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Abstract
Background
Few health-related quality of life (QOL) questionnaires are designed specifically for healthy populations and are specific to gastrointestinal (GI) symptoms even though healthy individuals may frequently experience gas, bloating, constipation, diarrhea, and abdominal pain. The purpose of this study was to develop and validate a tool that could assess the impact of GI symptoms on digestion-associated QOL in otherwise healthy individuals.

Methods
After a review of current literature and with input from experienced GI researchers, a 24-item questionnaire was created. The questionnaire was reduced to 9 items with input from focus groups comprised of healthy adults experiencing GI-related symptoms and through variability analysis. The Digestion-associated QOL Questionnaire (DQLQ) was designed to be sensitive to the physical and mental well-being changes that may occur due to GI symptoms. The DQLQ was assessed for internal consistency reliability (Cronbach’s alpha; McDonald’s omega), test–retest reliability (intraclass correlation coefficient, ICC), and construct validity (Pearson correlations) in a study with healthy, academically stressed, undergraduate students. Convergent validity was evaluated by correlating the DQLQ with gastrointestinal symptom rating scale (GSRS) scores. Divergent validity was assessed by correlating DQLQ scores with stress scores, and bowel satisfaction scores.

Results
A total of 594 students (age 18–30 years) completed the DQLQ. Internal consistency reliability was favorable (n = 594; α = 0.84, ω = 0.84). A high level of agreement and correlation between DQLQ scores was found with the test–retest reliability analysis (n = 273; ICC = 0.89). The questionnaire was shown to have good convergent validity through correlation with the GSRS (n = 594; r = 0.54). Divergent validity was also shown to be appropriate by correlating DQLQ scores with stress (n = 592; r = 0.13, p < 0.005), and bowel satisfaction (n = 592; r = 0.18, p < 0.001) scores.

Conclusion
The DQLQ is a reliable and valid questionnaire for assessing digestion-associated QOL in healthy individuals.
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Introduction
Clinical research investigating quality of life (QOL) has become increasingly popular in recent years [1]. As clinical laboratory data do not communicate the whole picture related to a condition or an intervention, research is needed to examine the QOL of individuals in addition to the biomedical metrics [2]. QOL questionnaires are frequently used to investigate gastrointestinal (GI) symptoms and their treatments in patients [3–5]. The effect that GI symptoms have on QOL in a healthy population is less established in the literature. Healthy people do experience GI symptoms, as a retrospective cross-sectional study showed that of the more than 52,000 healthy participants, 54% reported experiencing at least one GI symptom within the past seven days [6]. Further, increased severity of GI symptoms has been shown to limit the physical and social functioning and emotional well-being of healthy individuals [7]. Generic QOL tools are available that may be used with healthy individuals [8, 9] but none are specific to digestion-associated QOL.
There are several potential causes for why healthy individuals may experience GI symptoms that impact daily life. For example, GI symptoms or changes in GI function in healthy individuals have been associated with inadequate or more than adequate fiber intake, fermentability of the fiber consumed, or obesity [10–16]. GI symptoms may also worsen with the stress of daily life [17, 18]. Additionally, healthy women typically experience more frequent and severe GI symptoms than healthy men [6, 19, 20] which may be due, at least in part, to menses [21]. These symptoms are likely affecting QOL as North Americans will spend an estimated $43 billion annually by 2022 on dietary supplements, such as prebiotics, probiotics, and functional fibers, to improve GI health and digestion-associated QOL [22]. Unfortunately, little or no data support the efficacy of these interventions. To assess the effectiveness of such interventions in otherwise healthy individuals, as well as to characterize the effect of these GI symptoms on QOL, it is necessary to have a valid, reliable tool. Therefore, the purpose of this study was to develop and validate a tool that could assess the impact of GI symptoms on digestion-associated QOL in otherwise healthy adults. It was also important that this tool be responsive to changes in GI symptoms so that it could be used in a research setting to assess how interventions, such as increasing fiber intake or adding nutritional supplements to the diet, may impact digestion-associated QOL.
Methods
Development of the Digestion-associated Quality of Life Questionnaire
In 2015 and 2016, a 24-item questionnaire was generated after a review of QOL questionnaires and GI symptom assessment literature which follows previous developments in GI or QOL research [4, 23–28]. Additionally, input from experienced researchers working in the area of GI health was utilized (Fig. 1). The questionnaire was constructed to capture associations between digestive symptoms and physical activity, dietary intake, worries or concerns, emotional well-being, social interaction, and physical appearance. Three different focus groups of healthy adults (i.e., participants from an initial pilot study and a subgroup of participants from two interventional trials) were used to examine the interpretability and relevance of the items of the questionnaire. The focus group from the initial pilot study included healthy females (n = 12) and males (n = 10) age 22 to 77 years who reported consuming > 25 g of fiber or prebiotic or probiotic supplements daily (unpublished data). It was thought that these participants would be more likely to experience GI symptoms or changes in GI function because of the fiber or dietary supplements. Following administration of the questionnaire, open-ended questions that addressed the wording, interpretation, and relevance of the statements were asked of the focus group.[image: ]
Fig. 1Flow diagram of the development and validation of the Digestion-associated Quality of Life Questionnaire (DQLQ). The first draft of the questionnaire was developed after a review of literature and with input from an expert panel of gastrointestinal researchers. After testing and focus group input, it was revised to a nine-items questionnaire with a seven-point frequency Likert scale. Assessment of the reliability and validity of the DQLQ was then assessed as part of a large clinical trial


