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Abstract
Premature ejaculation and erectile dysfunction are prevalent male sexual dysfunctions worldwide, causing signi�cant distress for men and their partners, as
well as resulting in reduced quality and stability of romantic relationships. We aimed to investigate how physical activity in free time was associated with
self-reported interoceptive awareness and autonomic nervous system reactivity during sex as well as with premature ejaculation and erectile dysfunction.
The sample of 1976 Chinese urban men aged 18 to 50 (M = 31.5 years, SD = 5.3), responded to a questionnaire on two online survey platforms. Participants
reported their age, height, and weight, and �lled out the Physical Activity Questionnaire, the Body Perception Questionnaire Short Form adapted for sexual
events, the Multidimensional Assessment of Interoceptive Awareness, the International Index of Erectile Function-5, and the Checklist for Early Ejaculation
Symptoms. Results indicated that more physical activity was associated with more self-reported parasympathetic activity during sex, better interoceptive
awareness, and fewer premature ejaculation and erectile problems. The associations between more physical activity and fewer premature ejaculation and
erectile problems were mediated by more parasympathetic reactivity during sex and more interoceptive awareness. The present study was the �rst to
investigate the associations between physical activity, autonomic activity, interoceptive awareness, and sexual dysfunction. More physical activity was
associated with better erectile function and ejaculation control through heightened interoceptive awareness and better sympathovagal balance during
sexual activity. This suggests that physical exercise may enhance sexual function through both psychological and physiological pathways.

Introduction
Normal male sexual function includes the physiological processes of erection, orgasm, and ejaculation (1). Premature ejaculation (PE) and erectile
dysfunction (ED) are prevalent sexual dysfunctions globally and lead to a range of negative outcomes for men and their partners. More physical activity,
better autonomic nervous system reactivity, and better interoceptive awareness have been associated with fewer PE problems (2). However, few studies
have explored the associations between these variables simultaneously. Therefore, we aimed to investigate the association and potential mediation effects
between physical activity, autonomic nervous system reactivity, interoceptive awareness, and both PE and ED.

PE and ED

PE refers to the inability to control or delay the timing of ejaculation also with a short intravaginal ejaculation latency time (i.e., the time between when
penetrating the vagina and ejaculating) which also leads to subjective distress (3,4). Almost 3% of men ful�ll the above criteria including shorter than one
minute of intravaginal ejaculation latency time (3). A range of negative psychological outcomes occur in men with PE and their female partners, including
men’s lower self-con�dence (5) and self-esteem (5,6), higher anxiety and depression (7) and interpersonal di�culties (5,8,9), their female partners’ lower
relationship and sexual satisfaction (5,10) including an increased prevalence of sexual dysfunctions (5,10). In addition, PE problems were reported to be the
main reason for one in �ve women to break up or divorce men in a large cross-cultural study (11). 

ED refers to the inability to attain or maintain an erection su�cient for satisfactory sexual intercourse (12). The prevalence of ED varied from 35% to 45% in
Chinese samples (13,14). ED also leads to negative outcomes for men, for example, lower self-esteem, more depression, and lower sexual
satisfaction (15,16). In addition, several studies have revealed that men with ED have an increased risk of PE (17–19). The underlying mechanism may be
the association between the autonomic nervous system and both erection and ejaculation processes (1).

Sympathovagal Imbalance Hypothesis

The understanding of the etiology of PE is limited (1). Although the autonomic nervous system mechanism of the male sexual response is not entirely clear,
the balance and appropriate timing between the sympathetic and parasympathetic nervous systems seem crucial for a well-functioning sexual
response (1). During the erection phase, �rst, while sympathetic activity decreases, parasympathetic activity has the dominating role in inducing the
relaxation of muscles that otherwise constrict the �ow of blood into the penis, enabling an erection (1). Then, in the ejaculation phase, the sympathetic
nervous system has the dominating role, facilitating the emission of seminal �uid (1). 

