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ABSTRACT 

EFFECT OF A 2-WEEK RELAXING MUSIC INTERVENTION ON ANXIETY, STRESS, 

AND GUT SYMPTOMS IN AEROBIC EXERCISERS  

 

Halie Marisa Maass 

Old Dominion University, 2021 

Director: Dr. Patrick B. Wilson  

 

 

The purpose of this study was to determine the impact of a two-week relaxing music 

intervention on stress, anxiety, and gastrointestinal (GI) symptoms in exercisers with at least 

mild anxiety and exercise-related GI symptoms. Block randomization was used to allocate 15 

women and two men into control (n = 8) or intervention (n = 9) groups following a one-week 

baseline. During the baseline period, participants recorded details of their aerobic exercise 

sessions and discomfort with GI symptoms (nausea, regurgitation/reflux, stomach fullness, 

bloating, abdominal cramps, gas, the urge to defecate). Following randomization, both groups 

tracked these same details for two additional weeks. Intervention participants were tasked with 

listening to 30 minutes of relaxing music per day from five pre-selected playlists and record their 

adherence, engagement, and perceived relaxation. Pre- and post-intervention assessments 

included perceived stress scale (PSS-14), general anxiety disorder questionnaire (GAD-7), and 

visceral sensitivity index (VSI) scores. PSS-14, GAD-7, and VSI scores were normally 

distributed, so a mixed ANOVA analysis was used to compare time, group, and time x group 

effects, and effect sizes were reported as partial eta squared (ηp2). Significance was set at p < 

0.05. Participants in the music group reported that they found the intervention to be relaxing and 

engaging on a 1-10-scale (Engagement = 7.3±0.9; Perceived Relaxation = 7.2±1.5). No 

statistically significant group, time, or interaction effects were found for GI symptoms at rest, 



 

exercise-related GI symptoms, and PSS-14, GAD-7, or VSI scores. Considering resting 

GI symptoms, the effect size for a time x group interaction was large (ηp2 = 0.198). Resting GI 

scores went from 25.6±10.9 to 20.4±10.5 in the music group, compared to from 15.0±14.3 to 

15.1±12.1 in the control group. Other notable effect sizes include time effects for resting GI 

symptoms (ηp2 = 0.183), exercise-related upper GI symptoms (ηp2 = 0.151), and PSS-14 scores 

(ηp2 = 0.146), all of which indicate potential pre-to-post reductions. Given the relatively high 

ratings of relaxation and engagement reported with the intervention and the observed effect sizes, 

further research is warranted on relaxing music as a means to reduce GI symptoms, anxiety, and 

stress in exercisers. 
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CHAPTER I 

INTRODUCTION  

Problem Description  

 Although some previous research has observed the phenomena of experiencing 

gastrointestinal (GI) symptoms while exercising amongst athletic populations, many of these 

studies have disagreed on the prevalence of symptoms, specific symptoms of interest, and the 

primary cause of these symptoms. It is unclear the exact portion of the exercising population that 

experiences GI symptoms, with reviews reporting wide ranges of 30-70% among literature due 

to differences in symptoms tracked and the type of athletes observed (De Oliveira et al., 2014). 

Suggested causes of GI symptoms during exercise are wide-ranging, with examples including 

mechanical jarring, changes in splanchnic blood flow during vigorous activity, overconsumption 

of carbohydrates (CHO), and dehydration (Joyner & Casey, 2015; Ho, 2009; O’Brien & 

Rowlands, 2011). It is evident that the issue of experiencing GI symptoms while exercising is 

multifactorial, but one potential factor that has not been widely researched is the relationship of 

stress or anxiety and GI symptoms in populations that regularly train and exercise.  

 Stress and anxiety have previously been linked to exacerbated GI symptoms in 

populations diagnosed with chronic GI disorders. This previous research includes the finding that 

there appears to be a positive relationship between GI symptoms and increased levels of stress or 

anxiety in people with irritable bowel syndrome (IBS) (Jerndal et al., 2010). Additionally, 

previous research has linked stress to GI symptoms in college students (Norton et al., 1999). That 

being said, few articles to date have explored the link of GI symptoms and stress/anxiety in 

exercising populations. Previous studies that have observed this link were observational in 

nature, meaning that cause-and-effect relationships cannot be established with a high degree of 
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certainty (Wilson, 2018; Wilson, 2019; Wilson et al., 2020). Thus, additional work—particularly 

experimental research—is needed on stress/anxiety, GI symptoms, and regular participation in 

exercise.  

 One potential intervention that could help to reduce anxiety and GI symptoms in regular 

exercisers is relaxing music. Indeed, several studies have shown that listening to relaxing music 

over several weeks can reduce anxiety, though these studies were done in populations such as 

elderly subjects or pregnant women (Chang et al., 2007; Costa et al., 2018; Elliot et al., 2014; 

Linnemann et al., 2015). On a mechanistic level, relaxing music may activate the 

parasympathetic nervous system and/or decrease sympathetic drive (Mojtabavi et al., 2020), 

which, in theory, could normalize GI function in people who tend to suffer from chronic 

elevations in stress or anxiety.   

 This will be the first study, to our knowledge, to attempt to use a relaxing music 

intervention to alleviate GI symptoms that are potentially caused or exacerbated by stress or 

anxiety in a population of habitual exercisers. Previous research suggests the potential for using 

relaxing music interventions to reduce stress and, in turn, decrease GI symptoms if anxiety/stress 

is a risk factor for experiencing symptoms in aerobic exercising populations.   

Statement of Purpose 

 The purpose of this study is to determine the impacts of a two-week relaxing music 

listening intervention on symptoms of anxiety, stress, and GI distress in individuals who perform 

a minimum of 120 minutes of structured aerobic exercise weekly.  
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Significance of Study  

The significance of this study is to provide a potential method of alleviating GI symptoms 

proposed to be linked to feelings of stress or anxiety in individuals who perform aerobic 

exercise.  

Research Hypothesis  

 Individuals using a two-week relaxing music intervention consisting of 30 minutes of 

daily music listening are hypothesized to experience decreases in stress, anxiety, and exercise-

related GI symptoms as compared to individuals in a control group. 

Variables  

Independent Variables  

 The independent variable in this study was the addition of a 30-minute relaxing music 

intervention to an individual’s daily routine over a two-week period.  

Dependent Variables  

 The dependent variables in this study include levels of anxiety, stress, visceral sensitivity, 

and GI symptoms experienced by participants.  

