and
without prior CV history.

Uddin 201821 Subsample (n = 1914) of U.S. men in the
MESA study from 2000 to 2012.

Proportional hazards modeling of ED
effects on CV outcomes.

Strong, independent effects of ED on
subsequent CV events after multiple
controls for other potential causes.

Adam 202013 Male participants (N = 573) of mixed
ages in epidemiological studies in 4
European countries.

Systematic review and meta-analysis of
pooled data from 4 separate studies.

ED is highly significant harbinger of CV
events after controlling for all other risk
factors.

Abbreviations: CAD, coronary artery disease; CI, confidence interval; CV, cardiovascular; CVD, cardiovascular disease; ED, erectile dysfunction; HR, hazard
ratio; MACE, major adverse cardiovascular events; MESA, Multi-Ethnic Study of Atherosclerosis; MI, myocardial infarction; SIRR, standardized incidence
rate ratio

for traditional CV risk factors such as age, smoking, hyper-
tension, and diabetes.43 Similar results were reported in a
large, European meta-analysis.30 Overall, these studies sug-
gest that psychogenic ED may be a risk marker for CVD,
independent of a potential vascular component, and that men
with psychogenic ED may benefit from CV risk assessment
and management. However, more research is needed to fur-
ther elucidate the relationship between psychogenic ED and
CVD.

Clinical management of ED: updated
guidelines

CV risk management in men who present with ED

without overt cardiac symptoms or disease

Given the prevalence and clinical impact of overt and covert
CVD in men, in addition to increasing evidence for a harbinger
effect of ED summarized in the previous section, the panel
considered management guidelines for men with ED, with
or without overt cardiac symptoms or disease. Epidemiologic
data indicate that CVD is a leading cause of death in men, with
as many as 1 in 3 adult males in the United States having some
form of CVD.44-47 Between 70% and 89% of sudden cardiac
events occur in men.48 Half of the men who die suddenly
of coronary heart disease have no previous symptoms of
CVD.47,48

Because of the common risk factors and pathophysiologic
processes, men with CVD are more likely to have ED and vice

versa.49-53 ED severity has been correlated with atheroscle-
rotic coronary disease, and in some studies, the presence of ED
has been independently associated with CVD events.54,55 Per-
haps more importantly, it has been found that ED symptoms
precede clinically evident CVD by an average of 2 to 5 years,
making the diagnosis of ED especially useful as a marker
of probable subclinical CVD.18 Further stratification of ED
severity further amplifies predictive cardiac risk with several
studies revealing greater degree of number and narrowing in
cardiac vessels. Thus, men with ED should be considered at
risk for potentially sudden fatal cardiac events until proven
otherwise.53

ED can be categorized as organic (including vasculogenic),
psychogenic, or mixed. In general, primary vasculogenic ED
is characterized by a gradual onset with symptoms extend-
ing beyond 6 months.56 Erectile rigidity may be weakened,
duration may be shortened, or both. These changes are evi-
dent under most or all circumstances, including the morning
erection, nocturnal erection, sexually stimulated erection, and
masturbation. The most common type of organic ED is vas-
culogenic ED, which shares physiologic underpinning risk fac-
tors of heart disease and endothelial dysfunction including but
not limited to age, abdominal obesity, smoking, and metabolic
syndrome.15,53,57,58 Situational ED, such as that occurring
with a partner but not with morning erections or mastur-
batory behavior, is usually considered largely psychogenic in
origin.56 Given the overlap of organic and psychogenic causes
of ED, men regardless of ED etiology may benefit from CV
evaluation and utilization of psychosexual intervention. Even
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Table 2. Observational studies of ED and psychological distress: a bidirectional association.

Study Study population Study design/data collection Main findings

Araujo 199829 MMAS study population: representative
sample (N = 1700) men 40-70 years of
age in the Boston area.

Prospective, 15-y follow-up study with
measures of ED and depression.

Strong, bidirectional association of ED
and depression at baseline and
follow-up. Three times greater risk of ED
for men with severe depression at
baseline.

Rosen 200436 Large, multinational survey of men
20-75 years of age in 8 countries
(N = 27 800).

Cross-sectional, survey of ED and
HRQoL.

ED strongly associated with low mood
and adverse effects on HRQoL.

De Berardis
200532

N = 1456 Italian men with T2DM. Longitudinal, prospective study with 3-y
follow-up and multiple measures.

Onset of depressive symptoms preceded
ED; conversely, onset of ED associated
with significant deterioration in mood
and HRQoL.

Sugimori
200537

N = 1419 Japanese men 40-64 years of
age.

Cross-sectional survey of ED, anxiety,
and depression across age groups.

ED associated significantly with
depression and anxiety status only in late
40s to early 50s.

Chou 201531 Large, Taiwanese cohort study of men in
national insurance database
(N = 12 635).

Longitudinal, prospective study of ED
and depression over 5 y.

Men with ED at baseline have markedly
higher risk of depression at follow-up
(adjusted HR, 2.24).

Goldstein
201833

Large, community-based sample
(N = 48 000) of men in U.S. commercial
insurance database.

Cross-sectional study of ED and mental
health compared with control
individuals.

Men with ED have increased rates of
depression after controlling for other
relevant variables.

Calzo 202130 Ongoing survey population in Growing
Up Today Study of sexually active men
(18-32 years of age).

Cross-sectional study of young men with
and without ED.

Both depression and anxiety strongly
associated with ED. Antidepressant use 3
times higher prevalence of ED.

Nackeeran
202135

Large, federal database of EHR
(N = 260 000).

Retrospective cohort study of men with
or without ED and CV risk and
depression.

Rates of major depressive disorder were
double (odds ratio, 2.0) within 3 y in
men with ED.

Manalo 202234 Large claims database of young men
(18-40 years of age) with ED (n
= 181 000) compared with matched
control individuals (n = 181 000).

Prospective study with ED,
depression/anxiety measures at baseline,
12 mo, and 36 mo.

Elevated prevalence and incidence of
depression and anxiety in young men
with ED at all times.

Abbreviations: CV, cardiovascular; ED, erectile dysfunction; EHR, electronic health record; HR, hazard ratio; HRQoL, health-related quality of life; MMAS,
Massachusetts Male Aging Study; T2DM, type 2 diabetes.

those presenting with psychogenic ED should be questioned
about any cardiac history and assessed for the presence of CV
risk factors such as hypertension, dyslipidemia, diabetes, and
smoking. If men present with vasculogenic ED, then an assess-
ment using the 10-year atherosclerotic CV risk calculation
developed by the American College of Cardiology/American
Heart Association (ACC/AHA) is suggested.8

Role of ED as a risk marker and risk-enhancing

factor

It is important to clarify risk marker nomenclature. A risk
marker is “a factor that is noncausally associated with the
risk of a disease. It may be used as an indicator of such risk
but it is not a causal factor.”59 A risk factor is a risk marker
that is causally linked to CVD. Examples include hyperten-
sion, elevated low-density lipoprotein cholesterol, and low
high-density lipoprotein cholesterol levels. For atherosclerotic
disease, risk-enhancing factors refer to high-risk features that
may guide the earlier use of therapies such as lipid-lowering
agents, especially in those patients that are at intermediate
or borderline risk. Current examples may include prema-
ture CAD in family members, metabolic syndrome, chronic
inflammation, hypercholesterolemia that does not quite meet
high levels usually associated with pharmacologic therapy,
and chronic kidney disease. The panel concluded that there
is insufficient evidence supporting the concept of ED is a
major independent, causal risk factor for atherosclerotic heart
disease (although it is likely that there will be continued

discussion regarding this issue). There was consensus that
ED is a risk marker, as well as a risk-enhancing factor for
atherosclerotic disease, and when diagnosed must include a
serious investigation into whether the patient has underlying
vascular risk factors or outright CVD.

A strong case can be made for including ED as a risk marker
and risk-enhancing factor in future guidelines. Current U.S.
guidelines do not include it as such. Currently, only female-
specific risk factors are included on the list of risk-enhancing
factors for CVD, without any male-specific factors. Given the
increased risk conferred by ED, however, many male patients
will need advanced risk stratification to further refine their
diagnostic and management plan.

As a risk marker, ED is likely to serve as an indicator, or
biomarker of the severity of the underlying pathologic pro-
cesses including atherosclerosis, endothelial dysfunction, and
smooth muscle dysfunction.21,60 ED quantifies the gradient
in CVD risk with increasing degrees of ED because “this rela-
tionship is likely to inform the potential usefulness of ED as a
risk marker in predicting events and in discriminating at what
level clinical concerns should be raised.”14 The relationship of
severity of ED to the different types of CVD was similar for
those with and without a prior history of CVD, indicating that
ED remains a risk marker even in those with known CVD.

Development of ED has been found to have similar or
greater predictive value for future CV events when compared
with traditional CVD risk factors like family history of MI,
smoking, and hyperlipidemia.16,17,20 Araujo et al61 found
that while ED was a strong predictor of CVD (HR, 1.42,
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95% CI, 1.05-1.90), it did not improve much upon traditional
Framingham risk calculations, allowing ED to have only a
minimal effect on reclassification of CV risk. Perhaps the
most epidemiologically robust analysis was performed by
Uddin et al21 from the prospective MESA study. A total
1757 participants answered a single MMAS study question
regarding ED status. These individuals were followed for a
mean of 3.8 years for MI, stroke, and CVD. Importantly,
models were adjusted for race/ethnicity, socioeconomic status,
β-blocker use, and depression. In the fully adjusted models,
ED was robustly associated with CV events (HR, 1.9; 95% CI,
1.1-3.4).21

ED as a risk marker in younger vs older men.
Other studies have suggested that ED may have greater prog-
nostic significance in younger men. Results from the Olmstead
County Study showed that ED was more predictive of CAD in
men 40 to 49 years of age when compared with older men.17

Another study found that the incidence of CV events in men
<40 years old with ED was more than 7 times higher than a
reference group.15 Riedner et al58 performed a case-control
study of 242 men referred for elective coronary angiogra-
phy. CAD and ED were associated in patients younger than
60 years of age (ED in 68.8% of patients with CAD vs 46.7%
of patients without CAD; P = .009) and the association was
independent of CV risk factors, testosterone, and C-reactive
protein (risk ratio, 2.3, 95% CI, 1.04-5.19). Severity of CAD
was higher in patients younger than 60 years of age with
ED.62 Summarily, studies have focused on ED as a particularly
significant harbinger of CVD in 2 populations: men <60 years
of age and those with diabetes.14,16,17,21,54,57,62-64 These
studies suggest that ED is an early marker of generalized CVD
and supports the need for CV workup in younger men and
diabetic men with vasculogenic ED.