A few preliminary studies suggest sympathovagal imbalance may have a role in PE (20,21). Sympathovagal imbalance refers to an autonomic state of
sympathetic overactivation which is associated with a higher risk of stress, cardiac morbidity, mortality (22), and psychopathology (23). Men with PE may
have higher levels of sympathetic activation than men with normal sexual function in non-aroused (21,24) and aroused (25) settings. In addition, compared
with men without PE, men with PE displayed lower levels of parasympathetic activity and a higher sympathetic/parasympathetic ratio which is an indicator
of sympathovagal balance in a 24-hour heart rate monitoring examination (20). More importantly, a sympathetic/parasympathetic ratio greater than 2.7
may serve as a predictive indicator for PE with high sensitivity (20). Therefore, we assumed that sympathovagal imbalance during sexual activity might
have a role in the causation of PE.

Physical Activity

Physical activity has been associated with fewer PE symptoms (26,27). Previous studies have demonstrated that multiple physical exercises can alleviate
PE symptoms, for example, yoga and running (28–30). For example, men with lifelong PE have reported a longer intravaginal ejaculation latency time after
undergoing moderate physical exercise training (running for 30 minutes) �ve times a week for thirty days compared with before the intervention and a sham
(walking for 30 minutes) group (29). 

A possible underlying mechanism may be that physical exercise positively affects sympathovagal balance (31,32). Brenner and colleagues (2020) found
that a 12-week period of low-intensity exercise (pain-free walking) enhanced autonomic nervous system regulation compared to a control group in patients
with peripheral artery disease (33). This intervention resulted in increased parasympathetic activity and decreased sympathetic activity which indicates
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improved sympathovagal balance (33). In addition, another study found that 20 minutes of high-intensity interval training (HIIT) - consisting of repeated
high-intensity exercises separated by short recovery interval periods - for two weeks improved sympathovagal balance in physically active men (34). A
recent study found that seven minutes of HIIT for two weeks improved ejaculation control for men with PE (35). Also, this study found that higher heart rate
increases during exercise were associated with more decrease in PE symptoms (35). We, therefore, expected autonomic nervous system activity during sex
to potentially mediate the relationship between physical activity and ejaculation control.

Importantly, more frequent participation in physical activity has also been associated with less erectile dysfunction (36,37). Based on the dominating role of
parasympathetic activity in enabling penile erection, we also expected that autonomic activity during sex may mediate the relationship between physical
activity and erectile function.

Interoceptive Awareness

Interoception refers to sensing internal signals from the body, including physical aspects such as the heartbeat, breathing rate, temperature, pain, and other
somatic feelings (38,39). Interoception is crucial for maintaining bodily homeostasis (38,39), regulating emotion, and memory (40), and developing the
sense of the self (41). The bidirectional communication between the central nervous systems, autonomic nervous systems, and the other internal tissues of
the body generates interoception (38,39,42). Sympathovagal balance may play some role in the neural circuits of interoception, for example, the vagus
nervus serves as a prominent conduit for interoceptive signals, predominantly functioning as an afferent pathway that conveys information from bodily
interoceptors (43). Additionally, the vagus nerve plays a role (43). 

Interoceptive awareness refers to the individual’s ability to perceive, identify, and appropriately respond to internal signals from the entire body (44,45).
Previous studies have shown that individuals with higher interoceptive awareness tend to have better emotion regulation (41,46). In addition, a study
indicated that less interoceptive awareness was associated with more di�culty delaying ejaculation (2). However, to our best knowledge, previous studies
have not found any signi�cant association between interoceptive awareness and erectile function (2). Therefore, we hypothesized that less interoceptive
awareness would be associated with more PE symptoms and just explored the association between interoceptive awareness and ED symptoms.
Furthermore, physical exercise may enhance interoceptive accuracy (47) which refers to the accuracy of perception or detection of interoceptive
signals (48) and is closely associated with interoceptive awareness (49). Considering the association between physical exercise and ejaculative control, we
explored if interoceptive awareness would mediate the association between physical activity and PE and ED symptoms.

Body awareness refers to the sensitivity to internal bodily signals from body functions (50). According to the de�nition of interoceptive awareness, body
awareness seems to be part of it. However, one previous study found no signi�cant association between body awareness and interoception accuracy (48).
Therefore, we only explored the association between body awareness, physical activity, and PE and ED symptoms.

Hypotheses

We expected that more physical activity would be associated with fewer PE and erectile problems (Hypothesis 1). We expected that more participation in
physical activity would be associated with more parasympathetic activity during sex (Hypothesis 2) which in turn would be associated with fewer PE and
erectile problems (Hypothesis 3). We also expected that more physical activity would be associated with heightened interoceptive awareness (Hypothesis 4)
which in turn would be associated with fewer PE problems (Hypothesis 5).