Limitations  

 This study will be performed virtually, and participants will not be observed while 

completing their daily music listening regimen. Participants will be completing daily symptom 

tracking and activity journals on the honor system without the researchers being able to confirm 

the reported experiences.  

Delimitations 

 This study will only include individuals 18 years or older reporting at least mild anxiety 

and who experience GI symptoms at least occasionally during aerobic exercise. Additionally, 
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any individuals prescribed psychotropic medications will not be included if they have not been 

on a stable medication dose and regimen for a minimum of three months prior to enrollment in 

the study.  

Operational Definitions  

● Structured aerobic exercise: performing planned aerobic exercise such as cycling, 

running, HIIT, elliptical, rowing, swimming, etc.  

● GI symptoms: gut discomfort including GI cramps, urge to defecate, diarrhea, bloating, 

fullness, nausea, vomiting, belching, gas/flatulence, and reflux/heartburn. 
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CHAPTER II 

LITERATURE REVIEW 

Exercise and the Gastrointestinal Tract  

 It has been widely studied that participation in exercise can cause GI symptoms such as 

nausea, belching, abdominal cramps, urge to defecate, flatulence, diarrhea, vomiting, heartburn, 

and reflux (Steege et al., 2012; De Oliveira et al., 2014). These gut symptoms have been 

commonly reported in endurance athletes, with runners being noted as one of the groups that are 

most frequently affected (Ho, 2009; De Oliveira et al., 2014). Peters et al. (1999) directly 

compared reported symptoms among runners, cyclists, and triathletes while also considering the 

potential causes of said symptoms. The results of this research suggested that runners and 

triathletes reported a greater amount of lower GI symptoms (stomach cramps, urge to defecate, 

diarrhea, bloating) during running while cyclists and triathletes exhibited a higher prevalence of 

upper GI symptoms (nausea, belching, heartburn) when cycling (Peters et al., 1999). These 

findings point to the role that mode of exercise may have in causing symptoms when observing 

multiple endurance activities. Overall, it is accepted that aspects of exercise and, in particular, 

aerobic training, produce gut symptoms, but the exact modality or interaction of factors causing 

symptoms has not been agreed upon in previous literature.  

 While the question of what causes GI symptoms is a multifactorial issue for athletes, 

previous research has primarily focused on physiological and nutritional factors. From a 

physiological perspective, exercise causes a redistribution of blood flow away from the 

splanchnic bed toward the more metabolically active skeletal muscle. These changes in blood 

flow are most pronounced with vigorous exercise (Joyner & Casey, 2015), which may help 

explain the higher incidence of certain gut symptoms during intense training and competition. 
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The main underlying mechanism involved in this blood flow redistribution is the activation of 

the sympathetic nervous system (Joyner & Casey, 2015). Ho (2009) did acknowledge that, 

among several factors including exercise intensity and hydration status, psychological stress also 

plays a role in activating the sympathetic nervous system, which directly impacts gut function. 

Although this article notes the potential for stress to interact with gut function, it does not further 

explore the concept and primarily discusses vigorous exercise, dehydration, mechanical jostling, 

nutritional factors, and supplementation as factors for GI distress during athletic performance 

(Ho, 2009).  

Of the studied GI-symptom modifiers, nutritional factors have perhaps received the most 

attention in the literature to date. Indeed, the intake of certain foods and nutrients has been 

associated with a greater incidence and/or severity of GI symptoms in several observational 

studies of endurance athletes (Pfeiffer et al., 2012; Rehrer et al., 1992; Wilson et al., 2015; 

Wilson, 2016). In a 2016 study, for example, Wilson found a positive correlation between the 

number of kilocalories and carbohydrates consumed and upper GI symptoms in the cycling 

portion of a triathlon when consumed on the day of the event (Wilson, 2016). This finding 

suggests that meal timing, size, and macronutrient composition may impact gut symptoms in 

endurance athletes. Conversely, a 2018 study of recreational marathon runners did not find a 

correlation between nutritional intake and GI symptoms during a marathon, and the authors 

attributed this finding to the relatively short duration of the event (Pugh et al., 2018). 

Interestingly, both Wilson (2016) and Pugh et al. (2018) found that a history of GI symptoms 

before an athletic event was related to experiencing symptoms during the triathlon and marathon, 

respectively.  
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Research has also demonstrated the impact of carbohydrate (CHO) intake for 

performance enhancement on gut function and symptoms in endurance athletes. One study, for 

example, noted that the ratio of glucose-to-fructose that is ingested during exercise impacts GI 

discomfort when endurance athletes consume more than 50-60 grams of CHO per hour (O’Brien 

& Rowlands, 2011). A later study by Wilson and Ingraham (2015) supported this finding when 

subjecting endurance runners to glucose-only and glucose-fructose supplements, and it has also 

been found that consumption of a mixed-saccharide supplement improves performance over 

ingestion of single-saccharide supplements (Triplett et al., 2010). It is evident that the type and 

quantity of CHO consumed when performing aerobic exercise can significantly impact gut 

discomfort.  

Fluid intake has also previously been shown to have significant impacts on GI discomfort 

and symptoms. In a study comparing fluid intake based on thirst and programmed fluid intake, it 

was found that drinking in excess of thirst was not beneficial to endurance athletes (Dion et al., 

2013). An additional study subjected participants to various amounts of a carbohydrate-

electrolyte beverage and found that gut discomfort was increased when individuals were 

expected to meet a prescribed intake of fluid (Rollo et al., 2012). Aside from studying the 

impacts of large amounts of CHO and fluid on gut comfort, previous research has also explored 

the ability to train one’s gut to withstand higher amount of CHO and fluid. One such study found 

that two weeks of gut training with carbohydrate gel discs and carbohydrate food sources 

improved both GI symptoms and performance in runners when compared with individuals taking 

a placebo (Costa et al., 2016). Improved tolerance to fluid intake has also been previously 

observed. Lambert et al. (2008) found that stomach comfort was improved after repeated 

sessions of consuming fluid at a given rate, though rates of gastric emptying were unaffected by 
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fluid training. These studies suggest that consuming large amounts of CHO or fluid can increase 

gut discomfort, but gut training has the potential to moderately improve these symptoms.    

