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Abstract

Background: The health benefits of regular aerobic exercise are well established, although there is limited high-quality evidence regarding its
impact on erectile function.
Aim: To determine the effect of aerobic exercise on erectile function in men and to identify factors that may influence this effect.
Methods: This systematic review and meta-analysis included randomized controlled trials that evaluated the effects of aerobic exercise on
erectile function via the Erectile Function domain of the International Index of Erectile Function (IIEF-EF). The mean difference in IIEF-EF scores
between the aerobic exercise and nonexercising control groups was estimated by a random-effects meta-analysis. Meta-regression was used
to evaluate the association of moderator variables on meta-analysis results.
Outcomes: The IIEF-EF score is reported on a 6-30 scale, with higher values indicating better erectile function.
Results: Among 11 randomized controlled trials included in the analysis, aerobic exercise resulted in statistically significant improvements in IIEF-
EF scores as compared with controls, with a mean difference of 2.8 points (95% CI, 1.7-3.9; P < .001) and moderate heterogeneity among studies
(I2 = 53%). The effect of aerobic exercise on erectile function was greater in men with lower baseline IIEF-EF scores, with improvements of 2.3,
3.3, and 4.9 points for mild, moderate, and severe erectile dysfunction, respectively (P = .02). The meta-analysis results were not influenced by
publication bias or individual study effects.
Clinical Implications: Health care providers should consider recommending regular aerobic exercise as a low-risk nonpharmacologic therapy
for men experiencing erectile difficulties.
Strengths and Limitations: The primary strength of this review was the generation of level 1 evidence on a topic of general interest regarding
sexual health in men. However, the included studies evaluated diverse groups, which may complicate data interpretation for specific segments
of the population.
Conclusion: Regular aerobic exercise can improve the erectile function of men, particularly those with lower baseline IIEF-EF scores.
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Introduction

Erectile function tends to decline in aging men due to various
factors, including decreased testosterone, decreased libido,
changes in vasculature and endothelium, and an increased
likelihood of comorbidities (eg, hypertension, diabetes, and
obesity).1–3 The age-related decline in erectile function man-
ifests as erectile dysfunction (ED) in most older men,4 which
is characterized by the inability to achieve or maintain an
erection sufficient for satisfactory sexual performance.5 Men
experiencing erectile difficulties may experience sexual dis-
satisfaction, lower quality of life, anxiety, depression, and
relationship difficulties.6,7 Furthermore, declines in erectile
function may serve as an early warning sign of underlying
chronic diseases, such as cardiovascular disease and diabetes,
which may present years after the onset of erectile symp-
toms.8,9 Thus, erectile difficulties may indicate the need for
closer monitoring and potential interventions to improve
overall health outcomes.

Despite the well-established health benefits of regular
aerobic exercise, limited high-quality evidence is available
regarding its impact on erectile function. Previous reviews
on exercise and erectile function have combined evidence
from nonrandomized studies10,11 and nonaerobic training
regimens12,13 or presented results in a narrative or descriptive
format only,11,14,15 resulting in unclear conclusions regarding
the effects of aerobic training on erectile function. Further-
more, the effects of aerobic exercise on erectile function tend
to be greater in nonrandomized studies,10,11 highlighting
the need for a synthesis of randomized trials to determine
efficacy while minimizing bias. To our knowledge, no meta-
analysis has reported the effects of aerobic exercise on erectile
function. To address this research gap, we performed a
systematic review and meta-analysis of randomized controlled
trials (RCTs) to determine the effect of aerobic exercise on
the erectile function of men and to identify factors that
may influence this effect. We hypothesized that men would
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Table 1. MEDLINE search strategya

Design search terms
1. Control∗
2. Random∗

Intervention search terms
3. Aerobic
4. Endurance
5. Exercise
6. Lifestyle
7. Physical activity
8. Training
9. Walking

Diagnosis search terms
10. Androgen deficien∗
11. ED
12. Erectile dysfunction
13. Erectile function
14. Hypogonadism
15. IIEF
16. Impotence
17. International Index of Erectile Function
18. Rehabilitation
19. Sexual function

Combination terms
20. or/1-2
21. or/3-9
22. or/10-19
23. and/20-22

Abbreviations: ED, erectile dysfunction; IIEF, International Index of Erectile
Function–Erectile Function. aThe asterisk (∗) is a wild card symbol used in
a search query to represent end truncation.

experience improved erectile function by engaging in regular
aerobic exercise.

