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ABSTRACT  

   

Introduction: A diet high in fermented, oligio-, di-, monosaccharide, and polyols 

(FODMAP) has been shown to exacerbate symptoms of irritable bowel syndrome 

(IBS). Previous literature has shown significant improvement in IBS symptoms after 

adherence to a low FODMAP diet (LFD). However, dietary adherence to the LFD is 

difficult with patients stating that information provided by healthcare providers 

(HCPs) is generalized and nonspecific requiring them to search for supplementary 

information to fit their needs. Notably, studies that have used a combination of 

online and in-person methods for treatment have shown improved adherence to the 

LFD. Objective: To determine whether a novel artificial intelligence (AI) dietary 

mobile application will improve adherence to the LFD compared to a standard online 

dietary intervention (CON) in populations with IBS or IBS-like symptoms over a 4-

week period. Methods: Participants were randomized into two groups: APP or CON. 

The intervention group was provided access to an AI mobile application, a dietary 

resource verified by registered dietitians which uses artificial intelligence to 

individualize dietary guidance in real-time with the ability to scan menus and 

barcodes and provide individuals with food scores based on their dietary preferences. 

Primary measures included mobile app engagement, dietary adherence, and 

manifestation of IBS-like symptoms. Baseline Results: A total of 58 participants 

were randomized to groups. This is an ongoing study and this thesis details the 

methodology and baseline characteristics of the participants at baseline and 

intervention start. Validation of the application could improve the range of offerings 

for lifestyle diseases treatable through dietary modification. 
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CHAPTER 1 

INTRODUCTION 

Irritable Bowel Syndrome (IBS) is one of the main functional bowel diseases 

affecting 15.3 million people within the United States (US) resulting in upwards of 

$30 billion in total healthcare costs.1-3 The indirect cost of this condition, which is 

estimated to be $20 billion, plays a much larger role in the lives of individuals with 

IBS compared to the direct costs as it relates to the side effects of living with the 

condition including, but not limited to loss of work, disability, lack of productivity, 

and increased mortality.2,3 Lifestyle modifications have been shown to be an effective 

means for treatment and prevention of IBS as well as other chronic disease 

conditions,4 however, only 13% of the healthcare budget is allocated to 

complementary health approaches5 and few mobile applications have been tested 

and peer reviewed to provide adequate solutions, specifically for IBS within the US.6-

9 As a result, the current healthcare system does not have the infrastructure needed 

to implement adequate monitoring and maintenance practices required to treat IBS.  

Mobile applications utilizing artificial intelligence (AI) to support lifestyle 

interventions are gaining traction in weight loss, diabetes prevention, and 

management of hypertension through novel monitoring and intervention 

practices.10,11 Berman et al examined the Better Therapeutics digital therapeutic 

mobile application and its efficacy in delivering a 16-week Diabetes Prevention 

Program (DPP) in obese participants with and HbA1c >6.5%.10 Key features of the 

mobile application were the use of an AI conversation bot, personal health coach, 

plant-based diet and lifestyle recommendations, and the ability to monitor 

anthropometric data by linking Bluetooth devices for measurement.10 The 
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application showed an average mobile engagement of 4.3 uses per day along with an 

average decrease in hemoglobin A1c (HbA1c) of 1.1% (P<0.001). Improvements in 

dietary adherence and confidence to maintain a healthy dietary pattern were also 

observed after use of the application.12 Stein et al’’s test of the Lark Health digital 

therapeutic mobile application also used a virtual AI health coach to help overweight 

and obese patients achieve a 2.4% weight reduction and also showed a 31% increase 

in healthy meals logged.11 Though promising, the effects of both the Better 

Therapeutics and Lark Health have yet to be validated against a control group. 

Furthermore, few therapeutic mobile applications that provide an array of 

treatment options have attempted to improve adherence to less intuitive diets such 

as the low fermented, oligio-, di-, monosaccharide, and polyols (FODMAP) diet.  

A high FODMAP diet has been shown to exacerbate the symptoms of IBS.13 

Previous literature has shown significant improvement in IBS symptoms after 

adherence to a low FODMAP diet (LFD) indicating that the LFD as a viable 

treatment method for IBS and IBS-like symptoms compared to both pharmacological 

and non-pharmacological methods.4,14-22 However, adherence to the LFD has proven 

to be difficult with patients stating that information provided by medical 

practitioners is generalized and nonspecific requiring them to search for 

supplementary information to fit their individual needs.23  

Notably, studies that have used a combination of online and in-person 

methods for treatment have shown improved adherence to the LFD.14-16,24 The 

Constant-Care web app8, which was developed by researchers in Denmark, has been 

used by participants to successfully monitor their IBS symptoms in dietary 

treatment studies.8,14-16,24 Though effective, this application provided symptom 
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tracking and monitoring approaches without a way for patients to improve their 

LFD adherence other than online education modules.8 The application is one of few 

that has been tested and peer-reviewed in one or more randomized controlled trials. 

No mobile applications to our knowledge have 1) been developed within the United 

States and peer-reviewed for their efficacy in treating and/or managing IBS 

symptoms, 2) used AI, delivered via mobile application, to improve IBS and IBS 

symptoms, and 3) used AI, delivered via mobile application, to improve adherence to 

the LFD. 

Study Purpose 

The purpose of this study is to determine whether a novel AI dietary mobile 

application will improve adherence to a LFD compared to a standard online dietary 

intervention in populations with IBS or IBS-like symptoms over a 4-week period.  

Aims and Hypotheses 

Aim 1: To determine whether an AI dietary mobile application (APP) will promote 

greater adherence to a low FODMAP diet compared to standard online education 

(CON). 

Aim 2: To determine whether an APP will promote greater dietary knowledge 

compared to CON. 

Aim 3: To determine whether the APP will promote greater decrease in IBS 

symptoms compared to CON. 

H1: An APP LFD intervention will promote greater adherence to the low FODMAP 

diet compared to CON in subjects with IBS symptoms over 4 weeks.   

H2: An APP LFD intervention will promote greater dietary knowledge compared to 

standard online education in subjects with IBS symptoms over 4 weeks.   
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H3: An APP LFD intervention will promote a greater decrease in IBS symptoms 

compared to CON in subjects with IBS symptoms over 4 weeks.   

Limitations 

This study used self-report questionnaires for all measures, was conducted 

online only with communication being solely through email. Participants may have 

had a variable history of dietary application use, and depending on age may have 

differential cell phone knowledge that could impact one’s ability to use the app in a 

positive or negative way.  

Delimitations 

This study was limited to non-smoking adults (18-65 y) with IBS or IBS-

symptoms (diagnosed by Rome IV and IBS-symptom severity questionnaires). No 

participants with IBD were included (unless in remission for >3 months). 

Participants were not able to have a history of chronic disease (exception IBS). 

Nutrition students or professionals and those who did not own an iPhone 6 or newer 

were excluded. Participants did not engage in an elimination diet for the last 6 

months (e.g., vegetarian, vegan, LFD, Specific Carbohydrate, Gluten-Free, Dairy-

Free, etc.). Participants did not have allergies (food intolerances were allowed). 

Participants did not use any new medications within the last three months. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Prevalence of IBS and IBD in the US 

IBS and inflammatory bowel disease (IBD) are functional gastrointestinal 

disorders that are most prevalent in Western countries worldwide. IBS affects at 

least 15.3 million adults within the US.1 The direct medical cost (e.g., 

hospitalizations, prescriptions, ambulatory services, and outpatient services) 

attributed to IBS and other functional disorders is from $1-$10 billion, while the 

associated indirect costs (i.e., loss of work, disability, lack of productivity, and 

mortality) play a much greater role with estimates as high as $20 billion.2,3 These 

data, however, are likely largely underestimated given that they do not include 

many of the indirect medical expenses  and/or the costs of the many psychological 

and functional disorders associated with IBS.2   

IBD, manifesting as either ulcerative colitis (UC) and/or Crohn’s disease 

(CD), typically has more severe symptoms affecting 1 million people within the 

US.1,25-27  The direct costs attributed to IBD were measured at $1.8 billion in 2004 

and indirect costs conservatively estimated to be $328 million in the US.28 

Prevalence for both conditions are linked to increased medical expenses, reduced 

productivity, and increased morbidity within afflicted populations which is a 

significant burden to the individual, their family, and the community.28,29 

IBS Pathogenesis 

Both IBD and IBS share a number of symptoms while being separate 

conditions. A key differentiation between these conditions is that IBD is 

characterized by chronic inflammation throughout the body unlike IBS.30 Joenfjall et 
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al., described IBS-like symptoms that may be shared by those with IBD to include 

abdominal discomfort in conjunction with two of the following features: onset 

associated with stool frequency, onset associated with stool change in form, relieved 

with defecation.30,31 Subjects with IBS may have blood found in stool in more active 

cases.32 Similarly, IBS is attributed to a number of symptoms including but not 

limited to constipation, stomach pain, diarrhea, and bloating. Given the complexity 

of the condition, researchers have characterized different forms for people that suffer 

a greater amount of one or more symptoms. These cases are classified as IBS-D 

(diarrhea), IBS-C (constipation), or IBS-M (mixture of constipation and diarrhea). 

