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Abstract

Background: Erectile dysfunction (ED) is a prevalent condition with significant psychological and physiological impacts. Recently, a new concept
called movement-based behaviors (MBB) has been proposed, which includes four types of PA: vigorous PA (VPA), moderate-intensity PA (MPA),
walking/cycling, and muscle-strengthening activities (MSA), and uses an MBB index (range 0-4) to estimate the combined effects of these
activities on health outcomes.

Aim: This study aims to evaluate the relationship between different types of physical activities (PA) and ED using the MBB index in a nationally
representative sample of U.S. men.

Methods: \We analyzed data from the National Health and Nutrition Examination Survey (NHANES) 2001-2004, including 3435 male participants.
Multivariate logistic regressions were performed to explore the associations, supplemented with subgroup analysis and sensitivity analysis.
Outcomes: The assessment of PA in this study is based on four self-reported questions from the NHANES Mobile Examination Center interview,
including VPA, MPA, walking/cycling, and MSA. The MBB index, ranging from 0 to 4, was used to assess combined PA types. ED was evaluated
using a single-question self-assessment.

Results: Higher MBB index values were associated with lower ED risk. Participants with an MBB index of 2 had a significantly lower risk of
ED in Model 3 (OR=0.65, 95% Cl: 0.43-0.97 P=0.04). Those with an MBB index of 3 or 4 had the lowest risk of ED across all models,
with OR_Model1=0.29 (95% CI: 0.21-0.40, P < 0.0001), OR_Model2 =0.52 (95% Cl: 0.37-0.73, P <0.001), and OR_Model3=0.61 (95% ClI:
0.41-0.90, P=0.02). However, this relationship was not significant in subgroups with severe ED or comorbid conditions.

Clinical Implications: Our findings can provide clinicians with guidance to help patients personalize their selection of different exercise
combinations.

Strengths and Limitations: \We explored the impact of different exercise combinations on reducing ED risk and innovatively proposed the MBB
index for a comprehensive assessment of exercise benefits, supported by a large sample size and multivariable adjustments. However, the
limitations of cross-sectional design and recall bias cannot be overlooked.

Conclusion: The MBB index effectively demonstrates that combined PA can reduce ED risk, supporting tailored exercise recommendations for
patients.

Keywords: erectile dysfunction; physical activity; MBB index; NHANES; exercise and health.

Introduction

Erectile dysfunction (ED) is a very common and distressing
condition that prevents men from achieving or maintaining
an erection sufficient for satisfactory vaginal intercourse.! A
statistical survey highlights that the prevalence of ED in adult
men aged 20 years and older in the United States is nearly
19%, and this rate increases with age.”>3 It is projected that
by 2025, nearly 322 million men worldwide will experience
ED, with up to 30 million occurred in the U.S. alone.* In fact,
ED extends beyond its physiological impact; it often brings
about profound emotional and psychological effects, impact-
ing self-esteem, marital relationships, and sexual satisfaction,

ultimately leading to a decrease in overall quality of life.’®
More importantly, ED is now recognized as a warning sign for
future cardiovascular events due to the anatomical and func-
tional similarities between penile and coronary vasculature.”-?
Therefore, global public health systems have identified it as
a critical health issue that urgently needs to be addressed.”
This has motivated ongoing research to identify potential
modifiable interventions that can improve erectile function
and reduce the risk of ED.

Currently, the most commonly used treatment for ED is
first-line therapy with phosphodiesterase type 5 inhibitors,
which, however, can lead to various degrees of adverse
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complications.!®1! In contrast, lifestyle interventions are
more acceptable to affected individuals and can offer com-
parable therapeutic effects, making them a more appealing
option.'213 Diet and physical activities (PA) are the most
commonly recommended lifestyle modifications in public
health to prevent or intervene in various chronic non-
neoplastic diseases, and ED is no exception. Several studies
have preliminarily indicated that PA can effectively reduce
the risk of ED and improve erectile function in men.'#1¢
Vignera et al. found that 150 minutes of aerobic exercise
per week, without any other pharmacological interventions,
significantly improved erectile function and penile arterial
blood flow parameters in patients with ED.!7 Furthermore,
a recent NHANES-based study concluded that engaging
in recreational or vigorous PA (VPA) on a monthly basis
could reduce the risk of ED, whereas walking, bicycling, and
muscle-strengthening activities (MSA) did not.'® However,
it must be recognized that these studies almost exclusively
explore the impact of a single type or intensity of PA on
ED risk without considering their combined effects, which
does not reflect real-world scenarios. More importantly, these
findings seemingly suggest that only specific PA regimens
can reduce ED risk, which is a highly limited perspective.
Therefore, exploring the combined effects of different types
of PA on reducing ED risk is highly valuable, providing more
precise PA recommendations for ED patients with varying
characteristics.