Review of the results of a large prospective population-
based Australian study published following P3 (the 45 and
Up Study) linking ED questionnaire data from 2006 to 2009
with hospitalization and death, found risks of CVD and
death increased steadily with severity of ED, yet risk did
not differentiate among younger and older men. Thus, Banks
et al14 found that among men without previous CVD, the risk
ratio of more specific CVDs increased significantly with severe
vs no ED, including acute MI (1.66; 95% CI, 1.22-2.26),
heart failure (8.00; 95% CI, 2.64-24.2), atrioventricular and
left bundle branch block (6.62; 95% CI, 1.86-23.56), and
peripheral atherosclerosis (2.47; 95% CI, 1.18-5.15), yet with
no significant difference in risk for conditions such as primary
hypertension (0.61; 95% CI, 0.16-2.35) and intracerebral
hemorrhage (0.78; 95% CI, 0.20-2.97).14

This study is an order of magnitude larger than any previous
prospective study of ED and CVD and provides the strongest
evidence to date of a relationship of increasing CVD risk
with increasing self-reported severity of ED. These results
lend strong support to prior studies among men without
known CVD at baseline; those with moderate or severe ED
have increased risks of a subsequent CVD event, including
ischemic heart disease, stroke, and peripheral vascular disease,
as well as all-cause mortality, compared with men with mild
or no ED.17,20,65,66 The finding on the relationship between
severity of ED and future admissions for heart failure is novel,
and no other prospective studies demonstrate increased risks
of chronic ischemic heart disease and atrioventricular and left
bundle branch block with increasing levels of ED.14

These findings highlight the need to consider ED in relation
to the risk of a wide range of CVDs that extends beyond
ischemic heart disease and stroke and includes conditions
such as heart failure and conduction disorders. They also
provide evidence that CVD risk is elevated across the spec-
trum of severity of ED and that men with mild or moderate
ED should be considered at increased risk, in addition to
those with severe disease. Nevertheless, this does not translate
automatically into utility as part of a clinical risk score,
such as using ED, in addition to the Framingham, ASCVD,
and other risk scores.64 Rather, the findings provide general
support for P3 that men with ED require assessment for CVD
risk, while the quantitative ability of ED to predict risk in
the clinical setting, over and above clinically measured risk
factors, requires specific testing.4 Thus far, only the QRISK-3
calculator (https://www.qrisk.org/) has incorporated ED into
its risk calculator (as binary, not severity related), increasing
risk by about 25% when positive.67

Several small-to-medium studies implicate younger men
as higher risk for future cardiac events. The most robust
study with several-fold higher power refutes this claim only
after adjustment for confounding factors. Despite ambiguity
in this area, the need for cardiac screening in young men
with ED remains imperative. Younger age screening gives
greater opportunity, time, and margin for error of preventa-
tive approaches. In addition, young men are perhaps more
easily convinced to augment behavior utilizing the fulcrum
of improved sexual function instead of abstract future risks
for asymptomatic conditions such as hypertension and high
lipids.

What testing should be considered?

The 2023 P4 meeting was convened to examine the present ED
guidelines and determine the appropriate CVD risk stratifica-
tion and assessment of the man with primarily vasculogenic
ED. There remains a need for specific guidance and selective
use of prognostic tests for further CVD risk assessment. The
P4 panel agreed that ED continues to be underreported and
undervalued as a risk marker for future CVD events. While
P3 prioritized an age stratification of 40 to 60 years as
the greatest risk, and potential risk stratification based on
the Framingham risk score including exercise treadmill test-
ing, ankle-brachial index, carotid intima-media thickness, and
computed tomography calcium, we propose utilizing the 2019
ACC/AHA ASCVD risk score for all men undergoing evalua-
tion for predominantly vasculogenic ED. This risk assessment
utilizes the Pooled Cohort Equations (PCE), which are based
on age, sex, race, total cholesterol, high-density lipoprotein
cholesterol, systolic blood pressure (BP), and whether the
patient is receiving treatment for high BP, has diabetes, or
smokes.8 This tool gives an estimate of the patient’s risk
of a CV event within the next 10 years, and the ASCVD
risk estimator can be readily accessed (https://tools.acc.org/a
scvd-risk-estimator-plus/#!/calculate/estimate/) and provides
an estimate of the patient’s risk of a major CV event within
the next 10 years categorized as follows: low risk, < 5%;
borderline risk, 5% to <7.5%; intermediate risk, ≥7.5% to
<20%; and high risk, ≥20%. The panel considered this to
be an appropriate starting point for risk stratification.8,68-71

However, because of the reliance on the small number of tra-
ditional risk factors and the strong reliance on age in the risk
estimates, we propose more advanced testing for all younger
men (40-60 years of age) with vasculogenic ED and borderline
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Table 3. CV workup and management

CV workup of men who present with ED and no known CV disease.

1) ED is a risk marker and risk enhancing factor for ASCVD.

2) Patients presenting with vasculogenic ED should have an assessment of their 10-year ASCVD risk based on the American College of
Cardiology/American Heart Association risk score (see text and Figure 1 to link for calculating this score; see algorithm 1; applies primarily
to men 40-79 years of age).

3) Borderline to intermediate-risk score (5%-20% 10 year risk of ASCVD) should have coronary artery computed tomography calcium scoring.

4) CAC Score of 0 results in lifestyle interventions.

5) CAC Score of 1-100: lifestyle modification plus moderate-to-high-intensity statins. Control other CV risk factors (hypertension, diabetes,
stop smoking).

6) CAC Score of >100: high-intensity statins. Control other risk factors. Consider low-dose aspirin. Refer to preventative cardiologist.

How to manage ED in men with known CV disease

1) After initial sexual query, confirming ED, assess the patient’s exercise ability for age.

2) Categorize the risk of having a cardiac event during sexual activity into low risk, intermediate or indeterminable (indeterminate) risk, or
high risk as described in the text.

3) Intermediate or indeterminable (indeterminate) risk: may require additional testing to determine exercise capacity/development of ischemia
with stress. This includes exercise stress testing; for those who cannot exercise, a chemical stress test (such as dobutamine echocardiogram or
chemical nuclear stress test) is appropriate. Achieving 5-6 METS (in 4 min on a standard Bruce Protocol Treadmill Test) without ischemia
(chest pain/electrocardiographic changes/wall motion abnormality) suggests patient can achieve desired exercise tolerance required for
sexual activity and is low risk. Those who develop ischemia, especially at a low level of exercise, are then reclassified as high risk and require
a CV consultation.

4) Low risk: patient may receive therapy for ED. If patient has a prescription for nitrates, make a determination whether nitrates are really
needed. For example, some patients who have had successful coronary artery revascularization continue to carry nitrates but never need or
use them. If nitrates are not needed, do not prescribe and consider PDE5 inhibitor therapy.

5) High risk: these are unstable cardiovascular patients who need a referral to a cardiologist. In some cases, revascularization procedures
(preventive coronary intervention–angioplasty stenting) may be required before they can be reclassified as low risk.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CAC, coronary artery calcium; CV, cardiovascular; ED, erectile dysfunction; METS, metabolic
equivalents of task; PDE5, phosphodiesterase type 5.

or intermediate risk (5%-20%), as these patients normally
do not score as high risk with the ACC/AHA risk estimator
and are therefore likely have significant unaccounted for CVD
risk.69 While the P3 guidelines recommended that men with
ED and an intermediate 10-year risk score undergo an exercise
treadmill stress test based on the 2010 ACC/AHA ASCVD
risk guidelines, the P4 guidelines recommend that all men with
this range of risk deserve further risk enhancement evaluation
with a coronary artery calcium (CAC) measurement. Based on
this evaluation, further risk stratification and/or use of statin
therapy will be initiated. At any point in time the clinician
can refer to a preventative cardiologist for further guidance
(Table 3).

The role of CAC scoring as a risk factor.

CAC scores (coronary artery calcium scores; determined by
specialized CT scanning) are widely endorsed for advanced
risk assessment in patients at borderline to intermediate risk
in whom decisions about preventive therapy are uncertain.
CAC scoring is widely accessible, fast (10-15 minutes today),
and inexpensive (∼$75-$150), and can be performed without
heart rate control or intravenous contrast. One of the most
common applications for CAC scoring in clinical practice is
for precise risk assessment in patients with risk-enhancing
factors—that is, patients who have risk conditions that place
them at higher risk than would be expected based on tradi-
tional risk scores like the sex- and race-specific PCE.

Given the close correlation between ED and subclinical
atherosclerosis as defined by CAC, and the fact that CAC
scores are the single strongest predictors of CVD risk in
current prevention guidelines, a strong case can be made for

wider use of CAC as a risk marker in patients with ED. In
particular, patients who would otherwise be borderline risk
to intermediate risk using the PCE (many young adult men),
presence of ED should be used as a rationale to engage in
CAC scoring to guide earlier, personalized use of effective
preventive therapies like statins, nonstatin therapy (ie, lifestyle
optimization), and aspirin. Figure 1 (algorithm 1 and Table 3)
shows the proposed CV workup of men who present with
vasculogenic ED, as recommended by the P4 group.

ED management in men with overt CV symptoms

and/or CVD

Sexual activity has been found to increase concurrent and
proximal adverse cardiac events to a minimal degree.11,72 The
objective of algorithm 2 (Figure 2 and Table 3) is to estimate
the CV risk associated with sexual activity in patients with
ED and known CVD. CVD is defined as the full range of
CV disorders including but not limited to ischemic disorders,
arrhythmias, and cardiac output pathology. Risk refers to the
likelihood of mortal or morbid events during or shortly after
sex. The current panels’ recommendations are similar to those
developed during P3.4 However, the current recommendations
extend to include the appropriateness of treatment with PDE5
inhibitors among low-risk patients currently using or who
have easy access to nitrates that they might use. The possibility
of withdrawing nitrate use/access is also reviewed.

Sexual inquiry
ED and CVD share common risk factors, and ED is a risk
marker and risk-enhancing factor of CVD. Thus, assessment
of sexual function should be incorporated into the initial CV
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Figure 1. CV risk assessment of ED patient with no overt disease or cardiac symptoms. Algorithm 1 is derived from previous key papers with
modifications: Evaluation and management of cardiovascular risk in men with vasculogenic ED but no known CVD is recommended. This applies
primarily to men 40 to 79 years of age. Symptomatic men are presumed to have CVD and are therefore at high risk for CVD events. A thorough CV
history, physical examination (including BP history) and measures, smoking history, lipid history, and lipid measurements (total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol), diabetes history and measures (fasting plasma glucose, hemoglobin A1C, measures of
visceral adiposity), assessment of ED severity and duration, serum creatinine (estimated glomerular filtration rate) and albumin/creatinine ratio, and
presence or absence of the metabolic syndrome and obstructive sleep apnea may be used to further characterize cardiovascular risk. Thereafter, 10-year
ACC/AHA ASCVD risk is calculated with therapeutic intervention based on score. The ACC/AHA risk score can be found online (https://tools.acc.org/a
scvd-risk-estimator-plus/#!/calculate/estimate/). Persons with complex or unclear clinical situations (eg, borderline results) may be referred to a urologist,
cardiologist, or other subspecialist as indicated. Modified with permission from Miner et al,56 Shah et al,70 and Arnett et al.8

evaluation for all men, regardless of the presence or absence
of known CVD.

Exercise ability and sexual activity risk stratification
High levels of habitual exercise have been shown to atten-
uate the association between acute cardiac events and the
episodic physical activity of sex.11,72 Thus, a patient’s self-
report of sedentary vs active lifestyle may guide the physician

to an estimate of CV risk associated with sexual activity. The
exertion of sexual activity between couples in a longstanding
relationship equates to approximately 2 to 3 METS, which is
equivalent to walking 1 mile on a flat surface in 20 minutes or
climbing 2 flights of stairs in 10 seconds. Younger couples may
expend 5 to 6 METS while engaging in more intense sexual
activity (equivalent to approximately 4 minutes of standard
Bruce Protocol Treadmill Test). Exercise tolerance should be
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Figure 2. ED management in men with overt CV symptoms and/or CVD. Algorithm 2. w/o=work up. Risk of cardiovascular event with sexual activity is
stratified based on exercise ability for age and thereafter on presence or absence of use of nitrates in management of CAD. Sexual activity with a usual
partner in a long-standing relationship is equivalent to walking 1 mile on the flat in 20 minutes or briskly climbing 2 flights of stairs in 10 seconds. More
moderate or vigorous intensity sexual activity is equivalent to 4 minutes of the Bruce Protocol Treadmill Test (5-6 METS). If patient is at low risk and has
a prescription for nitrates, the health care provider may determine whether nitrates are really needed. In some cases, they may not be needed or other
antianginal therapies can be considered. If nitrates are not needed, then PDE5 inhibitors may be considered. If nitrates are needed, then other therapies
for ED besides PDE5 inhibitors are considered. Modified with permission from Nehra et al4 and Miner et al.72

established before the initiation of ED therapy in all men,
regardless of CV risk.73 There was overlap in authorship of
this P4 Consensus with that of the AHA Scientific Statement
on Sexual Activity and Cardiovascular Disease,74 so there
are similarities in recommendations. To aid practice, common
patient profiles are provided for each level of risk.

