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Abstract
Erectile dysfunction (ED) is a highly prevalent problem
that affects the quality of life, prognosis and survival of
patients with heart failure (HF). In the management
of ED, physical exercise is a therapeutic strategy that
reduces disease-related symptoms and optimizes drug
use. However, the repercussions of physical exercise on
ED in individuals with HF still need to be elucidated.
In this sense, the objective of this study was to evaluate
the effects of physical exercise on erectile function (EF)
in HF patients. This was a systematic review conducted
according to PRISMA guidelines. Patients with HF, male
and ejection fraction ≤ 45% were submitted to physical
exercise of different modalities. The search for scientific
articles was conducted in the electronic databases
(PubMed, LILACS, Cochrane-Library, Science Direct)
from the inception until October 2018, according to the
MeSH dictionary descriptors, which were suitable for
all databases. Results: Three studies were analyzed,
includinng 99 male subjects, age ranging from 53 years
(± 7.48) to 58 years (± 12). Seventy subjects were submitted
to a physical exercise program and 29 were in the control
group. In all studies, physical exercise showed positive
results in the management of ED regardless of erectile
dysfunction (ED) classification status and intensity of
exercise used. It was concluded that physical exercise
of different intensities was considered an effective

therapeutic intervention to improve EF in individuals
with HF and ED.

Introduction
Heart failure (HF) is the final common pathway
of cardiovascular diseases and a complex syndrome
involving multiple systems.1,2
Recently, interest in the investigation of sexual
dysfunction (SD) of these individuals has increased
because it is considered a clinical problem of high severity
and prevalence,3-5 with many pathophysiological aspects
similar to HF syndrome.6,7
Approximately 80% of patients with HF report SD
and 30% report total abstinence from sexual activity.3-5,8
In this context, the correlation between HF and
erectile dysfunction (ED) deserves attention, especially
considering that sexual function is an important
component of quality of life (QoL).5,9 Sexual problems
are strongly related to worse QoL of HF patients, both
men (52%) and women (38%).10-13
Recently, it has been demonstrated that men with
HF, younger than 66 years, monogamous, with ejection
fraction below 35% are the individuals who report
more difficulties in sexual life.12,14 ED is defined and
characterized as the inability to reach out and maintain
the erection of the penis for enough time to allow
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satisfactory sexual intercourse.15,16 In men with HF,
there is a high prevalence of ED, higher than in healthy
men of the same age group (37% vs 17%).14 ED has been
associated with the pathophysiological mechanisms
of the HF syndrome and to the side effects of drug
treatment.12,13 Additionally, the degree of ED can be used
as prognosis and survival factor for these patients.9
In HF, based on the high level of scientific evidence,
physical exercise is a highly recommended therapeutic
strategy,17-21 with several beneficial effects.22-24 In fact,
physical exercise was shown to benefit erectile function
(EF),25,26 the inflammatory profile27-28 and the modulation
of the autonomic nervous system, 29-31 promoting
improvement in QoL and a reduction in the morbidity
and mortality rates of these individuals.32-36
However, despite growing interest in the topic, with
emergence of many observational studies,3-5,9-14 there is
still a lack of studies evaluating the effects of physical
exercise on EF of these patients.
In the current knowledge, it seems plausible the
hypothesis that physical exercise is a valid therapeutic
strategy for ED, by contributing to improvement of the
QoL and prognosis of these patients. In addition, physical
exercise improves cardiocirculatory performance leading
to reduced dyspnea and fatigue symptoms, and less
need for drugs. All these variables have been recognized
as aggravating factors of SD.12-14 Therefore, this study
aimed to evaluate the effects of physical exercise on EF
in individuals with HF, using a systematic review.

