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Abstract

Introduction

Erectile dysfunction, defined as the inability to achieve and/or maintain a penile erection suf-
ficient for satisfactory sexual intercourse is associated with impaired quality of life and car-
diovascular diseases in men older than 40 years.

Objective

To evaluate the association between erectile dysfunction and physical activity levels in a
large cohort of men.

Methods

Data from 20,789 males aged 40 years and over who participated in the check-up screening
between January of 2008 and December of 2018 were included in this study. In this sample,
data about erectile dysfunction, physical activity levels, clinical profile and laboratory exams
were obtained. Logistic regression models were performed.

Results

Individuals with erectile dysfunction were older (49.1 6.9 vs. 54.818.8 years old, p<0.001),
had a higher body mass index (27.6 £3.9 vs. 28.5 + 4.3 kg/m?, p<0,001), and presented with
a higher prevalence of physical inactivity (25 vs. 19%, p<0.001) than individuals without
erectile dysfunction. The multivariate model revealed that age (p<0.001), hypertension (p =
0.001), diabetes mellitus (p<0.001), high body mass index (p<0.001), lower urinary tract
symptoms and depressive symptoms (p<0.001) were independent risk factors for erectile
dysfunction. Low or high physical activity levels (OR = 0.77; CI95%: 0.68-0.87, p<0.001
and OR = 0.85; ClI95%: 0.72-0.99, p = 0.04 respectively) were protective factors against
erectile dysfunction.
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Conclusion

Low and high physical activity levels were associated with more than 20% reduction in the
risk of erectile dysfunction in men aged 40 years or older.

Introduction

Erectile dysfunction [ED], defined as the inability to achieve and/or maintain a penile erection
sufficient for satisfactory sexual intercourse [1], is a prevalent condition in men older than 40
years [2-6], reaching up to 70% in older adults [2, 4, 6]. In addition to being associated with
the impairments in quality of life [1], ED has been associated with cardiovascular diseases [2,
7] and the risk of cardiovascular events [7].

Efforts should be made to identify and reduce ED risk factors, especially the modifiable
ones [8]. In this regard, several studies have demonstrated the benefits of physical activity lev-
els [PAL] as a protective factor for ED, including meta-analyses of randomized controlled trials
[8] and real-world cross-sectional population studies [9]. The main advantage of targeting
PAL as a strategy to prevent ED is that it was the only action that was proven to significantly
reduce the risk of ED even in middle age [10] when ED is more frequently diagnosed. [10]

Meta-analyses of randomized controlled trials [8] have shown that physical exercise
decreases ED and real-world cross-sectional population studies [9] have shown that physical
activity levels (PALs) are associated with ED. However most cross-sectional studies were car-
ried out with PALs and ED assessment instruments not validated by the literature and in small
populations, different age groups and were not adjusted for confounding variables [9], which
limits the multifactorial understanding of the relationship between ED and PAL.

As cultural and sociodemographic factors affect the perception and treatment-seeking of
ED [4], knowing the local epidemiology of ED is paramount to planning prevention strategies.
Furthermore, it is preferable to apply validated questionnaires to large populations to better
design the epidemiological assessments.

To the best of our knowledge, only 3 small studies have investigated the epidemiology of
ED in Brazil. Rhoden et al. [6] assessed ED in 965 men using the abridged 5-item version of
the International Index of Erectile Function [IIEF-5] but studied only the prevalence of ED
and its relationship with age. Both Nicolosi et al. [4] and Moreira Jr. [11] et al. studied ED and
its association with various risk factors in 600 Brazilian men each. These studies used validated
questionnaires to assess depressive symptoms and lower urinary tract symptoms [CES-D and
IPSS, respectively] but not to assess ED or PAL, which were both evaluated with single generic
questions [4, 11].

Therefore, we designed the present study to evaluate ED and its risk factors, with a particu-
lar focus on PAL, adjusting for confounding variables (clinical, laboratory, and behavioral)
and applying validated questionnaires, such as the International Index of Erectile Function
[IIEF-5] and the International Physical Activity Questionnaire [[PAQ], in a sample of up to
20.000 Brazilian adults.