Recently, a new concept called movement-based behav-
iors (MBB) has been proposed, which includes four types of
PA: VPA, moderate-intensity PA (MPA), walking/cycling, and
MSA, and uses an MBB index (range 0—4) to estimate the
combined effects of these activities on health outcomes.'” To
date, there are almost no studies investigating the combined
effects of these four types of PA on improving erectile function,
specifically selecting which could benefit in reducing the risk
of ED. Therefore, to address this gap in knowledge, this study
uses extensive data from a nationally representative sample
of adult U.S men from the National Health and Nutrition
Examination Survey (NHANES) 2001-2004.

Materials and methods
Data source and study population

NHANES is a biennial national cross-sectional survey project
in the U.S. since 1999, designed to collect extensive nutri-
tional and health information from the U.S. population to
aid in public health management and policy-making. The
survey uses a multistage, probability sampling method to
obtain a representative sample of the non-institutionalized
U.S. population, with data collection conducted by trained
professionals through questionnaires and physical examina-
tions. All study protocols are approved by the Ethics Review
Board of the National Center for Health Statistics, and written
informed consent is obtained from all participants. Currently,
all data are publicly accessible to global researchers through
the NHANES website (https://www.cdc.gov/nchs/nhanes/inde
x.htm).

Our sample selection is based on the NHANES cycles from
2001 to 2004, as only these cycles include assessments of male
erectile function. A total of 21 161 participants were initially
considered. First, we excluded 10860 female participants.
Subsequently, we applied the following exclusion criteria:
(1) ED data: excluded 6185 male participants without ED
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data; (2) PA Data: excluded 188 participants with difficulty
walking, 202 participants unable to engage in PA, and three
participants lacking PA data; (3) Covariates Data: excluded
204 participants without poverty income ratio (PIR) data and
67 participants without body mass index (BMI) data, and 17
participants missing other covariate data. After applying these
criteria, a total of 3435 participants were included in the final
analysis. The detailed flowchart of participant inclusion is
shown in Figure 1.

Physical activities assessments

The assessment of PA in this study is based on four self-
reported questions from the NHANES Mobile Examination
Center interview, including VPA, MPA, walking/cycling, and
MSA.' VPA: Participants were asked, “Over the past 30 days,
have you engaged in any vigorous-intensity activities for at
least 10 minutes that caused heavy sweating or a large increase
in breathing or heart rate?”. MPA: Participants were asked,
“Over the past 30 days, have you engaged in any moderate-
intensity activities for at least 10 minutes that caused light
sweating or a slight to moderate increase in breathing or heart
rate?”. Walking/Cycling for Transportation: Participants were
asked, “Over the past 30 days, have you walked or bicy-
cled as part of getting to and from work, school, or to do
errands?”. MSA: Participants were asked, “Over the past 30
days, did you do any physical activities specifically designed to
strengthen your muscles, such as lifting weights, push-ups, or
sit-ups?”. Due to the exclusion of participants with missing
data or those unable to engage in these PA, all responses
to these questions are binary (yes/no). Thus, the MBB index
refers to the sum of individual participants’ involvement in
these activities, ranging from 0 to 4.

Erectile dysfunction assessment

The assessment of ED in this study was conducted using a
single question derived from the Massachusetts Male Aging
Study?’: “Many men experience problems with sexual inter-
course. How would you describe your ability to get and
keep an erection sufficient for satisfactory intercourse?”. The
response options included: (1) Always able or almost always
able to get and keep an erection; (2) Usually able to get and
keep an erection; (3) Sometimes able to get and keep an erec-
tion; and (4) Never able to get and keep an erection. Based on
previous literature,! in our study, participants who answered
“Always able or almost always able” or “Usually able to get
and keep an erection” were classified as not having ED. In
contrast, those who answered “Sometimes able to” or “Never
able to get and keep an erection” were diagnosed with ED. It
is important to note that for sensitivity analysis, we adjusted
the ED diagnostic criteria based on other studies.22-**> This
included a stricter definition, where only participants who
answered “Never able to get and keep an erection” were diag-
nosed with ED, and a broader definition, where participants
who answered “Usually able to,” “Sometimes able to,” or
“Never able to get and keep an erection” were all diagnosed
with ED.