Material and Methods

Participants
We recruited adult men who lived in Shanghai, China, to participate in the study. In total, 2051 participants gave their informed consent and �lled out an
online survey via two online survey platforms. The �nal sample included 1976 participants who were aged from 18 to 50 (M = 31.5, SD = 5.3) and who
reported that their biological sex at birth was male (n = 2048), they were only sexually attracted to women (n = 1998), had a stable sexual partner (n = 1985),
and their sexual identity was straight (n = 1976). Our initial focus was to investigate the PE and ED in straight men with female partners excluding gay men.
This decision was considering that, in Chinese context, men attracted to the same sex are likely to engage in a sexual relationship with women which may
affect their sexual arousal and introduce a confounding factor (51).

Measures

Demographic Information
Initially, participants were instructed to report their age, height, weight, assigned sex at birth, sexual identity, and if they had a stable sexual partner or not.
Participants also were instructed to indicate their sexual identity with the response options including “straight, gay, bisexual, asexual, and unsure” and the
sex of the persons they were attracted to with response options including “men, women, both, neither, unsure”.

Physical Activity Questionnaire
Physical Activity Questionnaire was used to measure participants’ level of physical activity in their free time for the frequency, duration, intensity, and overall
length of a series of physical activities (52). Each item was rated on a 5-point Likert scale ranging from 1 to 5. In the present study, we included three sets of
four questions. Each set of questions consisted of inquiries about the frequency, duration, intensity, and overall length of cardiovascular exercise, resistance
exercise, and �exibility exercise, respectively. An example item was “How intensely do you participate in cardiovascular exercise?” with the response options
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ranging from 1 = very light to 5 = very hard. For example, participants who engaged in two types of physical activity (i.e., cardiovascular and resistance
exercises) would answer questions including the frequency, duration, intensity, and overall length of the cardiovascular and resistance exercises,
respectively. We calculated summary scores according to the original instructions (52). First, we added the score of the frequency, duration, intensity, and
overall length to get a sum score for the cardiovascular and resistance exercises. Then, we calculated the mean score of the two types of physical activity.
Finally, we multiplied the previous mean score by “4” which is the score for the options that participants engaged in two types of physical activity in the �rst
question. Higher values indicated a higher level of physical activity.

Body Perception Questionnaire-Short Form (BPQ-SF)
The 46 items of the BPQ-SF (53) were used to measure three subscales: body awareness (Cronbach’s alpha = .904; 26 items), supradiaphragmatic
(Cronbach’s alpha = .882; 12 items) and subdiaphragmatic reactivity (Cronbach’s alpha = .838; 5 items). In this study, participants answered this
questionnaire in relation to when they had sexual activity. The instruction was: “When I am about to have sex and/or during sex, I usually experience…”. For
this reason, we deleted four questions that were unlikely to occur in association with sexual activity: “When I am eating, I have di�culty talking”, “When I eat,
food feels dry and sticks to my mouth and throat”, “When I eat, I have di�culty coordinating swallowing, chewing, and/or suck with breathing”, “After eating
I have digestive problems”. The body awareness subscale (e.g., “An urge to cough or clear my throat”) measured sensitivity for internal bodily signals
emanating from bodily functions (50). The supradiaphragmatic (e.g., “When I breathe, I feel like I cannot get enough oxygen”) and subdiaphragmatic (e.g., “I
have ‘sour’ stomach”) reactivity subscales measure the response of autonomically-innervated organs above or gastrointestinal organs below the diaphragm
associated with two distinct circuits (ventral vagal complex and dorsal vagal complex) in the parasympathetic nervous system (50, 53, 54). Therefore, the
supradiaphragmatic and subdiaphragmatic reactivity subscales are assumed to measure parasympathetic nervous system reactivity (50, 53, 54). The items
were evaluated on a 5-point, bipolar, Likert scale ranging from 1 = never to 5 = always. Higher subscale values indicated more sensitivity for internal bodily
functions or more parasympathetic reactivity during sex. A previous study has shown that the BPQ-SF demonstrates good reliability and validity among
Chinese college students (54).

