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Abstract

:

The effects of the gut microbiota on mental and intestinal health are an area of great interest. This study aimed to reveal the relationship between the intake of probiotic and prebiotic foods and mental and gut health. Data were obtained using an online survey from young adults (n = 538) enrolled at Afyonkarahisar Health Sciences University who agreed to participate in this study in the 2022–2023 academic year. This study included 538 participants, mostly (85.5%) females. Participants who never consumed yogurt had 7.614 times higher Gastrointestinal Symptom Rating Scale scores than those who consumed yogurt daily (p < 0.01). Similarly, the frequency of ayran consumption had a statistically significant effect on Bristol Stool Scale scores (p < 0.05). The ratio of normal defecation to constipation was 68.7% lower in participants who consumed ayran daily, whereas the ratio of diarrhea to constipation was 76.4% lower in participants who never consumed ayran. However, the frequency of prebiotic consumption did not have a significant effect on Bristol Stool Scale scores (p > 0.05). The consumption of probiotic and prebiotic foods exerted a significant effect on GSRS total scores and subfactors of the Depression Anxiety Stress Scale-42, namely depression, anxiety, and stress.
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1. Introduction


The Food and Agriculture Organization and the World Health Organization have defined probiotic bacteria as live microorganisms that, when consumed in adequate amounts, exert beneficial health effects on the gastrointestinal (GI) tract of the host [1]. Besides regular consumption of probiotic microorganisms in specific amounts, for the host to obtain these benefits, the ingested probiotics must withstand conditions such as stomach acidity, bile salts, and digestive enzymes to reach the intestines in sufficient quantities, colonize the gut, and maintain their viability throughout the product’s shelf life [2]. When probiotic bacteria reach the intestines, they should be at a minimum level of 106–108 colony-forming units (cfu/g) per g or mL [3]. According to several studies, oral doses of >109 cfu per day are required to restore and maintain the balance of bacteria [4]. Lactic acid bacteria, including Bifidobacterium and Lactobacillus species, and Saccharomyces boulardii yeast species are the most important groups of probiotic microorganisms [5]. Probiotic microorganisms (bacteria and yeast cells) which colonize the microbiota can be taken naturally with foods, added to various foods as food supplements, or be ingested in pharmaceutical forms, such as tablets, capsules, powders, sachets, and drops [4]. Probiotics need prebiotics to achieve healthy colonization and sustainability. Prebiotics promote the growth of one or more helpful microorganisms, aiding the probiotic effect and improving the host’s health [6]. Food prebiotics are not digested in the stomach and small intestine. Instead, they undergo fermentation by the microorganisms present in the colon. This fermentation process, which can be beneficial for the host, results in the release of metabolites that serve as a source of energy for these microorganisms. With the intake of prebiotics, the treatment of some patients and prevention of some diseases can be achieved by cultivating a favorable environment within the gut microbiota, thereby promoting a healthy state for the host. Therefore, the regulation of the human intestinal microflora with nutrients has been a popular field in nutritional science [7].



Fructooligosaccharides (FOSs) and galactooligosaccharides (GOSs), along with polyphenols, inulin, and compounds derived from vegetables, herbs, and plants, are the most well-documented prebiotics to treat depression. The administration of FOSs and GOSs in the treatment of gastrointestinal diseases, as well as stress and anxiety-related diseases, indirectly improves host health by promoting the growth of probiotics. Accordingly, prebiotics are often used with probiotics to treat mental disorders such as depression, anxiety, and stress [8].The consumption of foods containing probiotics is one of the therapeutic approaches in functional gastrointestinal diseases, which are chronic and represent a heterogeneous group of diseases that can affect the entire GI tract. These diseases are diagnosed and classified using certain criteria, i.e., not only the duration but also the frequency and quality of defecation gains importance [9]. To distinguish chronic bowel disorders from transient bowel symptoms, according to the Rome IV criteria, a patient’s complaint needs to have started 6 months before admission and continued for 3 months [10]. Irritable bowel syndrome (IBS) is one of the most frequently seen disorders. Individuals with IBS are likely to experience mental health problems such as depression and anxiety owing to the presence of the microbiota, which plays a role in communication with the brain and can affect a person’s mood and behavior [11]. The gut is the natural habitat of an enormous and diverse population of microorganisms that adapts to mucosal surfaces. The symbiotic relationship between the gut bacteria and host is beneficial to both parts, as the host offers a nutrient-rich habitat, whereas the bacteria offer important benefits, such as fermentation that results in the production of short-chain fatty acids, amino acids, and vitamins [12].