Potential covariates assessment

Based on previous research, we included several potential
covariates that might influence the relationship between PA
and ED. These covariates include age, categorized into two
groups (< 40 years and > 40 years), and BMI, classified into
three categories (< 25 kg/m?, 25-30 kg/m?, and > 30 kg/m?).
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Figure 1. Flowchart of participant selection from the NHANES 2001-2004 dataset. NHANES: National Health and nutrition examination survey,
ED: Erectile dysfunction, PA: Physical activity, BMI: Body mass index, PIR: Poverty to income ratio, CVD: Cardiovascular disease.

Ethnicity was considered with the following groups: Mexican
American, Non-Hispanic White, Non-Hispanic Black, Other
Hispanic, and Others. Education level was divided into less
than high school, completed high school, or more than high
school. Marital status was categorized as living alone or
married/living with a partner. PIR was grouped into three
categories (< 1.3, 1.3-3.5, and > 3.5). Additionally, lifestyle
factors such as alcohol use and smoking status were included,
with smoking status categorized as never, former, or current.
Clinical factors such as the presence of diabetes mellitus (DM),
hypertension, cardiovascular disease (CVD), and hypercholes-
terolemia were also considered.

Specifically, alcohol use was defined as consuming
more than 12 drinks in the past year. Smoking status was

categorized based on lifetime cigarette consumption and
current smoking status: never smokers (<100 cigarettes),
former smokers (>100 cigarettes but not currently smoking),
and current smokers (>00 cigarettes and currently smoking).
DM was diagnosed based on a history of diagnosis, use
of insulin or oral hypoglycemic medications, or a fasting
glucose level of >200 mg/dL. Hypertension was defined by
a history of diagnosis, use of antihypertensive medications,
or blood pressure readings >140/90 mmHg. Hypercholes-
terolemia was diagnosed based on a history of diagnosis,
use of lipid-lowering medications, or a total cholesterol
level > 240 mg/dL. The diagnosis of CVD relied on a self-
reported history of congestive heart failure, coronary heart
disease, angina, or heart attack.



Statistical analysis

Based on the NHANES sampling methodology, we used sam-
pling weights, strata, and primary sampling units to obtain
reliable national estimates. The characteristics of the popu-
lation were presented as weighted means + standard errors
for continuous variables and as weighted percentages for cat-
egorical variables. Weighted linear regression and chi-square
tests were used to compare the characteristics of ED and
non-ED participants for continuous and categorical variables,
respectively. Multivariable logistic regression was employed
to evaluate the relationship between PA and the risk of ED.
This analysis included both individual PA components and
a combined MBB index as independent variables. Individual
PA components were treated as binary variables, while the
MBB index was treated as an ordinal categorical variable
(with O as the reference category) to assess potential trends
in the association. To account for the influence of poten-
tial covariates, we developed three models. The Model 1
included only the exposure variables. The Model 2 adjusted
for age, ethnicity, marital status, education, and PIR. The
Model 3 further adjusted for BMI, smoking status, alcohol
use, and history of hypertension, hypercholesterolemia, DM,
and CVD.

To enhance the robustness of our results, we further con-
ducted subgroup analyses and sensitivity analyses. The sub-
group analyses explored the relationship between the MBB
index and ED across different subgroups, including age, BMI,
smoking status, DM, hypertension, hypercholesterolemia, and
CVD. Each subgroup analysis adjusted for all variables in
Model 3, except for the grouping variable. For the sensitivity
analyses, we redefined ED based on broader and stricter cri-
teria as outlined in the ED assessment section, while including
the MBB index as the exposure variable. Statistical signifi-
cance was set at a two-sided p-value of less than 0.05. Empow-
erStats (http://www.empowerstats.com, X&Y Solutions, Inc.)
and the statistical software package R (http://www.R-proje
ct.org; The R Foundation) were used for all statistical analyses
in this study.

Results

Baseline characteristics of the population by ED
status

Out of 3435 participants, 904 were classified as having ED
(26.32%). The detailed baseline and PA characteristics of the
study population, stratified by ED status, are presented in
Table 1. Compared to non-ED participants, those in the ED
group were older, with a mean age of 60.39 years versus
40.92 years (P <0.0001). They also had a higher BMI and
lower education levels. A higher proportion of ED participants
were married or living with a partner, and they had lower
PIR. Additionally, the ED group had a higher prevalence of
comorbid conditions, such as DM, CVD, hypertension, and
hypercholesterolemia. PA levels, including VA, MA, MSA,
and walking or bicycling, were significantly lower in the
ED group. The MBB index, reflecting PA levels, indicated
a higher proportion of ED participants with lower scores
(P <0.0001).