A revised questionnaire was then prospectively administered as part of two fiber intervention studies in individuals who were consuming a low-fiber diet. It was hypothesized that increasing fiber intake would be associated with more normal, satisfying, and complete bowel movements, as well as GI symptoms. In the first fiber-intervention study, participants (n = 51) received 0, 15, and 25 g of a fermentable fiber (resistant maltodextrin) and GI function was assessed in a crossover study design [29]. As expected, individuals from this study experienced an increase in indigestion-related GI symptoms (rumbling, bloating, burping, and gas) during the periods that the fermentable fiber was consumed. A subset of participants (females: n = 4 and males: n = 2) age 20 to 38 years, volunteered to participate in the focus-group session following the completion of the study (unpublished data).
In a second intervention study, healthy young adults (n = 11 females and n = 9 males) age 18 to 25 years who consumed 15 g of dietary fiber or less (inadequate dietary fiber intake) were asked to consume 39 g of a high fiber (bran) cereal in addition to their baseline intake, making this intervention a significant increase in the amount of dietary fiber consumed [30]. The number of stools per week increased on average by five with the fiber intervention. Data were analyzed to assess the variability in participant responses, and changes in questionnaire scores between intervention and baseline or washout periods. Low variability in responses to an item was interpreted to indicate low relevance (e.g., sleep interruption due to GI symptoms). Focus group participants from both intervention studies were asked similar questions as participants in the initial pilot study focus group.
The Digestion-associated Quality of Life Questionnaire (DQLQ), which assesses digestion-associated QOL over the past week, was then assessed for criterion (postdictive) validity prior to being included in a larger, more comprehensive validation study. Healthy adults (n = 21; 71% female) were asked about the presence (Yes/No) of symptoms covered by the DQLQ each day for seven days, prior to the DQLQ being administered on the eighth day. On the eighth day, the unaltered DQLQ (with frequency answer choices) was administered. Total DQLQ scores were regressed on the total number of “Yes” responses over the previous seven days.
Validation Study
The DQLQ was prospectively tested in 2017 as an online questionnaire (Qualtrics, Provo, UT) in a randomized, double-blind, placebo controlled clinical trial investigating the effect of probiotic supplements or placebo on stress-associated GI symptoms and immune function during academic stress (i.e., final academic exams) [31]. This study with 594 participants, of which 412 (69%) were female, was deemed appropriate for testing the validity, reliability, and responsiveness of the DQLQ as academic stress and the probiotic interventions had previously been shown to alter GI symptoms, which would likely impact QOL [17, 18]. Potential study participants were recruited via posters, announcements, and electronic mailing lists for this seven-week study. Healthy full-time undergraduate students providing informed consent were included in the study if they were nonsmokers between the ages of 18–30 years (inclusive) who were willing to discontinue consumption of fermented foods or probiotics or immune-enhancing supplements prior to beginning the study. Potential participants were excluded if they were taking any laxatives, did not have access to the Internet during the study period, or were lactating or known to be pregnant.
During the one-week baseline period (i.e., before the start of the interventions) and week 3 of the intervention, participants completed daily questionnaires and the Gastrointestinal Symptom Rating Scale (GSRS) followed by the DQLQ [23]. The GSRS is a 15-item GI symptom severity instrument which assesses five symptom clusters over the past week including reflux, abdominal pain, indigestion, diarrhea, and constipation. A 7-point Likert scale is used to indicate no discomfort (1) up to very severe discomfort (7). Scores for each question were summed for a total score. Daily questionnaires inquired about level of stress, scored 0 (no stress) to 10 (extremely stressed), and bowel satisfaction, scored on a 7-point scale with positive, neutral, and negative response choices. For all study questionnaires, participants could not skip questions, and once they submitted the questionnaires, participants could no longer access the questionnaire to modify their responses.
Structural validity. While confirmatory factor analysis (CFA) is typically completed prior to exploratory factor analysis (EFA), CFA was bypassed as the number of factors within the questionnaire could not be identified a priori. Further, a model had not been built using prior research that could be utilized for CFA. Because these principles of CFA were violated, EFA was necessary to explore the underlying structure of the questionnaire. Parallel analysis (Monte Carlo simulation) and a scree plot evaluation were utilized to determine the number of factors to extract (n = 594) [32, 33].
Reliability. Internal consistency reliability of the DQLQ was assessed by calculating Cronbach’s alpha (α) and McDonald’s omega (ω) from baseline DQLQ data (n = 594). Coefficients above 0.70 was considered favorable [34].