The social and personal economic burden of mental diseases is increasing day by day, and depression and anxiety are the two most prevalent mental disorders in terms of personal health expenditures. To reduce the burden of healthcare expenditures, using prebiotics and probiotics may offer possible therapeutic effects on mental illnesses and the healing process [13]. Preclinical studies conducted on mice with dysbiosis have provided compelling evidence, suggesting that probiotic administration can influence behavior and enhance mood. However, whether these findings can be extrapolated to humans is still unclear [14]. Thus, this study aimed to assess the correlation between the consumption of probiotic and prebiotic foods and mental and gut health among young adults.




2. Materials and Methods


2.1. Study Design


For this study, data were collected through a questionnaire form administered between March and May 2023 to 538 students enrolled at Afyonkarahisar Health Sciences University. In this cross-sectional exploratory study, convenience sampling was applied because we aimed to reach high participation.




2.2. Participants, Recruitment, and Sample


In total, 6928 students were enrolled at Afyonkarahisar University of Health Sciences, Faculty of Medicine, Pharmacy, Dentistry and Health Sciences, and Atatürk Health Services Vocational School in 2022–2023 [15]. According to the sample calculation, the sample had to include at least 384 participants with a 95% confidence interval and 5% acceptable error, and a total of 538 students who voluntarily agreed to participate in the study were reached [16]. We excluded participants who were diagnosed with mental diseases and using any kind of medicine or drug.




2.3. Data Collection


The questionnaire contained 24 questions and was developed based on a comprehensive literature review conducted before this study. The questionnaire aimed to collect sociodemographic information from the participants [17,18]. The questionnaire was divided into three parts. The first part had 17 questions related to the sociodemographic characteristics of the individuals and their height and body weight. The second part focused on the frequency of consumption of probiotic and prebiotic foods in detail (all cultural and other related foods), and the last part included the scales mentioned below. Online permission for the use of scales in this study was obtained.




2.4. Scales


2.4.1. Gastrointestinal Symptom Rating Scale (GSRS-TR)


Revicki, Wood, Wiklund, and Crawley (1998) developed the GSRS to assess common GI symptoms, clinical experience, and public perceptions of GI symptoms. The 15 items on the GSRS are presented as a 7-point Likert scale, with answers ranging from “no problem” to “severe discomfort”. The GSRS contains five subdimensions based on factor analysis diarrhea, indigestion, constipation, abdominal discomfort, and reflux. In the GSRS, GI-related issues experienced in the previous week were questioned in line with the severity of the problem [19]. The reliability and validity of the Turkish version of the GSRS were assessed by Turan et al. (2017) [20].




2.4.2. Depression Anxiety Stress Scale (DASS-42)


The DASS was developed by Lovibond and Lovibond (1995). This scale is a 42-item tool that measures current (in the past week) symptoms of depression, anxiety, and stress. Each of the three scales consists of 14 items that must be answered on a 0–3 scale (0, the statement “did not apply to me at all”; 3, “it did so frequently or very always)”, and the range of possible scores for each scale is 0–42. In the normal range, scores of 0–9 are used for depression, 0–7 for anxiety, and 0–14 for stress. Scores above these ranges indicate the degree of the problem from mild to extreme [21]. The Turkish version of the DASS-42, including its reliability and validity, was published by Bilgel and Bayram (2010) [22]