Methods
Search strategies
This was a systematic review conducted according to
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyzes)37 recommendations and
registered in the PROSPERO platform (International
Prospective Register of Systematic Reviews), under the
number CRD42018090028.
The search for articles was conducted by two independent
researchers in the electronic databases (PubMed, LILACS,
Cochrane-Library, Science Direct) databases from
inception until October 2018. The study was structured
using the PICO – acronym for Population, Intervention,
Comparison (since “control” was not applicable to the goal
of this study) and Outcomes – framework.37
For the search in the PubMed and Cochrane
databases, the following MeSH (Medical Subject

Heading Terms) descriptors were used: “Heart Failure”
OR “Congestive Heart Failure” OR “Cardiac Failure”
AND “Exercise” OR “Exercise Therapy” OR “Aerobic
Exercise” OR “Physical Exercise” OR “High-Intensity
Interval Training” OR “High-Intensity Interval
Training” OR “Resistance Training” OR “Strength
Training” AND “Erectile Dysfunction” OR “Sexual
Dysfunction, Physiological” OR “Penile Erection” OR
“Genital Diseases, Male” OR “Impotence” OR “Sexual
Dysfunction, Physiological” (Appendix I). These words
were then found suitable for the search in the other
databases (LILACS and Science Direct).
In addition, a manual search was carried out for
references cited in the articles. Also, a search for “gray”
literature was performed in Google Scholar, and in
the annals of the World Congress of Cardiology and
the European Congress of Cardiology, since they are
important events in the area of cardiology with strict
selection criteria and representatives from all over the
world. We also conducted a search for abstracts, due to
the small number of papers on this topic.

Eligibility criteria
Inclusion criteria
We included in the review controlled and randomized
clinical trials, quasi-randomized controlled trials,
comparative studies with or without concurrent controls,
case studies, case series with 10 or more consecutive
cases, abstracts and articles published in Portuguese,
English, or Spanish.
We selected studies with adults (18 years of age or older),
with a diagnosis of HF, with reduced ejection fraction (≤
45%) and functional classes I, II or III according to NYHA.
Patients should have been submitted to intervention with
aerobic and/or resistance exercise of different intensities.
Evaluation of sexual function should have been performed
by questionnaires or specific tests: stiffness and nocturnal
penile tumescence test, drug-induced erection test, ecodoppler of the cavernous arteries, cavernosography by
dynamic infusion, internal pudendal arteriography.38 The
minimum of 4-week of follow-up time was considered for
the time of intervention.

Exclusion criteria
Letter to the editor, guidelines, systematic reviews
and meta-analyses were not included. We also did
not include studies on HF patients with comorbidities
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such as renal diseases, cardiac transplantation, chronic
obstructive pulmonary disease (COPD), stenosis,
ventricular assist devices, and patients using any type
of supplementation or experimental medication that
could affect sexual function.

Selection of studies
The selection of studies was conducted by two
independent investigators. Studies were initially
screened by titles, then by abstracts, and those considered
potentially eligible were selected for full reading. The
divergences were resolved by consensus.

Data extraction
Data extraction was performed using a dataset
constructed by the researchers; data were added to the
dataset by one researcher and then checked by the other
researcher. When necessary, the corresponding authors
of the studies were contacted to clarify methodological
issues or results when necessary or to provide relevant
data missing from the abstract or full text.

Assessment of study quality
For assessment of methodological quality, we used the
TESTEX (Tool for the assessment of study quality and
reporting in exercise) tool. This instrument was developed
specifically for use in exercise training studies.39

Results
Search results
The flow chart of the search process and results of
the search is shown in Figure 1. A total of 318 studies
was identified in PubMed, LILACS, Cochrane-Library,
Science Direct, and in the Annals of the main scientific
conferences in the area. Then, studies were excluded due
to duplicity and analysis of the title, abstract and full
reading. Finally, three studies met the eligibility criteria.
A total of 99 individuals with HF was included in this
review, with mean age ranging from 53 years (± 7.48) to
58 years (± 12). Of these, 70 individuals were submitted
to a supervised aerobic exercise program three times per
week, and 29 were controls. In all studies, only males
were included, and all patients were in NYHA functional
class II (n = 37) or III (n = 62) and had left ventricular
ejection fraction (LVEF) ≤ 45%.