The prevalence of these symptoms in the case of IBD can be explained 

through genetic and environmental factors though less than 33% of heritability is 

explained through genetic risk polymorphisms. The “Western diet”, characterized as 

being low in fiber and high in animal protein, is thought to be the environmental 

influence for increased inflammation in the gut since it causes a dysbiosis of gut 

microbiota.9,33,34 IBD is thus commonly diagnosed through ileo-colonoscopy and also 

presents as elevated C-reactive protein and leukocyte proteins in the feces.32,35 The 

pathogenesis and consequently the diagnosis of IBS, however, is not as clear. While 

genetics and environmental factors, such as the “Western diet”, may be areas where 

IBS and IBD symptoms interact, IBS is better characterized as a “gut-brain 

interaction” meaning that the gut plays a significant role in the effect on 

psychological function and vice versa as shown in Figure 1.36-38 Key factors to 

consider when evaluating subjects for IBS include central (i.e., psychological, 

cognitive, and neurohormonal) and peripheral (e.g., the gut environment, genetics, 
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and diet) factors which are complex and interconnected in the prevalence and 

proliferation of the condition.36-38  

 

Figure 1. Pathogenesis of IBS and Indications Across Genders36 

 

Stress is an example of a psychological factor influencing the proliferation of IBS 

symptoms and may cause or be exacerbated by peripheral factors within the 

gut.36,37,39  

A retrospective cohort study was conducted between 2005 and 2013 in 

Germany to determine the incidence of IBS and its interaction with psychological 

comorbidities in an outpatient setting. Over half a million patients were identified 

as having a GI infection diagnosis which were all associated with an elevated risk of 

IBS (HR: 1.73). Similarly, to the indications from Figure 1, females were shown to be 

at elevated risk for greater severity of symptoms compared to males. The results 

also showed that psychological disorders are risk factors for IBS and concluded that 
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the gut-brain interaction requires further evaluation to support varied treatment 

modalities.38 

Jarbol et al conducted a study to identify the impact functional 

gastrointestinal conditions (i.e., Gastro Esophageal Reflux Disease (GERD), 

Functional Dyspepsia (FD), and IBS) had on the self-rated health of individuals 

within Denmark.40 The study represented 49,706 participants who responded to the 

web-based questionnaire with questions regarding IBS being pulled from the Rome 

III questionnaire.40 Overall, those who met the criteria for IBS and other functional 

conditions had significantly greater odds of reporting poor self-rated health and 

impaired functional capacity compared to those who did not report any of these 

conditions. Further, those who reported more than one functional gastrointestinal 

condition had even greater odds of reporting poor outcomes in self-rated health. 

Notably, significantly more respondents were above 50 years old regardless of 

gender (P<0.001). The median age reported was 52 for respondents and 52.3% of 

respondents were women.40 

Overall, pathogenesis for IBS is less clear than that of IBD diagnoses. 

Prevalence and symptom severity are typically greater and worse, respectively, for 

females, however presence of IBS in general results in poor perceived health status 

altogether.  

Treatment of IBS 

Treatment and management of IBS is better understood than its 

pathogenesis as there are many approaches which fall under the umbrella of either 

pharmacological or nonpharmacological methods. Pharmacological methods 

approved by the Food and Drug Administration (FDA) include but are not limited to 
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antidepressants, eluxadoline, riflaximin, alosetron, loperamide, and bile acid 

sequestrants to name a few. Nonpharmacological approaches, such as dietary 

modification using the low FODMAP diet and psychological interventions, have been 

reported to be as good as or better than pharmacological methods.  

 A systematic review and meta-analysis by Cangemi et al compared the 

outcomes of interventions that used either of these methods in treatment of IBS-D. 

A total of 78 studies were included in the meta-analysis.4 Treatments highlighted 

included dietary (e.g., gluten-free and LFD), exercise (e.g., yoga, walking, cycling, 

swimming, running), acupuncture, prebiotics/probiotics/synbiotics, and 

pharmacological (e.g., opioid receptor antagonist/agonist, smooth muscle 

antispasmodics, bile acid sequestrants, antidepressants, rifaximin, 5-HT3 

antagonists, and Crofelemer).4 Each treatment domain was assessed for efficacy (i.e. 

number needed to treat (NNT) - a value of 1 being equivalent to 100% and 4 to 25% 

efficacy) and safety (i.e., number needed to harm (NNH) - a value of 0 meaning that 

the intervention does not elicit harm and a value of 2 meaning that for every two 

participants, one will be harmed). The NNT across all domains ranged from 4 to 15 

and the NNH ranged from 8.5 to 8971. NNT was reported for most 

nonpharmacological therapies, with psychological (n=36 studies) (e.g., cognitive 

behavioral therapy (online or in person), stress management, meditation) averaging 

4 (95%CI=3.5-5); Low FODMAP diet (n=7 studies) averaging 5; and probiotic use 

averaging 7.4 These effects were equivalent to the most effective pharmacological 

therapies with peppermint oil (n=7 studies) and antidepressant treatments (n=18 

studies) averaging an NNT of 4, however antidepressants and antispasmodics (n=26 

studies) (e.g., peppermint oil) also came with greater risk reporting NNH of 8.5 and 
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22, respectively. Treatment using Eluxadoline (n= 2 studies), Rifaximin (n= 7 

studies), and Alosteron (n= studies) were least effective reporting average NNT of 6 

to 15 people, while they also came with some of the greatest risks reporting NNH of 

23-25, 8971, 10/19, respectively.4  

Harvie et al. designed a randomized controlled crossover trial in New 

Zealand to test the effects of the LFD on IBS symptoms and quality of life in a total 

of 50 subjects over a 6-month period, with crossover occurring at the 3-month 

mark.41 At study start, subjects in the intervention received LFD dietary education 

from a registered dietitian, while controls acted as a non-intervention comparator 

group.41Roles were then reversed for the final three months. At baseline, no 

differences were seen between groups after randomization. Symptom severity, 

measured with the IBS symptom severity screener (IBS-SSS) and Quality of Life 

(QOL) both showed significant improvements in the intervention group after three 

months (P<0.0002 and P<0.0001, respectively).41 By 6-months, both groups 

experienced significant improvements in FODMAPS consumed, symptom severity, 

and quality of life, however, differences between the groups went away. Notably, 

subjects with IBS-D experienced significant symptom score reduction in both groups 

after their intervention (-114.5 ± 89, P < 0.01 and -89 ± 81, P < 0.01, respectively) 

however these results were only replicated in the control group for those with IBS-M 

(112 ± 38, P = 0.03).41 Neither participants, nor investigators, or dietitians were 

blinded to the study groups. 

A survey of 1562 gastroenterologists in the US regarding treatment of IBS 

provided insights on the relative distribution of dietary treatments prescribed and 

their interpretations of patients’ views on diet therapy.42 This 22 question survey 
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was developed by gastroenterologists and survey methodologists and captured a 

relatively even distribution of the US (Northeast – 27.1%, Midwest – 23.1%, South – 

33.2%, and West – 16.6%). Distribution of respondents by gender was skewed as 

females made up 24.1% of the total sample.42 Outcomes of the survey showed the 

percent of time that providers recommended dietary intervention for IBS. The 

percent of HCPs that reported ‘Usually’ or ‘Always’ (i.e., the 2 highest scores on a 

Likert scale including 5 levels) were 77% for low FODMAP, 45% high fiber, 45% for 

reduced lactose, 18% for low fat, and 12% for gluten free.42 More than 50% of 

subjects reported that diet is their first line of treatment for IBS with overwhelming 

majority of respondents (75%) stating that they recommend dietary interventions to 

the majority of their patients. Finally, HCPs were asked about the effectiveness of 

dietary therapies for their patients in comparison to other therapeutic methods and 

reported that they were ‘about the same’ (90%), ‘better’ (41%), or ‘much better’ 

(5%).42  

A review of the low FODMAP diet explored the clinical evidence provided 

from current studies regarding the efficacy of the diet as a whole.43 The study found 

that treatment during the restriction phase has lasted up to 6 weeks, however, it 

was shown to be most effective over 4. Table 1 shows a number of randomized trials 

and their treatment durations using the LFD against a comparator diet or non diet. 

On average, these studies showed that ~4 weeks was an effective intervention period 

for the LFD.17,18,20,24,43-50 This review found that, approximately 50-80% of 

participants who engage in the LFD experience symptom reduction after the 

restriction phase.43 Use of the Rome IV to assess IBS symptoms has been shown to 

be an effective way to determine incidence as well.43 Moreover, a study by Vork et al. 
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compared the Rome III diagnosis to that of the Rome IV in a sample of 404 subjects 

and was able to show that the Rome IV criteria was more severe than that of the 

Rome III.51 Even though the LFD has shown efficacy in treating IBS symptoms, it is 

still fairly new and there is limited evidence showing efficacy outside of personalized 

dietitian led treatment.  

 

Table 1 

Comparison of LFD Duration in IBS Populations 

 

Niholm et al conducted an intervention of 105 IBS subjects (78% women) 

which were randomized to intervention components of either starch and sucrose 

reduced diet or usual diet. Measures used included the Rome IV criteria, IBS-SSS, 

and typical dietary intake screeners. The diagnosis of IBS was conducted via Rome 

IV and IBS-SSS (greater or equal to 175).52 Measures were taken at the beginning 

and end of weeks 2 and 4.52 Over a 4-week dietary intervention period, the 

intervention group saw significant reductions in IBS symptoms (P<0.001) as well as 

in their IBS diagnosis via Rome IV. Based on the results, it would seem that a 
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modified diet is efficacious for the reduction of IBS symptoms and could potentially 

eliminate symptoms all together in a short time period.52 However, this study did 

not touch on the reintroduction phases necessary for dietary restrictions which are 

important when looking at elimination diets of this nature. Further, the study was 

limited by a small sample size and a gender disparity, criteria to improve upon in 

future studies.  