Logistic regression analysis results of PA and ED

The regression analysis results for individual PA and ED
are shown in Table 2. For VA, participants who engaged in
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VA had a significantly lower risk of ED across all models,
with OR_Model1=0.33 (95% CI: 0.27-0.41, P <0.0001),
OR_Model2=0.48 (95%CIL: 0.38-0.60, P <0.0001), and
OR_Model3=0.57 (95% CI: 0.44-0.73, P <0.001). MA was
associated with a reduced risk of ED in Model 1 (OR =0.73,
95%CI: 0.60-0.90, P=0.004), but this association was not
significant in Models 2 (OR=0.93, 95% CI: 0.75-1.17,
P=0.53) and 3 (OR=0.93, 95% CI: 0.74-1.18, P=0.53).
MSA showed a significant reduction in ED risk in all models,
with OR_Model1=0.45 (95% CI: 0.36-0.55, P <0.0001),
OR_Model2=0.66 (95% CI: 0.52-0.85, P=0.003), and
OR_Model3=0.69 (95% CI: 0.52-0.92, P=0.02). Walking
or bicycling also showed a significant reduction in ED risk
in Model 1 (OR=0.63, 95% CI: 0.49-0.82, P=0.001) and
Model 2 (OR=0.73, 95% CIL: 0.56-0.94, P=0.02), but
the association was marginally non-significant in Model 3
(OR=0.79, 95% CI: 0.61-1.02, P=0.07). The association
between the MBB index and ED was also evaluated, with
0 MBB index as the reference. Participants with an MBB
index of 2 had a significantly lower risk of ED in Model
3 (OR=0.65, 95% CI: 0.43-0.97, P=0.04). Those with
an MBB index of 3 or 4 had the lowest risk of ED
across all models, with OR_Modell=0.29 (95% CI: 0.21-
0.40, P <0.0001), OR_Model2=0.52 (95% CI: 0.37-0.73,
P <0.001), and OR_Model3=0.61 (95% CIL: 0.41-0.90,
P=0.02). The trend analysis indicated a significant trend
across all models (P <0.0001 in Models 1 and 2, P=0.003 in
Model 3), suggesting that higher levels of PA, as reflected by
the MBB index, are associated with a progressively lower
risk of ED. All the results of Model 3 are illustrated in
Figure 2.

Subgroup and sensitivity analyses of MBB index
and ED

Subgroup analyses revealed significant associations between
the MBB index and ED in several groups (Table 3). Partici-
pants aged >40 years with an MBB index of 2 or 3/4 had
lower risks of ED (OR: 0.61, 95% CI: 0.41-0.93 and OR:
0.58, 95% CI: 0.36-0.92, respectively, P for trend =0.002).
Non-DM participants with an MBB index of 3/4 showed
a lower risk of ED (OR: 0.63, 95% CI: 0.40-1.01, P for
trend =0.01). Participants without CVD and with an MBB
index of 3/4 had reduced ED risks (OR: 0.62, 95% CI:
0.42-0.92, P for trend = 0.01). Hypertensive participants with
an MBB index of 3/4 had a significantly lower risk of ED
(OR: 0.41, 95% CI: 0.22-0.75, p for trend =0.002). Lastly,
participants without hypercholesterolemia and with an MBB
index of 3/4 had reduced ED risks (OR: 0.58, 95% CI: 0.36-
0.94, p for trend =0.003). The results indicate that higher PA
levels, as measured by the MBB index, are associated with
lower risks of ED across various subgroups.

The sensitivity analyses with different ED diagnostic criteria
are presented in Table 4. Using a stricter definition of ED,
the association between the MBB index and ED was less
pronounced. For an MBB index of 2, the odds ratio (OR)
in Model 1 was 0.53 (95% CI: 0.33-0.86, P=0.01), but this
association was not significant in Model 3 (OR: 0.90,95% CI:
0.51-1.60,P = 0.69). Similarly, for an MBB index of 3 or 4, the
OR in Model 1 was 0.27 (95% CI: 0.16-0.45, P < 0.0001),
but it was not significant in Model 3 (OR: 0.70, 95% CIL:
0.35-1.40, P=0.27). Using a more lenient definition of ED,
the association between the MBB index and ED remained
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Table 1. Baseline characteristics of the study population stratified by ED status, weighted.

