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Probiotic and Fermented Food Intake and Its Association with Gastrointestinal Symptoms in 

Collegiate Athletes 

Mackenzie Bowman 

I. Abstract   

Background: Probiotic supplements have shown the potential to reduce gastrointestinal (GI) 

distress symptoms; however, there is currently little research on dietary probiotic intake or the 

impact of probiotic food consumption on GI symptoms, particularly among athletes. Purpose: 

The purpose of this project was to: 1) develop and evaluate a tool for assessing intake of 

probiotic foods among collegiate athletes, 2) assess intake of probiotic and fermented foods 

among collegiate athletes at Virginia Tech, and 3) explore associations between intake of these 

items and GI symptoms in this study population. Methods: A literature review, review of 360 

dietary recalls previously collected from collegiate athletes (n=120), and evaluation by five 

experts in sports nutrition and/or probiotic foods informed the development of a brief probiotic 

food frequency questionnaire (PRO-Q).  The PRO-Q was then administered to participants 

(n=42), all of whom were members of Division I sports teams at Virginia Tech. Validity was 

assessed by comparing PRO-Q responses with probiotic intake determined using three 24-hour 

diet recalls (reference method). Participants also completed a questionnaire to evaluate type and 

severity of GI symptoms. Results: Overall intake of probiotic/fermented foods in this population 

was low (0.77 servings/day), with only 17% of participants reporting daily consumption. Based 

on Spearman’s Rho (r=0.766, p<0.001), Wilcoxon Signed-Rank test (p=0.168, indicating no 

difference between methods), and Bland-Altman analyses (95% agreement), PRO-Q responses 

were consistent with dietary recalls for average daily intake of probiotic/fermented foods. A total 

of 52% of participants reported experiencing regular GI distress symptoms. There was no 
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association between PRO-Q responses and overall GI symptom score (r = 0.297, p = 0.056). 

Conclusion: These findings suggest that among collegiate athletes, probiotic/fermented food 

intake was generally low and GI distress symptoms were prevalent. The PRO-Q shows promise 

as a brief, self-administered method to assess probiotic/fermented food intake among collegiate 

athletes, although additional research is needed to confirm reproducibility and generalizability in 

larger samples. 

Keywords: Microbiome, GI distress, food frequency questionnaire, dietary assessment tool, 

validation study 
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II. Introduction & Purpose 

According to the Food and Agriculture Organization of the United Nations and the World 

Health Organization, probiotics are defined as “live microorganisms which when administered in 

adequate amounts confer a health benefit on the host” (FAO/WHO, 2002). To be classified as a 

probiotic, a food or beverage must contain live bacteria. Fermented foods, on the other hand, are 

defined as “foods or beverages produced through controlled microbial growth, and the 

conversion of food components through enzymatic action” (Dimidi et al., 2019). Yogurt, 

sauerkraut, tempeh, kimchi, sourdough, and soy sauce are some of the more commonly 

consumed probiotic/fermented foods and beverages (Marco et al., 2016).  

Intense exercise is known to be associated with gastrointestinal (GI) distress, particularly, 

bloating, nausea, cramps, and diarrhea (Davidson et al., 2016). Research by de Oliveira et al 

(2014) showed that 30-50% of athletes experience GI complaints during exercise. A number of 

factors may predispose athletes to a negatively altered microbiome including inadequate fiber 

intake, reduced intake of resistant starches, high protein intake, exercise induced stress, increased 

proinflammatory cytokines, and increased intestinal permeability. Probiotic consumption has 

been associated with positive effects on multiple health parameters for athletes, including GI 

conditions, immune function, depression, gut permeability, and inflammation (Wosinska, Cotter, 

O’Sullivan, & Guinane. 2019). Probiotics may reduce GI complaints by decreasing intestinal 

permeability, positively altering the microbiome, and reducing symptoms commonly associated 

with irritable bowel syndrome (IBS) (David et al., 2013; Lamprecht et al., 2012; Sadrin et al., 

2020). There is some evidence that, in addition to these health benefits, probiotic intake may also 

influence athletic performance, with a study by Shing (2013) on endurance runners in the heat 
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showing a reduction in time to fatigue after four-weeks probiotic supplementation. However, 

probiotic/fermented food intake among this population has not been well researched.  

Presently, no tool for assessing probiotic/fermented food intake among college athletes is 

available. Food frequency questionnaires (FFQ) are a common methodology for dietary 

assessment. They allow for assessment of items not consumed on a daily basis as they reflect 

intake over a specific period of time, making them a better tool than diet recalls when looking at 

overall usual intake (Institute of Medicine (US) Committee on Dietary Risk Assessment in the 

WIC Program, 2002). A validated FFQ specific for collegiate athletes is needed to help quantify 

probiotic/fermented food intake in this population and provide a tool for future assessment of 

probiotic/fermented food intake among collegiate athletes. 

 The primary aim of this study was to create and validate a FFQ that can be used to 

evaluate intake of functional fermented foods that may contain probiotics among collegiate 

athletes. The secondary aims were: 1) to evaluate intake of probiotic/fermented foods among this 

population, 2) to describe prevalence and frequency of GI distress symptoms among college 

athletes, 3) to explore the association between GI distress symptoms and probiotic/fermented 

intake.  
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III. Review of Literature 

The purpose of this review is to summarize literature related to the effects of probiotics 

on GI symptoms and physical performance in athletes, and typical intake of probiotics by athlete 

populations. In some cases, both research on athletes and the general population were reviewed 

as limited research on the athlete population alone is available.   

Probiotics 

Probiotics have become increasingly popular due to their proposed health benefits and 

because of this, are considered functional foods (Yan & Polk, 2006). Probiotics can be consumed 

in foods or in supplement form. The market for probiotics has been growing at a rate of about 

7% per year (Day et al., 2019). There is currently no daily recommended intake for probiotics 

due to the diversity of the microbiome and insufficient data on how different strains affect 

different individuals. Day et al. (2019) reported that it is still unclear how different strains and 

species affect the host making it difficult to define a healthy gut microbiome. Different strains 

also serve different benefits so targeted intake may depend on the desired outcome. For example, 

Clostridium species pluralis has been shown to specifically impact brain centers suggesting it 

may be used to address gut-brain axis interactions (Rao et al., 2009).  