Materials and methods
Design

The present study is a retrospective cross-sectional analysis with primary outcomes to verify
the association between PAL and DE in adults. Health data were collected from a large cohort
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of men aged 40 years old or older who participated in health screening initiatives in the Pre-
ventive Medicine Center at Hospital Israelita Albert Einstein between 2008 and 2018. The Eth-
ics Committee of the Hospital Israelita Albert Einstein approved this study (CAAE
94867018.6.0000.0071). A waiver of informed consent was requested and granted.

Participants and settings

Initially, data from 44,395 male check-ups were included in the database. In individuals with
duplicate data, i.e., more than one preventive medical visit, we considered only the most recent
visit. Than, we excluded male check-ups with missing data on PAL and ED, participants who
reported no sexual activity in the last year as evaluated with a self-assessment binary question
(positive or negative), and those with penile prostheses. Only 10 patients underwent radical
prostatectomy and were not excluded. Finally, data on PAL and ED from 20,789 males over 40
years were analyzed.

Clinical data

Age at the time of the preventive medicine visit was registered.

Height and weight were obtained to calculate body mass index [BMI] using an InBody 230
scale (Ottoboni®) and a stadiometer, respectively, with an accuracy of 0.1 mm. Waist circum-
ferences were measured with tape with an accuracy of 0.1 cm.

Blood pressure was measured in triplicate according to the standard method recommended
by the American Heart Association [12].

Comorbidities such as systemic arterial hypertension, diabetes mellitus, dyslipidemia,
tobacco use, nonalcoholic fatty liver steatosis [NASH], and continuously used medications
were reported by each patient or assessed through medical records when available.

Data regarding alcohol consumption, depressive symptoms, perceived stress, PAL and ED
were assessed through face-to-face interviews by trained professionals using dedicated and val-
idated questionnaires. Questionnaires used were the Alcohol Use Disorders Identification Test
[AUDIT] [13], Beck Depressive Inventory [BDI] [14], Perceived Stress Scale [PSS] [15], IPAQ
[16] [S1 Fig] and IIEF-5 [17].

For the analysis or PAL, IPAQ provides information on walking time, vigorous- and mod-
erate-intensity activity and sedentary activity in a usual week. Individuals who engaged in at
least 30 minutes of vigorous physical activity at least 5 days per week or those who engaged in
at least 20 minutes of vigorous physical activity at least 3 days per week or associated with
moderate physical activity and/or walking for at least 30 minutes on at least 5 days per week
were classified as highly active. Individuals who practice at least 20 minutes of vigorous physi-
cal activity at least 3 days a week or those who practice any type of physical activity for at least
150 minutes a week spread out over at least 5 days were considered active. Individuals who
reported engaging in physical activity but did not meet the criteria above, were classified as
moderately active. Individuals who reported no physical activity were classified as sedentary.

Laboratorial data

Blood samples were collected after an overnight fast and analyzed as part of a routine clinical
workflow. Laboratory analyses included determination of glycosylated hemoglobin percentage
(%), a standard lipid panel (mg/dL) and uric acid levels (mg/dL). The laboratory responsible
for all blood analyses meets the standardized criteria for quality control established by the Bra-
zilian Health Ministry.
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Data analysis

Our main objective was to evaluate the association between ED and PAL, controlled by previ-
ous clinical features.

When data were unavailable in medical records, we considered a patient to be hypertensive
if they self-reported hypertension or if they self-reported continuous use of antihypertensive
medication. Similarly, we considered a patient to have diabetes if they self-reported diabetes
mellitus or if they self-reported continuous use of anti-diabetic medication. Metabolic syn-
drome was defined as recommended by the World Health Organization [18].

Missing data: We excluded all patients with missing data on ED and/or PAL, but not on
other variables. Totals varied according to available data and were accordingly recorded.