Notably, a qualitative study by Trott et al supports the implementation of 

mobile applications to treat or manage IBS symptoms as it was the first to 

qualitatively explore patient perceptions of current medical treatment of IBS using 

the LFD. In a population of 19 subjects from a local university, the authors found 

that the information provided by medical providers is generalized and nonspecific 

and subjects often have to supplement information provided to fit their individual 

needs.23 Subjects also stated the LFD was hard to follow in social settings because it 

eliminates basic healthy foods which are not intuitively bad for dietary purposes.23 

The information provided by healthcare providers was typically surrounding 

guidelines of what to eat rather than application of the LFD in real life. Further, 

when searching for information on their own, subjects felt overwhelmed by the 

plethora of examples since they did not know which ones were valid and they did not 

have a registered dietitian or medical professional advising them of options.23 

Though a small sample size and potentially limited subset of the population, these 

findings are important, not only because this is the first qualitative study of its kind, 

but also because it provides insight to the limited resources medical practitioners 

have in managing gastrointestinal illness. 
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The findings suggest that medical professionals need support to improve 

their delivery of dietary information, especially for less intuitive diets like the LFD. 

Moreover, the paper found that few medical professionals follow the recommended 

pattern of 4-6 weeks of restriction, personalization, reintroduction, which is a 

requisite for the LFD.23 Therefore, practitioners should seek dietary implementation 

in conjunction with a digital health mobile application and/or with a registered 

dietitian (RD) or other HCP trained in gastrointestinal illness in order to provide the 

most effective treatment for their patients.   

Mobile Apps in IBS Treatment 

The Constant-Care web 

app is an IBS/IBD targeted 

application that allows subjects 

to self-treat their disease and 

manage their symptoms. It 

provides a holistic approach 

through nutrition education and 

direct communication with 

providers through the web portal.8  

It also provides a total inflammation burden score (TIBS) measured through the 

self-diagnosed disease activity score using the traffic light system (red=severe, 

yellow=mild-moderate, green=remission) and the faecal biomarker for inflammation 

through the Calprosmart app. The Constant-Care web app was demonstrated to 

improve the care of subjects with gastrointestinal diseases through improving 

surveillance, education, and communication of disease states and how to manage 

Figure 2. IBS Symptom Severity Outcomes 



  15 

disease risk.8,9,16 A study by Pederson et al  measured the effects of the Constant-

Care Web application over a 6-week lead-in monitoring period and provided a 6 

week intervention of LFD afterwards during a case study of 19 participants.24 After 

the 12 week study, participants in the LFD group saw a significant reduction in IBS 

symptoms measured via IBS-SSS, which remained stable for the 6 week baseline 

period (Figure 2).24 Further, some subjects in the intervention group even saw a 

remission of IBS symptoms to normal range based on the IBS-SSS. However, these 

results were not compared to a control group or powered in a large study;24 

therefore, this shows that application of the LFD via Constant-Care web application 

is a potentially efficacious endeavor, but future trials should implement greater 

sample sizes and employ a control group. 

Pederson et al  measured the effects of three dietary intervention approaches, 

LFD, introduction of the probiotic Lactobacillus rhamnosus GG (LGG), and a normal 

Western diet on the proliferation of IBS symptoms, via IBS-SSS, and IBS quality of 

life in 123 subjects.14 73% females were in the final sample and randomized to each 

group in groups of 40-42. Over a 6-week intervention period the intervention groups 

reported significant decreases in IBS symptoms compared to the control group from 

baseline to post intervention.14 IBS quality of life however did not see a significant 

change in any of the groups.14 Implications of these results are that it was the first 

trial to measure the effects of LGG compared to a LFD and a normal Western diet in 

a European sample. Moreover, it was also the first trial to conduct an intervention of 

this sort using an online platform for adherence.14  

A third study by Pederson et al implementing the Constant-Care web app in 

a 6-week prospective randomized controlled trial with 89 participants, 75% of which 
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were female. The goal of the study was to determine if a LFD would treat IBS-

symptoms in subjects with IBD. The intervention group was given a one hour 

counseling session with a dietary professional along with information about the LFD 

(handouts with recipes, tips, and meal plans).16 Those in the Normal Diet group 

followed an unchanged diet over the 6 weeks. Subjects used the Constant-Care web 

app for self-management and monitoring of symptoms. Subjects completed web 

based and non-web-based questionnaires at week 0 and week 6. The study found 

that those with access to a registered dietitian showed better adherence to a LFD 

compared to those without access to one.16 Those in the intervention group also 

showed a significant difference in their response to questionnaires and reported an 

overall greater decrease in IBS symptom severity with specific decreases in pain 

duration. The intervention group also showed a significant decrease in grams per 

day of FODMAP intake at the end of the 6 week period P=0.04.16 Overall, it would 

seem that access to a registered dietitian is of particular importance for subjects 

with IBS-symptoms engaging in a LFD. 

Karkar et al. explored a framework for implementing a health app within 

IBS subjects to support management and treatment of their symptoms.53 The 

authors developed prototypes and process flows after an in-depth literature review 

was conducted to outline the content and functions required to make a successful 

product. Three focus groups with 6 participants and an online survey with 60 

participants in total were used to assess the acceptability and feasibility of the 

prototype. Features participants stated they would value from this prototype were 

summary visualizations that charted their symptoms in correlation to a condition 

(e.g., Lactose vs. Lactose-Free) over time, provision of detailed sample meals on 
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trigger and non-trigger days, and the ability to customize an intervention length 

(e.g., 8- vs. 12-day) in order to improve personal adherence.53 The majority of 

participants stated that they would prefer to customize their intervention and 

symptom assessment procedures to be “personally meaningful” which limits the 

ability for researchers to control for confounding variables.53 Though a small sample, 

insights from participants are crucial for effective mobile application development, 

specifically when attempting to treat personalized conditions such as IBS.53  

A qualitative study (n=21) by Chung et al. was conducted to determine 

healthcare provider usage of patient monitoring data received via health apps to 

support IBS treatment.54 Overall, providers stated in semi-structured interviews 

that there were benefits and limitations to the increase in the ability of consumers to 

monitor their symptoms related to IBS. In respect to consumers, an increase in 

symptom management has the ability to help people identify trends in their own 

symptoms and potentially become independent from HCPs. However, the 

interviewees stated that subjects tend to have unrealistic expectations as to how 

quickly their symptoms would improve which could lead to discouragement and a 

decrease in engagement. Providers also saw benefits in using apps and “life-log data” 

for their own management of gastrointestinal diseases, however they stated many 

barriers to successful implementation within real world practice.54 Highlights 

included: limited interoperability between the mobile applications and current 

software infrastructure used by the providers; stating that much of the monitoring 

work was “unbillable” since they had a hard time charging for phone calls, emails, 

and other electronic communications; limited time to accommodate the increased 
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amount of data that regular tracking provides; lack of standardized data which led 

to the inability to draw reliable conclusions.54 

Few mobile applications have been evaluated for their efficacy in treatment 

of IBS. Of those that have, the main focus of the application has been symptom 

monitoring with few that have been peer-reviewed to explore strategies to optimize 

ease of dietary choice for those following the low FODMAP diet. Moreover, the 

studies that have explored the use of a mobile application have been from relatively 

small sample sizes and also outside of the United States.14,24 No studies within the 

US have explored the use of a mobile application to support delivery of the LFD to 

improve dietary adherence in those with IBS. Further innovations are required to 

improve interoperability and validity before providing reliable methods for patients 

and providers to use in treatment and monitoring of functional gastrointestinal 

diseases. 

Evolution of Medicine: Therapeutic Mobile Applications  

Kvedar et al. suggest that the old ways of “fee for service” are dying out since 

the best treatment for chronic diseases is prevention, not treatment after the fact. 

These authors believe that there is no better time than now to move towards a 

preventative approach in the US and this feat is much more achievable than 20 

years ago.55 They outline a few reasons for this shift including: 1) prevention 

becoming the primary focus for healthcare reimbursement 2) increased 

responsibility of employers for the health of their employees, incentivizing employers 

to ensure improved health outcomes for employees through preventative measures, 

and 3) 90% of US citizens now own cell phones which boosts the ability for health 
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monitoring through devices such as Fitbits, Apple watches, BP cuffs, Bluetooth 

scales, and continuous blood glucose monitors.55  

With the rise of chronic disease in parallel with the popularity of mobile 

health technology, employees, employers, and companies are incentivized to use, 

provide, and develop easy to use devices and technology that increases health 

outcomes. These tech-forward tools offer improved tracking and monitoring of health 

behaviors,56 and increasing adherence to diets, medications, and fitness 

programs,7,57-63 which in turn provide employers, patients, and healthcare 

practitioners with real time information on health goals and outcomes.55,64  

AI, defined as the programming of a computer or software to think and 

reason given a defined set of parameters or algorithms, is one of the premier 

technologies being developed in the 21st century which has the potential to make an 

impact in the healthcare field.55,64,65As with most advances, there is a thorough 

testing period AI supported tools must endure before they are socially accepted by 

the general population and informed by governmental regulations. Fortunately, 

companies are beginning to enhance their capabilities by using AI to track and 

monitor data, provide real-time feedback to users, and enhance their ability to 

analyze data using the increased processing power and ability to run many more 

permutations than a person could test in a lifetime.11,64-68  

These tools have the potential to boost the ability of healthcare practitioners 

to objectively track and measure adherence by monitoring medication intake, or 

utilizing the Internet of Things (IOT), defined as the ability for multiple computing 

systems to interact together through unique identifiers without human or computer 

input, to objectively track in real time physical activity, weight, and health markers 
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such as HbA1C or blood pressure.55,64,66,68 However, technological advancements that 

relate to treating health conditions do not come without risks which is why strict 

regulation and enforcement is needed to make sure that new companies comply with 

ethical standards for treatment. 