While many strains of probiotics have been studied, Moller et al. (2016) reports 

Lactobacillus as the most common intervention in studies, with Bifidobacterium as the second 

most common. Traditionally, dairy products have been considered the optimal method for 

obtaining probiotics from food (Saikia & Dutta, 2019). However, recently non-dairy products 

have been proven viable sources as well (Saikia & Dutta, 2019). Table 1 lists some specific 

probiotic species and their respective dietary sources.  
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Table 1: Probiotic strains and some of their known dietary sources. 

Probiotic Species Dietary Source References 

Lactobacillus Yogurt, kimchi, sourdough 

bread, sauerkraut, cheese, olives, 

sour cream 

Marco et al., 2017 

Bifidobacterium Yogurt, kombucha, sauerkraut, 

kefir, cheese 

Marco et al., 2017;  

Wosinska et al., 2019 

Saccharomyces Wine, beer, yogurt, kombucha, 

sauerkraut 

Marco et al., 2017; 

Wosinska et al., 2019 

Streptococcus Yogurt Marco et al., 2017 

Bacillus Soy sauce, natto Lee et al., 2017 

Rhizopus Tempeh Marco et al., 2017 

 

 In general, 106 cells/g is the recommended level of microorganisms at time of 

consumption; however, several studies have suggested a minimum daily dose of 108 -109 
 cells/g 

or 100 grams of foods containing 106-107 cells/g to ensure survival of the microorganisms after 

passing through the GI tract (Karimi et al., 2011). Yogurt, kefir, cheese, sauerkraut, miso, 

kimchi, and kombucha, contain 106 and 109 cells/g (Marco et al., 2017). Viability of the 

probiotics can be impacted by many factors including pH, temperature, artificial flavors or 

coloring, packaging, storage condition, and presence of other food compounds such as salt or 

sugar (Terpou et al., 2019). It is important to note that not all fermented foods contain viable 

microorganisms. For example, the viability of Bifidobacteria in Gouda cheese is dependent upon 

the region of origin, salt content, and any addition of protein hydrolysate, meaning not all Gouda 

cheeses contain probiotics (Karimi et al., 2011). 

Athletes, Exercise, and Gastrointestinal Distress Symptoms 
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Prevalence 

Due to a combination of physiological, nutritional, and mechanical factors, it is estimated 

that about 30-50% of all athletes experience GI complaints during exercise, with a higher 

prevalence among endurance athletes (de Oliveira, Burini, & Jeukendrup, 2014). Prevalence of 

GI symptoms will vary greatly depending on the situation, assessment tool used, and symptoms 

asked about. Symptoms may include flatulence, belching, nausea, vomiting, diarrhea, abdominal 

pain, and bloating. A significant increase is often seen among endurance athletes in particular, as 

one study showed that 84% and 78.3% of male and female runners, respectively, reported at least 

one GI complaint during training over a 30-day period (Wilson, 2019). A study on 29 trained 

male triathletes found that 93% endorsed GI distress during competition, 45% of which were 

considered severe symptoms (Jeukendrup, 2000). Another study by Wilson (2017) reported that 

more than 75% of runners experienced at least one GI complaint over a 30-day training period. 

Overall, the majority of the research on GI complaints among athletes focuses on endurance 

athletes, in particular runners. There is less data available related to frequency of GI distress 

during team sports such as basketball, football, and soccer (Wilson, 2019). 

Causes and Mechanisms 

It has been estimated that high intensity exercise can reduce splanchnic blood flow by up 

to 80% of baseline, which in turn may lead to increased intestinal permeability (ter Steege, & 

Kolkman, 2012). Often referred to as a ‘leaky gut’, increased intestinal permeability can lead to 

nausea, diarrhea, constipation, gas, bloating, and nutrient deficiencies (Lamprecht & 

Frauwallner, 2013). These physiological effects, combined with during-exercise food and 

beverage intake, may exacerbate GI symptoms. A study on professional, amateur, and non-

athletes reported significantly higher differential sugar absorption in professional athletes than 
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the other groups (Hałasa et al., 2019). Timing, portion, type and composition of foods and 

beverages chosen, in addition to overall hydration status, can influence GI symptoms 

(Jeukendrup, 2017).   

Another cause for GI distress among athletes is undesirable food choices. High protein 

diets, commonly followed by athletes, have been shown to negatively alter the microbiome 

(Clark & Mach, 2016). Hydration status plays a role in permeability of the gut, with studies 

showing an increase in gut permeability in individuals who are dehydrated, though it is important 

to take into account GI comfort in terms of volume of liquid consumed (Lambert et al., 2008). 

Consumption of foods that delay gastric emptying or lead to a fluid shift in the intestinal lumen 

such as fiber, fat, protein, and fructose have all been associated with increased GI distress among 

athletes (de Oliveira et al., 2014). A commonly utilized nutritional consideration for sports drinks 

is consuming a beverage with multi-transport carbohydrates rather than a single carbohydrate 

beverage (de Oliveira et al., 2014).  

Total energy intake can play a role in GI distress as well, with both excess and inadequate 

intake having the potential to cause GI distress symptoms (Wilson, 2020). Individuals with 

anorexia nervosa may suffer from symptoms of bloating, premature or excessive fullness, 

nausea, and stomach pain (Wilson, 2020). Studies have shown prolonged effects of GI distress 

following caloric restriction, and GI distress is considered one of the health consequences of 

relative energy deficiency in sport (Mathisen et al., 2020; Mountjoy et al., 2014).  

Anxiety or stress about sport may also cause GI distress (Wilson, 2019). Stress has been 

linked to delayed gastric emptying and acceleration of large bowel transit (Taché et al., 2001). 

This occurrence is related to activation of the sympathetic nervous system and various hormone 

secretion affecting the gut (Taché et al., 2001). Often linked to stress and anxiety, IBS is 
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commonly underdiagnosed among athletes and may contribute to GI distress (Killian & Lee, 

2019). It has been estimated that about 9.8% of endurance athletes meet diagnostic criteria for 

IBS based on Rome III (Killian & Lee, 2019).  

The use of Nonsteroidal Anti-Inflammatory Drugs (NSAIDs), which can be common 

among athletes particularly those dealing with injury, can result in GI toxicity (Maseda & 

Ricciotti, 2020). Toxicity has been associated with nausea, indigestion, constipation, diarrhea, 

and abdominal pain (Maseda & Ricciotti, 2020). However, Wilson (2019) reported an overall 

low incidence of nausea among individuals taking NSAIDs compared to other pain killers. 