Low-risk patients. As in previous recommendations, the
low-risk group is limited to patients for whom sexual activity
does not represent significant cardiac risk. These patients can
generally perform exercise of modest intensity without symp-
toms and include successfully revascularized (eg, via coronary
artery bypass grafting, stenting, or angioplasty) individuals,

D
ow

nloaded from
 https://academ

ic.oup.com
/jsm

/advance-article/doi/10.1093/jsxm
ed/qdad163/7499332 by guest on 05 January 2024



10 The Journal of Sexual Medicine, 2023, Vol 00, Issue 00

patients with asymptomatic controlled hypertension, those
with mild valvular disease, and patients with left ventricu-
lar dysfunction/heart failure (NYHA classes I and II) who
achieved 5 METS without ischemia on recent exercise testing.

High-risk patients. High-risk patients are those with cardiac
conditions severe or unstable enough to pose a significant
risk with sexual activity. Most are moderately or severely
symptomatic. Common high-risk profiles include unstable
or refractory angina pectoris, uncontrolled hypertension,
congestive heart failure (New York Heart Association
[NYHA] functional class IV), recent MI without intervention
(<2 weeks), high-risk arrhythmia (exercise-induced ventric-
ular tachycardia, implantable cardioverter-defibrillator with
frequent shocks, and poorly controlled atrial fibrillation).

Intermediate-risk or indeterminable (or indeterminate)
risk patients. These patients include those with mild or
moderate stable angina pectoris, past MI (2-8 weeks) without
intervention awaiting exercise electrocardiography, congestive
heart failure patients (NYHA functional class III), and
noncardiac sequelae of atherosclerotic disease (eg, peripheral
arterial disease, history of stroke or transient ischemic
attack). Further examination using exercise stress testing
is required for indeterminate-risk patients before resuming
sexual activity. Completing 4 minutes of the standard Bruce
Protocol Treadmill Test (5-6 METS) without symptoms,
arrhythmias, or a fall in systolic BP identifies the safety of
sexual activity.2,3 Based on stress test results, they will be
reassigned to low- or high-risk groups as recommended by
prior Princeton Consensus Conferences. If patients cannot
complete a standard exercise test (owing to a disabling
condition such as arthritis), a chemical stress test with
echocardiography or nuclear imaging can be performed.
Patients with suspected atherosclerotic disease may need
additional vascular disease testing using CAC, carotid intima-
media thickness or the ankle-brachial index that may be
helpful in reclassifying to high- or low-risk categories.

ED treatment (low-risk patient) or referral to a

cardiologist (high-risk patient)

Most low-risk patients can initiate or resume sexual activity
and begin ED treatment without further testing or evaluation.

PDE5 inhibitors are widely used to treat ED. Their safety
and appropriate use were reviewed in P2 and more recent
analysis of placebo-controlled and postmarketing surveillance
data have demonstrated no new concerns regarding CV
events.75 Additional considerations for treatment of ED
may include testosterone replacement therapy for men with
low serum total testosterone (either as an initial treatment
or added to PDE5 inhibitor therapy after PDE5 inhibitor
failure),76,77 non–PDE5 inhibitor approaches,24 exercise and
weight loss,24,78 and partner and relationship factors.79-83

CV safety of long-term testosterone therapy in hypogonadal
men with existing CV disease or risk factors was recently
reported.84 Based on results of a prospective, placebo-
controlled trial of testosterone gel vs placebo in 5246 men
45 to 80 years of age, testosterone was not associated with
increased overall major adverse CV risk, despite a higher
incidence of pulmonary embolism, acute kidney injury, and
atrial fibrillation in the testosterone group.84

Management of ED should be considered secondary
to maintaining cardiac function and a healthy lifestyle.
Conversely, as discussed in P3, agents used to treat CV

disorders and risk factors may negatively impact ED.4

Medication adjustments may help to relieve ED severity.80

Placebo-controlled studies of ED in men taking medications
to control other CV risk factors and known CVD are lacking.

In high-risk patients, sexual activity should be deferred until
the cardiac condition has been stabilized and sexual activity
can be safely resumed. These patients should be referred to
a cardiologist for further evaluation and should be managed
with a collaborative approach to primary prevention. In all
cases, patient follow-up and reassessment are recommended.

ED management in patients taking

nitrate-containing medications or substances

The concurrent use of a PDE5 inhibitor with a nitrate-
containing substance is currently contraindicated due to
concern about the nitrate–PDE5 inhibitor interaction with
resultant hypotension. Recommendations are to avoid using
a shorter-acting PDE5 inhibitor (eg, sildenafil, vardenafil,
avanafil) within 24 hours of a nitrate-containing substance
and within 48 hours of a longer-acting PDE5 inhibitor (eg,
tadalafil).72

There remain questions about the potential benefit of long-
term nitrates in stable ischemic heart disease with evidence of
the development of endothelial dysfunction and tolerance.85

Although there are conflicting reports from various studies,
nonrandomized studies have suggested an increase in the inci-
dence of acute coronary syndrome with long-term nitrates.86

P4 discussed the likelihood that nitrates are being overused
in current clinical practice and may not be necessary in many
situations or could be stopped or substituted with other med-
ications in many situations. The Consensus recommends that
low-risk patients be asked if they are taking or being exposed
to nitrates in any form. If the response is affirmative, the actual
need for the nitrate can be discussed and the patient could,
as appropriate, be encouraged to stop using the preparation
or substitute some other medication if needed. For example,
stable patients who have been recently revascularized and
may still be taking a nitrate preparation could be evalu-
ated for cessation of the medication. “Optimal utilization of
nitrate therapy requires a greater interaction and understand-
ing between the clinician and patient, to assess the severity
of symptoms, the preferences and convenience of each patient
and then tailor the treatment plan to ensure better quality of
life and optimum adherence to treatment.”87 Conversations
about nitrates often need to be patient-centered, especially if
the patient has been taking the medication for a long time.

If the patient with ED has a true indication for nitrates such
as continued angina or congestive heart failure, or nitrates are
being used successfully off-label for other potential indica-
tions such as anal fissures, esophageal spasms, or the recre-
ational aspect of “poppers,” and there is no other treatment,
then the clinician must consider other ways to manage ED.

Riociguat is a treatment for pulmonary arterial hyperten-
sion (PAH) and chronic thromboembolic pulmonary hyper-
tension that is a soluble guanylate cyclase stimulator and can
increase levels of cyclic guanosine monophosphate (cGMP); it
is contraindicated with PDE5 inhibitors.88

Drug–drug interactions and CV safety of PDE5
inhibitors

PDE5 performs a highly specialized biologic function, with
respect to its mechanisms of action and in the way that this
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enzyme is regulated. PDE5 was initially characterized as a
high-affinity binding protein for the cyclic nucleotide, cGMP,
with early studies showing its localization in platelets and the
lung.89,90 Its recognized role in the smooth muscle tone of
vasculature was later identified and notably showcased in the
biomedical arena with the discovery of PDE5 inhibitors (eg,
sildenafil) that effectively treat such vascular conditions as ED
and pulmonary hypertension.1,91

Current knowledge in the field of PDE5 biology estab-
lishes that this enzyme operates in an intricate molecular
signaling cascade. Nitric oxide, a gaseous upstream molecule,
activates guanylate cyclase to produce cGMP, which drives
the downstream signaling of protein kinase G to phospho-
rylate contractile regulatory proteins and ion channels in
vasculature resulting in vasodilation.92 PDE5 inhibitors serve
acutely to inhibit PDE5’s selective hydrolysis of cGMP, pro-
moting the action of this molecular effector.

PDE5 inhibitors have also been demonstrated to be pro-
tective in the vasculature and heart, a biologic role that
denotes the extensive effects of cGMP.93,94 Postulated thera-
peutic benefits of PDE5 inhibitors include decreased systemic
BP, inflammation, tissue fibrosis and thrombosis develop-
ment, and enhanced cardiac contractility.93 The molecular
biologic mechanisms for these effects are diverse: protection
against ischemia-reperfusion injury (via activation of calcium-
activated BK channels), coronary microvascular endothelial
activation, oxidative stress reduction; enhancement of cal-
cium signaling in cardiomyocytes, regulation of platelet pro-
tein, control of fibroblast-to-myofibroblast differentiation,
and inhibition of transforming growth factor β signaling.93,94

Remarkably, PDE5 is a complex and mutable molecule,
controlled by a dynamic, tight regulatory system. The activity
of the enzyme can be upregulated or downregulated. The
molecular structure of PDE5 accounts for this regulatory
potential, a feature exploited by a host of regulatory con-
ditions. The enzyme contains a highly conserved catalytic
domain near its C-terminus, whereby the enzyme binds cGMP
and terminates its actions; distinctly, at its N-terminus regula-
tory domain. PDE5 possesses an allosteric cGMP-binding site
as well as a phosphorylation site.95 The promoter region of the
PDE5 gene contains cGMP-responsive elements. On this basis,
activators of guanylate cyclase, such as continuous nitric oxide
release, exert a feedforward upregulatory activation of PDE5
that attenuates cGMP effects. Upregulation of PDE5 essen-
tially then contributes to a decline in cGMP and protein kinase
G signaling. In a converse manner, guanylate cyclase inactiva-
tion, under such conditions as nitric oxide deficiency, down-
regulates PDE5 function resulting in elevated cGMP effects.

Regular PDE5 inhibitor use may also influence this sig-
naling pathway’s feedback regulatory control mechanism.
Under such conditions, cGMP actions are prolonged result-
ing in PDE5 upregulation,96 such that excessive vasodilation
conceivably does not occur. This scientific principle likewise
could apply to chronic nitrate exposure. It is quite plausible
that chronic nitrate exposure upregulates PDE5 function in a
manner that restrains excessive vasodilation. Hence, the coad-
ministration of a PDE5 inhibitor under these conditions may
not necessarily result in dangerous hypotension because the
induced feedback control mechanism provides a safeguard.

Optimizing therapy with PDE5 inhibitors

The success in using PDE5 inhibitors for treating ED begins
with basic education of patients (and partners, if available)
in using the medications correctly and extends to applying

strategies to optimize their effects. Such management includes
maximally exploiting the pharmacologic and molecular bio-
logic properties of this therapy, promoting practices favor-
ing therapeutic responses, and addressing conditions ham-
pering therapeutic responses. In particular, partner sexual
function and readiness and/or willingness to resume sexual
activity with PDE5 inhibitor therapy should be assessed and
addressed, when indicated. Sample questions might include 1
or more of the following: “Have you spoken with your partner
about your erection problem?”; “Is your partner supportive of
you getting treatment to improve your erection?”; “Does your
partner have any concerns about the treatment?”; “Would
your partner like to talk with me or another clinician about
improving your sex life together?”; “Do you know if your
partner has any concerns about their own sexual function,
pain with sexual activity, or about any other related health
issues?”; and “Is there anything else I should know to help
me understand this problem?”

The pharmacology of PDE5 inhibitors relates to such
parameters as their onset of action, time for maximal effect,
and time for elimination (T-half-life). In an on-demand mode,
these medications require lead time intervals of approximately
30 to 60 minutes after ingestion, although differences exist
in the duration to their peak serum concentrations (ie,
approximately 30 minutes for avanafil, 1 hour for sildenafil
and vardenafil, and 2 hours for tadalafil).97 Duration of
effect ranges from as much as 36 hours for tadalafil to
approximately 4 to 8 hours for the other medications,
corresponding with the pharmacology of drug elimination.97

Accordingly, using PDE5 inhibitors within their specifica-
tions of pharmacologic action is fundamental. Daily dosing
using tadalafil to achieve steady state efficacy is an alternative
dosing scheme that has been approved at the FDA regulatory
agency level, thereby affording patients greater convenience
in having sexual intercourse using this agent.98 Additional
pharmacologic factors include reducing food intake prior
to dosing (as applies to sildenafil, avanafil, and vardenafil)
to optimize drug absorption and escalating drug dosing to
maximal dosing levels as needed.97 It is also reasonable to
try an alternate PDE5 inhibitor97 and PDE5 inhibitors in
combination,99 while understanding that efficacies of the
medications may differ between patients.