Methods

This review followed the PRISMA guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)16

and was prospectively registered at www.researchregistry.co
m (reviewregistry1604).

Search strategy

We systematically searched Medline, Embase, and the
Cochrane Central Register of Controlled Trials to identify
RCTs comparing aerobic exercise with nonexercising controls.
Additionally, we manually searched the Directory of Open
Access Journals, Google Scholar, and the reference lists
of relevant studies and review articles. The searches used
combinations of terms related to study design, intervention,
and diagnosis, with no restrictions on publication date or
language (Table 1). We used EndNote X9 (Clarivate) for
systematic searching and reference management.

In accordance with Cochrane guidance,17 2 researchers
with extensive experience performing systematic reviews inde-
pendently reviewed titles and abstracts to identify potentially
eligible studies. We excluded nonrandomized studies, studies
involving nonaerobic exercise only (eg, resistance and pelvic
floor training), studies with an exercising control group,
studies that did not report primary outcome data, studies
published as abstracts or presentations, and duplicate pub-
lications. We obtained the full text of the remaining articles
that were deemed eligible or had uncertain eligibility. Study
eligibility disagreements were resolved by discussion. The
most recent searches were performed in April 2023.

Data extraction and outcomes

The same researchers independently extracted data from the
studies using piloted data collection forms. Key study elements
were recorded: study metadata, participant characteristics,
study characteristics, treatment regimens, and the primary
outcome—which was the change in the Erectile Function
domain of the International Index of Erectile Function (IIEF-
EF). The IIEF-EF is a validated questionnaire used to assess
the erectile function of men and is scored on a scale from
5 to 25 (IIEF-EF-5) or 6 to 30 (IIEF-EF-6), with higher
scores indicating better erectile function.18 We standardized
all IIEF-EF scores to a 6-30 scale by multiplying the mean
and SD of IIEF-EF-5 values by 1.2 to ensure data consistency
among trials for statistical analysis. IIEF-EF scores of 26 to
30 indicated no ED; 22 to 25, mild ED; 17 to 21, mild to
moderate ED; 11 to 16, moderate ED; and 6 to 10, severe
ED.19 The risk of bias in individual studies was assessed with
the Cochrane Collaboration tool.20

Data analysis

Using a restricted maximum-likelihood random-effects meta-
analysis, we estimated the mean difference (MD) in IIEF-
EF scores between the aerobic exercise and control groups.
Positive MD values indicated higher IIEF-EF scores with
aerobic exercise, while negative values indicated higher scores
in controls. The MD and 95% CI were calculated for each
study, and the overall result was presented in a forest plot.
We assessed heterogeneity among studies using the I2 statistic,
with values >50% indicating significant heterogeneity.21 We
performed meta-regression to determine the association of
study-level factors with the MD in the IIEF-EF score. The
variables of interest were age, baseline IIEF-EF score, percent-
age of men with ED diagnosis, percentage of men taking a
phosphodiesterase 5 inhibitor (PDE5i), duration of aerobic
exercise intervention, and supervision of the exercise program.
Publication bias was evaluated with an Egger regression test.22

Additionally, the trim-and-fill method was used to identify
potential publication bias by estimating the number of stud-
ies missing from the meta-analysis due to publication bias
and recalculating the results.23 The influence of single-study
effects was evaluated in a 1-study-removed sensitivity analysis
where the primary outcome was reestimated following itera-
tive removal of each study from the analysis. P values were 2-
sided and considered statistically significant if <.05. Statistical
analyses were performed with Stata version 18 (Stata Corp),
and risk of bias was classified with Review Manager version
5.4 (Cochrane Collaboration).

Results

The systematic review identified 11 RCTs24–34 with 1147 men
included in the meta-analysis: 636 assigned to aerobic exercise
and 511 to control (Figure 1).

Participant characteristics

There was considerable variation among trials in participant
comorbidities, concurrent PDE5i utilization, and exercise reg-
imen characteristics (Table 2). Overall, comorbidities were
reported inconsistently among trials, with overweight/obesity
a common characteristic. The percentage of men with ED
ranged from 35% to 100% (median, 96%). Concurrent ED
medication use varied widely, from 0% to 100% (median,
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Figure 1. PRISMA flow diagram. IIEF-EF, International Index of Erectile Function–Erectile Function.

9%). The mean baseline IIEF-EF score across all studies
was 17.7 (range, 9.7-25.6), indicating mild to moderate ED
overall.