Probiotics 

Probiotics and Changes in the Microbiome  

There is evidence on the beneficial effects of probiotics on the microbiome as studies 

have shown an increase in beneficial gut bacteria as well as a decrease in potentially harmful gut 

bacteria (Yilmaz et al., 2019). Some studies have shown an increase in beneficial gut bacteria in 

the microbiome following probiotic supplementation. Coman et al. (2017) studied the effect of 

synbiotic fermented milk, containing Lactobacillus rhamnosus and Lactobacillus paracasei as 

well as oat bran fiber, on ten healthy adults who followed an intense gym training program. The 

trial group was found to have an increase in gut Lactobacilli and Bifidobacteria following 

supplementation of the synbiotic milk. Stool consistency, regularity, and ease of defecation were 

improved as well (Coman et al., 2017). A study on kefir supplementation in patients with 

inflammatory bowel disease (IBD) detected Lactobacillus in feces of all participants of the study, 

and a reduction in bacteria often associated with proinflammatory response and GI disease was 

noted as well (Yilmaz et al., 2019).  
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Probiotics may play a role in alleviating lactose intolerance symptoms. Vitellio et al. 

(2019) reported that supplementation of a probiotic containing Bifidobacterium longum and 

Lactobacillus rhamnosus plus vitamin B6 was effective in increasing gut bacteria beneficial for 

lactose digestion, specifically Bifidobacterium, in lactose intolerant subjects. A reduction in 

bloating and improvement in constipation was noted in the trial group of this study as well when 

compared to placebo (Vitellio et al., 2019). 

As changes in the gut microbiome have been noted within 24 hours of modifying 

probiotic content of the diet (David et al., 2013), there may be even more of a benefit to 

consuming these foods regularly. Bifidobacterium strains have been seen to have the most 

beneficial impact on humans based on a systematic review by Clark and Mach (2016) though 

other strains may also help reduce GI symptoms due to their ability to increase diversity in the 

microbiome. Further research is needed to assess how long after consumption these changes last 

and if a lesser, maintenance dose of supplements or probiotic containing foods may be 

appropriate once these microbiome changes are initially noted.  

Probiotics and Intestinal Permeability 

Increased intestinal permeability allows for potential bacterial invasion of the gut (Kelly 

et al., 2015). Lamprecht et al. (2012) studied triathletes, runners, and cyclists who received a 

multispecies probiotic for fourteen weeks along with a control group. Zonulin, a protein that is 

thought to indicate increased intestinal permeability when elevated, decreased by about 20% in 

the probiotic group compared to the placebo suggesting that probiotic supplementation can 

reduce intestinal permeability (Lamprecht et al., 2012). Shing et al. (2014) performed a 

randomized control trial with ten trained male runners. The runners were provided a multispecies 

probiotic capsule containing Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus 
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rhamnosus, Lactobacillus fermentum, Bifidobacterium lactis, Bifidobacterium breve, 

Bifidobacterium bifidum, and Streptococcus thermophilus for four weeks. There was a small 

decrease in urine lactulose: rhamnous concentration following probiotic supplementation which 

may be related to an improvement in intestinal permeability as well as a small decrease in GI 

distress symptoms (Shing et al., 2014).  

If probiotic consumption can help reduce intestinal permeability, this may improve GI 

symptoms overall among the athlete population. Further research needs to be done with larger 

sample sizes and including team sport athletes as this literature only supports improvements in 

intestinal permeability for endurance athletes.  

Probiotics and Irritable Bowel Syndrome 

One of the most common GI disorders that physicians come across is IBS, and there is 

evidence suggesting probiotics may help relieve symptoms of IBS (Ducrotté, Sawant, & 

Jayanthi, 2012). In 2012, a study was performed on 214 patients with IBS based on Rome III 

criteria. Frequency and severity of GI symptoms were assessed after supplementation with a 

capsule of Lactobacillus plantarum or a placebo for four weeks. The study found a reduction in 

abdominal pain and bloating in the probiotic group. Regarding treatment efficacy, 78.1% of the 

probiotic group found the treatment good or excellent while only 8.1% felt this way in the 

placebo group (Ducrotté, Sawant, & Jayanthi, 2012). Sadrin et al. (2020) studied males and 

females diagnosed with IBS, again diagnosed with Rome III criteria. During this double-blind 

randomized control trial, participants were supplemented with either a probiotic or a placebo for 

eight weeks while keeping track of abdominal pain and discomfort as well as monitoring stool 

consistency using the Bristol stool chart. Both the probiotic group and the placebo group 

reported decreased abdominal pain and discomfort after eight weeks. There was no difference in 
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stool consistency between the groups. Flatus was reduced significantly in the probiotic group 

with a slight decrease in bloating and rumbling (Sadrin et al., 2020).  

There is evidence indicating a relationship between stress and IBS suggesting that the 

two should be managed together (Qin et al., 2014). A double-blind placebo study on individuals 

with stress induced symptoms of anxiety, nervousness, irritability, sleeping problems, and/or GI 

disturbances reported a reduction in abdominal pain and nausea/vomiting after supplementation 

with a probiotic containing Lactobacillus acidophilus and Bifidobacterium longum (Diop, 

Guillou, & Durand, 2008). Since collegiate athletes are often under significant stress, as shown 

by a study which estimated that 20-60% of athletes suffer from stress from excessive exercise 

and inadequate recovery, probiotics could be used to reduce stress related GI symptoms though 

further research is warranted (Purvis et al., 2010). 

Based on these studies, probiotics may be a promising treatment for recusing some 

symptoms of IBS. Current literature focuses on the general population diagnosed with IBS rather 

than athletes diagnosed with IBS. This gap in research leaves results open to interpretation in 

regard to whether or not probiotics are effective in improving symptoms of IBS in athletes.  