Characteristics Total Non-ED ED P value
Number, n 3435 2531 904
Age, year 44.36 £0.40 40.92+0.34 60.39+0.61 < 0.0001
BMI, kg/m? 27.97+£0.11 27.78£0.11 28.86 £0.29 0.001
Age, % < 0.0001
<40y 41.78 48.36 11.08
> 40y 58.22 51.64 88.92
BMI, % < 0.001
<25 kg/m? 30.25 31.43 24.74
>25 kg/m? and < 30 kg/m? 41.21 41.26 41.00
> 30 kg/m? 28.54 27.32 34.26
Race, % 0.07
Mexican American 8.24 8.39 7.53
Non-Hispanic White 73.16 72.78 74.92
Non-Hispanic Black 10.18 10.39 9.18
Other Hispanic 4.40 4.08 5.86
Other races 4.03 4.36 2.51
Educational level, % < 0.0001
Below high school 16.86 14.32 28.69
High school 26.90 27.63 23.50
Above high school 56.24 58.05 47.81
Marital status, % < 0.0001
Living alone 29.79 31.41 22.26
Married or living with a partner 70.21 68.59 77.74
PIR, % < 0.001
PIR <1.3 16.35 15.94 18.22
1.3<PIR<3.5 35.80 34.52 41.74
PIR > 3.5 47.86 49.54 40.04
Alcohol intake, % < 0.0001
No 22.60 20.22 33.73
Yes 77.40 79.78 66.27
Smoking, % < 0.0001
Never 43.03 45.44 31.80
Former 28.68 24.95 46.05
Now 28.29 29.61 22.15
Vigorous activity (VA), % < 0.0001
No 58.74 54.55 78.30
Yes 41.26 45.45 21.70
Moderate activity (MA), % 0.004
No 42.83 41.48 49.14
Yes 57.17 58.52 50.86
Muscle Strengthening Activities (MSA), % < 0.0001
No 67.93 65.18 80.73
Yes 32.07 34.82 19.27
Walked or bicycled, % < 0.001
No 74.83 73.42 81.40
Yes 25.17 26.58 18.60
History of DM, % < 0.0001
No 90.45 94.15 73.22
Yes 9.55 5.85 26.78
History of CVD, % < 0.0001
No 92.11 95.20 77.69
Yes 7.89 4.80 22.31
History of Hypertension, % < 0.0001
No 66.90 72.02 43.03
Yes 33.10 27.98 56.97
History of Hypercholesterolemia % < 0.0001
No 29.56 31.67 19.73
Yes 70.44 68.33 80.27
MBB Index, % < 0.0001
0 22.31 20.32 31.59
1 29.23 27.16 38.90
2 24.88 26.38 17.89
3 17.63 19.10 10.74
4 5.95 7.04 0.88

Abbreviations: BMI: body mass index PIR: poverty to income ratio VA: vigorous activity MA: moderate activity MSA: muscle strengthening activities DM:
diabetes mellitus CVD: cardiovascular disease MBB: multi-behavioral balance index Statistical Methods: Continuous variables are presented as weighted
means =+ standard errors and compared using weighted linear regression. Categorical variables are presented as weighted percentages and compared using
chi-square tests.



Table 2. Logistic regression analysis of PA and the risk of ED, weighted.

Sexual Medicine, 2025, Vol 13, Issue 1

Model 1 Model 2 Model 3
OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

VA

No Reference — Reference — Reference —

Yes 0.33(0.27,0.41) <0.0001 0.48(0.38, 0.60) <0.0001 0.57(0.44,0.73) <0.001
MA

No Reference — Reference — Reference —

Yes 0.73(0.60,0.90)  0.004 0.93(0.75,1.17)  0.53 0.93(0.74,1.18)  0.53
MSA

No Reference — Reference — Reference —

Yes 0.45(0.36,0.55)  <0.0001 0.66(0.52,0.85)  0.003 0.69(0.52,0.92)  0.02
Walked or bicycled

No Reference — Reference — Reference —

Yes 0.63(0.49,0.82) 0.001 0.73(0.56, 0.94) 0.02 0.79(0.61,1.02) 0.07
MBB index

0 Reference — Reference — Reference —

1 0.92(0.71,1.19)  0.52 1.07(0.80,1.44)  0.61 1.12(0.81,1.54)  0.44

2 0.44(0.32,0.60)  <0.0001 0.61(0.42,0.88)  0.01 0.65(0.43,0.97)  0.04

3&4 0.29(0.21,0.40) <0.0001 0.52(0.37,0.73) <0.001 0.61(0.41,0.90) 0.02

P for trend <0.0001 <0.0001 0.003

Abbreviations: VA: vigorous activity MA: moderate activity MSA: muscle strengthening activities MBB: multi-behavioral balance index BMI: body mass
index PIR: poverty to income ratio DM: diabetes mellitus CVD: cardiovascular disease OR: odds ratio CI: confidence interval Statistical Methods: Model 1
includes only the exposure variables. Model 2 adjusts for age, ethnicity, marital status, education level, and PIR. Model 3 further adjusts for BMI, smoking
status, alcohol intake, and history of DM, CVD, hypertension, and hypercholesterolemia.