The arousal associated with sexual stimulation is a pre-
requisite for liberating nitric oxide from nerves and vascular
endothelium of the penis, in accordance with the science of
the molecular pathway required for producing the erection
response and enhanced by PDE5 inhibitors.100 Thus, optimal
sexual stimulation should be applied to facilitate erection
responses. Additionally, patients may be advised to observe
partner interactions and stimulation (eg, arousal) that may
influence medication responsiveness.101

Testosterone replacement in the hypogonadal patient with
ED may also promote erection responses to PDE5 inhibitors,
provided that the patient is documented to have low testos-
terone at baseline.73 Scientific work suggests that a normal-
ized testosterone milieu primes the function of the nitric oxide
regulatory pathway.102 As noted in the clinical management
section, a recent trial using testosterone supplementation did
not show an increase in MACE but an increase in pul-
monary embolism and atrial fibrillation.84 Similarly, correct-
ing or improving adverse health conditions that compromise
erection responses (eg, glycemic control, hyperlipidemic con-
trol, cigarette smoking discontinuation) may also promote
therapeutic efficacy.101
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Behavioral counseling offers another strategy to improve
erection responses to PDE5 inhibitors. Repeated attempts of
sexual activity using the medications is reported to afford
maximal probability of success.103 In this study, 55% of
137 treated patients who were previously not successful with
sildenafil became successful after re-education and counseling,
which included information on patient and partner expec-
tations, how to properly take the drug, titration to maxi-
mum dose, and a minimum trial of 8 attempts for efficacy
assessment.103

This outcome may relate to having sufficient opportuni-
ties to identify and employ the best stimulatory conditions
to respond to this therapy. Addressing adverse psychosocial
factors that may hinder stimulatory conditions (eg, sexual
performance anxiety) may also be considered and invoke the
service of a mental health counselor.101

Combination therapy in the setting of PDE5 inhibitor use
has also been utilized to achieve erection success.104 Options
for combination therapy include vasoactive penile injections
and vacuum erection devices.105,106

Interactions of PDE5 inhibitors with nitrates and

other CV drugs
Safety concerns related to the interactions between PDE5
inhibitors and nitrates
Within 6 months of the introduction of sildenafil (Viagra) in
early 1998, a total of 69 deaths were reported to the FDA
in patients who had used Viagra.107 In response, the ACC
made recommendations on the use of sildenafil in patients
with CVD.107 One major concern addressed was the interac-
tion of nitrates with PDE5 inhibitors, potentially leading to
life-threatening hypotension. The biology of this interaction
was well understood. Nitrates are donors of nitric oxide,
which is a potent activator of soluble guanylate cyclase and
its production of cGMP. Accumulation of cGMP leads to
a reduction in intracellular calcium and (vascular) smooth
muscle relaxation. The degradation of cGMP into its inactive
form, GMP, is catalyzed predominantly by PDE5. Notably,
inhibition of cGMP breakdown by PDE5 inhibitors simul-
taneous with its increased generation by nitrates can lead to
extreme cGMP elevations with synergistic effects on vasodi-
lation and hypotension. Based on the half-life of sildenafil of
∼4 hours, it was recommended that nitrates should not be
administered within 24 hours after the last dose of sildenafil.
Subsequent to these recommendations for sildenafil, interac-
tions of PDE5 inhibitors with nitrates have been investigated
extensively in pharmacological studies under carefully con-
trolled conditions.108-113 Based on the totality of evidence, use
of nitrates remains a contraindication for all PDE5 inhibitors
(a class effect), specifically within 24 hours after the last
dose of sildenafil, avanafil, and vardenafil (all with half-
life ∼4 hours) and 48 hours after the last dose of tadalafil
(half-life ∼17.5 hours).5

Real-world observations of coprescribed PDE5 inhibitors
and nitrates: pharmacological studies of the interaction of
nitrates and PDE5 inhibitors on BP have typically tested
the worst-case scenarios, with the administration of the 2
agents timed to achieve a maximal hypotensive effect and
participants’ BP tested in an upright position. Nunes et al7

investigated whether PDE5 inhibitors and nitrate coprescrip-
tion (referred to as co-possession) is associated with increased
rates of adverse CV outcomes in a real-world setting. Their

review of U.S. electronic health record database (2012-2016)
indicated that co-possession of nitrate and PDE5 inhibitor
prescriptions while under the care of a physician was not asso-
ciated with increased rates of adverse CV outcomes, relative
to possession of nitrates alone. Medical records documented
a discussion between physicians and patients in many cases
prior to the first co-possession period regarding the hazards
of coadministration and strategies to minimize harm, possibly
accounting for the safe trends observed. In a retrospective
study of Danish men with ischemic heart disease, covering
2000 to 2018, coprescriptions of PDE5 inhibitors and nitrates
increased 20-fold during this period.6 Despite this surge in
coprescribing, the investigators did not observe any increase in
adverse CV outcomes, reaching the same conclusion about the
apparent safety record of coprescriptions, as the U.S. study7

—patients with ED are able to successfully manage their co-
possession of PDE5 inhibitors and nitrates without increas-
ing their risk of CV outcomes. Notably, these studies have
important limitations: (1) the observations were based on
nitrate and PDE5 coprescriptions, without knowledge of how
these medications were taken in relation to each other; (2) the
subpopulation of patients with coprescriptions may have been
exceptionally well informed, generally healthier, and adherent
to physician guidance than the general population; and (3)
even if taken on the same day, the 2 agents were likely not
overlapped, with nitrates more likely taken in the mornings
and PDE5 inhibitors in the evenings. Clinical implications
of these co-possession studies are not yet resolved. Some
experts have called for reassessment of whether the absolute
contraindication should be lessened to a warning for well-
informed, compliant patients. There is agreement that any
contemplated change in current clinical practice should be
ultimately tested in a well-designed prospective clinical trial
that will accurately inform the risks and benefits of PDE5
inhibitor/nitrate coadministration.7

Interactions between PDE5 inhibitors and
sacubitril/valsartan
Sacubitril/valsartan (Entresto) is a combination of a neprilysin
inhibitor and angiotensin receptor antagonist approved for
treatment of heart failure.114 Neprilysin is an endopeptidase
that cleaves a variety of proteins/peptides such as natriuretic
peptides, bradykinin, adrenomedullin, endothelin, substance
P, and angiotensin I and II.115 Inhibition of neprilysin by
sacubitril thus leads to increases in natriuretic peptide (as well
as other proteins/peptides) and in cGMP.115 Coadministration
of sacubitril/valsartan and sildenafil resulted in a greater, but
modest decreases in BP (–5/–4/–4 mm Hg ambulatory systolic
BP/diastolic BP/mean BP) compared with sacubitril/valsartan
alone.114 While the coadministration of sacubitril/valsartan
and sildenafil was generally clinically well tolerated, it is
recommended that the coadministration of sacubitril/valsar-
tan with sildenafil (and other PDE5 inhibitors) should be
prescribed cautiously.

Interactions between PDE5 inhibitors and riociguat
Riociguat (Adempas) is a drug used to treat PAH and
nonsurgical chronic thromboembolic pulmonary hyperten-
sion.116 It potently stimulates soluble guanylate cyclase and
its effects on augmenting cGMP are synergistic which PDE5
inhibitors. Coadministration of all PDE5 inhibitors and
riociguat (and other soluble guanylate cyclase stimulators)
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is contraindicated due to the risk of excessive systemic
hypotension.116,117

Interactions between PDE5 inhibitors and α-1 receptor
blockers
BPH, associated LUTS, and ED frequently coexist among
aging men. α-1 blockers are currently the first-line treat-
ment for LUTS due to BPH.118 There are 2 subtypes of α-
1 receptors: the α1A receptors are located in the prostate
and bladder neck and are considered uroselective, whereas
α1B receptors are located in the vasculature and are involved
in BP regulation. Tamsulosin, silodosin and alfuzocin are
uroselective whereas doxazosin and terazosin are nonurose-
lective α1-blockers.118 Hypotension, particularly orthostatic
hypotension, is an important side effect of coadministration of
α1-blockers and PDE5 inhibitors and carries a package insert
warning.119 The risk of hypotension is lower with uroselective
agents. For example, tadalafil augmented the hypotensive
effects of doxazosin but had little hemodynamic interaction
with uroselective tamsulosin.120 Thus, in patients with both
ED and BPH, combination of tadalafil with tamsulosin 0.4 mg
may have a particularly safe BP profile.

Current PDE5 inhibitor package inserts state that these
agents can potentiate the hypotensive effects of α-blockers and
state that “caution is advised when PDE5 inhibitors are coad-
ministered with α-blockers. Concomitant use can lower BP
significantly leading to symptomatic hypotension (e.g., dizzi-
ness, light headedness, fainting).” Package inserts recommend
that patients be stable on their current α-blocking therapy
before starting PDE5 inhibitors and that PDE5 inhibitors be
initiated at the lowest dose. Factors such as intravascular vol-
ume depletion and other antihypertensive medicines should be
considered.119

Interactions between PDE5 inhibitors and antihypertensive
therapies
When PDE5 inhibitors are administered to patients with
hypertension who are taking most standard antihyperten-
sive agents (eg, angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, calcium-channel antago-
nists, diuretics, and β-blockers), there are usually small
additive decreases in BP without a significant increase of
adverse events.5 Thus, administration of most antihyper-
tensive therapies along with PDE5 inhibitors is generally
safe, with only the caution about coadministration with
α1-blockers.

Rare adverse events associated with PDE5

inhibitors

PDE5 inhibitors are the leading drugs for the treatment of ED,
being recommended as a first-line treatment by most major
urological guidelines. Publications since the last Princeton
guidelines show that the PDE5 inhibitors are safe from a CV
standpoint, yet men with ED should be informed regarding
the treatment option of PDE5 inhibitors, including discussion
of benefits and risks/burdens. Most adverse events associ-
ated with the administration of PDE5 inhibitors are mild to
moderate. Despite their demonstrated safety, rare and more
significant adverse drug reactions have been associated with
PDE5 inhibitors. The characteristics of these adverse events
fall into 4 imprecise categories: (1) visual disturbances, (2)
auditory alterations, (3) skin abnormalities, and (4) other.

Visual disturbances
Perception of blue color
The human retina contains an abundance of the PDE6
enzyme, which shares 80% homology with the PDE5, most
common in the penis. PDE6 is present exclusively in rod
and cone photoreceptors and plays a critical role in color
perception—particularly blue and green. At the highest
recommended oral doses, sildenafil causes mild and transient
visual symptoms in a minority of patients by inhibition of the
retinal PDE6 enzyme resulting in a visual field awash in shades
of blue. The effects of sildenafil have been systematically
investigated in visual function studies in volunteers and in
patients with eye disease; sildenafil does not affect visual
acuity, visual fields, and contrast sensitivity. The only definite
effect is transient, mild impairment of color discrimination
occurring around the time of peak plasma levels.121 In clinical
trials, abnormal vision occurred in 1% of users taking the
25-mg dosage, 2% of users taking the 50-mg dosage, and
11% of users taking the 100-mg dosage. Associated vision
changes may include predominantly a color tinge change, but
also blurred vision and increased sensitivity to light.122 No
consistent pattern has emerged to suggest any long-term effect
of sildenafil on the retina or other structures of the eye. Based
on this experience, intermittent, short-term, partial inhibition
of PDE5 or PDE6 by sildenafil is unlikely to induce any long-
term visual change.