To examine test–retest reliability, participants were sent an initial DQLQ at 7 AM and a second 10 h after the first. Due to the online format of these questionnaires, it was possible for participants to complete both questionnaires within minutes of each other. For this reason, participants who completed the questionnaires on the day they were sent, in the proper order and four hours or more apart were analyzed. Participants did not have access to their previous responses. Test–retest reliability was assessed in 273 participants by estimating the intraclass correlation coefficient (ICC). The ICC was also assessed for questionnaires that were completed at least eight hours (n = 181) and 12 h (n = 45) apart to analyze responses with potentially less recall bias. An ICC of 0.75 or greater was considered favorable [35].
Construct validity. The DQLQ was designed to assess the impact of physical symptoms on digestion-associated QOL. Therefore, Pearson correlation coefficients were determined for DQLQ and GSRS scores using data from the baseline week to support the convergent validity of the DQLQ (n = 594). Altered mental well-being may be related to digestion-associated QOL, even in the absence of physical symptoms (e.g., worry that symptoms may arise). Thus, the DQLQ was compared with stress and bowel satisfaction scores to assess divergent validity as they are different but potentially related constructs to digestion-associated QOL. The average stress scores calculated from daily stress rating during the week of baseline were correlated with DQLQ scores from the same time period (n = 592). The proportion of days during the baseline week that participants were not satisfied with their bowel function was also compared with DQLQ scores. Participants who completed at least one stress and bowel satisfaction questionnaire were included (n = 592). A correlation coefficient of 0.60 or greater was considered strong while a correlation coefficient between 0.30 and 0.60 was considered moderately strong for these convergent validity analyses. Correlations below 0.30 were considered weak and would support divergent validity [36].
Responsiveness. Due to unexpected high levels of stress at the beginning of the study when participants were expected to experience low stress, it was not possible to assess the responsiveness of the DQLQ between baseline and week 3 of the intervention when stress-associated digestive events were expected to be more frequent. Thus, the DQLQ was included in another study investigating GI symptoms during the menstrual cycle. Many women report experiencing GI symptoms related to menstruation [37]. Therefore, responsiveness was assessed in regularly menstruating women by comparing DQLQ scores at two points in the menstrual cycle where GI symptoms have been shown to differ [21]. It was expected that DQLQ scores would differ during the different phases of the menstrual cycle. Female participants who menstruated at least monthly were recruited for this five-week observational study. Only women taking oral contraceptive were included to allow for a more homogeneous menstrual pattern, as menstrual cycle lengths may vary. Participants (n = 72) completed the DQLQ on day 7 and day 26 following the start of menstruation (day 1) to assess the difference in digestion-associated QOL during menstrual and non-menstrual weeks, respectively. DQLQ scores from these weeks were compared using the Wilcoxon Signed Rank Test.
Statistical Analysis. SPSS version 25 (SPSS Inc, Chicago, IL) was used to conduct all analyses except the Wilcoxon Signed Rank Test (WSRT) for the responsiveness analysis as data were not normally distributed. WSRT was conducting using SigmaPlot (version 14.0; Systat Software Inc, San Jose, CA). WSRT results are expressed as medians (IQR). ICC estimates and their 95% confidence intervals were calculated based on single-rating, absolute agreement, 2-way mixed-effects model.
Results
Development of the DQLQ
After feedback from the initial and subsequent focus groups were analyzed, and the variability of responses to the questionnaire was assessed, it was clear that many of the items in the original questionnaire were not impacted by GI symptoms. Thus, the number of items on the questionnaire was reduced to nine and the questionnaire was named the DQLQ. The DQLQ was shown to have favorable criterion validity (r = 0.91; p < 0.0001) and can be administered with confidence as scores appropriately reflect events over the past week.
Validation Study
Structural validity Based on the agreement between the parallel analysis and the scree plot, a single factor solution was employed for factor analysis with Maximum Likelihood extraction [38]. All correlations between the items and the latent variable were favorable above 0.30 and ranged from 0.45 to 0.80 [39].
The DQLQ includes 9 statements that assess how often digestive events and experiences affected the physical and mental aspects of QOL over the past 7 days (Fig. 2). Each statement is scored as follows: never = 0, rarely = 0.1, occasionally = 0.3; sometimes = 0.5, frequently = 0.7, usually = 0.9, and always = 1.0. The total score represents the sum of the responses to the 9 statements with possible scores ranging from 0 to 9. A higher score indicates a lower (worse) digestion-associated QOL.[image: ]
Fig. 2Digestion-associated Quality of Life Questionnaire (DQLQ). Instructions and the questionnaire presented to participants. Administered as an online questionnaire