Statistical analyses were conducted using SPSS for Windows Version 24.0 (IBM Corp,
Armonk, NY, USA). Participant characteristics were presented using frequencies and percent-
ages for categorical variables, while the means and standard deviations [SDs] were used for
continuous variables. Data normality was analyzed using the Shapiro-Wilk test. In the compar-
ison of categorical variables, the chi-square test was used. In the comparison of numerical vari-
ables, Student’s t test and the Mann-Whitney test were used according to the normality of the
data.

We used a convenience sample because it is a specific population study. However, a sample
calculation was performed where considering a 0.20 lower odds ratio compared with the refer-
ence value, a power of 80% and an alpha error of 5% the sample size was estimated in 4233
subjects.

The crude associations between erectile dysfunction and physical activity or other charac-
teristics were examined using odds ratios.

To run a logistic regression model, the IIEF-5 scores were categorized as follows: presence
of erectile dysfunction (<21 points, including severe, moderate, mild to moderate and mild
categories) and absence of erectile dysfunction (>21 points). A p value < 0.05 was considered
significant. Adjusted odds ratios (aOR) and 95% confidence intervals (95% Cls) were com-
puted for the logistic model results.

Results
Demographic and anthropometric data

In total, we studied 20,789 men aged 40 to 91 years. The median age was 49 years old and most
men were between 40 and 64 years old (95.44%).

Table 1 presents the comparison of demographic and clinical data of study participants in
relation to ED. Individuals with ED were older (49.10+6.85 vs. 54.75+8.81 years old, p<0.001)
and had higher BMI (27.62+3.93 vs. 28.49+4.30 kg/m?, p<0.001) than individuals without ED.

Table 1. Comparison of demographic and clinical variables in relation to ED (n = 20,789).

Variables ED Mean SD N p-value
Age Absence 49.10 6.85 17447 <0.001
Presence 54.75 8.81 3342
Total 50.06 7.52 20789
BMI (kg/mz) Absence 27.62 393 17446 <0.001
Presence 28.49 4.30 3343
Total 27.77 4.01 20789

t-Student test, * Mann-Whitney test

ED: erectile dysfunction, SD: standard deviation, n: sample size, BMI: body mass index, kg/ m% kilogram/ square meter.

https://doi.org/10.1371/journal.pone.0276963.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0276963 November 16, 2022

4/11


https://doi.org/10.1371/journal.pone.0276963.t001
https://doi.org/10.1371/journal.pone.0276963

PLOS ONE Physical activity and erectile dysfunction in 20,789 Brazilian men

45.0 -

w b
o o
o o

w
o
o

Relative Frequency (%)
B R, NN
© v o un
o o o o

o
o

7

Sedentary Low active Active

o
o

Physical Activity Level

@ Without ED

mED

Fig 1. Level of physical activity among men with and without erectile dysfunction (n = 20,789).

https://doi.org/10.1371/journal.pone.0276963.9001

Erectile dysfunction and physical activity level

In total, 3,560 men (17.12% of the participants) reported ED. The participants were distributed
in the ITFE-5 classes as follows: 82.88% had no ED, 11.58% had mild ED, 3.3% had mild to

moderate ED, 1.13% had moderate ED, and 1.12% had severe ED.

The distribution of PAL in individuals with and without ED is shown in Fig 1. In total,
20.34% of the individuals were sedentary, 28.98% were low active, 39.37% were active and
11.37% were high active. Individuals with ED were significantly less active (p<0.001).

Comorbidities

Patients with ED had significantly more comorbidities associated with higher cardiovascular

risk, as shown in Table 2 (p<0.001 for all comparisons).

Patients with ED had a significantly higher prevalence of lower urinary tract symptoms

(p<0.001), as shown in Table 3.

Table 2. Relative frequencies (%) of comorbidities in relation to ED (n = 20,789).