It is important to consider additional causes of GI symptoms which are not limited to 

those already mentioned. Gut bacteria have also been considered as possible contributors to 

runners experiencing symptoms, but Schommer, Bärtsch, and Sauer (2011) found that 

overgrowth of bacteria in the small intestine was not a factor when observing distance runners 

complaining of gut symptoms. In the previously mentioned study by Peters et al. (1999), the 

prevalence of lower gut symptoms was suggested to be caused primarily by mechanical 

bouncing during running while upper gut symptoms were associated with the tilted forward 

position of cyclists when biking. This study also reported a higher occurrence of GI symptoms in 

cyclists compared to runners and triathletes, which the authors attributed to the longer duration 

of cycling events and younger athletes causing an age-effect within their sample (Peters et al., 

1999). Lastly, several studies have found that younger age, female sex, and less training 

experience are predictive of experiencing more frequent or worse GI symptoms during exercise 

(Keeffe et al., 1984; Riddoch & Trinick, 1988; Wilson, 2018). For women, a higher incidence of 

certain GI symptoms has also been observed in the general population (Haug et al., 2002) and 

may, in part, be due to sex differences in GI motility and transit time (Rao et al., 2009).   

 Previous research has noted the relationship between participating in exercise and 

experiencing potentially adverse gut symptoms, but it is also necessary to consider the positive 

impact of exercise on the GI tract. Several reviews have weighed the potential risks and benefits 

of participating in exercise for the GI tract (Bi & Triadafilopoulos, 2003; De Oliveira & Burini, 

2009; Peters et al., 2001; Simren, 2002). In their review of the literature, Bi and Triadafilopoulos 

(2003) found that regular engagement in light-to-moderate exercise can decrease the risk of 
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diseases such as inflammatory bowel disease or liver disease as well as colon cancer, but acute 

vigorous exercise may cause the previously mentioned GI symptoms, though these issues are 

most prominent during and immediately after exercise. Peters et al. (2001) and Simren (2002) 

also came to similar conclusions. Thus, it is possible to conclude that, despite its potential long-

term health benefits, vigorous exercise like running may negatively impact the gut (at least 

transiently) and is characterized by the presence of GI distress in some people.   

Stress, Anxiety, and Gut Symptoms  

 Stress and anxiety have also been linked to GI symptoms in both non-athlete and athlete 

populations. Several studies, for instance, have exhibited the impacts of stress, anxiety, or 

depression on gut function or the risk of GI diseases such IBS (Chang, 2011; Jerndal et al., 2010; 

Norton et al., 1999). Based on the finding that 70% of young adults in America and Sweden 

exhibit symptoms of function GI disorders, Norton et al. (1999) sought to determine if anxiety 

and depression were correlated with the symptoms experienced for this population. The authors 

did find that symptoms of anxiety and depression were correlated with GI symptoms in college 

students (Norton et al., 1999). Much like the occurrence of GI symptoms in runners, it has been 

stated that the symptoms associated with IBS have multifactorial causes (Jerndal et al., 2010). 

Jerndal et al. (2010) found that stress related to or caused by the presence of GI symptoms was 

the best indicator of the presence and extent of GI symptoms. This finding poses interesting 

implications, as it considers the potential for stress related to GI dysfunction as a driving factor 

for symptoms as opposed to general anxiety or stress. Lastly, Chang (2011) noted that previous 

studies have found that stress is both a possible driving force for developing IBS and an agitator 

of the condition, manifested by increases in the severity of GI symptoms experienced by 

individuals with and without dysfunction. In sum, it is evident that the occurrence of stress, 
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anxiety, or depression often coincides with an individual suffering from GI symptoms or, in 

more severe cases, disorder or disease.  

Gil et al. (1998) also explored colonic motility during exercise, diet, and stress as 

potentially impacting GI symptoms in runners, noting that previous research connects stress to 

gut symptoms but not to those in runners. There are still few research studies to date considering 

the relationship between stress and gut symptoms in individuals performing aerobic exercise. 

One pre-existing study which observed the relationship between gut symptoms and anxiety/stress 

in runners found that they were slightly correlated (Wilson, 2018). Subsequent studies have also 

confirmed these modest associations between anxiety and GI disturbances in endurance athletes 

(Wilson, 2020; Wilson et al., 2020). These results do not confirm a causal relationship between 

stress or anxiety and GI symptoms in regular exercisers, but they do suggest a need for further 

research and the consideration of life stressors as a driving force behind gut symptoms in this 

population.   

In response to the link between anxiety and GI symptoms, some researchers have sought 

to alleviate symptoms through mindfulness programming (Kearney et al., 2011). Implementing a 

mindfulness-based stress reduction (MBSR) program, Kearney et al. (2011) found that 

participants exhibited a decrease in anxiety related to their GI symptoms and had improved 

quality of life. This suggests that psychological interventions may have potential to improve GI 

symptoms and bolsters the idea that there is a deep connection between one’s psychological state 

and the function of their GI tract. Indeed, a 2014 meta-analysis of mindfulness interventions in 

people with functional gut disorders found significant improvements in symptoms and quality of 

life (Aucoin et al., 2014). 
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Wilson et al. (2020) observed the relationship between anxiety, stress, and GI symptoms 

during endurance races and determined that stress and anxiety were related to GI symptoms. 

Furthermore, they found that “state” anxiety, or temporary anxiety brought forth at a particular 

time, was most highly related to the occurrence of GI symptoms in the recreational endurance 

athletes included in their study (Wilson et al., 2020). This finding suggests that event anxiety 

could be a driving factor for GI symptoms during athletic competition. Overall, there is an 

abundance of evidence showing that stress, anxiety, and/or depression are directly related to GI 

symptoms or, in some cases, dysfunction and disease, but there is lack of research interpreting 

the effects of this relationship in athletic populations. More importantly, there is currently no 

experimental research in highly physically active populations that has attempted to reduce GI 

symptoms through interventions that target stress and anxiety.  

Music Therapy  

 Given that elevations in stress and anxiety are linked to a higher incidence of GI 

disturbances, there has been a growing interest in evaluating interventions that aim to reduce 

anxiety and stress as a means to improve GI function. One such strategy, music therapy or 

listening to “relaxing” music, has been used in a variety of scenarios to reduce stress or anxiety. 

Specifically, it has been studied as an intervention for psychological health benefits in pregnant 

women, older adults in care facilities, in sports, and in daily life (Chang et al., 2008; Costa et al., 

2018; Elliot et al., 2014; Linnemann et al., 2015). The methods and outcome measures were not 

consistent across these studies intending to improve psychological health, making it necessary to 

analyze their results to determine the best methods to apply to future populations.  