Reliability Internal consistency reliability as measured by Cronbach’s α and McDonald’s ω was 0.84 for both coefficients, suggesting that the variation in items reflects a shared dimension. For the analysis of test–retest reliability, participants completed the questionnaires 9.3 ± 2.7 (mean ± SD) hours apart. The ICC was found to be 0.89 (95% CI: 0.87–0.91) for questionnaires completed at least four hours apart indicating favorable agreement between the two scores and supporting the reliability of the DQLQ. The ICC also indicated a high degree of agreement for questionnaires completed eight hours (ICC = 0.88; 95% CI: 0.84–0.91) and 12 h (ICC = 0.90; 95% CI: 0.83–0.94) or more apart.
Construct validity. In the assessment of convergent validity, participant DQLQ data correlated favorably with the GSRS (r = 0.54, p < 0.001). The percentage of days that participants were not satisfied with their bowel function weakly correlated with DQLQ scores (r = 0.18, p < 0.001). Correlations between the DQLQ and average weekly stress scores were also weak (r = 0.13, p < 0.005). These correlations with bowel satisfaction and stress indicate good discriminate validity of the DQLQ.
Responsiveness. Median (IQR) DQLQ scores were 1.2 (0.40–2.6) during menstruation when GI symptoms were significantly higher and 0.70 (0.20–1.7; p < 0.05) during non-menstrual weeks when GI symptoms were minimal.
Discussion
Improving the QOL of patients with GI diseases has become a priority for clinicians [3, 4, 40, 41]. However, a significant proportion of healthy adults also experience GI symptoms [6, 42] as evidenced by the billions of dollars being spent annually on dietary supplements to improve digestive health [22]. Consequently, there is a need for a digestion-associated QOL instrument that could be used in research settings to assess the effectiveness of these supplements in healthy adults [22].
The primary aim of this study was to develop and validate a questionnaire to measure the impact that GI symptoms have on digestion-associated QOL in healthy adults. Initial statements for the DQLQ were formulated from the literature and experienced researchers working in the area of GI health. The tool was subsequently tested and refined with input from healthy individuals whose GI function had been altered by increasing daily fiber intake.
During refinement of the questionnaire, special consideration was given to the scoring scale of the DQLQ. Each of the nine items of the DQLQ is scored on a scale of 0 to 1. Thus, total scores can range from 0 to 9. A larger scale (e.g., each item scored from 0 to 10 for a total maximum score equal to 90) may result in large numeric changes that may or may not be clinically relevant. The scale of 0 to 1 was chosen to avoid interpreting clinically insignificant changes in total scores as meaningful.
Test–retest reliability was examined in participants who completed the DQLQ twice on the same day, at least four hours apart. Although there is no standard for time in which a ‘retest’ should be administered in relation to the initial test, enough time after the original test must elapse so that the responder honestly answers the questions again (i.e., considers their present health state rather than their previous responses). Data from questionnaires completed eight or more hours apart, as well as 12 or more hours apart were also examined to ensure test–retest reliability beyond the 4-h retest. Responses were still highly correlated. Additionally, the period between the test and retest cannot be too long such that the tests assess different digestive events or time periods. In the current study, restricting analysis to responses submitted on the same day ensured that the same seven-day period was assessed by participants.