State of General Wellness Device Regulations in the US 

The FDA is the main agency charged with regulating these devices and, par 

for the course, is working to “catch up” to industry in an effort to provide regulatory 

clarity surrounding “Software as a Medical Device” (SaMD) and “General Wellness 

Devices” (GWDs). Recently, multiple guidance documents for GWDs were released to 

the public on September 27, 2019 to provide “recommendations” for guidelines for 

companies to follow and comment on. These documents define the 

inclusion/exclusion criteria for a “general wellness device” and provide “suggestions” 

on the claims that a a device or non-device is able to make with the main foci being 

“intended for general wellness use” and “risk” to the user.69  

General wellness claims are first split into two categories: 1) no reference a 

disease condition and 2) offer general improvement functions, as part of a healthy 

lifestyle, may help living with a chronic disease or reduce risk of certain chronic 

conditions. Within both categories, there are apps supporting weight loss and 

healthy eating habits, managing stress through relaxation or meditation, improving 

physical fitness through activity trackers such as FitBit or Apple Watch, and many 

others. The distinction between the two however is in the claims being made.69  

Under category 1, these apps are able to make claims that their software or 

device helps to “promote” or “maintain” whatever function it is providing in the 

support of a healthy lifestyle (e.g., Claims to promote relaxation or manage stress). 
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There is no mention of a disease condition as this would result in greater regulatory 

requirements being placed on the software or device. However, category 2 enables 

app providers to make claims related to the disease condition more specifically (e.g., 

“Software Product Y tracks your caloric intake and helps you manage a healthy 

eating plan to maintain a healthy weight and balanced diet. Healthy weight and 

balanced diet may help living well with high blood pressure and type 2 diabetes.”).69 

Risk is the final category that is covered within this documentation. Products 

that are considered “high risk” are those that are invasive, required to be implanted, 

and/or pose a risk to the user population if regulations and controls are not provided 

(e.g., “risk from lasers or radiation exposure”). GWDs that are not intended to be 

regulated by the FDA at this time are therefore those that provide low risk to the 

patient or user (e.g., “A software function monitors and records food consumption to 

“manage dietary activity for weight management and alert the user, healthcare 

provider, or family member of unhealthy dietary activity.” Such a software function 

is not a device function.”). Both the risk level and claim fall under the boundaries of 

a general wellness device in the illistrative example. However, if the example was 

modified to “manage dietary activity for treatment of a chronic disease, such as type 

2 diabetes, then this would be considered a function of a medical device and require 

controls and regulations to protect the user.69 

Being released only recently, these guidance documents provide a framwork 

for the rapidly expanding wellness software space in what they are able to claim in 

an effort to provide support and treatment to users. Those who are attempting to 

treat or diagnose critical or serious health conditions are considered medical devices 

and require greater regulatory oversight than those driving or informing the clinical 
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management of serious and non-serious conditions. This distinction is what sets 

apps apart when looking at the infrastructure they have developed because those 

actively developing medical device software are required to operate at a much higher 

standard that includes but is not limited to improving security and storage of data, 

increasing transparency, having a framework in place to manage patient risk and 

regularly seek to analyze and improve products, and elicit third party audits.69  

Medical devices and SaMDs are required to have more robust controls in 

place than GWDs to monitor and maintain their userbase which gives them a 

distinct advantage over general wellness devices when coming to market. With the 

healthcare industry shifting to a more online and autonomous space making it 

easier than ever to provide and monitor treatment for a variety of patients, it is 

important for users to understand the distinction between those companies that are 

taking the necessary steps by working with regulatory agencies to provide and 

improve user safeguards when bringing their products to market. These solutions 

are critical to the safety and well being of all individuals, especially those with 

functional gastrointestinal disorders where treatment many of the times is 

personalized to the needs of each individual rather than a standardized approach. 

Devices that effectively manage risk and in the treatement of diseases therefore 

have the opportunity to change the landscape of current options for these 

populations, specifically seeking to treat their IBS symptoms.69 

Digital Therapeutic (DTx) is a new category of personalized medicine that is 

focused on harnessing the potential of these developing technologies to treat or 

support in the treatment of diseases through a software-based intervention 

approach. DTx’s encompass a wide range of therapeutic software products to 
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prevent, manage, or treat a wide variety of disease types. The key distinction that 

separates each category is the level of oversight required, which allows products to 

make certain health claims. There are three categories of digital therapeutics 

outlined in Table 2 below.  

 

Table 2.  

Spectrum of Digital Therapeutics70 

 

A Digital service provides support to typical medical treatment but does not 

go so far as to claim long term disease risk reduction. The Noom mobile app, for 

example, provides a 24-week DPP to app users focusing on weight loss as a main 

outcome, which received approval from the Center for Disease Control (CDC) in 

2017. Features of this program include provision of an online health coach, in app 

Digital Services 
Adjunctive Digital 

Therapies 
Drug-Replacement 

• Support or improve 

patient habits and 

behavior 

 

• Independent of 

traditional 

pharmaceuticals 

 

• May have peer-

reviewed evidence of 

clinical benefit 

 

• Not regulated by the 

FDA 

 

Example Claim: 

Promotes physical 

activity and helps you 

manage your eating plan, 

which may help living 

well with a chronic 

disease.69 

• Adds value to 

existing 

pharmaceuticals 

 

• Improves clinical 

benefit of the 

associated drug by, 

for example, tracking 

adherence 

 

• Requires FDA 

approval / clearance 

for claims clinical 

benefit and safety 

 

Example Claim: Improve 

adherence to prescription 

or medical device to 

support management or 

treatment of a chronic 

disease.69,71 

• Direct, clinical 

benefit from the 

digital product 

 

• Can be standalone 

therapy or used in 

conjunction with a 

traditional drug 

 

• Approved and 

regulated by the FDA 

similarly to 

traditional drug 

therapies 

 

Example Claim: 

Adherence reduces blood 

pressure which is a 

treatment for 

hypertension.69,71 
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activities (reading articles, group posts, group comments, group likes), and the 

ability to connect wireless measurement devices to track weight and fitness changes. 

After multiple clinical trials, Noom now has the regulatory clarity to claim that 

program completers will achieve certain clinical outcomes including 5% weight 

reduction and reduced risk for diabetes. What Noom cannot claim is that use of their 

program reduces one’s 5-year risk for chronic diseases (type 2 diabetes (T2DM), 

heart disease, stroke).59-61 

Adjunctive digital therapies are the next tier in therapeutics that support 

traditional therapies, but also are able to make claims of clinical benefit through 

FDA approval. Glooko provides an FDA approved mobile platform to connect a 

variety of glucose and health monitoring devices including blood pressure meters, 

blood glucose meters, lifestyle wearables, apple health data, and glucose pumps to 

name a few.55 Glooko has been shown to improve adherence to diabetes medication 

and monitoring practices which has the potential to improve clinical outcomes in 

diabetics. These improvements likely translate to improved clinical outcomes though 

Glooko is limited in their ability to make claims of clinical benefit and must do so in 

conjunction with FDA approved prescriptions.69-71 

Finally, drug replacement therapies are FDA approved as standalone 

therapies which are as good as or better than their clinically prescribed 

counterparts. Pear Therapeutics’ reSET72 and reSET-O73 are some of the only 

technologies that meet the guidelines of being a prescriptive digital therapy. The 

goal of the reSET program is to provide an online cognitive behavioral therapy 

intervention as a 12-week prescription-only treatment for patients with substance 

use disorder (SUD). This program was tested in a clinical trial showing that patients 
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in recovery from substance use disorder, whose primary substance of abuse was not 

opioids, were more than two times more likely to abstain from drug use when reSET 

was added to outpatient therapy versus when it was not.72 Similarly, the goal of the 

reSET-O program is to treat those with Opioid Use Disorders (OUD) through a 12-

week intervention conducted completely through a software application to decrease 

attrition. This application was tested in a clinical study and showed that patient 

retention rates increased with 82% of OUD patients who received treatment with 

reSET-O staying in treatment, versus 68% of those who only received treatment as 

usual.73 Both of these programs provided a clinical platform and app based 

adherence schedule to improve access and monitoring of patients to their healthcare 

providers.70,74 Given the quality of results achieved from the studies, providers 

should expect these platforms to work as well as traditionally prescribed therapies 

as health claims would be indicative of this.69,71  

Review of Digital Therapeutic Studies 

DTx’s could be the key to providing reliable treatment methods in subjects 

with chronic diseases. Assessment of the mySugr mobile app, a platform designed to 

support the self-management of diabetes through a software and adherence 

platform, was conducted by Debong et al in 2019.56 The results, though published, 

are retrospective in nature taken from n=2104 highly engaged users (logging ≥5 

days/week for ≥6 months). Not surprisingly, patients saw significant decreases in 

HbA1c, mean from 9 to 7.7% (P<0.001) after 6 months. Significant reductions were 

also shown in mean blood glucose levels during the same time (17.8%, P<0.0001).56 

Participants with hemoglobin A1c >6.7% achieved significant reduction of an 

average of 1.1% (P<0.001). Those at or below 6.7% saw no change in  hemoglobin A1c 
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showing that the application may be an effective way of bringing individuals back to 

the mean and maintaining mean levels.56  

A 65-week retrospective analysis of 43 overweight or obese adults using the 

Noom platform provided initial results of efficacy of the mobile application. The 

program was assessed for efficacy of the DPP in conjunction with engagement to the 

app and attempted to determine differences between 65-week completers and 

dropouts. A number of engagement variables were assessed from the platform 

including but not limited to: meals logged, green foods logged, exercise, steps, 

number of weigh-ins, group posts, articles read, group comments, and messages to 

coach. Results show that those with greater amounts of meals logged and group 

posts had increased weight lost over the course of the 65-week maintenance period. 