Exercise and erectile dysfunction in heart

Of the selected studies, only one randomized clinical
trial, conducted in Italy, was published in the format
of scientific paper,25 while the other two studies26,40
were published in Annals of international scientific
conferences. The other two studies, in the form of
abstracts, were developed in Brazil by the same research
group; the first study was a randomized, controlled
clinical trial40 and the second one was a uncontrolled,
non-randomized prospective clinical trial.26

Intervention Protocols
Regarding the intervention protocols of the selected
studies in this review, in the study by Belardinelli et al.,25
the intervention was supervised exercise training with a
cycle ergometer, 3x/week for 8 weeks; each session had
a total duration of one hour, divided into 15 minutes
of initial stretching, 40 minutes on a cycle ergometer at
60% of peak oxygen consumption (VO2peak) and five
minutes of recovery. This study was the only one that
used a control group that was not submitted to any type
of physical exercise and asked to refrain from exercise
during the study period.
Sties et al., 26 in a prospective study, applied a
supervised exercise on a treadmill 3x/week for 12
weeks, with sessions of 40 minutes of aerobic training in
which individuals should remain between the anaerobic
threshold and the point of respiratory compensation
determined by the cardiopulmonary test.
In the randomized clinical trial, Sties et al.,40 evaluated
two groups submitted to different intensities of supervised
exercise training on a treadmill. The activity was performed
3x/week for 12 weeks, with sessions of 50 minutes divided
in 5 minutes of stretching, 40 minutes of aerobic exercise
in the target training zone and 5 minutes of stretching
exercises. In this study, the first group (n = 11) performed
continuous aerobic exercise of moderate intensity and
instructed to remain close to the first threshold (aerobic
threshold), determined by cardiopulmonary test. The
second group (n = 9) was submitted to interval aerobic
exercise on a treadmill, in a high-intensity protocol, and
instructed to remain as long as possible near the second
respiratory compensation threshold.

Sexual Function
For assessment of sexual function, all studies used
specific questionnaires. The “Sexual Activity Profile
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Figure 1 - Flowchart of the search strategy.
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Questionnaire” was used by Belardinelli et al.,25 and
the International index of erectile function (IIEF) in the
studies by Sties et al.,26,40 Belardinelli et al.,25 investigated
only married patients, while in the studies of Sties et
al.,26,40 individuals with an active sex life were evaluated
regardless of marital status or monogamy.

the Minnesota Living with Heart Failure (MLHFQ)
questionnaire, validated for patients with HF. There
was a significant improvement in the QoL score after
physical exercise training in different intensities (high
and moderate).

Regarding EF, the study by Belardinelli et al.,25
showed that the exercise group with an intervention
of 8 weeks demonstrated a significant improvement in
the quality of the erection and in the relationship with
the partner. In the study by Sties et al.,26 the EF domain
showed significant improvement after 12 weeks of
intervention. In the study by Sties et al.,40 the significant
improvement in the EF score was evidenced only in
the group submitted to high-intensity physical exercise
training. However, when the results related to the EF
classification were verified, both individuals submitted
to both high-intensity and moderate training showed
significant score increases.

Evaluation of methodological quality

Functional capacity
In the cardiopulmonary test, Belardinelli et al., and
Sties et al.,26 demonstrated a significant improvement in
VO2peak. In the study by Sties et al.,40 the improvement
in VO2peak was evidenced only in the high-intensity
interval exercise group. Only in the study by Sties et al.,26
the six-minute walk test (6MWT) was used and verified
that all individuals showed a significant improvement
in the walked distance after the intervention.
25

Endothelial function
Regarding the endothelial function results, only two
studies25,40 performed the evaluation of this variable. In
the study by Belardinelli et al.,25 it was possible to observe
a significant improvement in the flow-mediated dilation
(FMD) of the brachial artery in the group submitted to
physical exercise for 8 weeks, at the same time that the
FMD was the strongest independent factor of improvement
of the sexual function in these patients. For Sties et al.,40
FMD of the brachial artery did not show a significant
improvement in any of the study groups (moderate and
high-intensity) after 12 weeks of intervention.