Exposure OR®95% CI) P value
VA !

No | reference

Yes — 0.57 (0.44 t0 0.73)  <0.001
MA i

No E reference

Yes —— 0.93 (0.74t0 1.18)  0.53
MSA

No ' reference

Yes ._._.E 0.69 (0.52t0 0.92)  0.02
‘Walked or bicycled |

No E reference

Yes —— 0.79 (0.61 to 1.02)  0.07
MBB index

0 | reference

1 l—a—o—i 1.12 (0.81to 1.54) 0.44

2 —— 0.65(0.43t00.97) 0.04

3&4 —— 0.61 (0.41t0 0.90) 0.02

0 0.5 1 1.5

Figure 2. Logistic regression analysis of the association between various
types of PA and the risk of ED in Model 3, weighted. Adjustments in
Model 3 include age, ethnicity, marital status, education level, PIR, BMI,
smoking status, alcohol intake, and history of DM, CVD, hypertension,
and hypercholesterolemia. VA: Vigorous activity, MA: Moderate activity,
MSA: Muscle strengthening activities, MBB: Multi-Behavioral balance
index, BMI: Body mass index, PIR: Poverty to income ratio, DM: Diabetes
mellitus, CVD: Cardiovascular disease, OR: Odds ratio, Cl: Confidence
interval.

significant across all models. For an MBB index of 2, the OR in
Model 3 was 0.70 (95% CI: 0.51-0.98, P = 0.04). For an MBB
index of 3 or 4, the OR in Model 3 was 0.62 (95% CI: 0.44-
0.88,P=0.01). These results indicate that while PA improves
mild to moderate ED, it may not be sufficient to reduce the
risk of severe ED.

Discussion

To our knowledge, this is the first study to use the MBB index
to explore the combined effect of PA on ED using a nationally
representative sample of U.S. men. Our results indicate that
an increased MBB index is associated with a lower risk of ED.
However, this relationship becomes insignificant in subgroups
with high BMI, current smokers, and those with comor-
bid DM, hypertension, or hypercholesterolemia. Furthermore,
when a stricter definition of ED is applied, the association
between the MBB index and ED also loses significance. This
suggests that while the MBB index is a beneficial option for
improving erectile function in patients with mild to moderate
ED, it may not provide clinically meaningful improvement for
those with severe ED when used alone.

Sedentary behavior is currently recognized as an important
risk factor for ED. A study on patients with type 2 DM found
that prolonged sedentary behavior (at least 9 hours per day)
was closely associated with the risk of severe ED, with an OR
of 1.84 (95% CI: 1.06-3.33).2* Moreover, a recent Mendelian
randomization study also demonstrated a significant asso-
ciation between prolonged sedentary behavior and the risk
of ED (OR=3.57; 95%CI=1.78-7.16; P < 0.001).25 These
findings naturally shift the focus of clinical prevention of ED
towards PA. Multiple studies have confirmed that exercise
can reduce the risk of ED, leading to recommendations for
increased physical activity as a preventive measure. A recent
meta-analysis further demonstrated that aerobic exercise can
improve the IIEF-EF scores in patients with mild, moderate,
and severe ED.2° In our study, we used the MBB index to
represent the cumulative effect of various PA. A high MBB
index indicates a high level of PA, which is associated with a
reduced risk of ED. These results collectively suggest that PA
is beneficial for reducing the risk of ED and is advantageous
for lowering the future incidence of ED.

When examining the relationship between individual types
of PA and ED, our study found that not all types of PA
are associated with a reduced risk of ED. VA significantly
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Table 3. Subgroup analyses of MBB index and ED risk, weighted.

Subgroup MBB index P for trend P for
0 1 3 384 interaction

Age, % 0.26
<40y Reference 0.80(0.36, 1.76) 0.77(0.30, 1.97) 0.66(0.25,1.74) 0.39
> 40y Reference  1.18(0.87,1.59)  0.61(0.41,0.93)  0.58(0.36,0.92)  0.002

BMLI, % 0.22
<25 kg/m? Reference  0.81(0.44,1.49)  0.46(0.22,0.98)  0.37(0.18,0.76)  0.01
>25 kg/m? and < 30 kg/m? Reference  1.07(0.68,1.69)  0.56(0.36,0.88)  0.60(0.35,1.03)  0.01
> 30 kg/m? Reference  1.45(0.83,2.52)  0.88(0.48,1.63)  0.84(0.38,1.89)  0.40