Interventions

The exercise interventions ranged from 2 to 24 months
(median, 6). Six studies implemented supervised aerobic
exercise sessions, while 5 provided resources and counseling
intended to increase unsupervised physical activity. In all 5
studies that utilized unsupervised exercise, the exercise group
performed more physical activity than the control group.
Exercise session lengths were typically 30 to 60 minutes,
and frequency was 3 to 5 times per week. Three studies
also incorporated resistance training. Control groups typically
engaged in “usual care,” generally described as a continuation
of the current lifestyle. In 3 trials, the control group was
provided resources and support for improving health, with
little or no guidance on increasing physical activity.

Risk of bias

The risk-of-bias summary for each trial is provided in
Figure 2. The overall risk of bias across the 11 randomized
trials was moderately low. Most studies were judged to have a
low risk of bias for random sequence generation, incomplete
outcome data, and selective reporting. Descriptions of
allocation concealment were unreported in most trials. The
risk of bias was high in all trials for performance and detection
biases due to the inability to blind the treatment groups.

Effect of aerobic exercise on erectile function

Aerobic exercise resulted in statistically significant improve-
ments in IIEF-EF scores as compared with the control group,
with an MD of 2.8 (95% CI, 1.7-3.9; P < .001). Moderate
heterogeneity (I2 = 53%) was observed among the studies
(Figure 3).

Meta-regression

In the meta-regression, the effect of aerobic exercise on erectile
function was greater in men with lower baseline IIEF-EF

scores (Table 3, Figure 4), with improvements of 2.3, 3.3, and
4.9 points for mild, moderate, and severe ED, respectively
(P = .02). None of the following statistically modified the
treatment benefit of aerobic exercise: exercise supervision
(P = .07), age (P = .12), percentage of men with ED (P = .12),
percentage of men taking PDE5i (P = .51), and exercise inter-
vention duration (P = .87).

Sensitivity analyses

A trim-and-fill analysis to adjust for potential publication bias
imputed 2 missing studies, slightly increasing the MD from
2.8 to 3.0 (Figure 5). The Egger test showed no statistical
evidence of small-study effects or publication bias (P = .83).
Overall, the influence of possible publication bias on erectile
function outcomes with aerobic exercise was minimal, and
the publication bias–adjusted results were consistent with the
primary analysis. The conclusions derived from the primary
analysis were also confirmed in a 1-study-removed sensitivity
analysis, where iterative removal of 1 study at a time resulted
in MD values ranging from 2.2 to 3.0 (all P < .001), suggesting
that the overall findings were robust and not significantly
influenced by any single trial.

Discussion

In this systematic review and meta-analysis of 11 RCTs, men
participating in regular aerobic exercise reported improved
erectile function when compared with nonexercising controls.
Furthermore, the beneficial effect of aerobic exercise on erec-
tile function was greater in men with lower baseline IIEF-
EF scores. However, the effect of aerobic exercise on erectile
function was significant across all levels of baseline IIEF-EF
scores, indicating that even men experiencing mild erectile
difficulties may still benefit from aerobic exercise. Therefore,
regular aerobic exercise can be considered a low-risk and
effective nonpharmacologic therapy for men at risk of or
currently experiencing ED.

Regular aerobic exercise can maintain or improve erec-
tile function through various mechanisms. Physical activity
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Table 2. Study characteristics in randomized controlled trials of aerobic training for erectile function.

Study Comorbidity
(%)

Sample
sizea

Mean
age, y

Exercise group Control group ED
medication, %

Duration,
mo

Collins
(2013)24

Overweight
(100), ED (35)

96/49 47 Availability of weight loss
resources promoting diet
and unsupervised aerobic
exercise

No intervention — 6

Esposito
(2004)25

Obese (100),
ED (96)b

55/55 43 Resources available for
weight loss with advice on
reducing body weight by at
least 10%, including
unsupervised aerobic
exercise

Availability of
general
information
about healthy
eating and
exercise

0 24

Jones (2014)26 Post-RP (100),
ED (80)

25/25 59 Supervised walking 5×/wk
at 55%-100% VO2 peak for
30-45 min/session

Usual activity 56 6

Kalka (2013)27 Post-PCI/CABG
(100), ED (100)

115/35 62 Supervised cycling and
general fitness exercises
3×/wk at 40%-70%
maxHR for 45 min/session;
resistance training 2×/wk

Received advice
about active
lifestyle

0 6

Lamina
(2009)28

Hypertension
(100), ED (100)