Quality of life
Assesment of quality of life was performed in two
of the three analyzed studies.25,40 Both studies used

The eligible studies were fully read and scored based
on (Table 2) a structured spreadsheet for data extraction
previously designed for the study.
Of the three studies analyzed, two 25,40 got the
maximum scale score (12 points) (Table 2), showing good
methodological quality. Only one study showed a low
score of 6 points, due to its design nature (uncontrolled,
non-randomized longitudinal clinical trial).26 The lack
of intention-to-treat analysis was verified in all studies,
indicating a methodological limitation.

Discussion
All studies from this review evaluated sexual function
through validated and self-reported questionnaires.
Physical exercise led to improvements in EF regardless
of the degree of dysfunction.
Sexual dysfunction is an increasingly common
problem in the middle-aged world population, strongly
associated with cardiovascular disease.5,8,15 Its high
prevalence in HF patients is understandable, since SD
and HF have common risk factors and pathophysiological
characteristics.3 Also, some drugs used in the treatment
of HF seem to impair sexual function.41
Between 58% and 87% of patients report problems
in sexual function after the diagnosis of HF.12,42,43 These
problems may vary from a decrease in the interest and
frequency of sexual activity to total abstinence, reported
by 25% of these individuals.13 Despite the high prevalence
of SD in subjects with HF with concomitant worsening
in the QoL indexes, few studies or relevant data on the
topic44 have been published.
In this context, ED stands out as the most prevalent
sexual alteration in patients with HF3,14,15 and it influences
not only the QoL but also the prognosis and the survival.9
of these patients. Therefore, it is imperative that health
professionals do not neglect this condition, and be
prepared to discuss sexual function with patients and
their partners, providing them with adequate counseling
and pertinent information. 13,41,42,45 According to the
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20 men

Supervised physical exercise
on treadmill, 3x/week, 12
weeks.
Exercise between the
anaerobic threshold and the
respiratory compensation
point, 40 minutes per session

MIG: Supervised activity
on treadmill, 3x/week, 12
weeks;
Aerobic exercise Moderate
continuous close to L1.
HR target determined by
cardiopulmonary test.
HIG: Supervised activity
on treadmill, 3x/week, 12
weeks;
High-intensity interval
exercise with the HR
being maintained between
second L2 threshold / point
alternating with the L1 HR.
HR target determined by
cardiopulmonary test

CG: The volunteers were
instructed not to perform
any physical activity during
the study

EG: Supervised exercise on
cycle ergometer, 3x/week,
8 weeks;
60% of the VO2peak

Intervention

↑p = 0,02*

IIEF

Sexually active
men

↑ HIG*

IIEF

Sexually active
men

↑EG*

Sexual activity
profile
questionnaire

Men with partners

Evaluation
of Erectile
Function

6MWT
↑ walked distance*

Cardiopulmonary
test
↑VO2peak*

↑ VO2peak = HIG*

Cardiopulmonary
test

↑VO2peak = EG*†

Cardiopulmonary
test

Functional
capacity

NE

MLHFQ = ↑MIG*
↑HIG*

FMD

MLHFQ = ↑ EG*

FMD = ↑ EG*

Endothelial
Function
Quality of life

In stable HF, physical
exercise training on
treadmill significantly
improved VO2peak,
and walked distance in
the 6MWT and sexual
function.