Similarly, those who participated up to 65-weeks showed greater engagement and 

weight lost.59  

The Omada Health mobile application has also been studied extensively for 

its application of an online CDC approved Diabetes Prevention Program similar to 

Noom. The program provides users with a 52-week online education program with 

easy to use modules accessible from their mobile devices. The company also provides 

users with a health coach, small groups support, and digital tracking tools.58,75,76 The 

app was assessed for engagement and efficacy in treatment of type II diabetes in a 

retrospective sample of 220 users. Weight and HbA1c reduction was significant after 

one year in the program (P<0.0001) for those who completed a minimum of 4 

education modules (n=184).58 Metrics for engagement were tested for their effect on 

weight change after 16 weeks, including: lessons completed, weight tracked, steps 

tracked, logins, and group participation within the app. Results showed that logins 



  27 

and group participation had the greatest effect on weight loss over the 16-week 

period (P=0.0002).58  

Stein et al., tested the AI health coach function of the Lark Health mobile 

app in a sample of seventy-six overweight and obese, primarily female, users who 

provided follow-up data over an average of 15 weeks.11 The authors used a 

longitudinal designed weight loss study to evaluate the app. The app delivered 

customized feedback to app participants and was designed to mirror the feedback of 

a real health coach. The virtual health coach provided both emotional support (“eg, 

“know that when it comes to weight loss, ups and downs are typical””) and targeted 

help (“eg, “Bacon, that’s the third time this week/Try switching to a leaner protein in 

the morning””) through individualized feedback to participant messages.11 The app 

also measured weight loss, meal quality through user input, physical activity (PA), 

and sleep through connected mobile devices. Results showed use of the app 

supported a 2.4% reduction in weight.11 Use of the AI chatbot including number of 

conversations and duration of AI use were predictors of weight loss (0.001).11  This 

implies that it could be more cost effective to use an AI health coach to maintain 

participant adherence to their prescribed lifestyle intervention freeing up doctors 

and health care professionals to have more meaningful one on one time with 

patients.  

Better Therapeutics is another weight loss mobile application that uses AI as 

a tool in the treatment of cardiovascular disease and diabetes. Berman et al. tested 

the apps efficacy over a 12-week longitudinal study in a sample of 123 participants 

with self-reported type II diabetes and an HbA1c≥6.5%.12 Key components of the app 

were a human support health coach, diet and lifestyle recommendations (primarily 
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plant based), meal planning (automated shopping lists), weight monitoring 

(automated scale), 15-20 minutes of weekly education materials, push reminders to 

document meals eaten and to call one’s health coach, and an optional private 

Facebook group. The AI function informed the behavioral feedback component of the 

app as feedback was individualized to fit the needs of each participant. Over the 12-

week study, the average engagement was 4.3 app uses per day with an average of 

4.1 coaching calls. Those with the greatest engagement scores had the greatest 

decrease in A1c with those in the highest tertile achieving an average of 1.3 point 

reduction (SD 1.0, P=0.03).  

These results show not only that a DTx is an effective way to improve upon 

chronic disease outcomes, but also that engagement within the app plays a 

significant role in treatment effects. Results from both the Noom and Omada Health 

platforms showed that a health coach did not always improve engagement and 

therefore disease outcomes, but rather engagement within a group and with other 

metrics such as foods logged, and regular weigh-ins were more important. It is worth 

noting that the assessments conducted by these companies however were in 

retrospective56,58-60 or longitudinal samples,11,12 without control groups, 11,12,56,58-60 

selected for improved adherence which would potentially skew the results in their 

favor. 

Limitations of Current Software in IBS Treatment  

Although mobile and web-based interventions have proven effective in terms 

of improving adherence to general chronic conditions (i.e., diabetes, obesity, and 

hypertension) compared to non-technological methods, it has yet to be confirmed in a 

randomized controlled trial if AI and AI based therapeutic mobile applications 
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support greater adherence rates and more positive outcomes compared to current 

practices. Further, the landscape of peer-reviewed therapeutic applications to 

manage or treat functional gastrointestinal disorders is dismal. An in-depth 

literature review shows that no applications are currently eligible for DTx and/or 

regulatory status within the United States. Moreover, no applications using AI 

methodologies are focused on the treatment of functional gastrointestinal conditions, 

specifically IBS or IBS-symptoms.  

Technological Advancements in the Management of IBS 

Both consumers and providers have outlined a variety of limitations in 

treatment and management of IBS using non-device and mobile device intervention 

varieties. With the continual shift in the digital health landscape, it is important 

that regulators, providers, and consumers alike push for the continual integration of 

treatment approaches for functional gastrointestinal diseases in consort with 

development of apps to treat other chronic conditions such as type 2 diabetes, 

hypertension, cardiovascular disease, and obesity to improve the landscape of 

offerings across the board.  
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CHAPTER 3 

METHODS 

Participants  

An a priori sample size calculation was conducted based on the main outcome 

variable being difference in IBS-SSS pre and post intervention with a LFD. An 

estimated average of 20 participants per group was needed to have an 80% power to 

detect a difference between groups with an alpha of 0.05.14,20,22,46 Assuming a 

retention of 80%, >25 subjects per group were recruited into the study based on 

these calculations. Table 7 in Appendix A details the group changes per study and 

the calculated n per group. Subjects were recruited to the study via response to the 

study recruitment questionnaire (Appendix B) advertised through online flyers 

(Appendix C), social media posts (Facebook, Twitter, Instagram), list serves, and 

recruitment services across all Arizona State University (ASU) campuses (Tempe, 

West, Downtown and Polytechnic). Participants are eligible for the study if they had 

an IBS-SSS ≥ 175 (moderate to severe IBS), met Rome IV criteria for IBS of any type 

including those with IBS with constipation (IBS-C), IBS with diarrhea (IBS-D), IBS 

mixed typed (IBS-M), or IBS unsubtyped (IBS-U), and had symptoms for the past 3 

months or greater.77  

Subjects were required to be between 18 and 65 years of age, own a cell 

phone, and had not used a dietary application or elimination diet within the last 6 

months. The recruitment message indicated that participants must be willing to 

participate in a LFD intervention over a 4-week period with a monitoring period of 

2-weeks. The message also stated that subjects would be required to complete online 

questionnaires as frequently as bi-monthly from study start. Exclusion criteria 
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included use of a dietary application or elimination diet (e.g., LFD, specific 

carbohydrate, vegan, vegetarian, gluten free, dairy-free) within the past 6 months, 

subjects with allergies (not including food intolerances), smokers, history of chronic 

disease (other than gastrointestinal dysfunction), or nutrition student or 

professional. Participants were provided a financial incentive of up to $30 USD as 

well as free use of the AI mobile application for 6 months after successful completion 

of the intervention. Participants provided consent (Appendix D), and the study was 

approved by the Arizona State University Institutional Review Board (Appendix E) 

Study Design 

 This 40-day randomized controlled experimental study consisted of a 30-day 

intervention period following a 10-day baseline symptom monitoring period. The 

intervention protocol is outlined in Figure 3. Participants were randomized (via a 

priori determined method using an online random number generator) into one of two 

groups: AI dietary mobile application (APP) or Standard Dietary Education (CON). 

The CON group received a link to resources developed by the University of Michigan 

regarding the LFD: http://www.myginutrition.com/, which provided a description of 

the LFD and how to follow it, High/Low FODMAP guide (Appendix F), and a guide 

for cooking while following the LFD (Appendix G). The APP group was provided 

access to the AI mobile application and the resources provided to the CON group. 

Standardized emails were sent out to the APP and CON groups based on the stage of 

the study (Appendix H). Upon completion of the study, participants were also 

provided a guide for the reintroduction of FODMAPs that there were able to tailor to 

their needs (Appendix I). Those who successfully completed the intervention were 

able to use the AI mobile application to support their reintroduction stage over a 6 

http://www.myginutrition.com/
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month period ($240 value). This study was registered at clinicaltrials.gov 

(ClinicalTrials.gov Identifier: NCT04256551).   
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Figure 3. Study Protocol 
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Low FODMAP Diet 

The LFD is a therapeutic diet designed to reduce gastrointestinal inflammation 

through reduction of foods high in fermentable oligo-, di-, mono-saccharides and 

polyols. The diet consists of FODMAP restriction, reintroduction, and 

personalization periods.78 The LFD has been shown to be an effective therapy for 

IBS and IBS-like symptoms in a number of interventions.14,17,19,44,79 

AI Mobile Application 

The AI mobile application is a dietary resource developed and verified by a team of 

software engineers and registered dietitians which uses AI to scan menus and 

barcodes to provide individuals with information regarding nutritive content 

according to one’s diet using an overall food score and traffic light system. The team 

of dietitians verified the contents and quality of the app offerings which provides 

users a screening tool for a number of evidence-based diets including LFD, Specific 

Carbohydrate Diet, and general healthy, but for this study only the LFD was 

accessible. Participants were given access via cell phone login (Appendix J) and 

provided a trained health coach to promote adherence to the app and support with 

the LFD. A standard usage tutorial was provided in pdf form to all participants 

(Appendix K). App users were required to use the app every day and adherence was 

measured at usage at least once per week. Participant usage information was 

deidentified and automatically sent to excel for study authors to perform statistical 

analysis. 
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Measures 

Engagement was measured only in mobile app users. Bouts were defined as 

the number of times a participant accessed any function of the mobile application in 

one day.  

 

Questionnaires 

During the course of the study, all participants were required to complete the same 

questionnaires described below: 

1. Rome IV: A diagnostic tool to determine severity of gastrointestinal 

dysfunction and the most updated method to diagnose IBS.77 Participants 

will complete the self-administered online survey depicted in Appendix L. 