Multidimensional Assessment of Interoceptive Awareness (MAIA)
The multidimensional assessment of interoceptive awareness was used to measure interoceptive awareness (45, 55). The subscales of noticing
(Cronbach’s alpha = .811; 4 items), not-worrying (Cronbach’s alpha = .194; 3 items), self-regulation (Cronbach’s alpha = .844; 4 items), and body listening
(Cronbach’s alpha = .849; 3 items) were used in this study. We only measured three items of the not-worrying subscale after deleting questions including “I
can stay calm and not worry when I have feelings of discomfort or pain” and “When I am in discomfort or pain I can’t get it out of my mind” which are
unlikely to be related to sexual activity. The mean of the subscale items formed the score for each subscale. The noticing subscale (e.g., “When I am tense, I
notice where the tension is located in my body”) assessed the awareness of neutral, (un)comfortable body feelings (45). The not-worrying subscale (e.g.,
“When I feel overwhelmed, I can �nd a calm place inside”) assessed the ability not to experience emotional distress with uncomfortable physical feelings
(45). The self-regulation subscale (e.g., “I listen for information from my body about my emotional state”) assessed the ability to regulate distress by
focusing on the body's feelings (45). The body listening subscale assessed the tendency to listen to the information from the insight body (45). The
response options were from 0 = never to 5 = Always. Higher subscale values indicated better interoceptive awareness.

Checklist for Early Ejaculation Symptoms (CHEES)
The 5-item diagnostic tool CHEES, which was derived from three earlier ejaculation diagnostic tools with improved validity, was used to measure the PE
symptoms (56). The sum of the �ve items was calculated for each participant, with each item being rated on a 5-point Likert scale ranging from 1 to 5. An
example item is: “Over the past six months, was your control over ejaculation during sexual intercourse:” The response options were from 1 = very good to 5 
= very poor. In the present study, Cronbach’s α was .776. The higher value indicated more PE problems.

In addition, for assessing the individual’s control of ejaculation without relationship factors, we used the sum score of the three items: “Was your control
over ejaculation during this sexual intercourse?”, “Did you ejaculate with very little stimulation?”, “During this penile-vaginal sexual intercourse, how much
time elapsed between when you �rst entered your partner vaginally with your penis and when you �rst ejaculated?” to form a new variable “Control
Problems”. Higher values indicated more ejaculation control problems.

International Index of Erectile Function-5 (IIEF-5)
The 5-item version IIEF (57) was used to measure ED which was developed from the 15-item version (58). The sum of the �ve items was calculated for each
participant, with each item being rated on a 5-point Likert scale ranging from 1 to 5. An example item is: “When you had erections with sexual stimulation,
how often were your erections hard enough for penetration?”. The response options were from 1 = almost never/never to 5 = almost always/always. In the
present study, Cronbach’s α was .784 for these items. Higher values indicated better erectile function.

Procedure
We created questionnaires on two Chinese online survey platforms: WJX (https://www.wjx.cn) and CREDAMO (https://www.credamo.com). Both platforms
sent a link to the questionnaire to the potential men aged 18–50 years old and currently living in Shanghai in the two online survey platforms. The potential
participants who were interested in participating could click the survey link. Upon clicking the link, they would read the consent form online and decide
whether they participated in the study. If they agree, they click the “Yes, I agree to participate (and con�rm that I am eligible for this study)” option.
Institutional Review Board reviewed and approved the present study. In accordance with the internal processes of the two platforms, participants who
completed the survey on WJX received a payment ranging from 4 to 7 RMB, while those who completed the survey on CREDAMO received 12.5 RMB for
their participation. In total, 1055 participants on WJX and 996 participants on CREDAMO completed the survey.
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Participants on CREDAMO had higher age (t(1974) = 6.394, p < .001) and lower BMI (t(1973) = -7.659, p < .001) than those on WJX. For this reason and also
because age and BMI (Body Mass Index, which is commonly used to assess the level of fat accumulation in adults, is de�ned as a person's weight in
kilograms divided by the square of their height in meters) have been found to be associated with sexual dysfunction variables (18, 59), we included these
variables as covariates in the regression analyses.

Statistical analyses
We used SPSS 27.0 and Mplus 8.1 to conduct the data analyses.