Convergent validity was evaluated by comparing DQLQ scores to GSRS scores. It was predicted that with an increase in GI symptoms (higher GSRS score) that DQLQ scores would also increase, indicating a lower digestion-associated QOL. Divergent validity was examined by correlating average weekly stress scores and bowel satisfaction scores with DQLQ scores. Stress and bowel satisfaction are different but possibly related constructs to digestion-associated QOL. The weaker correlation with stress scores may be explained by the bi-directional communication along the gut-brain axis (i.e., psychological stress can cause GI symptoms and GI symptoms can increase the level of stress). Increased psychological stress is also associated with extraintestinal physical symptoms such as tachycardia, pain, and sleep disturbances [43–45]. Similarly, GI symptoms may predict bowel satisfaction, but bowel satisfaction may not predict digestion-associated QOL.
Responsiveness is the ability of an instrument to detect a relevant change [46]. Menses was chosen as an appropriate life experience to challenge the responsiveness of the DQLQ, as many healthy women report experiencing GI symptoms related to menstruation. Common symptoms experienced during menstruation include abdominal pain, diarrhea, constipation, nausea, and vomiting [37]. Other studies have indicated that a significant portion of female participants experience GI symptoms on premenstrual or menstrual days due to fluctuations in sex hormones [47, 48]. In this study, women were asked to report GI symptoms related to menstruation during menstrual and non-menstrual weeks. Participants also completed the DQLQ at these times [21]. A difference of 0.5 was found between the median DQLQ score during the menstrual phase and non-menstrual phase (1.2 menstrual versus 0.70 non-menstrual). This difference in score reflects the natural physiologic contrast in GI function that healthy adult females normally experience.
Several limitations should be noted. When analyzing test–retest reliability, only participants who responded to both tests on the same day were analyzed. This choice was made to ensure that the same 7-day period was assessed by the participants but may have also introduced recall bias. Additionally, the physiologic causes of GI symptoms leveraged in these studies were not homogeneous. However, this supports the use of the DQLQ in a wide variety of research settings. Finally, the minimal important change or difference in DQLQ score was not investigated. Future research will elaborate further on the smallest change that participants perceive to be important.
Conclusion
In summary, the DQLQ is a valid questionnaire for the assessment of digestion-associated QOL in healthy adults. Scores correlate with clinically relevant changes in GI symptoms. These findings contribute to the growing research focus on QOL related to digestion and GI symptoms in adults.
Acknowledgements
The authors would like to the clinical investigators and the patients that participated in these validation studies.