Smoking, % 0.07
Never Reference 2.73(1.59, 4.67) 1.04(0.48, 2.22) 1.11(0.57, 2.16) 0.28
Former Reference  0.67(0.44,1.03)  0.53(0.29,0.97)  0.48(0.25,0.92)  0.01
Now Reference 1.04(0.59,1.84) 0.66(0.30,1.45) 0.55(0.23,1.35) 0.15

History of DM, % 0.87
No Reference 1.21(0.79,1.85) 0.69(0.42,1.13) 0.63(0.40,1.01) 0.01
Yes Reference  0.91(0.47,1.76)  0.53(0.21,1.35)  0.69(0.27,1.80)  0.09

History of CVD, % 0.18
No Reference 1.05(0.76,1.46) 0.67(0.45,1.01) 0.62(0.42,0.92) 0.01
Yes Reference  1.86(0.75,4.63)  0.52(0.20,1.35)  0.52(0.21,1.31)  0.04

History of Hypertension, % 0.06
No Reference  0.92(0.55,1.55)  0.54(0.30,0.96)  0.41(0.22,0.75)  0.002
Yes Reference  1.41(0.94,2.12)  0.71(0.41,1.24)  0.92(0.52,1.64)  0.23

History of Hypercholesterolemia % 0.94
No Reference  1.13(0.79,1.61)  0.66(0.43,1.01)  0.58(0.36,0.94)  0.003
Yes Reference 1.12(0.59, 2.13) 0.61(0.24,1.57) 0.67(0.28, 1.64) 0.21

Abbreviations: BMI: body mass index PIR: poverty to income ratio DM: diabetes mellitus CVD: cardiovascular disease MBB: multi-behavioral balance index
OR: odds ratio CI: confidence interval Statistical Methods: Subgroup analyses adjusted for all variables in Model 3 except the grouping variable itself, including
age, ethnicity, marital status, education level, PIR, BMI, smoking status, alcohol intake, and history of DM, CVD, hypertension, and hypercholesterolemia.

Table 4. Sensitivity analysis of the association between MBB index and ED risk, weighted.

Model 1 Model 2 Model 3
OR (95%ClI) P value OR (95%ClI) P value OR (95%ClI) P value
Sensitivity analysis_1st
MBB index
0 Reference — Reference — Reference —
1 0.96(0.64,1.42) 0.82 1.13(0.73, 1.74) 0.56 1.20(0.75,1.93) 0.41
2 0.53(0.33,0.86) 0.01 0.82(0.47,1.43) 0.46 0.90(0.51,1.60) 0.69
384 0.27(0.16,0.45) <0.0001 0.58(0.32, 1.04) 0.07 0.70(0.35,1.40) 0.27
P for trend <0.0001 0.071 0.235
Sensitivity analysis_2nd
MBB index
0 Reference — Reference — Reference —
1 0.83(0.65,1.05) 0.12 0.94(0.73,1.23) 0.66 0.98(0.75,1.27) 0.84
2 0.50(0.39,0.64) <0.0001 0.65(0.48,0.88) 0.01 0.70(0.51,0.98) 0.04
384 0.34(0.26,0.44) <0.0001 0.53(0.39,0.71) <0.001 0.62(0.44,0.88) 0.01
P for trend <0.0001 <0.0001 0.005

Abbreviations: MBB: multi-behavioral balance index BMI: body mass index PIR: poverty to income ratio DM: diabetes mellitus CVD: cardiovascular disease
OR: odds ratio CI: confidence interval Statistical Methods: 1st Sensitivity Analysis: This analysis uses a stricter definition of ED, examining the risk reduction
associated with the MBB index. 2nd Sensitivity Analysis: This analysis employs a more lenient definition of ED, assessing the risk reduction associated with
the MBB index. Model 1 includes only the exposure variables. Model 2 adjusts for age, ethnicity, marital status, education level, and PIR. Model 3 further
adjusts for BMI, smoking status, alcohol intake, and history of DM, CVD, hypertension, and hypercholesterolemia.