 First, two studies observed the impacts of implementing relaxing music interventions on 

stress and anxiety among other factors. Chang et al. (2008) provided four pre-selected music 
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options lasting 30 minutes each and had women in their experimental group choose one of the 

four selections to listen to daily for a two-week period. Observing self-reported stress, anxiety, 

depression, the researchers found that the intervention reduced all three factors in pregnant 

women (Chang et al., 2008). Liu et al. (2015) also provided prerecorded music options and 

allowed their participants to select which to listen to for 30 minutes at bedtime daily for two 

weeks. In this study, the researchers found that stress and anxiety were reduced in pregnant 

women and sleep quality was improved following their two-week intervention (Liu et al., 2015). 

The results from these two studies suggest that individuals experiencing moderate-to-high 

psychological stress or anxiety, in this case pregnant women, can benefit from two weeks of 

listening to relaxing music for a minimum of 30 minutes daily.  

 Additional research has focused on the implementation of self-selected music in 

potentially improving depression, anxiety, and pain in older adults living in a care facility (Costa 

et al., 2018). After a three-week, 30-minute per day music-listening intervention, the researchers 

concluded that the participants had a greater reduction in depression and anxiety than pain (Costa 

et al., 2018). Further research also implemented music listening for stress reduction in daily life 

(Linnemann et al., 2015; Raglio et al., 2019). In contrast to the previously mentioned studies, 

Linnemann et al. (2015) did not require participants to listen to music for a set period of time 

daily and found that participants chose to listen to less music when exposed to more stressful 

situations. To further understand the importance of music selection, Raglio et al. (2019) 

prescribed 30 minutes of daily self-selected music listening for three weeks to one study group 

and two weeks of an algorithmically generated playlist for a second group with the hypothesized 

outcome of reducing work-related stress. The results of this study supported that daily music 

listening for relaxation decreases stress and that both music selections produced similar results 
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(Raglio et al., 2019). Lastly, music has also previously been used to mitigate anxiety derived 

from participation in a competitive situation (Elliot et al., 2014). While the researchers reported 

that the use of relaxing music in their intervention produced an anxiolytic effect, the competitive 

scenario was contrived and may have impacted the extent of competitive anxiety participants felt 

(Elliot et al., 2014). This suggests a need for further research regarding the use of music to 

decrease the impacts of competitive anxiety, preferably involving a real competition. Existing 

literature strongly shows that relaxing music interventions impact stress and anxiety and point to 

potential routes for future studies.  

Although the literature on the use of chronic music-listening interventions as a tool to 

manage anxiety is rather limited, a relatively large body of research exists on the acute effects of 

relaxing music on physiological stress markers. It has previously been confirmed that relaxing 

music has a significant impact on heart-rate variability and, thus, the cardio autonomic system 

(Mojtabavi et al., 2020). Additional research has found that music listening impacts both 

physiological and psychological factors. Music listening has been found to impact heart rate, 

blood pressure, and hormone levels, with the heart rate exhibiting the most significant impact 

(De Witte et al., 2020). Heart rate, blood pressure, and hormone levels are physiological markers 

of stress and the impact of music listening on these factors suggests a strong potential for 

improving the psychological factors of stress and anxiety as well.  

 In examining previous literature regarding the use of music therapy, it is important to 

consider the characteristics of the music selected for use in an intervention. Previous research 

suggests the use of music with a tempo of 60-80 beats per minute (BPM) to mimic the resting 

heart rate of most humans (Liu et al., 2015; Chang et al., 2008). Additionally, Elliot et al. (2011) 

researched which characteristics of music are revered as most anxiolytic. To avoid bias and 
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ensure replicability of research design, the research supported the use of researcher-selected 

music exhibiting a tempo of 80-100 bpm, simple melodies and rhythms, a 4/4 time signature, and 

could be described as “tranquil” among other features (Elliot et al., 2011). Portions of these 

suggestions have been adopted in various studies, which have found therapeutic music 

interventions to be anxiolytic or stress reducing, suggesting that they are a valid basis for 

selecting relaxing music. In support of these findings, Ooishi et al. (2017) described an increase 

in salivary oxytocin and decrease in cortisol, related with relaxation, when participants were 

asked to listen to slow-tempo piano music.  

The effect of relaxing music on different ages and genders has also been considered. Lee-

Harris et al. (2018) found that, when studying two age groups with various pieces of music, that 

older and younger adults did differ in their response to music. They also found that meditative 

binaural music (MBM) was not more effective at inducing relaxation than other genres typically 

used such as classical music. The results of Lee-Harris et al.’s study suggests that different ages 

may have different preferences for relaxing music and that music from multiple genres with 

similar characteristics can be equally effective for relaxation as opposed to one specific genre 

providing the greatest results (2018). Lastly, Knight& Rickard (2001) exhibited that both healthy 

men and women experience anxiolytic effects when listing to relaxing music but those with the 

greatest perceived stress experienced the largest reduction. It is likely that the amount of stress an 

individual is experiencing determines the extent of music therapy’s benefits as opposed to 

demographic characteristics. Previous literature has laid a concrete foundation for the selection 

of music in relaxing music interventions.  

 Amidst previous research on music therapy, one factor of this intervention method 

remains consistent throughout. Music therapy for relaxation is attractive for a wide variety of 
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scenarios because it is convenient to implement and does not pose major risks for side effects 

(Raglio et al., 2019). For this reason, music therapy has been used clinically and casually as a 

means of stress or anxiety reduction. Thus, it follows that this is an appropriate intervention as a 

potential treatment for additional populations who may suffer from anxiety, depression, or stress 

impacting their quality of life.   

Summary 

 Previous research has constructed a framework that GI symptoms impact a large portion 

of the athletic population and are most prevalent in endurance athletes such as distance runners. 

While literature agrees on the negative impact of GI distress on athletes, there is not a consensus 

regarding the exact cause or causes of GI symptoms in this population. Studies have researched 

the impacts of diet (e.g., Wilson, 2016), mechanical bouncing (Peters et al., 2001; Rehrer, 1991), 

and gut bacterial growth (Schommer et al., 2011) among a multitude of potential factors. In 

reality, it’s likely that, for many people who exercise habitually, exercise-associated GI distress 

is caused by a combination of factors.  