Nonarteritic anterior ischemic optic neuropathy
Nonarteritic anterior ischemic optic neuropathy (NAION) is
a rare visual condition characterized by the sudden onset of
loss of vision in one eye. The estimated annual incidence is 2.5
to 11.8 cases per 100 000 men >50 years of age. Caucasian
ethnicity, small optic discs with low cup-to-disc ratio, and
various kinds of vascular conditions appear to confer greater
risk.123 Studies have suggested that PDE5 inhibitor use is
associated with an increased risk of NAION, although the
absolute risk is small (3 additional cases per 100 000 men >50
years of age).124 Men in higher-risk groups (eg, older men,
men of Caucasian ethnicity, men with vascular risk factors)
should be counseled about this small increased risk, including
the fact that the absolute risk of NAION is extremely low with
or without the use of PDE5 inhibitors, and that the association
does not imply causation.

Serous retinal detachment
The evidence behind serous retinal detachment (SRD) is
mostly in the form of case reports or small epidemiologic
studies that produced imprecise estimates for this risk125:
because of the rarity of these events, they were not adequately
studied in the original clinical trials of these drugs. In
one meta-analysis, patients with SRD were more likely
than those in the control group to have hypertension,
diabetes, CVD, or sleep apnea. The adjusted incidence
rate ratio for SRD in men receiving PDE5 inhibitors as
individual outcome was 2.58 (95% CI, 1.55-4.30), and
the incidence was 3.8 cases per 10 000 person-years. There
is a paucity of evidence regarding the pathogenesis of
PDE5 inhibitor–induced SRD. One hypothesis suggests
that PDE5 inhibitors increase choroidal blood flow and
congestion of the retinal blood vessels thus precipitating an
SRD; however, further research is needed to elucidate these
mechanisms.
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There are no systematic controlled studies regarding the
issue of safety of administering PDE5 inhibitors to patients
with retinitis pigmentosa.

Ototoxicity

Auditory disturbances (sensorineural hearing loss and tinni-
tus) associated with PDE5 inhibitor use have been reported,
but few studies have evaluated the causal link.

Recent concerns regarding these drugs and sudden sen-
sorineural hearing loss have resulted in an FDA requirement
for more stringent labeling. The evidence for this association
is only based on case reports, as the number of patients
affected is very low. In one review of 25 case reports, 15
(88%) patients experienced the event within 24 hours of
taking a PDE5 inhibitor.126 Eight (32%) patients had asso-
ciated vertigo concurrently with their hearing loss. Ninety-six
percent of reported cases were unilateral. Complete resolution
of hearing loss was noted in 5 (20%) patients, whereas 3
(12%) other patients had at least partial improvement. There-
fore, 8 (32%) patients had documented improvement in their
hearing from the initial presentation. Overall, the possibility
that PDE5 inhibitors cause sensorineural hearing loss remains
uncertain.

The evidence for an association between tinnitus and PDE5
inhibitor exposure is based on a small number of case reports,
some of which were associated with sensorineural hearing
loss. In a study by Manna et al,127 the authors reported 9
patients who had an association between PDE5 inhibitor use
and hearing loss. Two (22%) of the 9 experienced tinnitus.
Among prospective multipatient studies, there was no signifi-
cant association between PDE5 inhibitor use and ototoxicity.
As stated in package inserts,122 “it is not possible to determine
whether hearing loss and/or tinnitus are related directly to the
use of PDE5 inhibitors or to other factors.”

Melanoma

Several investigations have addressed the possible relationship
between PDE5 inhibitor use and increased risk for skin can-
cers, particularly malignant melanoma. Overall, the available
findings fail to convincingly satisfy most of Hill’s causal
criteria (ie, strength, consistency, specificity, temporality, bio-
logical gradient in which higher levels of exposure increase
risk, and plausibility) for determining whether an epidemio-
logical association constitutes a causal relationship. A study
by Wayne et al128 failed to show any increase in melanoma
associated with PDE5 inhibitor use. The American Urological
Association guidelines state that these data indicate that there
is no increased risk of skin cancers reliably associated with
PDE5 inhibitor use.73

Prostate cancer recurrence

Several studies have focused on the possible relationship
between PDE5 inhibitor use after prostate cancer treatment
and an increased risk of prostate cancer recurrence.129-131

One study by Danley et al132 suggested that PDE5 inhibitors
were associated with a decrease in prostate cancer recurrence.
The American Urological Association guidelines state that
these data indicate that there is no increased risk of prostate
cancer recurrence associated with PDE5 inhibitor use after
prostate cancer treatment.73

Potential CV benefits and low rates of CV
events in recent retrospective/observational
studies

PDE5 inhibitors were initially developed for cardiac problems
such as angina pectoris, but it was the serendipitous finding
of improved erections that became their first indication. There
were some basic science findings suggesting that these drugs
may have CV-protective features, and it is well known that
PDE5 is found not only in the blood vessels supplying the
genitals, but also throughout the body. The enzyme can cause
systemic vasodilation and can improve endothelial function.
Desouza et al133 determined the acute and prolonged effects
of low-dose sildenafil (25 mg) on flow-mediated vasodilation
of the brachial artery in men with type 2 diabetes with ED.
Oral sildenafil both acutely and chronically improved flow-
mediated vasodilation. The effect persisted at least 24 hours
after the last dose. Another report by Rosano et al134 noted
the positive effects of the long-acting PDE5 inhibitor tadalafil
on endothelial function. Thirty-two patients with increased
CV risk received either tadalafil 20 mg on alternate days
or matching placebo for 4 weeks; then, the patients had
endothelial function assessed by evaluation of brachial artery
flow-mediated dilation studies. Tadalafil treated participants
showed improved flow-mediated vasodilation (from 4% to
9%; P < .01) compared with placebo (4% to 4%); the benefit
was sustained at 6 weeks. These benefits were associated with
an increase in nitrite/nitrate plasma levels and a decrease in
endothelin-1 levels. The authors concluded that chronic ther-
apy with the PDE5 inhibitor tadalafil improved endothelial
function regardless of their degree of ED. This study set the
stage for analyses of the effect of PDE5 inhibitors on major
adverse cardiovascular events (MACE) and mortality.

Additional reports have been published suggesting that
PDE5 inhibitors may have cardioprotective effects and are
safe from a CV perspective (Table 4). In 2008, Gazzaruso
et al16 published an article following type 2 diabetic patients
with silent CAD and observed that the prevalence of ED
was greater in those who developed major adverse cardiac
events; ED predicted MACE (HR, 2.1; 95% CI, 1.6-2.6; P
< .001). Among patients with CAD plus ED, statin plus
PDE5 inhibitor use was associated with lower rates of MACE.
Treatment with PDE5 inhibitors was borderline significant
for lower MACE (HR, 0.68; 95% CI, 0.46-1.01; P = .056).
More recent observational/retrospective analyses have con-
firmed that PDE5 inhibitors may be protective in diabetic
patients. Anderson et al135 showed in 2016 that in a series of
nearly 6000 men with type 2 diabetes, those prescribed PDE5
inhibitors experienced lower risk of all-cause mortality (HR,
0.69; 95% CI, 0.64-0.79; P < .001); this reduction persisted
after accounting for a number of confounding variables. PDE5
inhibitors also showed a lower rate of incident MIs and
lower rates of mortality with infarction. Hackett et al136

studied 857 men with diabetes and stratified them by normal
testosterone levels, low testosterone levels, PDE5 inhibitors
treated vs nontreated, and statin untreated vs treated. Age,
low testosterone (treated), PDE5 inhibitor treated, and statin
treated were associated with lower mortality.

There have also been observational/retrospective studies
suggesting that PDE5 inhibitors may be cardioprotective in
men with known CAD and previous MI. In a 2017 article,
Andersson et al137 assessed a Swedish nationwide cohort of
men (>43 000), of whom 7.1% had ED medication dispensed.
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Table 4. Retrospective studies supporting CV safety/benefits of PDE5 inhibitors.

Study Study population Study design/data collection Main findings

Anderson
2016135

UK men 40-89 years of age with
T2DM.

PDE5 users (n = 1359) compared with
nonusers (n = 4600).

PDE5 users had lower MI and mortality
rates vs nonusers (25.7% vs 40.1%) over
7 y.

Andersson
2017137

Swedish men less than 80 years
of age with MI.

Men taking PDE5 inhibitors (n = 2814)
vs men taking alprostadil (n = 254).

PDE5 users had lower mortality (33%)
and reduced hospitalization for heart
failure. No effect for alprostadil.

Hackett
2017136

UK men 18-80 years of age with
T2DM.

Subanalysis of data from a large trial.
Men on PDE5 inhibitor (n = 175) vs
nonusers (n = 682).

Lower mortality in PDE5 inhibitor users
compared with TRT and nonusers.

Vestergaard
2017141

Danish men 40-80 years of age
with ED.

Men taking PDE5 inhibitor (n= 71 000)
compared with general male population
of Denmark.

Significant reduction in MI and heart
failure rates with PDE5 inhibitor use but
only for the first 3 y of follow-up.

Andersson
2021138

Swedish men 18-80 years of age
with stable CAD and ED.

Men taking PDE5 inhibitor (n = 16 548)
vs men taking alprostadil (n = 1994).

Significant reduction in all CV outcomes
for PDE5 users vs alprostadil use.

Nunes 20217 U.S. men >21 years of age in a
commercial database.

Men taking PDE5 inhibitor plus nitrate
vs men taking nitrates or PDE5 inhibitor
alone.

No increase in CV events or adverse
outcomes in PDE5 inhibitor + nitrate
users.

Nunes 2022143 U.S. men >21 years of age in a
commercial database.

Men taking tadalafil + anti-HTN meds. No increase in CV events or adverse
outcomes with tadalafil + HTN meds

Wilton 2021140 U.S. men with RA and control
individuals.

Men with RA + ED (n = 260) taking
PDE5 inhibitor vs control individuals.

Significant decrease in death rate for
men taking PDE5 inhibitor; trend
toward lower incidence of CV events.

Goberdhan
2022139

U.S. men with LUTS and MACE
in a large research database.

Men taking tadalafil alone (n = 5004)
compared with tadalafil with α-blocker
or α-blocker only (n = 327 482).

Tadalafil use associated with decreased
risk of MACE regardless of prior or
current use of α-blockers.

Kloner 2023142 U.S. men >21 years of age
without MACE in past year.

Men taking PDE5 inhibitor between
2006 and 2020 (n = 23 816) compared
with nonusers (n = 48 682).

PDE5 inhibitor users had lower
incidence of MACE, CV-related death,
and all-cause mortality. Dose-response
effect.

Abbreviations: CAD, coronary artery disease; CV, cardiovascular; ED, erectile dysfunction; HTN, hypertension; LUTS, lower urinary tract symptoms; MACE,
major adverse cardiac events; MI, myocardial Infarction; PDE5, phosphodiesterase type 5; RA, rheumatoid arthritis; T2DM, type 2 diabetes, TRT, testosterone
replacement therapy.

Men treated for ED had a 33% lower mortality rate and
a 40% lower rate of heart failure hospitalization compared
with those not treated. Treatment for ED was associated with
a lower rate of both CV and non-CV death. The adjusted
risk of death was observed to be lower with PDE5 inhibitors
compared with treatment with alprostadil. A follow-up study
from the same author group138 studied all Swedish men
with a prior MI or revascularization who received either a
PDE5 inhibitor to treat ED or alprostadil for ED.138 There
were 16 548 men who received PDE5 inhibitors and 1994
men who received alprostadil, with a mean follow-up of
5.8 years. Those men receiving PDE5 inhibitors had lower
rates of mortality compared with alprostadil (HR, 0.88; 95%
CI, 0.79-0.98 with multivariable adjustments); a 19% lower
rate of MI; and lower rates of hospitalizations for heart
failure, CVDs, and revascularization. Those men receiving
the highest quintiles of PDE5 inhibitors had the lowest rates
of all-cause mortality. There also have been observational
studies suggesting reduced adverse cardiac events in men
receiving PDE5 inhibitors for ED in subgroups of men with
lower urinary tract symptoms139 and in men with ED and
rheumatoid arthritis.140

A study by Vestergaard et al141 assessed the risk of CVD
for men receiving ED medicines in a large nationwide cohort
study in Denmark; it included 71 710 men receiving their
first ED medicines from 2000 to 2012. In the first 3 years
of treatment, adjusted risk for overall CVD in the ED-
treated cohort was lower in the first 3 years compared
with the general male population (relative risk, 0.92; 95%
CI, 0.87-0.97; P = .003); the benefit was lost after 3 years.