22/21 63 Supervised cycling 3×/wk at
60%-79% maxHR for
45-60 min/session

Usual activity — 2

Leitao (2021)29 Androgen
deficiency
(100), ED (74)b

11/12 47 Supervised treadmill activity
3×/wk at
“moderate-somewhat
strong” on the Borg scale;
resistance training 3×/wk

No intervention 9b 6

Maio (2010)30 ED (100),
Overweight (58)

30/30 50 Provided detailed resources
promoting unsupervised
aerobic activities 3-5×/wk
at 55%-64% maxHR for
20-60 min/session

Usual care 100 3

Maresca
(2013)31

Metabolic
syndrome (100),
ED (100),

10/10 69 Supervising cycling or
treadmill 3×/wk at 65%
VO2 max for 40 min/session

Usual care 100 2

Palm (2018)32 Ischemic heart
disease (100),
ED (100)

75/79 62 Supervised interval cycling
3×/wk for 30-min resistance
training; pelvic floor
exercise; psychoeducation

Usual care 9 3

Reis (2009)33 Morbid obesity
(100), ED (65)b

10/10 39 Unsupervised moderate
exercise at least 5×/wk for
at least 30 min/d

Usual care 0 4

Wing (2010)34 Diabetes
mellitus (100),
overweight
(100), ED (56)

187/185 61 Focus on changing diet and
increasing unsupervised
aerobic exercise, with a goal
of inducing a loss ≥7% of
initial weight

Received
diabetes support
and education

36 12

Abbreviations: CABG, coronary artery bypass graft; ED, erectile dysfunction; maxHR, maximum heart rate; PCI, percutaneous coronary intervention; RP,
radical prostatectomy; VO2, volume oxygen. aExercise/control groups.

positively affects cardiovascular health, which is closely asso-
ciated with erectile function.35 Additionally, regular aerobic
exercise helps reduce body weight in overweight or obese indi-
viduals, lower blood pressure, and improve glycemic control
in people with diabetes—all risk factors for ED that could
be mitigated through aerobic activity.36 Aerobic exercise also
improves endothelial function through increased nitric oxide
production and endothelial progenitor cell growth, which
regulate vascular function and maintain normal erectile func-
tion.37 Testosterone concentration is augmented with aero-
bic training by activating the hypothalamic-pituitary-gonadal
axis and reducing sex hormone–binding globulin.37,38 Finally,
regular aerobic exercise reduces oxidative stress and inflam-
mation,39 additional factors associated with ED development.

Various treatment options are available for men with ED,
including PDE5i, vacuum erection devices, penile injections,
and penile prostheses. However, aerobic exercise could
provide additional benefits for men with ED. This statement
is supported by the observation in this meta-analysis that
exercise improved erectile function independent of PDE5i
utilization. Thus, men experiencing erectile difficulties
should be informed about all available treatment modalities
and encouraged to engage in regular aerobic activity,
as the benefits complement traditional ED treatments.
Overall, the results of this meta-analysis suggest that aerobic
exercise may be a low-risk approach to improve erectile
function in men without contraindications to physical
activity.

D
ow

nloaded from
 https://academ

ic.oup.com
/jsm

/article/20/12/1369/7301709 by Texas M
edical C

enter Library user on 17 January 2024



The Journal of Sexual Medicine, 2023, Vol 20, Issue 12 1373

Figure 2. Risk-of-bias summary. Review authors’ judgments about each
risk-of-bias item per study.

Figure 3. Effect of aerobic exercise on erectile function. Values are
reported as the difference in IIEF-EF (6-30 scale) between the aerobic
exercise and control groups. The mean difference and 95% CI are plotted
for each study. The pooled mean difference (diamond apex) and 95% CI
(diamond width) are calculated via a random-effects model. Mean
difference = 2.8 (95% CI, 1.7-3.9; P < .001). Heterogeneity: I2 = 53%.
IIEF-EF, International Index of Erectile Function–Erectile Function.

Table 3. Association of participant and study factors on the mean differ-
ence in the IIEF-EF between the exercise and control groups.a

Variable z scoreb P value

Lower baseline IIEF-EF score 2.30 .02
Exercise with supervision 1.83 .07
Older age 1.57 .12
Higher percentage with ED 1.57 .12
Higher percentage of PDE5i use 0.67 .51
Shorter treatment duration 0.17 .87

Abbreviations: ED, erectile dysfunction; IIEF-EF, International Index of
Erectile Function–Erectile Function; PDE5i, phosphodiesterase type 5
inhibitor. aResults derived from random-effects meta-regression. bPositive
z value indicates that the variable improved the overall benefit of aerobic
exercise.