One factor lacking in the current literature is psychological health and its impacts on 

athletes’ gut function and symptomology. Three previous observational studies have considered 

the relationship of stress and anxiety with GI symptoms in endurance athletes and elucidated 

associations between these variables (Wilson, 2018; Wilson et al., 2020; Wilson, 2020). In 

addition, several other studies have reported that some endurance athletes believe that anxiety 

plays a role in their GI disturbances during exercise (Worobetz & Gerard, 1985; Sullivan, 1987; 

Sullivan & Wong, 1992). As such, there is reason to believe stress and anxiety may impact GI 

symptoms in endurance athletes and further research is needed to demonstrate this relationship 

and propose potential solutions for affected individuals.  
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 Although few studies have linked psychological distress and GI symptoms in athletes, 

numerous studies have observed the role stress and anxiety play in causing or exacerbating gut 

symptoms in other populations. Norton et al. (1999) linked the prevalence of GI symptoms in 

college students to stress and anxiety, and Chang et al. (2011) explained how stress can cause 

IBS and increase its severity in afflicted individuals. In response to this link between 

psychological distress and GI function, studies have sought relief for those affected through 

mindfulness programming (Kearney et al., 2011; Aucoin et al., 2014). Kearney et al. (2011) did 

find an improvement in GI related anxiety stemming from their intervention, suggesting that an 

intervention targeting psychological health could improve GI symptoms.  

 Lastly, a wide range of literature suggests the implementation of therapeutic or relaxing 

music interventions for the improvement of stress, anxiety, or depression. Several studies have 

shown the ability of relaxing music to decrease stress and anxiety in populations such as 

pregnant women (Chang et al., 2008; Liu et al., 2015), older adults (Costa et al., 2018), college 

students (Raglio et al., 2019), and healthy men and women (Knight & Rickard, 2001). Previous 

research has also established a foundation for the type of music and intervention which will yield 

improvements in stress and anxiety (Elliot et al., 2011). This wide application and availability of 

relaxing music interventions suggests their use could benefit additional populations suffering 

from stress and anxiety.  

 To date, there is no pre-existing research implementing the use of a relaxing music 

intervention to reduce the stress, anxiety, and GI symptoms in people who engage in aerobic 

exercise regularly. Based on previous literature, it follows that a relaxing music intervention has 

the potential to reduce stress or anxiety, thereby diminishing the GI symptoms that many aerobic 

exercisers reportedly experience.  
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CHAPTER III 

METHODS 

General Experimental Design 

 This study was a two-group randomized parallel trial and was not blinded due to the 

nature of the study. Due to the presence of the COVID-19 pandemic, this study was conducted 

virtually to ensure the safety of all subjects and researchers. Study instructions and materials 

were delivered virtually through email, video call, and Qualtrics.  

Participants 

 The sample of this study was comprised of individuals who regularly participated in 

structured aerobic exercise, had at least mild anxiety, and at least occasionally suffered from GI 

symptoms during exercise. Individuals were recruited via advertisements in online groups, 

distribution of flyers in gyms/stores specializing in recreation apparel/equipment, posts on social 

media, and information shared via endurance race organizers. Regular aerobic exercise was 

defined as participation in structured aerobic exercise (jogging, running, biking, elliptical, 

rowing, swimming, etc.) at a moderate intensity or greater for a minimum of 120 minutes per 

week. Inclusion criteria included:  

● being 18 years of age or older 

● meeting the 120-minute/week minimum requirement for structured aerobic exercise 

● having a General Anxiety Disorder (GAD)-7 score of 5 or more at baseline 

● having at least occasionally experienced GI symptoms during exercise over the past 

month 
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Exclusion criteria included individuals altering any treatments or medications for known 

conditions during the study period. Individuals taking psychotropic medications needed to be on 

a stable medication regimen for a minimum of three months prior to the study for inclusion. 

Individuals listening to music for the purpose of relaxation more than 60 minutes per week were 

also excluded. All participants were screened with a questionnaire regarding these inclusion and 

exclusion criteria before being permitted to enroll in the study. This protocol for this study was 

approved by the university Institutional Review Board (local board reference number: 20-209), 

and each participant signed an informed consent form before any data were collected.  

Experimental Procedures 

 Following recruitment, participants were block randomized into a control and 

experimental group. Block sizes of 2 and 4 were used, and sex-specific randomization lists were 

produced using the following website: https://www.sealedenvelope.com/simple-

randomiser/v1/lists. A person not involved in the data collection was asked to generate the lists 

and then fill sequentially labelled envelopes with the results which were opened at the time of 

randomization for each participant.  

The study period was approximately three weeks in length, with a one-week baseline 

tracking period followed by a two-week intervention period. Participants were asked to track 

their exercise and gut symptoms in a daily journal. Randomization occurred after the one-week 

baseline assessments.  

Experimental Group 

The first week of the study period served as an observation period of the participant’s baseline 

characteristics before introduction of the intervention. Beginning on the second week of the 

https://www.sealedenvelope.com/simple-randomiser/v1/lists
https://www.sealedenvelope.com/simple-randomiser/v1/lists
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study, participants assigned to the experimental group were asked to select and listen to at least 

thirty minutes of relaxing music daily from five pre-created playlists provided by the researchers 

via Youtube. The five 30-minute relaxing music playlists were based on previously described 

qualities that make music relaxing. These playlists differed in genre to allow the participants to 

select the music which appealed to them as most relaxing. Previous research has shown that self-

selection can be just as important as a song’s relaxing characteristics (Lee-Harris et al., 2018). 

Participants were asked to listen to one playlist each day for the entirety of weeks two and three 

of the study while continuing to complete their daily journals. Daily journals for the 

experimental group consisted of both an activity and GI symptom journal and a music 

intervention adherence and engagement journal. Participants were asked to report their 

engagement and their level of relaxation during each music listening session on a scale of 1-10.  

Control Group 

 For the three-week study duration, control participants were asked not to alter their 

normal daily routine. They were instructed to continue to complete their daily journals regarding 

physical activity and gut symptoms.  

Study Variables 

General Anxiety Disorder-7 (GAD-7) 

 The GAD-7 questionnaire contains seven questions regarding the frequency of anxiety 

symptoms experienced over the two weeks prior to completing the document. These questions 

are each ranked on a 0 – 4 scale with 0 representing “Not at All” and 4 representing “Nearly 

Every Day”. Scores on the GAD-7 are summed to provide the level of anxiety the person 

experienced over the previous two weeks. This questionnaire has been previously validated 
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(Johnson et al., 2019; Kertz et al., 2013; Spitzer et al., 2006). Participants were asked to 

complete the GAD-7 before and after the study period.  