Based on the results of the survey, we will diagnose participants into one of 

the categories for IBS identified previously. 

2. IBS-SSS: A symptom severity screener validated by Francis et al. The IBS-

SSS is a short survey filled out by participants which categorizes them into 

one of four categories based on their responses: >75-no symptoms, 75 to <175-

mild IBS, 175 to <300-moderate IBS, and ≥300-severe IBS.80 Participants will 

self-administer this survey by accessing it in an email delivered at applicable 

time periods. For more information on the screener, please see Appendix M. 

3. Low FODMAP dietary adherence (LFDA) was measured via a self-

administered online short Food Frequency Questionnaire (FFQ) (less than 

five minutes) asking participants to indicate the number of times they ate 

certain FODMAPS. The survey was modeled after a validated FFQ developed 

for the National Health and Nutrition Examination Survey modified to 
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specifically target FODMAP food items.81 More information on the survey 

used may be accessed in Appendix N. 

4. Low FODMAP dietary knowledge (LFDK) was measured via a self-

administered online short survey (less than five minutes) which provides a 

series of questions to determine participants knowledge of the LFD before 

and after the intervention. The survey was modified from a validated tool 

validated in a study by Gréa Krause et al can be found in Appendix O.82 

5. Quality of Life (QOL) was measured via parts one and two of the World 

Health Organization (WHO) Quality of Life questionnaire, domains 1 and 2 

(i.e., physical health and psychological). Each domain provided a transformed 

score /100 which place the total scale /200 possible points (Appendix P).83  

Statistical Analysis 

The main outcome variables for this study were decrease in IBS symptoms 

and adherence to a LFD and were thus used to calculate an appropriate sample size. 

These variables were compared to four different studies showing significant results 

as shown in Appendix A. Descriptive statistics (mean and standard error mean 

(SEM)) were calculated for all outcome measures. Analysis of data was conducted 

using SPSS 26 or Windows (SPSS Inc., Chicago, IL, USA). Sample sizes were too 

small to determine a distribution so nonparametric tests were used to determine 

correlations between continuous variables and differences between groups. 

Spearman’s test was used to determine correlations in baseline variables. Mann-

Whitney tests were used to determine differences between groups. Pearson’s Chi 

Square test was used to determine differences between nominal data. All tests used 

were two sided, with a P value less than 0.05 being significant.  
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CHAPTER 4 

RESULTS 

In total, 58 participants were recruited for this study. Enrollment, including 

attrition and reasonings are shown in the Consort Flow Diagram in Figure 4. The 

majority of participants at baseline were female (89.5%) and non-Hispanic or Latino 

(79.0%). The average age (range: 20-61 years old) of the total sample was 27.6 years 

old with a median of 24.0 years and the average BMI was 25.1. Twenty-nine (50%) 

subjects were randomized to the APP and CON groups. Baseline Rome scores were 

calculated using the ROME IV criteria and results showed the following 

distribution: IBS-M (43%), IBS-D (37.9%), and IBS-C (19.0%). Correlations by IBS 

subtype were assessed by baseline demographic variables however, no significant 

associations were found. Subject characteristics and differences between groups at 

baseline are shown in Table 3. Correlations between baseline variables are shown in 

Table 4. 
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Figure 4. Consort flow diagram. 
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Table 3 

 

Baseline Demographics Including Dropouts  
 

aMann-Whitney  
bPearson’s Chi Square  
  

 
APP n=29 

(mean (SEM)) 

CON n=29 

(mean (SEM)) 
P value 

Agea 27.1 (1.4) 29.17 (2.4) 0.673 

BMIa 26.1 (0.95) 25.4 (1.0) 0.524 

PAa 67.5 (6.0) 50.3 (6.1) 0.021* 

Rome IV Diagnosis    

IBS-C b, 13.8% 24.1% 0.453 

IBS-D b, 44.8% 31.0% 0.453 

IBS-M b, 41.4% 44.8% 0.453 

Average IBS-SSSa 282.6 (10.1) 272.1 (12.2) 0.449 

Ethnicity (% Not 

Hispanic or Latino)  
93.1% 79.3%  

Gender (% female)  82.8% 96.6%  
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Table 4 

 

Baseline Correlations Including Dropouts 
 

** Spearman’s Correlation (P<0.01, 2-tailed)    

 
 
Attrition 

A total of 20 subjects so far have dropped out of the study (10 from each 

group). All participants that dropped out did so prior to the start of the intervention. 

The coronavirus (COVID-19) pandemic occurred simultaneously to the intervention 

greatly affecting participation. Therefore, the reasons for dropouts were participants 

stating the intervention placed a large burden on top of the burden of COVID-19 

(n=6), while the remainder of participants lost did not respond to follow emails to 

determine a reason. The final group, who is still completing the intervention, 

consists of an n of 38 (19 APP, 19 CON). Those in the intervention starter group also 

completed the baseline questionnaires to indicate baseline values for quality of life, 

FODMAP food frequency, and FODMAP dietary knowledge.  Subject characteristics 

and differences between samples are found in Table 5. Correlations between 

baseline variables for this group are shown in Table 6. Significant variables will be 

controlled for in analyses at post intervention.  

  

 Age BMI PA 
IBS-SSS 

Baseline 

Age 1 .099 -.228 0.177 

BMI - 1 -.368** -0.053 

PA - - 1 -0.098 

IBS-SSS 

Baseline 
- - - 1 
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Table 5  

 
Baseline Demographic Variables: Intervention Starters  
 

 

aMann-Whitney  
*Indicates a significant difference between groups (P<0.05) 

  

 
APP n=19 

(mean (SEM)) 

CON n=19 

(mean (SEM)) 
P value 

Agea 27.8 (2.1) 27.0 (2.4) 0.370 

BMI a 27.2 (1.3) 24.7 (1.1) 0.191 

PA a 62.0 (8.4) 54.5 (7.3) 0.525 

Rome  IV Diagnosis    

IBS-C  15.8% 31.6%  

IBS-D  52.6% 31.6%  

IBS-M  31.6% 36.8%  

Average IBS-SSSa 267.4 (10.9) 255.6 (14.3) 0.311 

LFD-K a 29.3 (1.8) 32.2 (1.4) 0.563 

LFD-A a 59.6 (6.0) 57.1 (4.3) 0.840 

QOL a 106.5 (5.5) 122.9 (6.8) 0.023* 

Ethnicity (% Not 

Hispanic or Latino)  
89.5% 84.2%  

Gender (% female)  84.2% 94.7%  
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Table 6 

 

Baseline Correlations: Intervention Starters  
 

** Spearman’s Correlation (P<0.01, 2-tailed)    
* Spearman’s Correlation (P<0.05, 2-tailed)     
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CHAPTER 5 

DISCUSSION 

New solutions to provide greater autonomy and support in treatment of IBS 

and other functional gastrointestinal and chronic diseases are increasingly sought 

after by the public and healthcare providers as barriers continue to decrease to the 

integration of new technologies in healthcare. integration of mobile and digital 

health applications into medical treatment is still an arduous process.69,71 Research 

has shown that therapeutic mobile devices are becoming more readily accessible and 

cost-effective alternatives in treatment of chronic diseases.57-59,61,62,76 These solutions 

have shown to be effective in a number of domains such as improving access to 

reliable information23,58 and improving monitoring practices for IBS and IBD 

symptoms15 compared to traditional treatment methods.  

Integration of health applications have many benefits in the treatment and 

monitoring of IBS for patients and providers, however providers state that the 

existing healthcare infrastructure, variation of applications, and inability to draw 

reliable conclusions are limitations to implementing these advances in their 

practice.42,54 Personalized, dietitian led treatment is the most effective method of 

implementation of the LFD,16,43  which is one of the most effective treatments for 

IBS.4 However, a survey of dietitians (n=570) across three Western European 

countries showed that mobile applications to integrate low FODMAP treatment 

were only used by 44% of participants. Of those that used these applications, <20% 

used them to motivate patients and monitor their behavior and even fewer used 

them to remind patients of their goals (13%) or communicate with patients about 

their treatment (10%).84 Thousands of apps are available to the public and medical 
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practitioners to support in the treatment of chronic and functional gastrointestinal 

diseases, though little research has been done to prove their efficacy and bridge the 

gap between the provider and patient needs.  

The purpose of this study was to assess the efficacy of a novel AI mobile 

dietary application to improve LFD adherence and manage symptoms of IBS 

compared to standard online guidance through a website developed by LFD 

specialists. We hypothesized that the use of the mobile application and website 

would lead to a decrease in IBS symptoms and improve adherence to the LFD 

compared to those who only were provided the website. We also hypothesized that 

use of the AI mobile application would lead to greater quality of life outcomes and 

increased dietary knowledge in comparison to the control condition. 

At baseline, nearly 500 participants responded to the survey however 385 did 

not pass the initial screening process. The majority of those who did not qualify 

either did not have an iPhone 6 or newer or were not adherent to the dietary 

requirements to start the study. All study participants indicated that they were 

interested in participating in an online study to potentially treat their IBS 

symptoms, which ranged from 190 to 440 (i.e., moderate to severe).80 Participation 

could have been improved by decreasing the restrictions to diet and increasing the 

app offerings on android as well. This would have potentially increased the pool of 

subjects by 20-50%.  

After completing the baseline screening questionnaire, subjects were 

instructed to maintain a standard lifestyle for 10 days prior to the start of the 

intervention. At the start of the intervention, subjects completed a second symptom 

severity question to have a detailed understanding of their baseline symptoms to 
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compare to over the course of the study. At this time, subjects were randomized to 

groups, (APP or CON) and provided an “Intervention Start Email” which detailed 

the steps required for them to complete to begin their intervention (Appendix H). All 

participants were provided the same online module and handouts to learn about and 

support adherence to the low FODMAP diet. Those in the APP group were also given 

additional instructions to download the mobile app, explore the tools and functions 

within, and reach out to the health coach to begin engaging with the app. The CON 

group was neither informed that they would not be receiving the app, however, it 

was detailed in the consent form that one group would not be receiving the mobile 

app.   