Variable (n) Relative frequency (%) p-value
All patients With ED Without ED
Hypertension (20,789) 26.5 39.6 23.8 <0.001
Diabetes mellitus (20,789) 8.4 16.1 6.8 <0.001
Dyslipidemia (20,789) 53.9 57.1 53.2 <0.001
Use of hypolipemiant (20,789) 21.1 27.8 19.7 <0.001
Metabolic syndrome (20,789) 10.7 15.5 9.7 <0.001
Non-alcoholic fatty liver steatosis (20,789) 51.9 58.1 50.7 <0.001

Chi-squared test; n = sample size

https://doi.org/10.1371/journal.pone.0276963.t002
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Table 3. Relative frequencies (%) of urological comorbidities in relation to ED (n = 20,789).

Variable Relative frequency (%) p-value
All patients With ED Without ED

Lower urinary tract symptoms (20,789) Absent/mild 91.8 78.9 94.5 <0.001
Moderate 7.3 18.3 5
Severe 0.9 2.8 0.5

Chi-squared test.

https://doi.org/10.1371/journal.pone.0276963.t003
Laboratory data

When analyzing laboratory test results associated with increased cardiovascular risk, we
observed that glycosylated hemoglobin was significantly higher in men with ED (5.79 £ 1.01
vs. 5.57 + 0.67, p<0.001), uric acid levels were not different (p = 0.658), and lipid profile results
were conflicting. Regarding lipid profiles, triglycerides (155.27 + 119.45 vs. 149.17 + 108.28,

p = 0.002) and high-density lipids (44.37 + 11.08 vs. 45.72 + 11.16, p<0.001) were worse in
men with ED, but low-density lipids (114.53 + 34.81 vs. 122.25 + 34.01, p<0.001) were better.
The laboratory test results are summarized in Table 4.

Behavioral assessment

Psychological data and lifestyle habits are shown in Table 5. Patients with ED had a higher
prevalence of tobacco use, consumed alcohol at higher levels, and exhibited depressive symp-
toms but had a lower prevalence of perceived stress (p<0.001 for all comparisons).

Predictors of erectile dysfunction

After performing a full multiple logistic regression model (S1 Table), we performed a stepwise
backward multiple logistic regression, analyzing only the variables associated with statistically
significant risk or protection factors for ED. In this final model, age, hypertension, diabetes
mellitus, BMI, lower urinary tract symptoms, and depressive symptoms were strong indepen-
dent risk factors for ED. At the same time, nonsmoker status and low or high PAL were strong
independent protective factors, as shown in Table 6.

Table 4. Laboratory test results in relation to ED (n = 20,789).

Variable (n) Mean + SD p-value
All patients With ED Without ED
TC (20,789) 194.87 + 39.00 187.52 + 40.42 196.37 + 38.53 <0.001
HDL (20,789) 4549 £ 11.16 44.37 £11.08 45.72 £ 11.16 <0.001
LDL (20,789) 120.94 + 34.27 114.53 + 34.81 122.25 + 34.01 <0.001
TG (20,789) 150.20 + 110.27 155.27 + 119.45 149.17 + 108.28 0.002
UA (20,789) 5.99 +1.38 5.98 £ 1.52 6.00 £1.35 0.658
HbA1c (20,789) 5.61 +£0.75 5.79 £ 1.01 5.57 £ 0.67 <0.001

t-Student test; n = sample size; TC: total cholesterol, HDL: high-density lipids, LDL: low-density lipids, TG: triglycerides, UA: uric acid, HbAlc: glycosylated

hemoglobin

https://doi.org/10.1371/journal.pone.0276963.t004
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Table 5. Relative frequencies of tobacco use, risky alcohol consumption, perceived stress, depressive symptoms, and lower urinary tract symptoms in relation to ED

(n =20,789).
Variable (n) Relative frequency (%) p-value
All patients With ED Without ED

Tobacco use (20,789) Never 70.1 63.9 71.4 <0.001
Previous 20.7 26.4 19.5
Active 9.2 9.7 9.1