Perceived Stress Scale-14 (PSS-14) 

 The PSS-14 consists of 14 questions regarding a person’s stressful feelings and thoughts 

over the month prior to completing the questionnaire. Participants were asked to complete the 

PSS-14 before and after the study period. For the post-study assessment, the instructions on the 

questionnaire were modified so that participants responded how they felt over the previous two 

weeks. The scale has been previously validated (Cohen et al., 1983; Lee, 2012).  

Visceral Sensitivity Index (VSI) 

 The VSI is a 15-item questionnaire regarding GI symptom-specific anxiety. Participants 

were asked to complete this questionnaire before and after the study period. This index has been 

previously validated and found to be reliable (Labus et al., 2004).  

GI Symptoms 

 Following each session of structured aerobic exercise, participants were asked to rate the 

overall level of discomfort they experienced for several symptoms (nausea, regurgitation/reflux, 

stomach fullness, bloating, abdominal cramps, gas, and urge to defecate) on a scale of 0 to 10. A 

“0” rating on this scale represented no discomfort while “10” represented unbearable discomfort. 

This rating system has previously been shown to be valid and reliable (Wilson, 2017).  

GI symptom ratings from each exercise session were summed to create total, upper, and 

lower GI symptom scores. Average total, upper, and lower GI symptom scores were calculated 

by summing scores from each exercise session and dividing them by the number of exercise 
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sessions over the tracking period. Scores from week 1 (pre-intervention) were compared to 

scores from week 3. 

Statistical Analyses 

Normality of the data was evaluated using the Shapiro-Wilks test along with visually 

inspecting histogram plots. Visual inspection of the distributions and tests for normality showed 

that the outcome data (PSS-14, GAD-7, VSI, GI scores) were normally distributed. Descriptive 

data for continuous data are presented as mean ± standard deviation (SD). 

 Since the outcome data were normally distributed, they were analyzed using Mixed 

ANOVA analysis that tested for group (music vs. control), time (pre vs. post), and group x time 

interaction effects. For participants who did not have complete data but who were randomized to 

one of the two groups, the last-observation-carried-forward method was used so that an 

intention-to-treat analysis could be carried out. In addition, a per-protocol analysis was carried 

out to evaluate whether the results were relatively consistent when only participants who 

completed the study measures were included.  

Version 27 of SPSS software (IBM Corporation, Armonk, NY, USA) was used to 

conduct the analyses, and a p-value of < 0.05 was used as the threshold for statistical 

significance.  
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CHAPTER IV 

RESULTS  

Subjects  

Twenty-four individuals were screened for eligibility to participate in this study, and 18 

individuals were ultimately consented. Figure 1 shows the distribution of these individuals 

between the control and intervention group.  

Figure 1  

CONSORT Flowchart of Participants.  

  
Assessed for eligibility (n = 24) 

Did not qualify or enroll (n = 6) 

• Did not meet inclusion criteria (n = 3) 

• Did not complete study enrollment (n = 3) 

Enrollment 

Randomized to control (n = 8) 

• Received allocated intervention (n = 8) 

• Did not receive allocated intervention 

(n = 0) 

Randomized to intervention (n = 9) 

• Received allocated intervention (n = 9) 

• Did not receive allocated intervention  

(n = 0) 

Lost to follow-up (n = 2) 

Withdrew voluntarily (n = 1)  

Completed intervention and follow-up  

(n = 5) 

Lost to follow-up (n = 1) 

Discontinued intervention (n = 0)  

Completed intervention and follow-up  

(n = 8) 

 

Follow-Up 

Analyzed (n = 8) 

Excluded from analysis (n = 0)  

Last observation carried forward (n = 3) 

Analyzed (n = 9) 

Excluded from analysis (n = 0)  

Last observation carried forward (n = 1) 

 

Analysis 

Randomization 

Randomized (n = 17) 

Consented (n = 18) 

Didn’t complete baseline 

measures (n = 1) 
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 Table 1 exhibits the characteristics of participants in both the music and control groups, 

including their age, height, mass, body mass index (BMI), employment status, presence of 

gastrointestinal condition, and treatment of any gastrointestinal conditions with medication. In 

addition, it also provides the number of aerobic sessions, rating of perceived exertion (RPE), and 

exercise duration at baseline. Although not subjected to statistical hypothesis testing, the groups 

appeared to be relatively well matched at baseline.   

Table 1  

Subject characteristics  

  Music  

(n = 9)  

Control   

(n = 8)  

Age (years)  39.4±4.00  35.6±2.4 

Height (cm)  168.5±3.3  171.2±3.3  

Mass (kg)  79.0±8.1   77.4±13.6  

BMI (kg/m2)  27.7±2.4  26.0±3.9  

Pre-Intervention Aerobic Sessions (#)  6.8±1.0 7.6±1.2 

Pre-Intervention Aerobic Session RPE (6-20)  14.0±0.8  13.7±0.7 

Pre-Intervention Aerobic Session Duration (min)  55.2±5.1   62.7±11.0  

% Female   88.9 87.5 

% Male   11.1  12.5 

% Employed   88.9 100.0  

% with Reported GI Condition   33.3 25.0  

% that Used Medications for GI-Symptom 

Management with Exercise  

  

 0.0 12.5 

BMI, body mass index; RPE, rating of perceived exertion. 
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Music Intervention  

 Individuals allocated into the intervention group were asked to record their adherence to 

daily music listening over two weeks as well as their perceived engagement in the task and the 

extent to which they found the task relaxing. Table 2 presents these results among participants 

who sent back a completed music journal (n = 8). Adherence to the intervention and ratings of 

engagement and relaxation suggest that relaxing music listening was a reasonable and tolerable 

activity.  

Table 2 

Music intervention adherence and reported experience 

Measure Average 

Number of music sessions (0-16) 14.25±1.58 

Engagement (1-10) 7.28±0.91 

Perceived relaxation (1-10) 7.15±1.53 

 

GI Symptoms, PSS-14, GAD-7, and VSI 

 Table 3 presents pre- and post-intervention averages for resting gastrointestinal 

symptoms, as well as total, upper, and lower GI symptoms during aerobic exercise, PSS-14 

scores, GAD-7 scores, and VSI scores for both the music and control groups. It also provides p-

values and Partial Eta Squared values for time, group, and time x group for the mentioned study 

variables. There were no statistically significant values for the variables measured within this 

study.  