So far, the attrition rate between groups from baseline to intervention start 

was the same (34%) which will likely increase as the intervention progresses. This 

rate however, is consistent, if not better than, other e-health interventions 

implementing a randomized control trial with percentages ranging from 19.4%-

74%.85 Over the course of the intervention, the CON had the least accountability 

which would likely impact the rate negatively. On the other hand, the APP group 

had a greater number of milestones to complete for their intervention (i.e., 

download/onboard to the app, use the app, speak with the health coach), which could 

also negatively impact their participation.  

Coronavirus played a particularly impactful role during this intervention as 

disease and economic turmoil occurred over 80-100% of the baseline and 

intervention periods for all subjects (subjects participated on a rolling basis with 

subjects beginning their 40-day trial anytime between 2/12/2020-3/16/2020). 

Beginning as a respiratory disease in China in December 2019, COVID-19 began to 
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spread throughout the country and the world with a high rate of transmission 

through the air. The World Health Organization declared coronavirus a worldwide 

pandemic by March 11, 2020, however, the disease had spread to the US before that 

with the first documented death in the US occurring February 29, 2020.86,87 

Furthermore, the aftermath of the released caused mass panic with indications of 

the world economy shutting down resulting in clearing of goods from grocery stores, 

especially paper products (paper towels, toilet paper) and nonperishable foods. 

COVID-19 directly impacts the lungs and manifests in a number of symptoms 

including but not limited to sore throat, pneumonia, diarrhea, fever, cough, fatigue, 

and headache.88 Preliminary studies show that the mortality rates increase in 

elderly patients and those with comorbidities such as hypertension, diabetes, and 

heart disease.89  

Given that this was a dietary restriction study in patients with IBS, it is 

important to note that household goods (e.g., non-perishables foods, proteins, and 

paper products such as toilet paper and paper towels) were in scarce supply well 

before the “pandemic” status was released by WHO. As a result, it is likely that 

COVID-19 affected adherence across both groups. Subjects were enrolled from all 

across the US and those who experienced greater instances of quarantine (e.g., 

subjects who lived in New York or California) may have had a more difficult time 

adhering to the dietary requirements. Given that this population already struggles 

from an increased incidence of diarrhea and abnormal bowel function, the fact that 

toilet paper was so hard to come by during the crisis more than likely had an effect 

on the quality of life of subjects within this study. These events could have also led 

to elevated stress, which has been shown to exacerbate the pathogenesis of IBS 
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within the gut.36,37,39,90 Results reported on symptom severity screeners, progression 

of the disease, and quality of life of the subjects within this study would likely have 

been negatively impacted from the COVID-19 outbreak. 

After accounting for the limitations resulting from COVID-19, the study 

design also presents limitations to adherence. The APP group was asked to use the 

use the app on a daily basis in an effort to support their food choices. Since the CON 

group did not have this requirement, it is possible that the increased intervention 

requirements on the APP group could have affected their adherence. The CON group 

never received the mobile app. Those who were hoping to receive that were 

randomly placed in this group might have dropped out of the study at a greater rate 

or been less likely to adhere to the intervention they were given. Subjects were not 

blinded to their treatment condition, which had the possibility to influence their 

responses for or against what they thought the outcomes of the intervention should 

have been. Subjects were between the ages of 20 and 61 years of age with an average 

age of ~27 years. Though we attempted to limit this difference in our recruitment, it 

is a limitation of a 100% online study since people under 30 would likely have an 

easier time accessing and using the mobile app and website than those in their 60s. 

Participants were recruited from a variety of online mechanisms including 

University list serves, Instagram, Twitter, Facebook, and other online sources 

tailored to those that may have IBS or IBS symptoms. Though we received a diverse 

sample of participants across the US, the average age shows that the study 

participants are somewhat homogenous limiting the generalizability of the results to 

the general US population. All measures recorded were subjective in nature since 
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participants self-reported their baseline and intervention measures. This potentially 

limits the accuracy of the information collected. 
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CHAPTER 6 

CONCLUSIONS & APPLICATIONS  

The study tested two different methods of support and their effect on 

adherence to the LFD and IBS symptoms. Both groups were provided dietary 

education and resources from a validated online source, while the intervention group 

also used a novel AI mobile app. The purpose of this study was to determine the 

efficacy of a novel AI mobile app in dietary adherence to the LFD while 

simultaneously improving IBS symptoms in subjects who had moderate to severe 

symptoms. Prior to intervention, both groups experienced the same rate of attrition 

and differences were only seen in QOL scores, which will be controlled for in follow 

up analyses. This study is the first of its kind to compare adherence methods to the 

LFD in the treatment of IBS. Moreover, it is the first time an AI dietary mobile app 

has been used to support subjects in their management of IBS. Results from this 

study will inform the new generation of therapeutic apps and devices for lifestyle 

disease treatment. Further studies with larger sample sizes and a more diverse 

population are required to thoroughly assess the efficacy of the app in question. 

Collaboration between regulators, private companies, research institutions, HCPs, 

and patients is needed on a large scale before these devices will be widely accepted 

and available for treatment and monitoring of IBS and other conditions. 
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TABLE 7: POWER CALCULATIONS OF IBS-SSS OUTCOME VARIABLE 
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Author Year Group 
Mean 

change 
± SD 

n per 

group 

Calculated 

total n 

Age 

range 
Subject health status Measure 

1 
Pederson 

et al7 
2014 

LFD -133 122 34 

42 18-74 

Exhibiting IBS symptoms of 

either mixed, constipation, 

diarrhoeal 

IBS-SSS 

ND -34 95 37 

2 
Zahedi et 

al45 
2017 

LFD -155 78 50 

64 20-60 Patients with IBS-Diarrheal IBS-SSS General 

dietary 

advice 

(GDA) 

-103 68 51 

3 
Staudacher 

et al13 
2017 

LFD -117 86 51 

40 18-65 

Exhibiting IBS symptoms of 

either mixed, constipation, 

diarrhoeal according to 

Rome III 

IBS-SSS 

Sham -44 72 53 

4 
McIntosh 

et al15 
2017 

LFD -82 78 18 

26 24-83 

Exhibiting IBS symptoms of 

either mixed, constipation, 

diarrhoeal according to 

Rome III and had symptoms 

greater than 6 mo 

IBS-SSS 

HFD 19 93 19 

 

Average   -81 87 39 43 18-83 
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 INITIAL DEMOGRAPHIC SCREENER 
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APPENDIX C 

RECRUITMENT FLYER 

  



  65 

  



  66 

APPENDIX D 

INFORMED CONSENT 
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STRATEGIES TO IMPROVE DIET ADHERENCE IN INDIVIDUALS FOLLOWING 

THE LOW FODMAP DIET -- STUDY CONSENT  

I am a graduate student under the direction of Dr. Carol Johnston in the College of Health 

Solutions at Arizona State University (ASU) in Phoenix Arizona. I am conducting a 

research study in individuals with Irritable Bowel Syndrome (IBS) or gastro-intestinal 

symptoms similar to IBS, to examine training methods for adoption of the Low 

Fermentable, Oligio-, Di-, Mono-saccharide, and Polyols (FODMAP) diet. IBS 

diagnosis, IBS symptom severity, diet adherence, mobile app engagement, and food 

knowledge will also be assessed. 

You have indicated to us that you have IBS or symptoms of IBS with no other chronic 

disease conditions and that you desire to decrease your IBS symptoms.  You also 

indicated that you are willing to follow the study diet which has been designed 

specifically to help you decrease your IBS symptoms while in the study.  If you are still 

interested in participating in this study, please complete the attached surveys 1) on IBS 

symptom diagnosis (~5 minutes to complete) and 2) on IBS symptom severity (~5 

minutes to complete). The outcomes of these surveys will indicate your eligibility for the 

study and once completed, you will receive an email from me stating whether or not you 

are eligible to partake. Participants will receive the IBS symptom severity survey for two 

weeks (once per week) to establish baseline symptoms. At the end of the 2 weeks you 

will be randomly assigned to one of two study groups; that is, you will not be able to 

choose which group you are in. During this time, you will also be prescribed the Low 

FODMAP diet, and you will be counseled on how to follow it via email. Over the final 4 

weeks, one group will utilize the dietary application and one group will not receive a 

mobile application. You will be asked to answer a quality of life, dietary adherence, and 

dietary knowledge questionnaire at two time points during the 6-week study (10-20 

minutes to complete). If randomized into a group receiving the dietary application, you 

will be asked to engage with the application at least one time per day each day over the 4-

week intervention period. Once the study is completed, participants will be provided 

appropriate guidance to reintroduce FODMAPs into their diet in a safe and regulated 

manner. If you begin taking new medications or supplements during the study, you are to 

notify the study investigators. About 80 people will participate in this study. This study is 

completely online, with no requirement to come to a study site.  The study is funded by 

the Graduate and Professional Student Association at ASU.     

Your participation in this study is voluntary.  This study will provide appropriate 

knowledge on the mechanisms of IBS and the application of the Low FODMAP diet in 

treatment of symptoms as well as how to safely reintroduce FODMAPs back into one’s 

diet. You will receive $25.00 in a gift certificate to Amazon at the time of trial 

completion.  You will also receive a free 6-month subscription to the AI mobile 

application (up to a $240 value) at the time of trial completion.  