Effects of Probiotic Supplementation on Gastrointestinal Symptoms with Exercise 

Researchers evaluated the effects of probiotic supplementation on 20 male and four 

female recreational runners. They were studied in a randomized control trial where each 

participant received either a probiotic containing Lactobacillus acidophilus, Bifidobacterium 

bifidum, and Bifidobacterium animalis subspecies Lactis or a placebo for 28 days before running 

a marathon race. The study resulted in fewer reported GI distress symptoms and reduced severity 

with probiotic supplementation in comparison to the placebo group (Pugh et al., 2019). Another 
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study on Lactobacillus rhamnosus supplementation for three months on marathon runners led to 

a 33% reduction in duration of GI symptoms during training and a 57% reduction during follow 

up. A probiotic supplement or a placebo was also provided two hours before the start of the race 

on race day. There was no significant difference in the number of GI symptoms between the two 

groups (Kekkonen et al., 2007). A randomized single blind placebo-controlled study on 34 elite 

rugby players found that a multistrain probiotic containing Lactobacillus gasseri, 

Bifidobacterium bifidum, and Bifidobacterium longum led to a significant reduction in incidence 

of GI symptoms. However, severity of symptoms did not differ between the probiotic and 

placebo groups (Haywood et al., 2013). 

The positive effects of probiotics have not been observed in all athlete populations. A 

randomized control trial of 46 female endurance swimmers studied the effects of probiotic 

yogurt on athletic performance and health. There was no significant difference noted for 

incidence or duration of digestive symptoms (Salarkia, Ghadamli, Zaeri, & Sabaghian Rad, 

2013). Another study on division I collegiate swimmers reported no significant difference in GI 

inflammatory markers after supplementation with Bifidobacterium longum for six weeks. This 

study concluded that more research needs to be done with different doses of supplementation 

(Carbuhn et al., 2018). 

Based on current literature, the research is mixed regarding whether probiotics affect 

severity, duration, and/or frequency of GI symptoms. Overall, the majority of studies seem to 

support positive findings with probiotic supplementation however benefits are often modest. 

Consumption of foods containing probiotics should, in theory, provide a similar benefit, though 

there are less studies available on probiotic/fermented food intake versus probiotic supplements. 

It is possible that the type of exercise may play a role in the effectiveness of probiotics as well 
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seeing as these two studies done with swimmers did not produce positive results. Further 

research is needed to determine if there are sport-specific probiotic needs since athletes of 

different sports likely have a diverse microbiome based on differences in diet and exercise. 

Probiotics and Athletic Performance 

The use of probiotics as an ergogenic aid is a newer research topic that has revealed 

mixed results. A recent literature review conducted by the International Society of Sports 

Nutrition showed seven out of 24 studies reported significant improvement with 17 identifying 

no effect (Jäger et al., 2019). Multistrain probiotics were more effective ergogenic aids than 

single strain, though both have demonstrated mixed results (Jäger et al., 2019).  

Studies have shown small improvements in run time to fatigue as well as reduced fatigue 

accumulation in athletes receiving probiotic supplementation (Pugh et al., 2019; Kamano et al., 

2018). One study displayed an improved VO2 max in adolescent female swimmers who received 

400 ml of a multistrain probiotic yogurt compared to those who received the placebo over eight 

weeks of intervention (Salarkia et al., 2012). There is also some evidence that probiotics in 

combination with exercise may lead to improvements in strength in young sedentary males 

(Ibrahim et al., 2018). While these studies show the potential for probiotics as an ergogenic aid, 

improvements were minimal and it is difficult to determine if these results would translate to 

real-world scenarios. Despite these potential benefits, other studies have shown no statistically 

significant improvement in performance with probiotic supplementation (O’Brien et al., 2015; 

Pugh et al., 2019).  

The mechanism of probiotics’ ergogenic effect in each of these studies is not completely 

understood, and it is possible that the effect of probiotics on immune function and GI symptoms 



17 

 

may be the underlying reasons for the proposed performance benefits. The majority of these 

studies have small sample sizes which is a limiting factor. Further research also needs to be 

performed with more female athletes to see if probiotic supplementation affects males and 

females differently.  

Probiotic Consumption Amongst Athletes 

Despite the proposed benefits of probiotics for athletes, probiotic intake among this 

population has not been thoroughly quantified. In fact, very few studies involving the assessment 

of probiotics intake among athletes were identified in the literature. Although Sevim et al. 

(2016), assessed elite volleyball players’ probiotic intake via FFQ, dietary assessment results 

were not published, nor is the FFQ available. However, researchers reported that 60% of the 

athletes had never heard the term “probiotic” before. Less than 25% had used a probiotic 

supplement in the past and approximately 45% of these volleyball players reported they would 

prefer to consume probiotics incorporated into foods over supplements (Sevim et al., 2016). In a 

second study, only 4% of male and 3% of female 11-13 year-old Canadian athletes reported 

regular consumption of probiotic supplements, while 0% of 14-18 year-old athletes reported 

regular consumption (Parnell et al., 2016). If researchers and dietitians are able to easily quantify 

intake of probiotics and fermented foods, they will be better able to assess interactions with 

health and performance as well as target interventions to address intake.  

Conclusion 

 Overall, the literature on probiotics has elucidated potential positive effects on GI 

distress, the microbiome, intestinal permeability, and IBS symptoms, although further research 

needs to be done with larger sample sizes, more female representation, and a greater variety of 

exercise types. Research on the ergogenic effects of probiotics is inconclusive and needs to be 



18 

 

studied further. Longer study durations may be required to truly understand their influence. If the 

exact mechanism for how probiotics impact health and performance can be determined, then 

recommendations for their use by athletes can be made. There is little data to quantify 

consumption of probiotic/fermented foods among collegiate athletes, a gap which makes 

assessing the influence of probiotic/fermented foods more difficult.  
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IV. Methods 

Experimental Design 

 This project involves the development and validation of an original FFQ designed to 

evaluate usual probiotic/fermented food intake in collegiate athletes. Occurrence and frequency 

of GI distress symptoms and the association with the intake of probiotics/fermented foods were 

explored. Due to the COVID-19 pandemic, all study-related activities were completed virtually.  

 

Participants 

All student-athletes at Virginia Tech were invited to participate in this study. Males and 

females over 18 years of age on a current roster for any Virginia Tech Division I sport were 

eligible to participate.  

 

Procedures 

Development of a Tool to Assess Probiotic/Fermented Food Intake in College Athletes 

In order to develop an original brief FFQ to assess probiotic/fermented food intake 

among collegiate athletes, the lead researcher (MB) completed the following:  

1) Review of the scientific and “gray” literature related to probiotics and fermented 

foods. 

2) Manual review of dietary recalls that were previously collected by Kostelnik et al. 