 Partial Eta Squared (ηp
2) was included in our statistical analysis to provide additional 

insight on the changes observed in this study. This measure refers to effect size. When a result is 

not statistically significant based on p-value, effect size provides the magnitude of the difference 
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between two measures (Sullivan and Feinn, 2012). Resting GI symptoms, PSS-14 scores, GAD-7 

scores, and total GI during aerobic exercise did not show significant differences from beginning 

to end of this study, nor were they found to significantly differ between groups, but they did 

trend towards a significant decrease for the music intervention group. Partial eta squared (ηp
2) 

values of 0.01, 0.06, and 0.14 are often defined as small, medium, and large, respectively 

(Cohen, 1992). Considering resting GI symptoms, the effect size for a time x group interaction 

was large (ηp
2 = 0.198), suggesting a large difference how GI symptoms changed over time 

between the two groups. Specifically, resting GI scores went from 25.6±10.9 to 20.4±10.5 in the 

music group, which compares to a change from 15.0±14.3 to 15.1±12.1 in the control group. 

Other notable effect sizes found in Table 3 include the time effects for resting GI symptoms (ηp
2 

= 0.183), upper GI symptoms during aerobic exercise (ηp
2 = 0.151), and PSS-14 scores (ηp

2 = 

0.146), all of which indicate potential reductions in each measure over time. In addition, the 

group effect for PSS-14 data was ηp
2 = 0.204. These findings suggest that a larger sample size 

may have led to a statistically significant finding for the measures mentioned.   

 In Table 4, results for a per-protocol analysis are shown for comparison to the intention-

to-treat analysis. In general, the patterns in the means (SDs), p-values, and effect sizes are 

relatively similar.   
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Table 3   

Mixed ANOVA Results for the Intention-to-Treat Analysis  

Measure  Music  

(n=9)  

Control  

(n=8)  

Time Effect  

p value (ηp
2
)  

Group Effect  

p value (ηp
2
)  

Time*Group  

p value (ηp
2
)  

Resting GI (0-70)       0.087 (0.183)  0.18 (0.116)  0.073 (0.198)  

Pre  25.6±10.9   15.0±14.3         

Post  20.4±10.5   15.1±12.1        

Aerobic Total GI        0.549 (0.024)  0.240 (0.091)   0.540 (0.026)  

Pre  15.7±6.8   12.8±8.6         

Post  15.7±7.0   10.7±7.9        

Aerobic Upper GI        0.124 (0.151)  0.365 (0.055)   0.664 (0.013)  

Pre  8.9±4.8   6.8±3.3         

Post  7.8±5.0   6.2±3.7        

Aerobic Lower GI        0.907 (0.001)  0.362 (0.056)   0.336 (0.062)  

Pre  6.8±5.0   6.0±6.4         

Post  7.9±5.4   4.5±4.7        

PSS-14 (0-56)        0.130 (0.146)  0.069 (0.204)   0.466 (0.036)  

Pre  27.6±6.5   32.0±5.9         

Post  24.1±6.1   30.8±7.6        

GAD-7 (0-21)       0.522 (0.028)  0.261 (0.083)   0.522 (0.028)  

Pre  9.2±3.2   10.4±2.9         

Post  8.2±3.4   10.4±3.7        

VSI (15-90)⁑       0.275 (0.079)  0.268 (0.081)  0.436 (0.041)  

Pre  38.0±10.6   34.0±19.1         

Post  36.7±15.2   26.3±15.8        

GAD-7, general anxiety disorder-7; GI, gastrointestinal; PSS-14, perceived stress scale-14; VSI, visceral sensitivity 

index.  
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Table 4   

Mixed ANOVA Results for a Per-Protocol Analysis  

Measure  Music  

(n=6)  

Control  

(n=5)  

Time Effect  

p value (ηp
2
)  

Group Effect  

p value (ηp
2
)  

Time*Group  

p value (ηp
2
)  

Resting GI (0-70)       0.08 (0.302)  0.099 (0.273)  0.068 (0.324)  

Pre  29.3±8.2  15.6±12.0         

Post  21.7±10.1   15.8±6.1        

Aerobic Total GI†        0.481 (0.046)  0.267 (0.111)   0.475 (0.047)  

Pre  16.0±7.2  13.2±9.3         

Post  16.1±7.5 9.9±7.9        

Aerobic Upper GI†         0.142 (0.185)  0.334 (0.085)   0.874 (0.002)  

Pre  8.9±5.1   6.3±2.3         

Post  7.6±5.3   5.3±3.0        

Aerobic Lower GI†         0.774 (0.008)  0.480 (0.046)   0.328 (0.087)  

Pre  7.1±5.3   6.9±7.5         

Post  8.4±5.5   4.6±5.1        

PSS-14 (0-56)        0.141 (0.224) 0.071 (0.317)   0.494 (0.053)  

Pre  26.3±6.6   29.4±3.9         

Post  21.2±3.1  27.4±6.5        

GAD-7 (0-21)        0.550 (0.041) 0.340 (0.101)   0.550 (0.041)  

Pre  9.5±3.5   10.8±3.7         

Post  8.0±3.7   10.8±4.7        

VSI (15-90)⁑       0.276 (0.130)  0.605 (0.031)  0.424 (0.072)  

Pre  36.5±8.7   37.2±23.4         

Post  34.5±15.9   24.8±19.4        

GAD-7, general anxiety disorder-7; GI, gastrointestinal; PSS-14, perceived stress scale-14; VSI, visceral sensitivity 

index. †Sample sizes for the journal data were as follows: music, n = 8; control, n = 5. 
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CHAPTER V 

DISCUSSION 

 The purpose of this study was to determine the impact of a two-week relaxing music 

intervention on stress, anxiety, and gut symptoms in aerobic exercisers. Previous research has not 

explored the potential of music listening to decrease stress and anxiety in aerobic exercisers and, 

in turn, decrease these individuals’ gastrointestinal symptoms. This study hypothesized that a 

two-week relaxing music intervention would produce a decrease in stress, anxiety, and GI 

symptoms in aerobic exercisers. The following sections address the dependent variables 

measured in this research and whether the study’s hypothesis was supported.  