High-intensity exercise
promoted significant
benefits in erectile
function, desire, sexual
satisfaction and peak
aerobic power, while in
the moderate intensity
exercise no changes were
found in these outcomes.
Improvements in the
walked distance in the
6-minute walking test
and QoL occurred in
both groups, with no
differences between
them.

In HF, exercise training
using cycle ergometer
significantly improved
endothelial function
of the brachial artery,
suggesting a systemic
effect of leg exercise. This
benefit was correlated
with improvements in
sexual activity.

Conclusion

Subtitle: RCTs: randomized controlled clinical trial; IIEF: International index of erectile function; QOL: quality of life; HF: heart failure; EG: exercise group; CG: control group; MIG: moderate intensity group; HIG:
high intensity group; MHFLQ: Minnesota Living With Heart Failure Questionnaire; 6MWT: Six-minute walking test; L2: respiratory compensation point/ ventilatory threshold; HR: heart rate; L1: respiratory
compensation point aerobic threshold; * - significant difference p < 0,05 post-intervention intragroup; † – significant difference p < 0,05 intergroups; FMD: flow-mediated dilatation; NE: non evaluated.

Nonrandomized
Clinical
Trial

MIG (n = 11)
HIG (n = 9)

20 men

EG (n = 30)
CG (n = 29)

59 men

Sample
Description
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BRAZIL

To determine
whether aerobic
physical training
can improve the
sexual function of
men with HF

RCTs

RCTs

To evaluate the
effects of physical
exercise on sexual
dysfunction in
individuals with
HF

To evaluate
the effects of
moderate and
high-intensity
physical training
on sexual function
and quality of life
(QoL) in patients
with HF

Study
Design

Purpose of the
study

Gonzáles et al.

Sties
201326

BRAZIL

Sties
201441

ITALY

Belardinelli
200525

Author/Year
Contry of
Study

Table 1 - Summary from the studies designs and outcomes
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Table 2 - Studies classification according to the Testex scale (maximum score of 15 points)
Authors
TESTEX Items
Belardinelli et al (2005)25

Sties et al (2013)26

Sties et al (2014)40

1 – Eligibility criteria specified

Yes

Yes

Yes

2 – Randomization specified

Yes

Not

Yes

3 – Allocation concealment

Yes

Not

Yes

4 – Groups similar at baseline

Yes

Not

Yes

Blinding of all participants*

Not

Not

Not

Blinding of all therapists*

Not

Not

Not

Not

Not

Not

6 – Outcome measures assessed in 85% of
patients#

Yes

Yes

Yes

7 – Intention-to-treat analysis

Not

Not

Not

8 – Between-group statistical comparisons
reporteda

Yes

Not

Yes

9 – Point measures and measures of variability
for all reported outcome measures

Yes

Yes

Yes

10 – Activity monitoring in control groups

Yes

Not

Yes

11 – Relative exercise intensity remained constant

Yes

Yes

Yes

12 – Exercise volume and energy expenditure

Yes

Yes

Yes

Total score TESTEX

12

6

12

5 – Blinding of assessor (for at least one key
outcome)

Subtitle: * – items of the scale TESTEX that are not scored; #items of the TESTEX scale which scores up to 3 points; ªítems of the TESTEX scale with
escores up to 2 points.

European Society of Cardiology (Guideline ESC 2016),
management of sexual dysfunction of patients with HF
should consider the educational status of the patients,
who should be informed about sexual behavior, its
relationship with HF, and how to treat ED when it exists.46

Although ED treatment in these patients may involve
the use of PDE-5 inhibitors, this class of drugs is safe
only in patients with functional class I and II (NYHA)
and is contraindicated in high-risk patients or patients
taking nitrates.47

For this purpose, physical exercise should always be
recommended.17-21 According to the results obtained in
this systematic review, a physical exercise program is
considered effective in the treatment of ED in HF patients,
promoting a significant improvement in erectile function
scores25,26,40 and QoL25,40 in individuals with functional
class II and III (NYHA). Studies have shown that physical
exercise is a safe and effective therapy for ED, even for
patients with more severe impairment, which may be an
additional motivation to exercise for HF patients.