Authors' contributions
The authors contributions were as follows: Conception—AMB, BLH; Design—MB, AMB, BLH, RJS, SW; Acquisition, analysis—MB, BLH, TMJ, CN, RJS; Interpretation—MB, BLH; Drafted- MB, BLH. All authors read and approved the final manuscript.

Funding
This work was supported by the USDA National Institute of Food and Agriculture Hatch project FLA-F05-005636.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not publicly available but are available from the corresponding author on reasonable request and approval from the University of Florida Institutional Review Board.

Declarations
Ethics approval and consent to participate
Item reduction, pretesting, and validation studies were approved by the University of Florida Institutional Review Board-01 or 02. All participants provided informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Haraldstad K, Wahl A, Andenaes R, Andersen JR, Andersen MH, Beisland E, et al. A systematic review of quality of life research in medicine and health sciences. Qual Life Res. 2019.

	2.
Higginson IJ, Carr AJ. Measuring quality of life: using quality of life measures in the clinical setting. BMJ. 2001;322(7297):1297–300.PubMedPubMedCentral

	3.
Patrick DL, Drossman DA, Frederick IO, DiCesare J, Puder KL. Quality of life in persons with irritable bowel syndrome: development and validation of a new measure. Dig Dis Sci. 1998;43(2):400–11.PubMed

	4.
Marquis P, De La Loge C, Dubois D, McDermott A, Chassany O. Development and validation of the Patient Assessment of Constipation Quality of Life questionnaire. Scand J Gastroenterol. 2005;40(5):540–51.PubMed

	5.
Eypasch E, Williams JI, Wood-Dauphinee S, Ure BM, Schmulling C, Neugebauer E, et al. Gastrointestinal Quality of Life Index: development, validation and application of a new instrument. Br J Surg. 1995;82(2):216–22.PubMed

	6.
Almario CV, Ballal ML, Chey WD, Nordstrom C, Khanna D, Spiegel BMR. Burden of Gastrointestinal Symptoms in the United States: Results of a Nationally Representative Survey of Over 71,000 Americans. Am J Gastroenterol. 2018;113(11):1701–10.PubMedPubMedCentral

	7.
Vivier H, Ross EJ, Cassisi JE. Classification of gastrointestinal symptom patterns in young adults. BMC Gastroenterol. 2020;20(1):326.PubMedPubMedCentral

	8.
Skevington SM, Lotfy M, O’Connell KA. The World Health Organization’s WHOQOL-BREF quality of life assessment: psychometric properties and results of the international field trial. A report from the WHOQOL group. Qual Life Res. 2004;13(2):299–310.PubMed

	9.
Brazier JE, Harper R, Jones NM, O’Cathain A, Thomas KJ, Usherwood T, et al. Validating the SF-36 health survey questionnaire: new outcome measure for primary care. BMJ. 1992;305(6846):160–4.PubMedPubMedCentral

	10.
Abdullah MM, Gyles CL, Marinangeli CP, Carlberg JG, Jones PJ. Dietary fibre intakes and reduction in functional constipation rates among Canadian adults: a cost-of-illness analysis. Food Nutr Res. 2015;59:28646.

	11.
Crincoli CM, Garcia-Campayo V, Rihner MO, Nikiforov AI, Liska D, van de Ligt JLG. Evaluation of the gastrointestinal tolerability of corn starch fiber, a novel dietary fiber, in two independent randomized, double-blind, crossover studies in healthy men and women. Int J Food Sci Nutr. 2016;67(7):844–56.PubMed

	12.
Gonlachanvit S, Coleski R, Owyang C, Hasler W. Inhibitory actions of a high fibre diet on intestinal gas transit in healthy volunteers. Gut. 2004;53(11):1577–82.PubMedPubMedCentral

	13.
Bonnema AL, Kolberg LW, Thomas W, Slavin JL. Gastrointestinal tolerance of chicory inulin products. J Am Diet Assoc. 2010;110(6):865–8.PubMed

	14.
Grabitske HA, Slavin JL. Low-digestible carbohydrates in practice. J Am Diet Assoc. 2008;108(10):1677–81.PubMed

	15.
Eslick GD. Gastrointestinal symptoms and obesity: a meta-analysis. Obes Rev. 2012;13(5):469–79.PubMed

	16.
Dahl WJ, Wright AR, Specht GJ, Christman M, Mathews A, Meyer D, et al. Consuming foods with added oligofructose improves stool frequency: a randomised trial in healthy young adults. J Nutr Sci. 2014;3:e7-e.

	17.
Culpepper T, Christman MC, Nieves C Jr, Specht GJ, Rowe CC, Spaiser SJ, et al. Bifidobacterium bifidum R0071 decreases stress-associated diarrhoea-related symptoms and self-reported stress: a secondary analysis of a randomised trial. Benef Microbes. 2016;7(3):327–36.PubMed

	18.
Hughes C, Davoodi-Semiromi Y, Colee JC, Culpepper T, Dahl WJ, Mai V, et al. Galactooligosaccharide supplementation reduces stress-induced gastrointestinal dysfunction and days of cold or flu: a randomized, double-blind, controlled trial in healthy university students. Am J Clin Nutr. 2011;93(6):1305–11.PubMed