First, we conducted Harman's single-factor test for Common Method Variance (CMV) in SPSS to test the common method variance of the BPQ-SF and the
MAIA. The result indicated that the total variance for a single factor is less than 50% (MAIA: 43.085%; BPQ-SF: 33.509%) which means the common method
variance did not affect the data.

Then, we used SPSS to conduct a bivariate Pearson correlation analysis to explore the association between age, BMI, body awareness, parasympathetic
reactivity, interoceptive awareness, physical activity, CHEES, IIEF, and Control Problems.

Next, we used Mplus to conduct the Bootstrap with 1000 replication to explore the indirect effect between physical activity and CHEES, IIEF via body
awareness, parasympathetic reactivity, and interoceptive awareness before and after controlling for age and BMI and to test the structural regression model.
We evaluated model �t by the Chi-square test (χ2), a root mean square error of approximation (RMSEA), a comparative �t index (CFI), Tucker-Lewis index
(TLI), and a standardized root mean square residual (SRMR) (60, 61).

Finally, we conducted the Bootstrap with 1000 replication in Mplus to explore the indirect effect between physical activity and Control Problems, IIEF via
body awareness, parasympathetic reactivity, and interoceptive awareness before and after controlling for age and BMI and to test the structural regression
model in Mplus.

Results
Table 1 shows the relationships between age, BMI, physical activity, body awareness during sex, supradiaphragmatic and subdiaphragmatic reactivity
during sex, interoceptive awareness, CHEES, IIEF, and Control Problems. Results showed that more physical activity was associated with fewer PE and
erectile problems and fewer ejaculation control problems. More physical activity was associated with more supradiaphragmatic and subdiaphragmatic
reactivity during sex and a higher level of noticing, not-worrying, self-regulation, and body listening. More supradiaphragmatic reactivity during sex was
associated with more PE problems. More supradiaphragmatic and subdiaphragmatic reactivity during sex were associated with more erectile problems.
Greater noticing, not-worrying, self-regulation, and body listening were associated with fewer PE and erectile problems and fewer ejaculation control
problems. 

                                                              [Table 1 near here]

Table 2 shows the direct effects of physical activity on body awareness, supradiaphragmatic and subdiaphragmatic reactivity, and interoceptive awareness,
and the direct effect of body awareness, supradiaphragmatic and subdiaphragmatic reactivity, and interoceptive awareness on PE and erectile problems,
ejaculation control problems. Table 3 shows the indirect effects of physical activity on PE and erectile problems and ejaculation control problems. Figure 1
shows the mediating effects of body awareness, supradiaphragmatic and subdiaphragmatic reactivity on the relationship between physical activity and PE
and erectile problems, and ejaculation control problems. The model �t indicators showed a good �t (RMSEA < .08, CFI > 0.95, SRMR < .05). Values of the
model �t indicators included a χ2 = 68.291/,68.558, df = 6, p-value < .001, an RMSEA = 0.073/0.073, [90 % C.I. = 0.058/0.058, 0.088/0.089], a CFI =
0.988/0.987, a TLI = 0.949/0.947, and a SRMR = 0.035/0.035.

The mediation model showed that more physical activity was associated with more supradiaphragmatic reactivity (β = .051, p = .008) which was in turn
associated with fewer PE problems (β = -.127, p = .008) and ejaculation control problems (β = -.129, p = .003). The direct effects of physical activity on PE (β
= -.319, p < .001) and ejaculation control problems (β = -.320, p < .001), and erectile function (β = .255, p < .001) were signi�cant. The indirect effect of
physical activity on PE problems and ejaculation control problems was also signi�cant. 

[Table 2 near here]

 [Table 3 near here]

 [Figure 1 near here]

Figure 2 shows the mediation effect of interoceptive awareness on the relationship between physical activity in free time and PE and erectile problems, and
ejaculation control problems. The model �t indicators showed a good �t (RMSEA < .08, CFI/TLI > 0.95, SRMR < .05). Values of the model �t indicators
included a χ2 = 48.825/53.055, df = 8, p-value < .001, an RMSEA = 0.051/0.053, [90 % C.I. = 0.038/0.040, 0.065/0.067], a CFI = 0.992/0.990, a TLI =
0.965/0.958, and a SRMR = 0.027/0.028.