In relation to the pathophysiology of ED and HF,
two pathways of neurovascular activation have been
suggested to be responsible for the association between
these conditions.25,48-51 These pathways would explain
the reduced capacity of penile arterial dilation caused
by inadequate blood inflow to the corpus cavernosum,
making penile stiffening and enlargement impossible
for a satisfactory erection in HF patients. This could
contribute to the greater activation of the sympathetic
nervous system, which would increase smooth muscle
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tone of the penis and consequent vasoconstriction of the
penial vessels.5,11,48 In this view, we showed that therapies
that can modulate neurovascular activation pathways
in patients with HF and ED are promising, including
physical exercise.
By evaluation of endothelial function, the study
developed by Belardinelli et al.,25 demonstrated that there
was a significantly greater improvement in FMD to the
brachial artery in the group of patients with ED submitted
to the 8-week exercise protocol compared to controls. In
this study, FMD was the strongest independent factor
related to the improvement of the sexual function of
these patients, who showed a significant improvement
in the quality of penile erection. In the study of Sties et
al.,40 the FMD of the brachial artery showed no significant
change after 12 weeks of intervention. The difference in
these results may have occurred due to differences in
the methods used for endothelial function evaluation.
Belardinelli et al.,25 evaluated FMD by application of
240mmHg of pressure in the cuff for 4.5 minutes in the
dominant upper limb of the patient. The measurements
were performed after the use of sublingual nitroglycerin,
30s, and 90s after deflation. In the study by Sties et al.,40
the pressure used was 250mmHg, for 5 minutes, in the
left upper limb and the image obtained was captured 50
seconds after the deflation.
The presence of peripheral hypoperfusion in HF
patients with impaired LVEF 3,5,48,52 contributes to
aggravate ED, 4,10,11 worsening functional status and
exercise tolerance.5,53-55 The symptoms of HF (dyspnea,
fatigue, and exercise intolerance) are among the main
factors responsible for impairing sexual function.5,13
The results of this review demonstrated that physical
exercise in different intensities was able to promote
significant improvement in functional capacity and
tolerance to exercise in patients with HF and ED when
evaluated by cardiopulmonary test. In the study by
Sties et al.,40 the improvement of exercise tolerance in
cardiopulmonary exercise test was evidenced only in
subjects submitted to high-intensity interval exercise in
comparison to those submitted to moderate-intensity
exercise. These findings are in agreement with the
studies that recommend the use of high-intensity
physical training for patients with HF.22,24 However, all
the patients with ED assessed by the 6MWT showed a
significant improvement in the walked distance after the
intervention, regardless of exercise intensity.

Limitations
Among the limitations of this study, there is the small
number of participants. Only one study included a
physically inactive control group, and only one complete
article was included in the review. These limitations make
it difficult to carry out a quantitative analysis and show
a large gap in the literature.
Additionally, because of the scarcity of data about this
relevant topic in the clinical area, further studies should
be encouraged to confirm the findings.

Conclusion
In this systematic review, physical exercise was
recommended as a safe and effective therapy to improve
EF, endothelial function, quality of life and functional
capacity of individuals with ED and heart failure.
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Appendix I: Search Strategy at PubMed and
Cochrane-Library
[(“Heart Failure” OR “Congestive Heart Failure”
OR “Cardiac Failure”) AND (“Exercise” OR “Exercise
Therapy” OR “Aerobic Exercise” OR "Physical Exercise"
OR “High-Intensity Interval Training” OR “HighIntensity Interval Training” OR “Resistance Training”
OR “Strength Training”) AND (“Erectile Dysfunction”
OR “Sexual Dysfunction, Physiological” OR “Penile
Erection” OR “Genital Diseases, Male” OR “Impotence”
OR “Sexual Dysfunction, Physiological”)]
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