	19.
Dennis-Wall JC, Culpepper T, Nieves C Jr, Rowe CC, Burns AM, Rusch CT, et al. Probiotics (Lactobacillus gasseri KS-13, Bifidobacterium bifidum G9–1, and Bifidobacterium longum MM-2) improve rhinoconjunctivitis-specific quality of life in individuals with seasonal allergies: a double-blind, placebo-controlled, randomized trial. Am J Clin Nutr. 2017;105(3):758–67.PubMed

	20.
Dimenas E, Carlsson G, Glise H, Israelsson B, Wiklund I. Relevance of norm values as part of the documentation of quality of life instruments for use in upper gastrointestinal disease. Scan J Gastroenterol Suppl. 1996;221:8–13.

	21.
Judkins TC, Dennis-Wall JC, Sims SM, Colee J, Langkamp-Henken B. Stool frequency and form and gastrointestinal symptoms differ by day of the menstrual cycle in healthy adult women taking oral contraceptives: a prospective observational study. BMC Womens Health. 2020;20(1):136.PubMedPubMedCentral

	22.
Gijare A. Over-The-Counter (OTC) Drugs and Dietary Supplements: Global Markets. BCC Research; 2017. Contract No.: PHM050C.

	23.
Revicki DA, Wood M, Wiklund I, Crawley J. Reliability and validity of the Gastrointestinal Symptom Rating Scale in patients with gastroesophageal reflux disease. Qual Life Res. 1998;7(1):75–83.PubMed

	24.
Guillemin I, Marrel A, Arnould B, Capuron L, Dupuy A, Ginon E, et al. How French subjects describe well-being from food and eating habits? Development, item reduction and scoring definition of the Well-Being related to Food Questionnaire (Well-BFQ©). Appetite. 2016;96:333–46.PubMed

	25.
Coons SJ, Rao S, Keininger DL, Hays RD. A comparative review of generic quality-of-life instruments. Pharmacoeconomics. 2000;17(1):13–35.PubMed

	26.
Juniper EF, Thompson AK, Ferrie PJ, Roberts JN. Development and validation of the mini Rhinoconjunctivitis Quality of Life Questionnaire. Clin Exp Allergy. 2000;30(1):132–40.PubMed

	27.
Frendl DM, Ware JE Jr. Patient-reported functional health and well-being outcomes with drug therapy: a systematic review of randomized trials using the SF-36 health survey. Med Care. 2014;52(5):439–45.PubMed

	28.
Ares G, De Saldamando L, Gimenez A, Deliza R. Food and wellbeing. Towards a consumer-based approach. Appetite. 2014;74:61–9.PubMed

	29.
Burns AM, Solch RJ, Dennis-Wall JC, Ukhanova M, Nieves C Jr, Mai V, et al. In healthy adults, resistant maltodextrin produces a greater change in fecal bifidobacteria counts and increases stool wet weight: a double-blind, randomized, controlled crossover study. Nutr Res. 2018;60:33–42.PubMed

	30.
Weir S, Langkamp-Henken B. Validation of a questionnaire for digestion-associated well-being in healthy undergraduate students. UF Institutional Repository: University of Florida; 2017.

	31.
Probiotics on Stress-associated Gastrointestinal Function in University Students. https://​ClinicalTrials.​gov/​show/​NCT03056846.

	32.
Horn JL. A rationale and test for the number of factors in factor analysis. Psychometrika. 1965;30:179–85.PubMed

	33.
O’Connor BP. SPSS and SAS programs for determining the number of components using parallel analysis and Velicer’s MAP test. Behav Res Methods Instrum Comput. 2000;32(3):396–402.PubMed

	34.
Nunnally J, Bernstein I. Psychometric theory, 3rd edn. New York: McGraw-Hill; 1994.

	35.
Cicchetti DV. Guidelines, criteria, and rules of thumb for evaluating normed and standardized assessment instruments in psychology. Psychol Assess. 1994;6(4):284–90.

	36.
Hinkle DE, Wiersma W, Jurs SG. Applied statistics for the behavioral sciences. 2nd ed. Boston: Houghton Mifflin; 1988.

	37.
Heitkemper MM, Jarrett M. Pattern of gastrointestinal and somatic symptoms across the menstrual cycle. Gastroenterology. 1992;102(2):505–13.PubMed

	38.
Fabrigar LR, Wegener DT, MacCallum RC, Strahan EJ. Evaluating the use of exploratory factor analysis in psychological research. Psychol Methods. 1999;4(3):272–99.