The mediation model indicated that more physical activity was associated with a higher level of noticing (β = .369, p < .001), not-worrying (β = .129, p <
.001), self-regulation (β = .398, p < .001), and body listening (β = .439, p < .001).
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A higher level of not-worrying (β = -.245, p < .001; β = -.179, p < .001) and self-regulation (β = -.203, p < .001; β = -.269, p < .001), and body listening (β = -.118,
p = .001; β = -.006, p = .953) were associated with fewer PE problems and ejaculation control problems. The direct effects of physical activity on PE (β =
-.162, p < .001) and ejaculation control problems (β = -.181, p < .001) were signi�cant. Results revealed signi�cant indirect effects of physical activity on PE
problems via not-worrying, self-regulation, and body listening, on ejaculation control problems via not-worrying and self-regulation.

A higher level of noticing (β = .095, p = .001), not-worrying (β = .141, p < .001), and self-regulation (β = .166, p < .001) were associated with fewer erectile
problems. The direct effect of physical activity on erectile function (β = .110, p < .001) was signi�cant. Results indicated signi�cant indirect effects of
physical activity on erectile function via noticing, not-worrying, and self-regulation.

[Figure 2 near here]

Discussion
The present study investigated the association and the potential mediation between physical activity in free time, body awareness during sex,
parasympathetic activity during sex, interoceptive awareness, PE, and ED. First, as expected, the association between more physical activity, better erectile
function (36), better ejaculation control (27), more parasympathetic activity during sex (2, 34), and better interoceptive awareness (2) were consistent with
previous studies (Hypothesis 1, 2, 4). The correlation results revealed more physical activity in free time was associated with fewer PE symptoms (better
ejaculation control) and better erectile function (Hypothesis 1), more parasympathetic activity (speci�cally supradiaphragmatic reactivity) during sex
(Hypothesis 2), greater interoceptive awareness (Hypothesis 4). In contrast with our hypothesis, the bivariate correlation analysis revealed a weak negative
association between more parasympathetic activity during sex and more PE and ED symptoms. However, these results might be due to suppression effects,
since the multivariate mediation model showed that parasympathetic activity was associated with lower levels of PE and ED symptoms (Hypothesis 3).
Second, as expected, the mediation models indicated that more physical activity in free time was associated with more parasympathetic reactivity during
sex (Hypothesis 2) which in turn was associated with fewer PE symptoms and better ejaculation control (Hypothesis 3).

According to the role of the autonomic nervous system in male sexual response, during the erection phase, the parasympathetic nervous system enables
penile erection (1). More parasympathetic activity may lead to a better erection and a harder penis which may also give the man an experience of a positive
feedback loop during sex. After the erection phase, sympathetic activity increases with the sexual excitation increase, and parasympathetic activity
decreases. More parasympathetic activity may inhibit the increase of the sympathetic activity which could delay the sympathetic activity reaching the
ejaculation threshold and may be helpful for ejaculation control. In addition, this positive feedback due to the su�cient penile erection may lead to less
sexual performance anxiety which in turn is associated with better ejaculation control (62). The association between erectile function and ejaculation
control also may give some supporting pieces of evidence supporting the feedback loop between erection and ejaculation control during sex. The mediation
model also suggested that more physical activity in free time more parasympathetic activity during sex which may calm down the sympathetic activity and
improve the sympathovagal balance during sex (33, 34) which in turn improves ejaculation control.

The mediation models also indicated that more physical activity in free time was associated with heightened interoceptive awareness (Hypothesis 4) which
in turn was associated with fewer PE symptoms and better ejaculation control (Hypothesis 5). The association between greater interoceptive awareness
and better ejaculation control was consistent with the previous study (2). The present study �rst found the association between greater interoceptive
awareness and better erectile function and ejaculation control simultaneously. These models are the �rst to show that the association of more physical
activity in free time for the better control of ejaculation and better erectile function may be underpinned by both physiological and psychological
mechanisms.

Interestingly, in the mediation model, more physical activity was associated with the noticing and body listening ability of interoceptive awareness which in
turn seemed to be separately associated with erectile function and ejaculation control. Noticing re�ects the ability to notice the body's sensations (45). We
considered that more physical activity may lead to better awareness of the sexual bodily sensations during the erection phase which in turn may enhance
sexual excitability and enable better penis erection, probably the sexual desire increase when individuals notice the hard penis or other body reactions which
will give a positive feedback loop during sex. Body listening, on the other hand, re�ects the tendency to actively perceive and process information from the
body for insight (45). More physical activity may lead to a better capacity to attentively listen to insightful bodily cues and signals for ejaculation control
before the ejaculation phase (i.e., individuals know how close they are to the ejaculation threshold, and take the necessary action to stop themselves from
ejaculating before they want to).