Alcohol consumption (20,789) Low-risk 83.5 81.3 84 <0.001
Hazardous 14.4 16 14.1
Moderate-severe alcohol use disorder 2.1 2.7 1.9

Perceived stress (20,789) Absent 79.5 74.5 80.6 <0.001
Present 20.5 25.5 19.4

Depressive symptoms (20,712) Absent 86.3 76.5 88.3 <0.001
Present 13.7 23.5 11.7

Chi-squared test; n = sample size

https://doi.org/10.1371/journal.pone.0276963.t005

Discussion

This study provides the largest evaluation of regional prevalence and predicting factors of ED
ever conducted in Brazil. It is the only Brazilian study using validated questionnaires to assess
both ED and PAL. We identified that the physical activity level was associated with a lower

risk of ED, even when controlling for other risk factors.

The high prevalence of ED is even more relevant to the health care system as this disease
has not only been shown to significantly impair the individual’s quality of life [19] and inter-
personal relationships [20] but is also a predictor of cardiovascular disease [2, 7]. Our findings

Table 6. Predictors of ED (n = 20,789).

Variable OR CI (95%) P
Age 1.084 1.078 1.091 <0.001
Hypertension 1.186 1.077 1.307 0.001
Diabetes mellitus 1.364 1.192 1.561 <0.001
Body mass index 1.029 1.018 1.040 <0.001
Tobacco use

Previous 0.897 0.811 0.992 0.035
Active 1.144 0.991 1.320 0.066
Physical Activity Level

Low active 0.771 0.685 0.868 <0.001
Moderate 0.912 0.816 1.019 0.103
High Active 0.849 0.724 0.995 0.044
Lower urinary tract symptoms

Moderate 2.764 2.440 3.132 <0.001
Severe 3.133 2.257 4.349 <0.001
Depressive symptoms 2.212 1.992 2.457 <0.001
HDL 0.994 0.990 0.998 0.002
LDL 0.998 0.996 0.999 0.001

Multiple logistic regression (Stepwise backward)

https://doi.org/10.1371/journal.pone.0276963.t006
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corroborate the association between ED and atherosclerosis reported by other authors [2, 4],
as we observed that independent risk factors for ED were conditions that are also well-estab-
lished risk factors for atherosclerosis, such as age, systemic arterial hypertension, diabetes mel-
litus, and obesity [21].

Aging is one of the most important independent factors responsible for increasing the prev-
alence and severity of ED, as shown in numerous studies [2, 3-6] and as observed in our analy-
sis. The association between ED and aging is most likely related to the process of
atherosclerosis, leading to penile vascular arteriopathy, that limits arterial blood flow, and to
symptomatic coronary artery disease that limits sexual physical performance [22]. In addition,
aging is also associated with decreased testosterone levels, and impaired libido, sexual function,
physical fitness, and mood [23]. Nevertheless, although ED increases with age, it is not an inev-
itable outcome of the aging process. Therefore, efforts should focus on controlling comorbidi-
ties and mainly on the promotion of healthy lifestyle habits.

Among the comorbidities that are risk factors for atherosclerosis and ED, having DM was
the strongest predictor for ED in our study. Diabetic men are reported to have an earlier onset
of ED that presents with greater severity and poorer response to its treatment [24]. This is
probably associated with synergistic vascular, neurological, and endocrine abnormalities,
including an association with low levels of testosterone [25].

On the other hand, our findings regarding the association between ED and dyslipidemia
were conflicting, as higher HDL levels were an independent protective factor; however, so was
high LDL levels, although their protective effect had little expression. Other authors have also
reported different findings regarding the association of ED and dyslipidemia, even when
studying men from the same country. Pinnock et al. [26] reported that a high cholesterol level
was an independent predictor of impotence in their study of 612 men in Australia. In contrast,
Weber et al. [5] observed no such association when studying over one hundred thousand Aus-
tralian men. In fact, most studies that reported dyslipidemia as a risk factor for ED used total
cholesterol as measure, while we separately analyzed the components of the lipid profile. Fur-
ther studies are necessary to understand the role of each type of cholesterol in ED.