	39.
Cudeck R, O’Dell LL. Applications of standard error estimates in unrestricted factor analysis: Significance tests for factor loadings and correlations. Psychol Bull. 1994;115(3):475–87.PubMed

	40.
Hanneman MJG, Sprangers MAG, De Mik EL, van Heurn ELW, De Langen ZJ, Looyaard N, et al. Quality of life in patients with anorectal malformation or hirschsprung’s disease: development of a disease-specific questionnaire. Dis Colon Rectum. 2001;44(11):5897.

	41.
Kulich KR, Madisch A, Pacini F, Piqué JM, Regula J, Van Rensburg CJ, et al. Reliability and validity of the Gastrointestinal Symptom Rating Scale (GSRS) and Quality of Life in Reflux and Dyspepsia (QOLRAD) questionnaire in dyspepsia: A six-country study. Health Qual Life Outcomes. 2008;6(1):12.PubMedPubMedCentral

	42.
Kawachi K, Sakata Y, Hara M, Takeshita E, Kawakubo H, Yamaguchi D, et al. Higher frequency of upper gastrointestinal symptoms in healthy young Japanese females compared to males and older generations. Esophagus. 2018;15(2):83–7.PubMed

	43.
Vrijkotte TG, van Doornen LJ, de Geus EJ. Effects of work stress on ambulatory blood pressure, heart rate, and heart rate variability. Hypertension. 2000;35(4):880–6.PubMed

	44.
Vachon-Presseau E, Roy M, Martel M-O, Caron E, Marin M-F, Chen J, et al. The stress model of chronic pain: evidence from basal cortisol and hippocampal structure and function in humans. Brain. 2013;136(3):815–27.PubMed

	45.
Kim-Godwin YS, Lee MH, Logan JG, Liu X. Factors influencing sleep quality among female staff nurses during the early COVID-19 pandemic in the United States. Int J Environ Res Public Health. 2021;18(9):7821.

	46.
Staquet M, Berzon R, Osoba D, Machin D. Guidelines for reporting results of quality of life assessments in clinical trials. Qual Life Res. 1996;5(5):496–502.PubMed

	47.
Ouyang A, Wrzos HF. Contribution of gender to pathophysiology and clinical presentation of IBS: should management be different in women? Am J Gastroenterol. 2006;101(12 Suppl):S602–9.PubMed

	48.
Bernstein MT, Graff LA, Avery L, Palatnick C, Parnerowski K, Targownik LE. Gastrointestinal symptoms before and during menses in healthy women. BMC Womens Health. 2014;14:14.PubMedPubMedCentral



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12955_2022_1956_Fig2_HTML.png
DQLQ (Digestion-associated Quality of Life Questionnaire)
The following questions are designed to measure the effect of digestive symptoms on your daily life over the
past 7 days. For each question, please click one response.

Digestive symptoms include, but are not limited to: stomach ache or pain, acid reflux, nausea, bloating,
heartburn, hunger pains, rumbling in the stomach or belly, burping, passing gas, diarrhea, hard stools,
constipation, loose stools or the urgent need to have a bowel movement.

For each statement, please answer how often you experienced these events in your daily life for the past 7 days.
Please refer to the scale below for percentage of time during the past week.

Never Rarely Occasionally Sometimes Frequently Usually Always
0% 10% 30% 50% 70% 90% 100%

Due to digestive events and experiences in the past 7 days,

Never Rarely Occasionally Sometimes Frequently Usually Always

physical activities (running, o) o o) o) o) 0 o
walking, gardening, golfing,

etc.) were unpleasant or

avoided.

my usual appetite changed. o o o O] o o o
I was inconvenienced or o o o o o o o
physically uncomfortable.

I avoided certain foods. @) o o O] o o o
I was self-conscious or o o o o o 0o o
bothered in public or around

others.

T used the restroom less than I o o o o o o o
wanted.

I was distracted while doing o] Q o] o o o) Q

various activities.

social activities (spending time o) o o) o) o) o) o
with friends or family, going

out to eat, etc.) were
unpleasant or avoided.

consuming foods and o) o) o) o) e} o) o)
beverages was less enjoyable.
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