(2021) from 120 male and female athletes from a variety of college athletic teams 

at Virginia Tech and Radford University (n=360 total days) to determine the most 

commonly consumed probiotic/fermented foods among this population. Any 
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probiotic/fermented foods or beverages listed on the recalls that were noted as 

well as frequency of their consumption. (Appendix A) 

3) Development of a draft FFQ. The first draft FFQ contained 11 foods and 

beverages: yogurt, kefir, kombucha, tempeh, sauerkraut, miso, kimchi, apple cider 

vinegar, sourdough bread, cottage cheese, and raw cheeses. In an effort to reduce 

systematic error, an “other” category was also included. Respondents would be 

requested to rate the frequency and amount of consumption, ranging from never 

to daily, over the previous four weeks.  

4) Review and evaluation of the FFQ draft by an academic researcher with expertise 

in probiotics and gut health in athletes as well as four registered dietitians with 

expertise in sports nutrition, both at Virginia Tech and other universities to ensure 

face validity. A summary of their feedback is available in Appendix B. Dietitians 

were asked to answer four questions when providing feedback:  

a) How many years have you been working in the Sports Nutrition field?  

b) Does the PRO-Q include the food/beverage items that you think are the 

most common sources of probiotics consumed by athletes? Should 

additional items be added? 

c) Are the instructions written a way that will be understandable to college 

athletes? 

d) Any other feedback you wish you provide? 

5)  Modification of the FFQ draft based on feedback. The final FFQ developed, 

entitled PRO-Q, is included in Appendix C.  
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While raw cheese was included on the PRO-Q draft, it was not included on the final 

version due to the difficulty distinguishing between cheeses which do and do not contain live and 

active cultures.  

 

Validation of the Tool to Assess Probiotic Intake in College Athletes 

After the PRO-Q was finalized, a validation study was completed during 2020 Summer I, 

Summer II, and Fall semesters. Approximately 620 student-athletes were invited to participate 

via emails from the Virginia Tech (VT) sports nutrition staff, text messages, social media, flyers, 

and in person. We aimed to recruit athletes who participate on a variety of teams, striving for 

balanced representation among males/females and sports, where possible. Student-athletes who 

volunteered to participate filled out an online form then received an email from the lead 

researcher. The email provided an overview of the study and answered any questions that had 

been asked. Informed consent was obtained from all student-athletes who agreed to serve as 

participants.  

In an initial session via Zoom with the researcher, demographic and health data was 

collected from each participant via an online survey (age, class, sport, gender, height, weight, 

race/ethnicity, hometown, health issues, medications, dietary restrictions, dietary supplements, 

and probiotic supplement use). (Appendix D). Participants then completed a 24-hour diet recall 

with the researcher, which required approximately 10-15 minutes to complete. The five-step 

multiple pass methodology, which has been established as an effective approach for collecting 

24-hour diet recalls, was used (Conway, Ingwersen, & Moshfegh, 2004).  

Two additional 24-hour diet recalls were completed over the phone on non-consecutive 

days during the subsequent two-week time frame, ultimately including one weekend day and two 

weekdays. This was to prevent autocorrelation that may occur if recalls were obtained 
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consecutively (Kirkpatrick et al., 2019). During the second call, participants were asked to 

complete the PRO-Q, which required 5-10 minutes of time, in addition to the diet recall. The first 

recall was completed via Zoom while the second and third were completed over the phone. 

Initially, recalls were intended to be done in person. However, due to COVID-19, all were 

completed virtually. The first recall was completed via Zoom to most closely replicate an in-

person diet recall, and the remaining recalls were completed over the phone for ease of the 

participants.  

Diet recalls were entered into the 2020 version of Nutrition Data Systems for Research 

software (NDSR) which is a state-of-the-art database developed by the University of Minnesota 

used to analyze recalls and provide information regarding a breakdown of nutrient intake. 

Participants received information regarding analysis of their diet from the NDSR software at the 

conclusion of the study as incentive for participating. Samples are included in Appendix E.  

All dietary recalls were manually reviewed for probiotic/fermented food consumption, 

based on the items listed on the PRO-Q (Table 2). 

Table 2: Foods and beverages included on the PRO-Q and their respective serving size. 

Food/Beverage  Serving Size 

Yogurt  150 grams, 2/3 cup, ~5.3 ounces 

Bread  1 slice 

Kefir  8 ounces 

Kombucha 240 ml, 8 ounces 

Tempeh  3 ounces 

Sauerkraut 30 grams, 2 tbsp 

Miso 1 tbsp 

Kimchi  2 tbsp, 30 grams 

Apple Cider Vinegar 1 tbsp 

Cottage cheese  1/2 cup 

Fermented/pickled vegetables  2 tbsp 

Soy Sauce  1 tbsp 
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Olives  1 tbsp, 15 grams, ~4-5 olives 

Pickles  1 ounce, ~4 pieces 

Probiotic juice  8 ounces 

Probiotic bar 1 bar 

 

Intake of these foods from the diet recalls was documented along with frequency and 

portion size which was compared to responses on the PRO-Q. The PRO-Q was scored by 

compiling total estimated intake over one month and then taking the mean average daily intake 

from this number. Obtaining both the FFQ and diet recalls allowed for review of the potential 

variation in responses since diet recalls are more vulnerable to random error while FFQs more 

often result in systematic error (Kirkpatrick et al., 2019). Probiotic/fermented food intake was 

reported as the daily number of servings consumed after comparing responses from the PRO-Q 

to what is generally considered one serving size of each food/beverage per the USDA, listed in 

Table 2 (USDA, Food Data Central). Daily intake of probiotic/fermented foods was then 

estimated for each participant after determining the mean intake based on the 3-day diet recall 

(Ganji et al., 2020). This mean daily intake was then compared to responses on the PRO-Q (Hill 

et al., 2017).  

Summary and descriptive statistics were calculated for PRO-Q and diet recall data using 

IBM Statistical Package for the Social Sciences (SPSS) version 26. Our statistical analyses were 

informed by those used in previous FFQ validation studies (Fausnacht et al., 2020). Wilcoxon 

signed-rank test and Bland-Altman plots were utilized to compare intake reported via the PRO-Q 

with intake reported via food recalls (Fausnacht et al., 2020). Since data were not normally 

distributed, Spearman’s Rho correlation analysis was used to assess the relationship between 
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PRO-Q and GI symptom data. Differences in PRO-Q results between males and females were 

evaluated using a Mann-Whitney U test.  