There was a persistent lower risk of MI; the risk of heart
failure was lower during the first 3 years. Our research
group recently reported the results of a retrospective study
assessing a large integrated medical and pharmacy claims
data base of >70 000 men with ED comparing those treated
with PDE5 inhibitors vs those not exposed, correcting for
baseline variables and examining outcomes over a 15-year
period.142 The overall incidence of major adverse CV events
was 13% lower in the PDE5 exposed vs nonexposed men (HR,
0.87; 95% CI, 0.79-0.95; P = .001), and there was a 25%
lower incidence of all-cause mortality (P < .001) in PDE5
exposed vs nonexposed group, a 15% lower rate of need for
coronary revascularization, a 17% lower rate of heart failure,
a 22% lower rate of unstable angina, and a 39% lower rate
of CV mortality (all statistically significant). Kaplan-Meier
curves showed that the curves for the PDE5 inhibitor–exposed
group continued to separate from the unexposed group over
150 months. In men with no history of known CAD but with
risk factors for CAD, the findings were similar. In men with
diabetes the incidence of MACE was 21% lower with PDE5
inhibitor exposure. In the main cohort of men with ED, those
receiving the highest doses of PDE5 inhibitor had the lowest
rates of MACE, MI, and stroke compared with those on the
lowest doses.

Taken together, the studies described previously suggest
that PDE5 inhibitors may have cardioprotective effects and
might play a role in preventative cardiology in the future.
However, these studies have limitations including the fact
that they are retrospective, showing an association between
PDE5 inhibitors and improved outcomes but not proving
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causality of the benefit of the PDE5 inhibitors, which would
require a prospective randomized controlled study. In addi-
tion, unknown confounders could play a role. Is the benefit
a direct effect of the pharmacology of the PDE5 inhibitors
or the sexual activity that is protective? Further prospective
studies are needed to address this question. The dose response
seen in the Anderson et al138 and Kloner et al142 studies,
and the fact that the PDE5 inhibitors but not alprostadil
were protective, but both enable sexual activity, does suggest
that the PDE5 inhibitors themselves may be cardioprotec-
tive. Potential mechanisms for this include improvement in
endothelial function, vasodilation with small reductions in BP
and afterload, a direct protective effect on the myocardium,
and anti-inflammatory and antiplatelet effects.

These studies support the concept that the PDE5 inhibitors
are safe from a CV standpoint and support several other recent
publications made available since P3, which confirm their CV
safety in large numbers of patients (Table 4).7,135-143

Regulatory and public health perspectives

The P4 panel considered 2 broad issues of concern regarding
the regulatory status of PDE5 inhibitors. These were the
following:

Marketing of dietary supplements with PDE5

inhibitor components

In 1994, the U.S. Congress passed into law the U.S. Dietary
Supplement Health and Education Act (DSHEA). This Act
of Congress defines dietary supplements (DS) as foods, not
as pharmaceutical products or drugs. Accordingly, DS man-
ufacturers are not subject to the evidentiary processes and
procedures which regulate the pharmaceutical industry. As
a result of the legislation and, more recently, the profound
impact of internet marketing, the number of DS has increased
exponentially from about 4000 products in 1994 to over
75 000 products in 2023. Annual consumer spending on
supplements has increased from about $4 billion in 1994 to
approximately $50 billion in 2022. Unfortunately, consumers
all too often assume that if a DS is publicly advertised, the
supplement has been reviewed, tested, and approved by a
legitimate health authority as being safe and/or efficacious.
Unfortunately, vetting of DS is not required under DSHEA
and is not performed.

Some supplements have nutritional or possible health ben-
efits, while others have minimal or no value, and some may
entail risk of adverse events. Regrettably, there are remarkably
few data on the incidence of adverse events related to the use
of supplements. Based on a 2015 study reported in the New
England Journal of Medicine,144 there were 23 005 annual
emergency department visits due to adverse events from DS
in the years 2004 through 2013. These visits resulted in over
2000 hospitalizations annually. The most common DS that
caused adverse events were products marketed for sexual dys-
function, decreased energy, and weight loss. Since 2015, the
incidences of adverse events and resulting hospitalizations due
to DS are likely to have increased, along with the substantial
increase in use of these supplements.

Of importance to the P4 panel, it was noted that some
DS may be adulterated and may contain therapeutic levels
of known pharmaceutical agents. Although supporting data
are needed, it is to be expected that some if not many DS
being marketed for male impotence or ED contain significant

amounts of PDE5 inhibitors. There are some published data
from at least 1 study.145 Between 2007 and 2016, the FDA
reported on 776 adulterated products which had been manu-
factured separately by 146 different companies. Of these adul-
terated products, 45% were products intended for enhance-
ment of sexual activity and 47% contained sildenafil.

The panel noted the implications of these findings, and the
potential risks for consumers. From a CV perspective, a DS
clandestinely adulterated with a PDE5 inhibitor and being
used by someone (man or woman) simultaneously taking an
organic nitrate drug for angina pectoris could cause serious
hypotension, syncope, acute MI, and/or sudden cardiac death.
Because there is no oversight of labeling of DS products, there
is no incentive for companies marketing the products to prop-
erly notify users of the risks. This could in turn have important
public health implications. The panel noted some action steps
that might be taken to address this concerning situation. Steps
that might reduce the risks of fraudulent DS adulteration and
misleading advertising include the following:

1. Political and legislative efforts to increase funding for the
FDA and the Federal Trade Commission to often perform
spot reviews of DS contents and marketing of DS. The
scope and impact of the problem needs to be defined
more clearly.

2. Modify and upgrade the 29-year-old DSHEA (1994)
mandate to meet modern standards of computer-based
development, production and marketing of DS.

3. Improve efforts by the DS industry to police itself for DS
adulteration and fraudulent advertising.

4. Marketing research to understand whether making PDE5
inhibitors available to the public without a prescription
would satisfy consumers’ desire for access to effective
ED treatment, thereby lessening consumers’ appetite for
sexual performance-enhancing DS, some of which may
dangerously contain undeclared PDE5 inhibitors.

Should PDE5 inhibitors be available without

prescription? Is it time for FDA to consider this

change in status, and the implications for

consumers and health practitioners?

Given comprehensive and long-term data on use of PDE5
inhibitors in the general population, there are arguments in
favor of changing the regulatory status of these drugs to
over-the-counter (OTC) status. The rationale for this includes
broad potential benefits in patient quality of life, reduced
costs to consumers, and other benefits of the drug class to
a larger number of men and their partners. Recent exposure
to telemedicine and internet based prescribing companies are
adding to this pressure. Such a change could have expected
or unanticipated ripple effects, although there are tangible
benefits to be anticipated.

Experience from other countries can be informative. For
example, the United Kingdom has recently taken steps to
move PDE5 inhibitors to pharmacy available by the reclas-
sification of PDE5 inhibitors to pharmacy medicine status (P-
medicine), requiring only an interaction with a pharmacist.146

In assessing long-term outcomes associated with this status
change, investigators noted that men accessing sildenafil-P
had a higher number of healthcare providers (HCPs) and
pharmacist visits for any reason than controls. Encouragingly,
sildenafil-P use was also associated with higher sexual and
nonsexual quality-of-life ratings, as well as HCP visits in men
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obtaining sildenafil-P according to the UK regulations. These
results are encouraging in suggesting broad benefits associated
with the change in status of PDE5 inhibitors in the United
Kingdom. In summary, the panel recommended consideration
of the following if regulatory changes are to be made:

1. The recent experience in the United Kingdom with reclas-
sification of PDE5 inhibitors to P-medicine was associ-
ated with a higher number of HCP and pharmacist visits
for any reason in men accessing the medicine as such.
It is assumed that such increased engagement between
men and HCPs will lead to improved health outcomes,
although this has yet to be demonstrated in a prospective
study.

2. Evidence from clinical trials shows that patients who use
PDE5 inhibitors report better quality of life and partner
relationships, in addition to improved mood and self-
esteem. As part of the initial P-medicine experience men
on PDE5 inhibitors were noted to have a higher total and
domain (sexual relationship and self-esteem) score on the
Self-Esteem and Relationship (SEAR) questionnaire and
better quality of life.

3. As noted previously, men increasingly purchase adul-
terated DS to improve their putative ED. Part of this
risky behavior is attributed to a relatively high bar in
accessing PDE5 inhibitors given the current U.S. prescrib-
ing protocols. If PDE5 inhibitors were switched to an
easier access process (OTC), then patient safety would
potentially be improved, as men would be encouraged
to source their medication through more controlled and
reliable channels. This would need to be monitored to
ensure manufacturing quality.

4. Recent retrospective reports reveal evidence of cardio-
protection (lower MACE, CV death, and overall mor-
tality risk), based on the level of PDE5 inhibitor expo-
sure.142 Should PDE5 inhibitors move to an OTC setting,
then it is likely that PDE5 inhibitor–related cardiopro-
tection would be seen at the population health vantage
point.

5. Optimal pharmacologic management of diseases comor-
bid with ED, such as CVD, depression, diabetes,
dyslipidemia, and hypertension, is dependent on long-
term treatment compliance and may be complicated by
poor adherence to medication use.147 Concomitant ED
management may improve treatment outcome, decreased
healthcare costs, and possibly prevent or even improve
deterioration in medical conditions comorbid with ED.
Because ED is a silent marker and predictor of such
comorbidities, especially CVD, earlier diagnosis of ED
may provide an opportunity to prevent future CV events.
Should PDE5 inhibitors move to an OTC setting then
it is likely that compliance with other drugs that may
adversely affect erectile function will improve in a much
broader population of men.

Risks of OTC availability of PDE5 inhibitors

The panel noted 2 potential risks that would need to be taken
into account with an OTC switch:

1. Nitrates remain an absolute contraindication to PDE5
inhibitor use. If PDE5 inhibitors move to an OTC setting,
then it is possible that some men will gain access to this
class of medication (despite whatever warnings, labeling,

and other safeguards that are employed), coadminis-
trated with nitrates resulting in nitrate–PDE5 inhibitor–
related CV events.

2. Abuse of the PDE5 inhibitor class is more likely among
younger and recreational users. If PDE5 inhibitors moved
to an OTC setting, it is possible that some men would
gain inappropriate access to this class of medication and
that significant adverse events might occur. Again, this
would need to be monitored over time.