reduced the risk of ED with an OR of 0.57 (95% CI: 0.44 to
0.73, P <0.001), which is consistent with previous research.
A large-scale population-based study indicated that high-
intensity PA effectively reduces the risk of ED, reporting an
OR of 0.50 (95% CI: 0.29 to 0.86, P=0.045).2” In addition,
we found that MSA also reduce the risk of ED, with an OR of
0.69 (95% CI: 0.52 to 0.92, P=0.02). However, we did not
find a significant association between MA and ED risk. This
finding contradicts previous studies where MVPA was shown
to reduce the risk of ED.?® We believe this discrepancy may be
due to the potential underestimation of ED incidence when

diagnosed based on a single PA type, leading to a negative
result. Currently, the relationship between cycling and ED
remains inconsistent. A large meta-analysis that synthesized
six studies found that cyclists had significantly higher odds of
having ED (OR: 2.00, 95% CI: 1.57 to 2.55).2° The study
suggested that prolonged cycling might place pressure on
the perineal region, potentially damaging the perineal nerves
and arteries, leading to ED.>’ However, other studies have
indicated that cycling, like other forms of intense exercise,
can reduce the risk of ED.3! In our study, we did not find
a significant relationship between cycling and ED. This may



be due to our combination of walking and cycling into a
single category, which could have diluted the specific impact
of cycling on ED. These inconsistent results highlight the need
for further research to clarify the relationship between cycling
and ED. Overall, our study provides a clearer understanding
of how different types of PA are associated with ED risk,
which can help patients make informed choices and assist
physicians in making personalized exercise recommendations.
Future studies should focus on refining the diagnostic criteria
and exploring the effects of different types of PA on ED to
provide more definitive conclusions.

In our sensitivity analysis, when we included a stricter
definition of ED, referred to as severe ED, a high MBB index
no longer reduced the risk of ED. This indicates that for
severe ED, PA alone may not mitigate the risk. A review
also pointed out that in populations with concurrent low
testosterone levels, exercise can improve erectile function but
requires adjunctive pharmacological intervention for better
therapeutic outcomes.'* Thus, the clinical advantages of PA
for ED are not limited to enhancing erectile function but also
extend to augmenting the efficacy of pharmacotherapy. These
findings underscore the importance of a multifaceted treat-
ment approach for severe ED, integrating PA with medical
treatments to achieve optimal results. This holistic strategy
ensures that patients benefit from the synergistic effects of
lifestyle modifications and pharmacotherapy, thereby improv-
ing overall treatment outcomes for ED.

When considering the mechanisms by which PA reduces the
risk of ED, PA can directly reduce systemic inflammation and
improve endothelial cell function, which are crucial factors
in promoting erections.’>>3 Additionally, exercise improves
metabolic health.>* Our study shows that even if VA cannot
be performed, combining other types of PA is still significant
for enhancing erectile function. This finding can help physi-
cians make precise clinical decisions for patients, providing
them with tailored exercise recommendations to maximize the
benefits of PA.

Current guidelines for patients with ED often recommend
aerobic exercise and moderate-to-vigorous intensity PA.'°
However, not all patients are free from exercise contraindica-
tions, particularly those with CVD.!* Our study suggests that
it is not only vigorous intensity exercise that can reduce the
risk of ED. When the combined exercise modes result in an
MBB index of 2 or higher, the risk of ED can also be reduced.
This finding provides practical clinical value. Urologists and
andrologists can recommend combined exercise modes based
on a patient’s exercise risk assessment to maximize the ben-
efits of PA. However, our subgroup and sensitivity analyses
also indicate that for patients with severe ED or those with
comorbid hyperlipidemia, CVD, or other conditions causing
significant penile vascular damage, PA alone may not achieve
clinical benefits.>*>3¢ In such cases, additional pharmacolog-
ical interventions are necessary to provide the best outcomes
for these patients.

This study is the first to systematically evaluate the rela-
tionship between PA and the risk of ED using the MBB index
with a representative sample of the U.S. population. The use
of NHANES data ensures the quality and comprehensiveness
of the sample, enhancing the robustness and reliability of our
findings through complicated statistical methods. However,
every study has limitations that need to be acknowledged.
Firstly, the assessment of PA and ED in our study was based
on self-reported questionnaires, which are subject to recall
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bias and social desirability bias. Secondly, the cross-sectional
design of our study limits our ability to infer causality between
PA and ED. Thirdly, although we included as many covariates
as possible, certain factors such as medication history and
psychological status could not be included in the analysis
due to database limitations. Therefore, future studies with
more complex designs and larger sample sizes are necessary to
confirm our results and expand the precise clinical application
of PA in the prevention and management of ED.

Conclusion

Our study indicates that not all individual PA can reduce the
risk of EDj; only VA and MSA are effective. However, a higher
MBB index, reflecting a combination of various PA types,
is beneficial for maintaining erectile function. These findings
suggest that patients can reduce their risk of ED and improve
their erectile function by choosing a combination of different
PA modes tailored to their circumstances. Nonetheless, more
rigorously designed studies with larger sample sizes are neces-
sary in the future to validate our conclusions.
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