 

Assessment of the Occurrence of Gastrointestinal Symptoms in College Athletes and its 

Relationship to Probiotic/Fermented Food Intake  

To accomplish the secondary aim of this study, a GI symptom questionnaire (Appendix 

F) was administered to participants during the first Zoom call following the demographic and 

health questions. The GI symptom questionnaire used has been found to have good 

reproducibility (Bovenschen et al., 2006). The GI questionnaire asks about the severity of 16 GI 

symptoms over the last four weeks. Symptoms were rated on a scale ranging from none to 

unbearable. This questionnaire was modified to only assess GI symptoms that 

probiotic/fermented food consumption is most likely to influence (Dimidi et al., 2019; Harper et 

al., 2018).  

Summary and descriptive statistics were performed on compiled data from both 

questionnaires using IBM Statistical Package for the Social Sciences (SPSS) version 26.  

Spearman’s Rho correlation analysis was used to assess the relationship between intake based on 

the PRO-Q and GI symptoms. 

 

Ethical Considerations 

 This study was approved by the Institutional Review Board of Virginia Tech (IRB#20-

288). All participants verbalized informed consent before participating in the study.  
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Data Results 

A total of 42 participants, 12 males (28.6%) and 30 females (71.4%) from 13 different 

sports participated in the study. Breakdown of participants by sport is listed in Table 3. 

 

Table 3: Breakdown of participants by sport. Data is reported in n (%). 

Sport # Participants (%) 

Baseball 6 (14.3%) 

Men’s Basketball 1 (2.4%) 

Women’s Basketball 5 (11.9%) 

Cross Country 2 (4.8%) 

Football 1 (2.4%) 

Women’s Soccer 1 (2.4%) 

Softball 7 (16.7%) 

Spirit Squad 2 (4.8%) 

Women’s Swim & Dive 4 (9.5%) 

Women’s Tennis 2 (4.8%) 

Women’s Track & Field 5 (11.9%) 

Volleyball 4 (9.5%) 

Wrestling 2 (4.8%) 

 

Participants included five freshmen (11.9%), 12 sophomores (28.6%), nine juniors 

(21.4%), 13 seniors (31%), and three graduate students (7.1%). The racial breakdown was: 32 

White (76.2%), five Black or African American (11.9%), two Asian (4.8%), one Hispanic or 

Latino (2.4%), and two other (4.8%). Not all participants responded to the ethnicity question, but 
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of those who did (n=38), 5.3% identified as Hispanic or Latino while 94.7% identified as not 

Hispanic or Latino.  

The PRO-Q took approximately five minutes or less to administer. Table 4 shows each 

food and beverage item on the PRO-Q and the frequency of consumption in the last four weeks 

among participants.  

Table 4: Food and beverage intake reported via PRO-Q. Data reported as n(%). 

 

Only two items, yogurt and kombucha, were reported to be consumed more than once per 

day. No participants reported consumption of tempeh or sauerkraut and no foods were reported 

in the “other” category. The most commonly consumed food among participants was yogurt. In 

total, seven participants (17%) reported consuming probiotic/fermented foods on a daily basis, 

most commonly yogurt. The mean for the number of different items consumed overall based on 

the PRO-Q results was 4.07, 25.44% of the 16 items listed. Average daily serving of 

probiotic/fermented foods for all participants based on diet recalls and the PRO-Q is shown in 

Figure 1. 
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Figure 1: Average daily intake of probiotic/fermented foods. These values were highly correlated based on 
Spearman’s Rho analysis and Wilcoxon signed-rank test. 

+ Spearman’s Rho: r=0.766, p<0.001; strong correlation 

++ Wilcoxon signed-rank test: p=0.168; retain the null hypothesis that there was no difference between the average daily intake 

via diet recalls and average daily intake via the PRO-Q.  

 

  

 The Mann-Whitney U test showed no significant difference in average daily intake via 

PRO-Q (p=0.777) or GI sx (p=0.523) based on gender. There was also no correlation between 

mean daily servings measured by the PRO-Q and body mass index (BMI) (r = 0.019, p = 0.905) 

based on a Spearman’s Rho analysis. 

 

Fermented food/probiotic intake as measured by the PRO-Q and diet recalls were highly 

correlated based on our Spearman’s Rho analysis (r=0.766, p<0.001). The Wilcoxon signed-rank 

test comparing average intake via diet recall versus the PRO-Q yielded a significance value of 

p=0.168, which means the difference between the two medians was not statistically significant. 

A Bland-Altman analysis was utilized to further explore the level of agreement between the 

PRO-Q and diet recalls. This resulted in a 95% agreement as shown in Figure 2.  
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Figure 2: Results from the Bland-Altman analysis on probiotic/fermented food intake based on the PRO-Q and the diet recalls 

showing 95% agreement.  

 

Table 5: Gastrointestinal symptoms and their reported score of severity/frequency among participants. Data reported as n(%). 

 

Results from the GI symptom questionnaire (Table 5) revealed the most commonly 

reported symptoms were bloating and flatulence (gas), where more than 50% of participants 

reported at least mild symptoms. Belching (burping) was also quite common among participants 
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with 40.5% reporting at least mild symptoms. The least common symptom was vomiting. No 

participant marked “unbearable” for any GI symptom on the questionnaire and very few reported 

“severe” symptoms. The average GI symptom score was one, which equates to “mild” on the 

symptom scale.  

There was no significant correlation between average daily intake of probiotic/fermented 

foods and overall GI symptom score (r = 0.297, p = 0.056). Two GI symptoms showed a weak 

positive correlation to probiotic/fermented food intake based on the PRO-Q: flatulence (r = 

0.379, p = 0.013) and epigastric pain (r = 0.311, p = 0.047). However, it is worth noting that only 

seven (16.7%) participants reported any epigastric pain, making this a small sample size. No 

other GI symptoms were significantly correlated with average daily intake of 

probiotic/fermented foods based on diet recalls or PRO-Q. 