Gastrointestinal Symptoms 

 One primary focus of this research was the relationship between aerobic exercise, stress, 

anxiety, and gastrointestinal symptoms. Previous research has described the connection between 

the occurrence of GI symptoms including nausea, belching, abdominal cramps, urge to defecate, 

gas, and reflux, among others, during exercise (Steege et al., 2012; De Oliveira et al., 2014).  

Additionally, stress and anxiety have also been linked to the experience of gut symptoms in 

several populations (Chang, 2011; Jerndal et al., 2010; Norton et al., 1999). This research 

directly considered the relationship between stress, anxiety, and gut symptoms in regular aerobic 

exercisers.  

 Regarding GI symptoms at rest over the course of this study, no significant difference 

was found between or within the control and intervention groups. It should be noted that results 

from the time x group analysis trended towards significance and the magnitude of the difference 

between groups was considered large (p = 0.073, ηp
2 = 0.198). Considering total GI symptoms 
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during exercise and the upper and lower components of these symptoms, no significant 

differences were observed. It is important to note that this study’s small sample size (n = 17) and 

the use of last observation carried forward for participants lost to follow up may not have been 

sufficient for detecting significant changes for GI measures.  

Stress, Anxiety, and Visceral Sensitivity  

 In order to elicit a decrease in GI symptoms, this research targeted decreasing potential 

psychological causes of GI discomfort including stress and anxiety. The relationship between 

psychological stressors and the experience of GI symptoms or diseases has been widely 

researched (Chang, 2011; Jerndal et al., 2010). Kearney et al. (2011) did successfully implement 

a mindfulness-based stress reduction program that produced a decrease in subject anxiety related 

to GI symptoms. While the results of this study cannot be directly compared to our research, it is 

important to note that Kearney et al. (2011) observed a larger sample size and measured data at 

both the two- and six-month marks and did not observe significant reductions until six months of 

exposure to their intervention. This suggests that both sample size and study length may have 

impacted the findings within our study.  

 Significant differences were not found for PSS-14, GAD-7, or VSI scores during this 

study. Nonsignificant differences for PSS-14 scores for group measures did, however, trend 

towards significant (p = 0.069, ηp
2 = 0.204). This suggests that subjects between groups did 

differ in PSS-14 scores throughout the study, from baseline to conclusion. As mentioned, the 

small sample size for this study may have impacted the significance of these findings.   

Music Intervention  
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 Lastly, this study is the first to our knowledge to implement a relaxing music listening 

intervention for decreasing stress, anxiety, and gastrointestinal symptoms. Previous research 

supports the use of music listening interventions top improve psychological health in a variety of 

populations (Chang et al., 2008; Costa et al., 2018; Elliot et al., 2014; Linnemann et al., 2015). 

Two previous studies focused on two-week music listening interventions in pregnant women and 

both reported significant decreases in stress and anxiety (Chang et al., 2008; Liu et al., 2015). 

These studies both implemented 30-minutes of daily relaxing music listening from pre-selected 

playlists and, as such, provide the best comparison for our study.  

 As mentioned, at the conclusion of two weeks of relaxing music listening this study did 

not produce a significant change in psychological or gastrointestinal measures. This does not 

reflect the same findings as seen in previous research. That being said, participants’ self-reported 

adherence, engagement, and relaxation scores provide insight to the ease of incorporating a 

music listening intervention (Engagement = 7.3±0.9; Perceived Relaxation = 7.2±1.5). Given the 

low risks associated with this intervention and decrease in stress and anxiety seen in previous 

literature, it remains a potential activity for reducing psychological stress in many populations. In 

addition, the moderate-to-high levels of engagement and relaxation that were reported by the 

participants provide evidence that this is a feasible intervention that deserves continued study 

with larger sample sizes of aerobic exercisers.  

There are several notable limitations to this project. Sample size, technological fatigue, 

and the impacts of the COVID-19 pandemic were all potential limitations of this study. First, it is 

possible that the small sample size (n = 17) for this study was not conducive to exhibiting 

significant differences between groups that may only have been obvious in a larger sample. For 

example, measures which were found to have a large effect size suggest that a significant 
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difference may have been seen between groups with a larger amount of data. Secondly, the 

COVID-19 pandemic likely had the largest impact on the ability to recruit and sustain 

participants for this research. Due to the pandemic, this research was conducted entirely virtually 

which may have limited accessibility to participants and altered the means through which this 

study was advertised. In addition, it is important to note the impacts of the COVID-19 pandemic 

on mental health which potentially impacted the dependent variables measured in this research. 

While the COVID-19 pandemic is ongoing and the impacts of this pandemic cannot be fully 

tabulated, multiple studies have observed the negative psychological impact of this pandemic on 

individuals across many populations (Gavin et al., 2020; Talevi et al., 2020).  Lastly, 

technological fatigue was also a major concern during the COVID-19 pandemic. Many 

individuals were placed on stay-at-home order and working from home virtually (i.e., 

teleworking) if they were able to do so. A 2016 study from Lee et al. described technology 

overload and social networking service (SNS) fatigue, stating the ability of technology use to 

lead to overload and the need for users to limit or manage their exposure to technology and SNS. 

It is sufficient to assume, based on these findings, that extended exposure to technology due to 

teleworking and following quarantine procedures may have caused an increase in fatigue during 

the COVID-19 pandemic. Although it is not possible to quantify the impact of these limitations, 

it is important to note their potential impact on this study.  

  



32 
 

CHAPTER VI 

CONCLUSION 

 The focus of this study was determining the efficacy of a relaxing music intervention for 

aerobic exercisers experiencing stress, anxiety, and gastrointestinal symptoms. Prior studies have 

observed the relationships between exercise and GI symptoms, stress/anxiety and GI symptoms, 

and the use of relaxing music to decrease stress and anxiety, but none have examined the 

connection between relaxing music interventions and stress, anxiety, and GI symptoms in 

aerobic exercisers.  

 The results of this study do not show a significant relationship between relaxing music 

listening and GI symptoms, anxiety, and stress in aerobic exercisers. Although this study did not 

produce significant findings, the observed effect sizes suggest that significant results may have 

been present for measured dependent variables in a larger sample. With these results in mind, 

future studies may find more conclusive results with a larger sample size. Finally, observations 

of adherence, engagement, and relaxation within the music intervention group paired with 

previous research support the use of relaxing music as a low risk and enjoyable intervention; 

however, the impacts of these interventions on measures of stress, anxiety, and GI symptoms are 

inconclusive.  
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