Having depressive symptoms doubled the risks of presenting with ED, in line with other
authors’ reports [3, 4]. Indeed depression and ED are frequently correlated and likely feed
back into each other [19, 27]. Additionally many anti-depressive drugs lead to ED, and patients
with ED and depressive symptoms are more likely to discontinue treatment for ED [19].
Therefore, special attention should be given to this association when planning and assessing its
treatments.

Finally, another known strong independent factor associated with ED that was also likewise
observed in our study was clinically significant lower urinary tract symptoms (LUTS) [28].
Since most medical treatments for LUTS can lead to negative sexual symptoms, ED should be
actively evaluated when monitoring and selecting the most appropriate treatment.

One of the most important aspects of the therapeutic management of ED, along with phar-
macological therapy, is identifying and treating reversible risk factors. Regarding lifestyle hab-
its, quitting smoking and being physically active, even at low levels, were strong protective
factors observed in our study. In the past decade, several studies have associated the practice of
PAL with significant improvements in overall cardiovascular health and erectile function
scores [8, 29]. Moreover, PAL may be one of the only truly effective measures to improve erec-
tile function even when started in middle age, as there is little evidence that quitting smoking,
reducing alcohol consumption, and losing weight can reverse the symptoms of erectile dys-
function [9].

The positive effect that PAL [30] has on improving sexual function is based not only on
controlling classic cardiovascular risk factors, such as weight and cholesterol levels but also on
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increasing the systemic bioavailability of endothelial-derived nitric oxide (NO), improving
insulin sensitivity, which is also an important vascular NO release stimulator, lowering serum
proinflammatory cytokines levels and increasing testosterone levels. Our results also support
these findings since the multiple logistic regression model identified low and high PAL as inde-
pendent protective factors for ED and was thus unrelated to age or other risk factors. When
analyzing IPAQ classes separately, moderate PAL was not a significant protective factor, which
may be due to confounding factors not addressed in our multivariate regression, such as tes-
tosterone replacement therapy and healthy eating habits. Nevertheless, the role of PAL as a
protective factor against ED has been clearly demonstrated, and regular PAL, even at low lev-
els, should be encouraged for men of all ages as an effective method to improve sexual function
and cardiovascular health.

There are several potential limitations in our study. First, as previously mentioned, is the
lack of information about the use of pharmacological treatment for ED, which could have
reduced the prevalence of ED and influenced the impact of risk and protective factors on the
disease. Second, the presence of a stable relationship for all included patients included in the
study was not confirmed, which could be important to evaluate sexual function. Sexual orien-
tation was also not collected.

In addition, men aged <40 years were excluded from our study. There is also the possibility
that the study results cannot be generalized to the entire Brazilian population, since selection
bias could not be prevented as the study sample included only men with private insurance and
who participated in health check-ups.

On the other hand, our study also has several strengths. This study is the largest analysis of
ED performed in South America. In addition, all participants underwent a detailed health
examination by a physician, with a standardized assessment of medical history, physical exam-
ination, and laboratory exams. Furthermore, internationally validated questionnaires were uti-
lized to assess the prevalence and severity of ED and LUTS, as well as to stratify PAL,
strengthening the reliability and validity of the results and associations. We hope that the dem-
onstrated results can be used in clinical and public health settings to positively influence indi-
viduals in physical activity adherence and erectile dysfunction prevention strategies, since men
who are taking better care of their overall health (e.g. by avoiding health-risk behaviors) are
also those who follow more physical lifestyle. In this way physical exercise can, to an extent, be
a “surrogate marker” of better lifestyles.

Conclusions

Our findings show that PAL is a strong independent protective factor against ED, even at low
levels, regardless of age and comorbidities, and therefore should be strongly encouraged dur-
ing the treatment and prevention of this condition.
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