Therapies for ED beyond PDE5 inhibitors

Restorative therapy for ED: stem cells, platelet-rich

plasma, and shock waves

Not all men with ED are candidates for PDE5 inhibitors
due to contraindications, underlying heart disease, or in some
cases, lack of efficacy. The next 2 sections review potential
other therapies either in development or already on the mar-
ket. The currently available ED treatments, such as a PDE5
inhibitor, vacuum erection device, penile injection, urethral
insert, or penile prosthesis do not correct the pathological
deficits that underlie ED. Regenerative medicine is a field that
focuses on the development of therapies that can regenerate
or replace damaged or diseased tissues and organs. This is
achieved through a range of approaches, including stem cell
therapy, tissue engineering, gene therapy, and other innovative
techniques.148 To address restorative therapies of ED, we
only discuss stem cells, platelet-rich plasma (PRP), and shock
waves.149

In stem cell therapy for ED, the 2 main types of stem cells
used for ED are adipose-derived stem cells and bone marrow–
derived stem cells.150,151 The mechanism of action of stem
cell therapy for ED is thought to involve several different
pathways, including neovascularization, anti-inflammatory
effects, tissue regeneration, and neuroprotection by the
paracrine effects of the injected stem cells. A review of 7
published clinical phase 1 or phase 1/2 clinical trials found
no significant adverse effects associated with the therapy.
Some improvements in erectile function, as measured by the
International Index of Erectile Function (IIEF) score, were
reported, but the number of patients in each study is small.
At the current time, stem cell therapy for ED should be
considered experimental and investigational.

In PRP therapy for ED, the PRP contains various growth
factors and cytokines that have been shown to have regenera-
tive and healing properties.152,153 The proposed mechanisms
of action of PRP therapy include growth factor release, anti-
inflammatory effects, recruitment of stem cells, neovascu-
larization, and immune modulation. In a review by Anas-
tasiadis et al,152 one double-blinded placebo-controlled study
reported a minimal clinically important difference in IIEF
Erectile Function scores, but the number of patients in each
group comprised only 30 men with mild-to-moderate ED.152

A very recent report of a randomized, prospective placebo-
controlled study did not show that PRP improved mild-to-
moderate ED.154 More studies are needed to establish safety
and efficacy of this potential therapy.

Low-intensity extracorporeal shock wave therapy (Li-
ESWT) has shown efficacy in some studies for ED.155-157

It is thought to work through several different mechanisms,
including neovascularization, improvement of endothelial
function, anti-inflammatory effects, neural regeneration, and
activation of penile tissue-resident stem cells.158-161 In a
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meta-analysis of 16 randomized controlled trials comprising
1064 participants, the efficacy was evaluated by standard
methodology. Results of the IIEF questionnaire and Erectile
Hardness Score were both improved after treatment.149 The
overall mean difference in IIEF scores was 3.18 (95% CI,
1.38-4.98), less than the generally accepted minimal clinically
important difference of 4. The positive response rate on
questions 2 and 3 of the Sexual Encounter Profile was not
statistically significant. Overall, because of the heterogeneity
among these studies, the true efficacy of Li-ESWT cannot be
determined at this time.

Regarding future implications, restorative therapies for ED
have shown promising results in preclinical and clinical stud-
ies.162 However, none of the previously mentioned therapies
has been approved by the FDA for ED. The American Urolog-
ical Association considers Li-ESWT and stem cell therapy to
be investigational and PRP to be experimental. The European
Association of Urology determined that there is weak evidence
supporting Li-ESWT in patients with mild ED as a first-line
therapy and insufficient evidence to recommend stem cell or
PRP. Overall, the field of restorative therapy for ED is rapidly
evolving, and ongoing research is needed to determine the
safety, efficacy, and accessibility of these therapies for patients
with ED.

Second line therapy
For patients who cannot tolerate PDE5 inhibitors, because of
cost or side effects, or for those for whom PDE5 inhibitors
are contraindicated such as, nitroglycerin or guanylate cyclase
stimulator users, and for patients with serious retinal condi-
tions, including macular degeneration or retinitis pigmentosa,
second-line therapies play a vital role.

Intracavernosal injection therapy
Intracavernosal injections involve injecting vasoactive medi-
cations directly into the corpora cavernosa. Intracavernosal
papaverine was introduced in 1982 by Virag163 followed in
1983 by a report on phenoxybenzamine by Brindley.164 Cur-
rently, PGE1 and or papaverine with/without phentolamine
are the main agents used.

The injections are usually self-administered using a tiny (27-
30 g) needle. The vasorelaxant medication increases arterial
inflow, resulting in an erection. In-office training is necessary
to ensure appropriate technique, minimizing side effects and
maximizing efficacy. Intracavernosal injections should be used
with caution in men with poor vision, with poor manual
dexterity, and at increased risk of priapism, and are con-
traindicated in men using monoamine oxidase inhibitors.

Penetration hardness rates are as high as 80% to 90%.73

The onset of erection is typically within 5 to 10 minutes after
the injection, which can last for up to an hour or more. It is
most effective in men who have healthy cavernosal smooth
muscle.

Common side effects include discomfort and bruising at the
injection site, priapism (0.5%-5%), and some believe fibrosis
of cavernosal smooth muscle.

Intraurethral vasoactive agents
The delivery of vasoactive agents into the corpus spon-
giosum has been shown to induce erection. The first such
transurethral agent received FDA approval in 1997 (Muse;
Viatris).165

This strategy entails the application of a small suppository
into the urethra (3 doses: 250, 500, or 1000 μg).73 After
urinating, the patient stays standing and inserts a tiny PGE1-
containing pellet into the distal urethra. The medication is
transferred via venous channels from the corpus spongiosum
into the corpora cavernosa.

Approximately 40% of patients are considered respon-
ders.165 Its limitation is a lack of spontaneity, given the
fact that the patient needs to void, stand, administer the
suppository and then massage the penis and stay standing
for some period of time (10-15 minutes). The purpose of
this is to dilate the venous channels between the corpus
spongiosum and cavernosum to permit absorption of the
medication.

The risk of priapism is very low (<5%). Urethral bleeding
(<5%), vaginal irritation (1%), and PGE1-mediated penile
pain have also been reported in certain populations (penile
autonomic neuropathy), and rare syncopal episodes have also
been reported.

Vacuum devices
Vacuum erection devices operate on the principle of creating
negative pressure around the penis, drawing blood into the
corpora cavernosa to generate a rigid erection.73

A manual or battery-operated pump is used to remove the
air from the cylinder, which is placed over the penile shaft,
creating a vacuum. This causes mixed venous blood to fill the
corpora in a retrograde fashion resulting in an erection.73 A
constriction band or tension ring is then placed at the base of
the penis to maintain the erection.

Vacuum devices have success rates (erection sufficient for
sexual intercourse) ranging from 60% to 90%.73 They are
contraindicated in men who have penile sensation loss or
cognitive impairment, lest the constriction ring used with these
devices is left on the penis for excessive periods of time,
resulting in penile gangrene. Generally, the constriction ring
should stay on for no longer than 30 minutes.

Penile discomfort, bruising, temporary numbness, coolness,
or color changes in the penis can occur, all related to the
constriction band.

Penile implant surgery
Penile implant (prosthesis) surgery is typically recommended
for individuals with severe or irreversible ED unresponsive
to other treatments. It may also be considered for those
with anatomical abnormalities, such as Peyronie’s disease,
associated with ED.73

A prosthetic device is placed into the corpora cavernosa to
induce an erection. There are 2 main types of penile implants:
inflatable and semi-rigid (malleable). Inflatable implants con-
sist of 2 cylinders that are implanted in the penis, a pump
placed in the scrotum, and a reservoir of fluid placed in the
extraperitoneal space. By squeezing the pump, the cylinders
fill with fluid and create an erection. Semi-rigid implants, on
the other hand, consist of bendable rods that are permanently
implanted in the penis, allowing the user to manually position
the penis for sexual activity.

Penile implants result in fully rigid erections usually in less
than half a minute. Most men report high levels of satisfaction
(65%-90%).73

Complications include infection (3%); bleeding, pain, scar-
ring, or device malfunction (20% at 10 years); or erosion.
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Topical therapy
Topical treatments are portrayed to offer a noninvasive,
easily administered, well-tolerated and fast-acting treatment
option for ED. A recent FDA approved, OTC product,
Eroxon is a specialized, nonmedicated, hydroalcoholic gel
formulation. It is applied directly to the head (glans) of the
penis, exerting a rapid cooling-warming effect on the skin
that supposedly stimulates local nerve endings involved in
the erection response. Controlled clinical trials demonstrated
its significant benefits: rapid onset (erection response within
10 minutes), efficacy (minimally clinical important difference
of 5.73 units by IIEF Erectile Function score at 24 weeks vs
baseline), and safety (no serious adverse events) (A. Burnett,
MD, personal communication; June 12, 2023). In addition,
a topical glyceryl trinitrate formulation was shown to be
efficacious for ED.166

PDE5 inhibitors in women: treatment of FSD
and other indications

FSD definitions, clinical presentations, and treatments were
presented at the P4 meeting. The purpose of discussing FSDs
was to provide context for understanding the role of PDE5
inhibitors in the treatment paradigms for female arousal
disorders and other FSDs. Addressing partner sexual function
was viewed by the panel as integral to the clinical assess-
ment of ED. Partner assessment might include domains of
(1) communication (eg, “Have you spoken with your partner
about your erection problem?”), (2) emotional response/sup-
portiveness (eg, “Is your partner supportive of your seeking
treatment to improve your erection?”), (3) treatment concerns
(eg, “Does your partner have any concerns or anxiety about
the treatment?”), and (4) partner function or FSD (eg, “Would
your partner like to talk with me or another clinician about
improving your sex life together?”; “Do you know if your
partner has any concerns about their own sexual function,
pain with sexual activity, or about any other related health
issues?”) (adapted from Dean et al).167

Diagnostic and treatment guidelines for FSD

Sexual dysfunctions in women are often chronic conditions
that affect the 3 phases of the sexual response cycle (desire,
arousal, and orgasm) and/or are associated with sexual pain.
Their etiology is commonly multifactorial with biological,
psychological, interpersonal, social, and cultural risk factors
and contributors. The optimal biopsychosocial approach to
FSDs includes the identification and management of modifi-
able contributing factors and employs evidence-based phar-
macological and nonpharmacological therapies.168 Because
pharmacological approaches have included trials of PDE5
inhibitors in women, both for sexual and nonsexual indi-
cations, a consideration of the safety and efficacy of PDE5
inhibitors in women and the cardiac implications were con-
sidered in depth by the panel.

Efficacy of PDE5 inhibitors in women

PDE5 inhibitor therapy has been used to treat various
conditions in women, including sexual dysfunctions, pul-
monary artery hypertension (PAH) , Raynaud’s phenomenon,
infertility, preeclampsia, and fetal growth restriction. Several
randomized, double-blind, placebo-controlled trials have
assessed the efficacy of sildenafil in treating FSDs. In one large
trial that included pre- and postmenopausal women, sildenafil

did not improve physical response during sexual activity or the
ability to participate in sexual activity.169 In subanalyses, no
differences were observed between estrogenized and estrogen-
deficient women. However, while all women were diagnosed
with female sexual arousal disorder (FSAD), this trial included
women with concomitant desire, orgasm, and sexual pain
disorders. FSAD was identified as the primary presenting
problem in less than half (48%) of study subjects. Thus,
the interpretation of these findings was complicated by the
inclusion of women with multiple sexual dysfunctions, the
majority of whom did not report FSAD as their most impor-
tant problem. In a meta-analysis of 14 placebo-controlled
studies, data were grouped into subanalyses, dependent
on outcome measures that were assessed.170 Use of PDE5
inhibitors resulted in statistically significant improvements in
sexual desire (2 of 5 studies), arousal (8 of 9 studies), orgasm
(5 of 7 studies), and satisfaction (3 of 5 studies) compared
with placebo. Thus, while findings from individual studies
were equivocal, pooled data from meta-analyses suggest
that treatment with PDE5 inhibitors could be an effective
treatment option for several types of FSD. PDE5 inhibitors
may also be effective in treating women with antidepressant-
induced sexual dysfunction. In a randomized, double-blind,
placebo-controlled study, flexible dosing of sildenafil (50-
100 mg) significantly improved overall sexual function
(Clinical Global Impression) in premenopausal women being
treated with nonselective serotonin reuptake inhibitors with
arousal and/or orgasm impairment after 8 weeks.171 However,
in a larger double-blind, placebo-controlled, flexible-dose
study in women with spinal cord injury and FSAD, sildenafil
treatment resulted in no clinically meaningful benefit.172

Thus, consideration of the multidimensional aspects of sexual
function and appropriate selection of patients are important
in treating women with sexual dysfunction.