Of the five participants who reported taking a probiotic supplement in the past, none were 

taking one at the time of the survey, and only one participant had been advised by a dietitian or 

nutritionist to take a probiotic. Reported reasons for taking a probiotic supplement included post 

antibiotic treatment, to improve digestion, stomach issues, and stomach flu. Only one participant 

knew the brand of probiotic supplement consumed, Lactoflor. Because no participants were 

currently taking a probiotic supplement, we did not need to take this into consideration when 

evaluating the data. 
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V. Discussion 

The primary aim of this study was to create and validate a FFQ to assess intake of 

probiotic and fermented foods among collegiate athletes. The PRO-Q demonstrated validity as a 

rapid tool for measuring intake of probiotic and fermented foods among Division I collegiate 

student-athletes at Virginia Tech based on three statistical analyses (Spearman’s Rho correlation 

analysis, Wilcoxon Signed-Rank test, and Bland Altman plot). Since probiotic intake cannot be 

evaluated via biomarkers without testing the microbiome which can be costly and invasive, a 

noninvasive FFQ has value as a rapid evaluation tool for estimated intake of probiotic/fermented 

foods. Presently, there is no dietary assessment instrument validated to assess 

probiotic/fermented food intake in collegiate athletes and minimal published literature related to 

intake in this population exists. Following potential minor modification and reproducibility 

evaluation, the PRO-Q shows promise for use with collegiate athletes.  

Upon administering the PRO-Q, participants frequently associated fermented vegetables 

with pickles causing some confusion among responses. A suggested edit would be to adjust the 

order of the foods to have pickles come first. Tempeh and sauerkraut were two foods that none of 

the participants reported consuming. Despite these foods being commonly consumed among 

some populations, this study suggests that they are not commonly consumed amongst division I 

college athletes at VT; therefore, they could potentially be removed from the PRO-Q and entered 

under the “other” column if needed. Adding options for servings sizes for each item could help 

simplify the FFQ as well as some participants struggled to estimate average servings.  

Gastrointestinal Issues 
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It was anticipated that GI complaints would be prevalent among 30-50% of athletes based 

on the literature since this study looked at all sport athletes rather than endurance athletes alone, 

which would mean about 14-21 of the 42 participants would be expected to have some sort of GI 

complaints (de Oliveira et al., 2014). However, 24 (57.1%) participants reported “mild”, 

“moderate”, “quite a lot”, or “severe” for bloating and flatulence, the two most commonly 

reported complaints among this sample. This means that 57.1% of participants in this study 

experience some sort of GI symptoms. Wilson (2019) reported flatulence to be perhaps the most 

common GI symptom among athletes, a finding consistent with the results from this study.  

Studies have shown that mild exercise stimulates flatulence which may have contributed 

to more than 50% of the participants reporting at least mild flatulence symptoms (Dainese et al., 

2004). There has been contradictory data in the past regarding the association between intake of 

probiotics and flatulence among athletes, however this study showed a positive correlation 

between increased intake of probiotic/fermented foods, suggesting that they may contribute to 

increased flatulence. Epigastric pain also showed a positive correlation with intake of 

probiotic/fermented foods, though the small numbers of individuals reporting this symptom may 

have had an impact on the correlation. It is possible that participants consume higher amounts of 

these foods in an effort to relieve symptoms of GI distress or perhaps they are not consuming 

adequate amounts to obtain the potential benefit. Further research on subjects with higher intake 

of these foods is warranted, as overall in this study intake was low amongst participants.  

Per Sandler et al. (2000), bloating is typically more commonly reported among females 

than males so the distribution of females to males in this study may have been a contributing 

factor for more than half of all participants reporting bloating. Stress and anxiety levels have 

been linked to bloating as well (Malagelada et al., 2017). These factors were not evaluated in this 
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study but could have contributed to bloating among participants. A future study on GI symptoms 

among collegiate athletes may consider including questions regarding stress and anxiety levels to 

determine if there is a correlation with bloating.  

Relationship between PRO-Q and Gastrointestinal Symptoms 

Although a negative correlation between overall intake of probiotic/fermented foods and 

GI symptoms was hypothesized, there was no significant relationship between these two 

variables in this study. It is important to note that overall, intake of probiotic/fermented foods 

was low amongst this population, which may have contributed to the lack of relationship 

between intake of these foods and GI symptoms. Some additional potential contributing factors 

include the impact of other dietary factors on GI symptoms, inconsistent consumption of 

probiotic/fermented foods, exercise induced changes in the microbiome leading to GI distress, or 

reporting errors either on the PRO-Q or the GI questionnaire. Future research should aim to 

investigate the relationship between these two variables further. 

Strengths & Limitations 

Receiving expert feedback on the PRO-Q from various individuals with experience in 

sports nutrition and gut health helped to create an effective and validated tool for evaluating 

intake of probiotic/fermented foods among collegiate athletes. Face validity determination by 

experts in various United States geographic regions was also a strength. Utilizing a manual audit 

of 360 days of recalls in our target population to develop a list of items to include on the FFQ 

helped guide us in selection of items for the PRO-Q. Having the same researcher utilize the 

multiple pass method for all diet recalls for all participants allowed for a consistent, standardized 

collection of diet recall data. Obtaining participants from 13 different sports allowed for a more 
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diverse population of athletes rather than focusing on just one sport as many studies on 

probiotics have in the past.  

The study had some limitations as well. Dietary recalls rely on participants’ memory and 

may result in random error due to differences in one’s diet from day to day (Carroll et al., 2012). 

Because no participants responded higher than “less than once a month” for tempeh or 

sauerkraut, we were unable to validate the questionnaire for these two responses despite being 

validated for overall intake. It is suspected that while those foods may be more commonly 

consumed among other populations, they may not be consumed commonly among collegiate 

athletes. Another limitation is the potential impact that COVID-19 had on the study. Due to stay-

at-home orders and campus closures, it was more difficult to recruit participants for the study 

which affected the sample size. Quarantine and isolation restrictions also may have had an 

impact on participants’ diets due to inability to go to the grocery store or eating out less 

frequently. Despite the variety in sport for participants, the sample was heavily female (71%) 

which may have impacted results despite the t-test results displaying no significant difference in 

PRO-Q score for males and females.  

Suggestions for Future Evaluation of the PRO-Q  

Considering other dietary factors’ potential influence on GI symptoms would be 

beneficial to incorporate into future studies. Intake of nutrients such as fat, protein, 

carbohydrates, fiber, caffeine, fructose, sugar alcohols, and artificial sweeteners may influence 

GI symptoms (Wilson, 2019; Wilson, 2020). For example, a diet higher in carbohydrates would 

likely translate to a lower fat and protein intake, and fats and protein may cause more lasting 

feelings of fullness therefore contributing to bloating. Higher fiber intake and higher total 

carbohydrate intake have been associated with increased flatulence (Christodoulides et al., 2016; 
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Wilson, 2020). Studies have looked at the potential impact on microbiota dysbiosis related to 

consumption of artificial sweeteners (Hunter et al., 2019). This impairment could contribute to 

increased GI symptoms among those who consumed larger amounts of artificial sweeteners.  