As expected more physical activity in free time was associated with better interoceptive awareness which in turn was associated with better erectile
function and ejaculation control, especially for the not-worrying and self-regulation which indicated individuals’ ability to regular the negative mood by
translating the attention from the mood self to the body sensation (45). Therefore, we considered that individuals with a higher ability to regularize the
negative mood may also have a higher ability to regularize the attention to sexual excitability and body sensation during sex. In particular, during partner
sex, individuals can focus on the sexual excitability during the erection phase and translate the attention partly from the sexual excitability to the body's
feelings during the ejaculation phase (41). Therefore, the underlying mechanism would be that more physical activity increases regular attention and
awareness of body sensations (47). During partner sex, individuals can enhance their erection by focusing on sexual excitability during the erection and
decrease sexual stimulation by changing the location of genital contact. However, more research was needed to investigate the effect of different
interoceptive awareness on the male sexual response.

Limitations and Future Directions
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The present study had several limitations. First, the autonomic nervous system reactivity during sex was measured by self-report without using
physiological measurement given that it would not be practically feasible with this large sample size. While the measure has been validated (63), future
studies should use more direct measurement indices, for example, electrodermal activity and heart rate variability. Second, the age of the sample was
relatively young. Future studies should recruit participants from a wider range of ages. Last but not least, the present study was cross-sectional which
precludes causal inference. Further studies should include physical exercise intervention experiments and investigate the change in sexual function and
mediating variables during the intervention.

Conclusions
The mediation model suggested the association of more physical activity with the better erectile function and ejaculation control may be mediated by better
sympathovagal balance during sexual activity and interoceptive awareness. This suggested that physical exercise may effectively enhance sexual function
through both psychological and physiological pathways.
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Tables
Table 1

Description and Correlations between Age, BMI, Body Awareness, Parasympathetic Reactivity, Interoceptive Awareness, Physical Activity, and Sexual
Dysfunction.
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1 2 3 4 5 6 7 8 9 10 11 12 13

1. CHEES

(Premature
Ejaculation)

2. IIEF-5 (Erectile
Function)

-.580**

3. Control Problems .920** -.560**

4. Age -.076** .056* -.039

5. BMI .077** -.121** .071** .037

6. Physical Activity -.327** .258** -.331** .112** -.041

7. Body Awareness .164** -.173** .106** -.137** -.007 .019

8.
Supradiaphragmatic

.061** -.102** .015 -.092** -.070** .052* .816**

9.
Subdiaphragmatic

.026 -.085** -.001 -.085** -.025 .049* .649** .757**

10. Noticing -.249** .275** -.270** .103** -.057* .369** -.019 .001 .016

11. Not-worrying -.295** .171** -.235** .039 .013 .129** -.188** -.098** -.042 -.045*

12. Self-regulation -.386** .336** -.388** .146** -.074** .398** .070** .128** .134** .629** .112**

13. Body Listening -.359** .307** -.366** .102** -.109** .440** .111** .193** .184** .618** .056* .752**

N 1976 1976 1796 1976 1975 1976 1976 1976 1976 1976 1976 1976 1976

Mean 9.396 21.826 5.896 31.543 24.555 33.161 49.497 19.089 7.539 3.031 2.502 3.313 3.156

SD 2.800 2.592 1.740 5.259 5.635 11.825 12.894 6.655 3.133 0.985 0.792 0.959 1.107

Note.Higher values of CHEES suggest more premature ejaculation problems. Higher values of IIEF-5 suggest better erectile function. *p< .05,**p< .01.