To date, PAH is the only indication approved by the FDA
for PDE5 inhibitor use in women. Both sildenafil and tadalafil
therapy increased 6-minute walk distance over baseline that
was significantly greater than placebo.173,174 While the trials
in PAH patients included both men and women, 75% of the
sildenafil PAH study and 78% of the tadalafil PAH study
subjects were women. Limited data indicate that women with
PAH may derive less benefit from PDE5 inhibitor therapy than
men with PAH.175 However, the underlying reasons for this
potential difference remain unclear.

Raynaud’s phenomenon is another condition that has
greater prevalence in women.176 Despite their off-label
use, PDE5 inhibitors have become established in man-
agement algorithms for primary or secondary Raynaud’s
phenomenon.177 In meta-analyses of 6 randomized controlled
trials that included treatment of secondary Raynaud’s
phenomenon with sildenafil (2 trials), tadalafil (3 trials),
and vardenafil (1 trial), PDE5 inhibitor therapy significantly
reduced the mean Raynaud’s condition score and also
decreased the frequency and duration of ischemic episodes.178

Overall, PDE5 inhibitors were deemed to have statistically
significant but moderate efficacy in treating secondary
Raynaud’s symptoms in a combined cohort that was 84%
female (4 out of 6 trials reported the number of female
participants). On-demand sildenafil has also been observed
to consistently improve Raynaud’s symptom score in a small
case series of 38 patients (74% female), although the clinical
relevance of these changes remained questionable due to
substantial heterogeneity of the study cohort.179
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Table 5. AEs associated with PDE5 inhibitor therapy in clinical trials in women.

AE PDE5
inhibitor

Placebo Rate
difference

Comments

Gao et al, 2016170

Flushing 22.3 (775) 3.8 (497) 18.5 • Meta-analysis of 14 placebo-controlled trials
• Women with different sexual dysfunctions ± comorbidities
• Oral sildenafil, 10-100 mg, prn
• 1 d to 24 wk treatment duration

Headache 20.9 (896) 8.1 (618) 12.8
Vision changes 5.9 (817) 1.1 (544) 4.8

Basson et al, 2002169

Estrogenized women • Double-blind, randomized, placebo-controlled trial
• Premenopausal and postmenopausal women with female sexual

arousal disorder with other concomitant sexual dysfunctions
• Oral sildenafil, 10-100 mg, taken as needed
• 12-wk parallel treatment period
• Median number of doses = 15-21

Flushing 20.9 (426) 1.3 (151) 19.6
Headache 17.8 (426) 4.6 (151) 13.2
Rhinitis 5.4 (426) 0.7 (151) 4.7
Visual disturbances 5.4 (426) 0.7 (151) 4.7
Nausea 2.6 (426) 2.0 (151) 0.6
Dyspepsia 1.9 (426) 0.0 (151) 1.9

Estrogen-deficient women
Headache 40.0 (103) 11.9 (101) 28.1
Flushing 33.0 (103) 6.9 (101) 26.1
Rhinitis 17.5 (103) 1.0 (101) 16.5
Dyspepsia 4.9 (103) 0.0 (101) 4.9
Visual disturbances 4.9 (103) 2.0 (101) 2.9
Nausea 3.9 (103) 2.0 (101) 1.9

PAH pivotal trials
Sildenafil (AEs ≥ 3%)174

Nasal bleeding 9 (69) 1 (70) 8 • Randomized, double-blind, placebo-controlled trial
• Patients with pulmonary arterial hypertension, WHO functional

class II or III; 75% women
• Oral sildenafil, 20 mg, three times a day
• 12 wk treatment duration

Headache 46 (69) 39 (70) 7
Dyspepsia 13 (69) 7 (70) 6
Flushing 10 (69 4 (70) 6
Insomnia 7 (69) 1 (70) 6
Erythema 6 (69) 1 (70) 5
Dyspnea 7 (69) 3 (70) 4
Rhinitis 4 (69) 0 (70) 4
Diarrhea 9 (69) 6 (70) 3
Myalgia 7 (69) 4 (70) 3
Pyrexia 6 (69) 3 (70) 3
Gastritis 3 (69) 0 (70) 3
Sinusitis 3 (69) 0 (70) 3
Paresthesia 3 (69) 0 (70) 3

Tadalafil (AEs ≥9%)173

Headache 42 (79) 15 (82) 27 • Randomized, double-blind, placebo-controlled trial
• Patients with pulmonary arterial hypertension, WHO functional

class II or III; 78% women
• Oral tadalafil, 40 mg, once a day
• 16 wk treatment duration

Flushing 13 (79) 2 (82) 11
Myalgia 14 (79) 4 (82) 10
Pain in extremity 11 (79) 2 (82) 9
Dyspepsia 10 (79) 2 (82) 8
Nasal congestion 9 (79) 1 (82) 8
Respiratory tract
infection

13 (79) 6 (82) 7

Nasopharyngitis 13 (79) 7 (82) 6
Nausea 11 (79) 6 (82) 5
Back pain 10 (79) 6 (82) 4

Ferreira et al, 2019181

Headache 37.0 (135) 29.2 (144) 7.8 • Meta-analysis of 7 studies
• Pregnant women with preeclampsia, intrauterine growth restriction,

oligohydramnios
• Sildenafil, 25-80 mg, tid or qd
• Dosing duration from recruitment at 22-30 wk of pregnancy

through delivery
Turner et al, 2022182

Nasal bleeding 6.6 (151) 0.0 (152) 6.6 • Meta-analysis of 10 randomized, placebo-controlled trials
• Pregnant women treated for fetal growth restriction, preeclampsia,

and prevention of operative birth for intrapartum fetal compromise
• Sildenafil, 50-3788 mg/d (8 trials)
• Tadalafil, 350-926 mg/d (2 trials)
• Initiation of treatment at <37 wk gestation, mean duration of 23 d

Headache 21.4 (416) 16.0 (420) 5.4
Flushing 5.9 (389) 1.0 (400) 4.9
Rhinitis 4.6 (108) 0 (108) 4.6
Nausea/vomiting 13.2 (395) 9.1 (408) 4.1
Palpitations 4.3 (163) 1.2 (166) 3.1
Arthralgia 4.0 (177) 1.6 (188) 2.4
Dizziness 5.0 (282) 3.1 (287) 1.9
Diarrhea 1.9 (369) 2.2 (372) −0.3
Visual disturbances 4.3 (326) 5.2 (328) −0.9
Gastritis 6.1 (261) 7.6 (264) −1.5

Values are % (n), unless otherwise indicated. Abbreviations: AE, adverse event; PAH, pulmonary arterial hypertension; PDE5, phosphodiesterase type 5;
WHO, World Health Organization.
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PDE5 inhibitors are also increasingly used in women to
treat infertility and during pregnancy to treat both mater-
nal and fetal conditions. In a meta-analysis of 12 random-
ized controlled trials, endometrial thickness was improved
in women undergoing ovarian stimulation and taking oral
sildenafil in doses ranging from 25 to 75 mg/d.180 However,
clinical and chemical pregnancy rates were increased only in
women engaging in timed intercourse vs in vitro fertilization
or intrauterine insemination.181 In pregnant women with
preeclampsia and/or intrauterine growth restriction or oligo-
hydramnios, a meta-analysis of 7 placebo-controlled studies
demonstrated that oral sildenafil (20-80 mg/d), initiated at 24
to 30 weeks’ gestational age, resulted in significantly greater
abdominal circumference growth velocity or fetal weight at
birth.182 Analyses of other outcomes (eg, umbilical artery
pulsatility index, delivery due to fetal distress or imminent
eclampsia) showed no clear benefit of sildenafil therapy.

Safety of PDE5 inhibitors in women

Across numerous independent trials studying various condi-
tions in women, PDE5 inhibitors, used at a wide range of
doses and treatment regimens, have consistently been shown
to be safe.169,170,173,174,181,182 In clinical trials evaluating
PDE5 inhibitors for sexual dysfunction, PAH, and conditions
associated with pregnancy, the following were reported as
being among the most common adverse events that occurred
in the PDE5 inhibitor group at rates greater than placebo:
nasal bleeding, headache, flushing, rhinitis, nausea, visual
disturbances, and dyspepsia (Table 5). As expected, rates of
mild adverse events in women with various medical conditions
increased with increasing PDE5 inhibitor dose. Adverse events
attributed to PDE5 inhibitor therapy were transient in dura-
tion and mild to moderate in severity. Thus, PDE5 inhibitors
were relatively safe with no significant CV events in women.

Recently, sildenafil has also been evaluated in heart failure
patients. The SilHF (Sildenafil in Heart Failure) trial was a
randomized, placebo-controlled, multicenter trial that evalu-
ated chronic sildenafil treatment (up to 40 mg 3 times/d) for
24 weeks in male and female patients with heart failure with
reduced ejection fraction and pulmonary hypertension.183

Only 69 patients were recruited into the trial with 11 women
treated with sildenafil and 2 women treated with placebo.
Nevertheless, even in this high-risk cohort of patients with
heart failure, the investigators reported that sildenafil had
adverse event rates similar to placebo (data not shown). There
was a higher proportion of discontinuations in the sildenafil
group, but all cases were due to non-CV symptoms that were
deemed unrelated to sildenafil therapy.

Conclusion

A number of major themes emerged from P4 that are new
and that expand the findings from P3. ED is a risk marker
and risk enhancer for ASCVD, and men who present with
ED, especially vasculogenic ED, should have an assessment
of their atherosclerotic CV risk as outlined by the ACC/AHA
algorithms. Those patients at the borderline to intermediate
risk for CV events should undergo CAC scoring by computed
tomography scanning. The CAC score will aid in determining
therapy and need to refer to a cardiologist, which is also a
newer aspect of the guidelines since P3. In addition, even
psychogenic ED may be a harbinger for CVD, and there
should at least be an inquiry about CVD and its risk factors
in men presenting with this type of ED.

The management of ED in men with CVD begins with
a sexual inquiry. If ED is confirmed and treatment for ED
is requested, then patients are characterized into low risk,
intermediate risk or indeterminable risk, or high risk of devel-
oping a cardiac event associated with sexual activity. This
risk is largely assessed by the patient’s exercise ability for
age and may require a stress test to assess the ability of the
patient to achieve what is deemed a relatively safe exercise
level (usually about 4 minutes into a standard Bruce Protocol
Treadmill Test) without evidence of ischemia. If the patient
has good exercise tolerance without ischemia and is classified
as low risk, then ED can be treated. If the patient is not on
nitrates or riociguat, then PDE5 inhibitors can be started. If
the patient is on nitrates or riociguat then PDE5 inhibitors are
contraindicated. However, in P4, it was recognized that many
patients may have a prescription for nitrates but either are
not using them or do not need them (especially if they have
been revascularized by percutaneous coronary intervention
or coronary artery bypass surgery and are free of angina or
evidence of myocardial ischemia). So, a decision should be
made by the HCPs whether nitrates are necessary or whether
they may be stopped, or whether other antianginal agents may
be substituted. If nitrates are not necessary, then consideration
should be given to stopping them and trying PDE5 inhibitors
to treat ED, a new concept added since P3. However, if it
is deemed that nitrates are indeed necessary, then other non
PDE5 inhibitors should be considered to treat ED. Patients
who are deemed high risk for cardiac events with sexual
activity or who develop ischemia during a stress test, especially
at a low level of exercise, should be referred to a cardiologist
for additional care.

PDE5 inhibitors continue to show CV safety after about
25 years of experience on the market. Since P3, there has
also been discussions and consideration of making the PDE5
inhibitors for the treatment of ED available OTC, a concept
that is still being studied by regulatory agencies.
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