If you choose not to participate or to withdraw from the study at any time, there will be 

no penalty.  No risks are anticipated as a result of study participation as the intent of the 
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study is to promote adherence to a low FODMAP diet.  However, worsening of IBS 

symptoms is an ongoing concern in this population.  Individuals may become bored or 

frustrated with the diet protocol.  There is a time commitment to complete the surveys 

and to access the app during weeks 3-6.   

All information obtained in this study is strictly confidential unless law requires the 

disclosure.  The results of this research study may be used in reports, presentations, and 

publications, but your name or identity will not be revealed.  In order to maintain 

confidentiality of your records, (the mobile application company) will use subject codes 

on all data collected. Dr. Johnston will maintain a master list separate and secure from all 

data collected, and limit access to all confidential information to the ASU study 

investigators only.   

If you have any questions concerning the research study, please contact me, Aaron 

Rafferty, at aaron.rafferty8@gmail.com, or you can reach Dr. Johnston at 

carol.johnston@asu.edu.  If you have any questions about your rights as a 

subject/participant in this research, or if you feel you have been placed at risk, you can 

contact the Chair of the Human Subjects Institutional Review Board, through the ASU 

Office of Research Integrity and Assurance, at (480) 965-6788.  

Completing the survey will be considered consent to participate in the study.  

 

Link to online surveys:   

http://bit.ly/ASUibs_ROMEIV 

http://bit.ly/ASUibs_IBSSSS 

  

mailto:aaron.rafferty8@gmail.com
mailto:carol.johnston@asu.edu
http://bit.ly/ASUibs_ROMEIV
http://bit.ly/ASUibs_IBSSSS
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APPENDIX E 

IRB APPROVAL 
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APPENDIX F 

LOW/HIGH FODMAP FOODS 
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APPENDIX G 

LOW FODMAP SAMPLE MEALS 
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Recipe 1: Breakfast_LF banana peanut butter oatmeal 

Recipe 2: Breakfast_LF butternut squash scones 
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Recipe 3: Breakfast_LF mini chocolate chip pumpkin muffins 

Recipe 4: Breakfast_LF peanut butter banana overnight oats 
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Recipe 5: Dinner_LF Asian sesame chicken stirfry 

Recipe 6: Dinner_LF ginger sesame salmon 
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Recipe 7: Dinner_LF lemon rosemary chicken vegetable skewers 

Recipe 8: Dinner_LF mediterranean style stuffed peppers 
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Recipe 9: Dinner_LF quinoa tabbouleh 

Recipe 10: Dinner_LF spinach and red pepper crustless quiche 
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Recipe 11: Lunch_LF basil vinegrette dressing 

Recipe 12: Lunch_LF Greek pasta salad 
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Recipe 13: Lunch_LF Greek salad with grilled chicken 

Recipe 14: Lunch_LF roasted chickpeas 
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Recipe 15: Lunch_LF roasted red pepper hummus 

Recipe 16: Smoothie_LF berry almond smoothie 
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Recipe 17: Smoothie_LF berry cacao smoothie bowl 

Recipe 18: Smoothie_LF energizing coffee smoothie 
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Recipe 19: Smoothie_LF peanut butter chocolate milkshake 

Recipe 20: Smoothie_LF pineapple colada green smoothie 
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Recipe 21: Smoothie_LF strawberry banana oatmeal smoothie 
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APPENDIX H 

EMAIL MESSAGES 
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APPENDIX I 

REINTRODUCTION HANDOUT 
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APPENDIX J 

APP DOWNLOAD INSTRUCTIONS 
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APPENDIX K 

APP ACCESS AND USAGE TUTORIAL 
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APPENDIX L 

ROME IV SURVEY AND SCORING INSTRUCTIONS 
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APPENDIX M 

IBS-SSS SURVEY AND SCORING INSTRUCTIONS 
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APPENDIX N 

LFD ADHERENCE QUESTIONNAIRE 
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Low FODMAP dietary adherence (LFDA):  participants will choose one 
answer below for each food item listed 
 
N/A – 0 
1 time per month or less - .5 
2-3 times per month - 1 
1-2 times per week – 1.5 
3-4 times per week - 2 
5-6 times per week – 2.5 
1 time per day - 3 
2-3 times per day or more – 3.5 
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apple  
apricot (1 or less)  
apricot (2 or more)  
avocado (more than 1/8)  
blackberry  
boysenberry  
cherry  
custard apple  
figs (dried)  
figs (fresh) 
grapefruit  
longan  
lychee  
mango  
nectarine  
peach (yellow)  
peach (white)  
peach (clingstone)  
pear  
persimmon  
plum  
prune 
canned fruit in natural juice 
watermelon 

 
all-purpose flour 
barley 
bulgur wheat 
couscous 
kamut 
pasta 
rye 
wheat 
wheat berries 
almond (more than 10 nuts) 
baked bean 
cashew 
chickpea (more than 1/4 cup) 
hazelnut (more than 10 nuts) 
kidney bean 
lentil (more than 1/2 cup) 
pistachio 
soy bean 
soy milk (from whole soy bean 
 
artichoke (globe) 
artichoke (hearts) 

asparagus 
beetroot (more than 2 slices) 
broccoli (more than ½ cup) 
brussels sprouts (more than ½ cup) 
butternut squash (more than ¼ cup) 
cabbage (savoy) 
cauliflower 
celery (more than ½ stalk) 
corn (more than ½ cob) 
fennel (more than 1 cup) 
garlic 
leek  
mushrooms 
okra (more than 10 pods) 
onion (all) 
pumpkin (canned, more than ½ cup) 
shallots  
snow peas (more than 5 pods) 
spring onion (whole) 
sugar snap peas  
sweet potato (more than ½ cup) 
tomato paste 
 
chamomile tea 
chia tea 
dandelion tea  
fennel tea 
oolong tea 
rum 
 
agave syrup 
crystalline fructose  
erythritol 
fructo-oligosaccharides or oligofructose or 
oligofructan 
fructose  
fructose solids 
fruit juice concentrate  
glycerin/glycerol 
high fructose corn syrup 
honey  
isomalt (also known as “decomalt”) 
lactitol 
maltitol 
mannitol 
molasses 
polydextrose  
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sorbitol 
xylitol (also known as “Smart Sweet”) 
 
cottage cheese  
cream cheese 
custard  
dry milk solids 
gelato 
ice cream 
mascarpone 
milk (from cows, goats, sheep) 
ricotta cheese  

yogurt 
oat milk 
rice milk 
 
carob 
chicory root extract 
cocoa powder (more than 1 Tablespoon) 
inulin 
natural flavor (in savory foods) 
textured vegetable protein (also known as 
“textured soy protein”, “soy meat”, or 
“soya chunks”) 
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APPENDIX O 

LFD KNOWLEDGE QUESTIONNAIRE 
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Low FODMAP Dietary Knowledge Questionnaire 
 

When I have questions on Fodmap foods, I know where I can find information on 

this issue.  

I do not have experience with these issues = 0 

Disagree strongly = 1  

Disagree = 2 

Neutral =3  

Agree=4 

Agree strongly = 5  

 

In general, how well do you understand the following types of nutritional 

information? 

(A) Nutrition information leaflets 

(B) Food label information 

(C) TV or radio program on nutrition 

(D) Oral recommendations regarding nutrition from professionals. 

(E) Nutrition advice from family members or friends  

 

I do not make use of this kind of information = 0 

Very poorly = 1  

Poorly = 2 

Neutral =3 

Good =4 

Very good = 5 

  

How familiar are you with the Low Fodmap Diet recommendations?  

Very unfamiliar = 1  

Unfamiliar = 2 

Neutral = 3 

Familiar = 4 

Very familiar = 5 

 

I know the Low FODMAP diet recommendations about fermentable, oligio-, di-, 

mono-saccharide, and polyols consumption.  

 

Disagree strongly = 1  

Disagree = 2 

Neutral =3  

Agree=4 

Agree strongly = 5  

 

Think about a usual day: how easy or difficult is it for you to compose a balanced 

meal at home that does not cause a flare up?  

 

Not applicable = 0 

Very hard = 1  
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Hard = 2 

Neutral = 3 

Easy = 4 

Very easy = 5 

 

In the past, how often were you able to help your family members or a friend if they 

had questions concerning nutritional issues?  

 

There have never been any questions = 0 

Never =1 

Sometimes =2 

Frequently = 3 

Always = 4 

 

There is a lot of information available on the Low Fodmap Diet today. How well do 

you manage to choose the information relevant to you?  

 

I have not been interested in these issues = 0 

Very badly = 1  

Badly = 2 

Neutral = 3 

Well =4 

Very well = 5 

  

How easy is it for you to judge if media information on nutritional issues can be 

trusted?  

 

Very difficult = 1  

Difficult = 2 

Neutral = 3 

Easy = 4 

Very easy = 5 

 

Commercials often relate foods with health. How easy is it for you to judge if the 

presented associations are appropriate or not?  

 

Very difficult = 1  

Difficult = 2 

Neutral = 3 

Easy = 4 

Very easy = 5 

  

How easy is it for you to evaluate if a specific food is relevant for a Low Fodmap 

diet?  

 

Very difficult = 1  

Difficult = 2 

Neutral = 3 
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Easy = 4 

Very easy = 5 

  

How easy is it for you to evaluate the longer-term impact of your dietary habits on 

your health?  

 

Very difficult = 1  

Difficult = 2 

Neutral = 3 

Easy = 4 

Very easy = 5 
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APPENDIX P 

QUALITY OF LIFE SCREENER 
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APPENDIX Q 

EXERCISE REFERENCE VALUES 
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APPENDIX R 

INTERNATIONAL FOUNDATION FOR GI DISORDERS POST 
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