Table 2

Direct Effects of Physical Activity on Body Awareness, Parasympathetic Reactivity and Interoceptive Awareness and Direct Effects of Body Awareness,
Parasympathetic Reactivity and Interoceptive Awareness on Sexual Dysfunctions Before and After Controlling for Age and BMI.
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 Physical Activity (Independent)

(Free Time)

 CHEES (Dependent)

(Premature Ejaculation)

 IIEF-5 (Dependent)

(Erectile Function)

 Control Problems (Dependent)

(Ejaculation Control)

Variables β SE p  β SE p  β SE p  β SE p

Before Controlling                

Body Awareness .019 .021 .373  .326 .040 < .001  -.249 .041 < .001  .234 .048 < .001

Supradiaphragmatic .052 .019 .007  -.140 .046 .002  .091 .050 .068  -.136 .045 .002

Subdiaphragmatic .049 .021 .019  -.063 .021 .061  -.005 .039 .904  -.042 .033 .213

Noticing .369 .021 < .001  .003 .029 .908  .094 .029 .001  -.037 .035 .292

Not-worrying .129 .024 < .001  -.244 .022 < .001  .139 .024 < .001  -.178 .022 < .001

Self-regulation .398 .021 < .001  -.204 .037 < .001  .166 .035 < .001  -.264 .064 < .001

Body Listening .440 .020 < .001  -.123 .033 < .001  .069 .036 .056  -.011 .100 .911

After Controlling                

Body Awareness .018 .021 .400  .315 .040 < .001  -.232 .039 < .001  .231 .047 < .001

Supradiaphragmatic .051 .019 .008  -.127 .048 .008  .066 .049 .179  -.129 .044 .003

Subdiaphragmatic .049 .021 .017  -.067 .035 .058  .001 .039 .981  -.043 .033 .194

Noticing .369 .021 < .001  .003 .029 .921  .095 .029 .001  -.038 .035 .277

Not-worrying .129 .023 < .001  -.245 .021 < .001  .141 .025 < .001  -.179 .022 < .001

Self-regulation .398 .022 < .001  -.203 .036 < .001  .166 .038 < .001  -.269 .064 < .001

Body Listening .439 .020 < .001  -.118 .034 .001  .057 .037 .124  -.006 .100 .953

Note. Higher values of CHEES suggest more premature ejaculation problems. Higher values of IIEF-5 suggest fewer erectile problems.

Table 3

Indirect Effects of Physical Activity on Sexual Dysfunction via Body Awareness, Parasympathetic Reactivity and Interoceptive Awareness.

 CHEES

(Premature Ejaculation)

 IIEF-5

(Erectile Function)

 Control Problems

(Ejaculation Control)

 Indirect Effect SE 95% CI  Indirect Effect SE 95%CI  Indirect Effect SE 95% CI

Body Awareness .006 .007 -.008, .019  -.004 .005 -.014, .005  .004 .005 -.005, .014

Supradiaphragmatic -.007 .004 -.015, -.001  .003 .003 -.001, .011  -.007 .003 -.014, -.001

Subdiaphragmatic -.003 .002 -.008, 0  0 .002 -.005, .004  -.002 .002 -.006, .001

Noticing .001 .011 -.020, .021  .035 .011 .014, .057  -.014 .013 -.040, .011

Not-worrying -.032 .006 -.045, -.021  .018 .004 .010, .027  -.023 .005 -.034, -.014

Self-regulation -.081 .015 -.112, -.055  .066 .016 .037, .097  -.107 .026 -.160, -.061

Body Listening -.052 .015 -.081, -.023  .025 .016 -.006, .059  -.003 .043 -.073, .077

Note. Higher values of CHEES suggest more premature ejaculation problems. Higher values of IIEF-5 suggest fewer erectile problems. The signi�cant
indirect effects are shown in bold.

Figures
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Figure 1

Mediation Effects of Body Awareness and Parasympathetic Reactivity during Sex on the Association between Physical Activity and Sexual Dysfunction.

Note. Higher values of CHEES suggest more premature ejaculation problems. Higher values of IIEF-5 suggest fewer erectile problems. The parameter
estimates before and after the slash (/) means the scale of CHEES and Control Problems. The direct effects of physical activity on the CHEES/Control
Problems and IIEF were signi�cant.

Figure 2

Mediation Effects of Interoceptive Awareness on the Relationship between Physical Activity and Sexual Dysfunction.

Note. Higher values of CHEES suggest more premature ejaculation problems. Higher values of IIEF-5 suggest fewer erectile problems. The parameter
estimates before and after the slash (/) means the scale of CHEES and Control Problems. The direct effects of physical activity on the CHEES/Control
Problems and IIEF were signi�cant.