A second administration of the PRO-Q among this same sample would allow for 

assessment of reliability, and administering the PRO-Q as well as three 24-hour dietary recalls to 

other student-athletes at Virginia Tech would then allow us to assess for reproducibility. Both of 

which are important measures to consider before the PRO-Q can be further utilized. Future 

research should focus on validating the PRO-Q among other populations; however, it may be 

prudent to first perform another study to evaluate the needs for inclusions of tempeh and 

sauerkraut. 

Conclusion 

In this study, intake of probiotic/fermented foods was relatively low in both frequency 

and variety, while reported mild-moderate GI symptomatology was rather high (more than half). 

Thus, Registered Dietitians may be able to use these tools in assessment, counseling, and 

education of collegiate athletes. Our study findings could also be used to ensure the inclusion of 

the more popular foods, for example yogurt, in athlete meals and fueling stations. Future studies 

are needed to evaluate the reproducibility, and generalizability of these results in other athletics 

populations.  
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Appendices  

Appendix A: Data from Diet Recall Review 



50 

 

 

 



51 

 

Appendix B: 

Dietitians were asked to answer four questions when providing feedback: 

a) How many years have you been working in the Sports Nutrition field? 

b) Does the PRO-Q include the food/beverage items that you think are the most common 

sources of probiotics consumed by athletes? Should additional items be added? 

c) Are the instructions written a way that will be understandable to college athletes? 

d) Any other feedback you wish you provide? 

Responses for a) Responses for b) Responses for c) Responses for d) 

● 20 years 

● 30 years 

● 31 years 

● 10 years 

● Probiotic 

shots 

● Natto 

● Kvass 

● Refrigerated 

pickles 

● Probiotic 

bars 

● Probiotic 

juice 

● Other 

vinegars 

● Supplements 

● Olives 

● Fermented 

vegetables  

● Soy sauce 

● Long intro, 

consider 

breaking 

up 

● Consider 

defining 

probiotic 

● Change color for ease of 

readability  

● Consider adding 3 or 

more times per day as an 

option 

● Specify serving size 

● Consider brand of 

products 

● Adjust overlapping time 

frames 

● Changing “unpasteurized 

sauerkraut” to 

“refrigerated sauerkraut” 

● Specifying types of 

cheese versus listing “raw 

cheese” 

● Clarification that not all 

fermented foods contain 

probiotics 
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Appendix C:  

The following food frequency questionnaire (FFQ) was developed by researchers at Virginia 

Tech in the Department of Athletics and the Department of Human Nutrition, Foods, and 

Exercise as part of a research study to evaluate intake of foods containing probiotics among 

collegiate athletes and associated gastrointestinal symptoms. Participants are asked to complete 

the FFQ as well as the gastrointestinal symptom questionnaire which has been adapted from 

another study. Participation is voluntary and there is no compensation or direct benefit for 

participating. Responses will be kept anonymous, and you may withdraw from the study at any 

time. By completing this questionnaire, you are giving consent to participate in this study. The 

questionnaire should take less than 10 minutes to complete. 

 

Please contact Mackenzie Bowman, RD, CNSC at mackenzieb@vt.edu with any questions 

regarding the study.  If you have questions about the protection of human research participants, 

contact the Virginia Tech Institutional Review Board at irb@vt.edu or (540) 231-3732. 

 

Please mark the frequency of consumption of each of the following foods over the last 4 weeks. Select the 

serving size that most closely matches your intake. 

 Never or 
less  than 
once per  
month 

1-3 x   
per   
month 

Once   
a   
week 

2-4 x   
per   
week 

5-6 x   
per   
week 

1 x per   
day 

2 or 
more  
times 
per   
day 

Serving 
Size 
Each 
Time 

Yogurt          

Kefir          

Kombucha          

Tempeh          

Refrigerated   
Sauerkraut  

        

Miso          

Kimchi         

Apple Cider   
Vinegar  

        

mailto:mackenzieb@vt.edu
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Sourdough bread          

Cottage Cheese          

Fermented   
vegetables  

        

Soy sauce          

Olives         

Refrigerated   
pickles 

        

Probiotic Juice         

Probiotic Bar         

Other foods 
not  listed:   

______________ 
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Appendix D: 

Dietary Assessment of Foods Containing Probiotics in Collegiate Athletes  

Please fill out the following to the best of your ability 

1) ID Number: ____________________________ 

2) Age:  ____________________________ 

3) Class (i.e. Freshman): ____________________________ 

4) Sport: ____________________________ 

5) Gender:  ____________________________ 

6) Height:  ____________________________ 

7) Weight:  ____________________________ 

8) Hometown:  ____________________________ 

9) Race/ Ethnicity: ____________________________ 

10) Prescription Medication(s):  ____________________________ 

11) Supplements (i.e. Vitamin, Herbal, Creatine, etc):  ____________________________ 

12) Dietary Restrictions (i.e. Gluten free, vegetarian):  ____________________________ 

a) Reason for following (Prescribed or choice): ___________________________ 

13) Health Issues (i.e. IBS, Diabetes):  ____________________________ 

14) Have you ever taken a probiotic supplement (capsule or powder)? Yes ____ No ____ 

  If yes, please answer questions 15-17. If no, please move on to the next section. 

15) What brand/strain did you take? ____________________________ 

16) Was this supplement prescribed by a physician? ____________________________ 

a) If so, was it prescribed for a specific condition? _________________________ 

17) Are you currently taking this supplement? Yes _____ No _____ 
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Appendix E: Sample NDSR Printout  
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Appendix F: 

Abdominal or Epigastric Symptoms 

*Adapted from the GI symptom questionnaire used by Bovenschen et al., 2006*  

 

Did you experience during the last 4 weeks: 

 

 None Mild Moderate Quite a lot Severe Very Severe Unbearable 

Abdominal Pain        

Epigastric Pain 
(Upper abdomen, 

right below ribs) 

       

Bloating        

Nausea        

Vomiting        

Loss of appetite        

Postprandial 

Fullness 

       

Belching        

Flatulence        

Frequent hard 

stools 

       

Diarrhea        

Alternately solid 

or loose stools 

       

Constipation        

Other:  

______________ 

       

 