Figure 4. Association between the mean group difference in IIEF-EF and
baseline IIEF-EF. Open circles represent values of individual studies,
where the circle size is proportional to the study weight in the
random-effects model. The diagonal line represents the regression line of
best fit. Regression equation for the mean difference with aerobic
exercise: 6.5 – (0.2 × baseline IIEF-EF), where the IIEF-EF is measured on
a 6-30 scale (P = .02). IIEF-EF, International Index of Erectile
Function–Erectile Function; MD, mean difference.

Figure 5. Publication bias–adjusted funnel plot of the MD in the IIEF-EF
with aerobic exercise. The trim-and-fill method was used to identify
potential publication bias by estimating the number of studies missing
from the meta-analysis due to publication bias and recalculating the
results. The MD and SE for the IIEF-EF are plotted in blue for observed
studies and orange for imputed studies, where the IIEF-EF is measured
on a 6-30 scale. The MD of aerobic exercise on the IIEF-EF was 2.8 in the
primary analysis and 3.0 in the publication bias–adjusted analysis (vertical
line), with pseudo 95% CIs represented by the diagonal lines. Egger
regression test for small-study effects: P = .83, indicating no evidence of
publication bias. IIEF-EF, International Index of Erectile Function–Erectile
Function; MD, mean difference.

The degree of erectile function improvement observed
with aerobic exercise in this meta-analysis was not only
statistically significant but also clinically meaningful. The
minimum clinically important difference for the IIEF-EF
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on the 6-30 scale is 2.4 points for men with mild ED (17-
25), 6.0 for moderate (11-16), and 8.4 for severe (6-10).40

The meta-regression results indicated that aerobic exercise
improved IIEF-EF scores by 2.3, 3.3, and 4.9 points for
mild, moderate, and severe ED, respectively, corresponding
to approximately 60% to 100% of the minimum clinically
important difference, depending on baseline erectile func-
tion. For reference, IIEF-EF improvements with other ED
therapies are 2 points for testosterone replacement, 4 for
shockwave therapy, and 4 to 8 for PDE5i.41 Consequently,
aerobic exercise may serve as a valuable nonpharmacologic
strategy for managing ED, particularly for men who
prefer or cannot tolerate medications or interventional
treatments.

The strengths of this review include the generation of
level 1 evidence within a meta-analysis of RCTs and the
identification of factors influencing the response of erectile
function to aerobic exercise. However, several limitations of
the review warrant discussion. First, various factors may
influence the degree of improvement in erectile function with
exercise, such as the severity and underlying causes of ED,
the type and intensity of exercise, individual variations in
response, concomitant therapies, dietary factors, and body
weight changes. Although attempts were made to analyze
some of these variables by meta-regression, the potential for
confounding due to unmeasured factors must be acknowl-
edged. For example, race, obesity, hypertension, smoking,
and diabetes mellitus are associated with an increased risk
of ED,42 yet they were reported with insufficient detail to
determine their independent associations with erectile func-
tion. Additionally, individuals who engage in aerobic exercise
may concomitantly alter their lifestyle in other ways, such as
diet modification, that could contribute to changes in erectile
function. Since changes in dietary and lifestyle factors were
rarely reported in the studies, their independent influence
could not be determined in this review. Second, diverse groups
were evaluated in the studies, which may complicate data
interpretation for specific segments of the population. Third,
the aerobic exercise regimens were incompletely described
in some studies and differed in exercise modality, frequency,
intensity, and duration. Thus, the optimal duration, intensity,
and frequency of aerobic exercise required to produce signifi-
cant improvements in erectile function remain unclear. Fourth,
this review exclusively focused on the effect of aerobic exercise
on erectile function and did not examine the effects of other
types of physical activity, such as resistance or pelvic floor
training, which have been discussed in separate reviews.43,44

Finally, before recommending regular aerobic exercise, health
care providers should acknowledge that it may not be feasible
or safe for certain individuals, and they should first consider
identifying and addressing potential barriers to exercise as
appropriate.45

Conclusion

Regular aerobic exercise can improve the erectile function of
men, particularly those with lower baseline IIEF scores, and it
can be considered a low-risk and effective nonpharmacologic
therapy for men at risk of or currently experiencing ED. Future
RCTs should explore optimal exercise regimens to support the
development of prescriptive guidelines for improving erectile
function.
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