2.4.3. Bristol Stool Scale


Blake et al. (2016) validated the Bristol Stool Form Scale in healthy adults and patients with diarrhea-predominant IBS [23]. In the Bristol Stool Scale, questions pertaining to bowel disease characteristics are based on the Rome IV criteria. This section aims to gather information regarding the consistency, thickness, and number of stools [24]. For the analyses, stool consistency was evaluated as a triple categorical variable: constipation (1–2), normal (3–5), and diarrhea (6–7).




2.4.4. Classification of Pro/Prebiotic Foods


Probiotics are living microorganisms that, when provided in sufficient quantities, improve the host’s general health. Previously, dairy products were thought to be the finest preservatives of probiotic bacteria. Owing to increased consumer use, non-dairy probiotic foods have gained greater attention in recent years. Consequently, there is a prospective goal to reduce the effects of non-dairy-based food probiotics, including their matrices from fruits and vegetables, and observations to reduce the effects of dairy-based probiotics are ongoing. Cereals, bread and baked goods, cereal drinks, fruits and vegetables, and, among meats, sucuk are some non-dairy-based probiotic products. Prebiotics are non-digestible food components that benefit the host and give food its textural qualities while promoting the growth and activity of beneficial bacteria in the gut [25]. Breastmilk, soybeans, yams, chicory root, raw oats, unrefined wheat, unrefined barley, non-digestible carbohydrates, and non-digestible oligosaccharides are some sources of prebiotics [26]. In this study, yogurt, kefir, ayran, boza, tarhana, pickles, turnip juice, olives, probiotic yogurt, probiotic milk, and probiotic kefir, which are culturally consumed in Türkiye, were evaluated for their probiotic product consumption frequency. For the evaluation of prebiotic product consumption frequency, whole-grain/mixed-grain bread, oatmeal/breakfast cereals, garlic/onions, tomatoes, Jerusalem artichokes, bananas, cruciferous vegetables (broccoli, cauliflower, radish, etc.), legumes, asparagus, soybeans, nuts (almond and pistachio), and red fruits (rosehip, blueberry, grape, black mulberry, blackberry, etc.) were added to the questionnaire.





2.5. Statistical Analysis


Descriptive statistics for categorical variables (demographic characteristics) are presented as frequency and percentage. The conformity of numerical variables to normal distribution was checked using the Shapiro–Wilk test. Descriptive statistics of numerical variables are given as mean ± standard deviation (   X ¯    ± SD) and median (min–max) values for data showing and not showing normal distribution, respectively. The Mann–Whitney U test and Kruskal–Wallis H test were used in the comparison of two independent groups that did not have a normal distribution and of more than two groups, respectively. The results of multiple comparison tests are expressed as letters next to the medians. The relationships between the scales were determined by Spearman’s rank correlation coefficient for data that did not show normal distribution. In the interpretation of correlation coefficients, <0.2 indicates a very weak correlation; 0.2–0.4, weak correlation; 0.4–0.6, moderate correlation; 0.6–0.8, high correlation; and >0.8, very high correlation [27]. Multiple regression analysis and multiple logistic regression analysis were used to test the effect between variables. The level of statistical significance was considered p < 0.05, p < 0.01, and p < 0.001 in all calculations, and interpretations and hypotheses were established as bidirectional. Data analysis was performed in IBM SPSS version 26 (IBM Corp., Armonk, NY, USA).




2.6. Ethical Considerations


Ethics approval was obtained from the Afyonkarahisar Health Sciences University Non-Interventional Clinical Research Ethics Committee (dated 3 March 2023 and no. 2023/3). Additionally, consent for this study was acquired from the involved establishments. Verbal and written informed consent was obtained from the participants before this study started.





3. Results


A total of 538 young adults were enrolled in this study, and 85.5% (n = 460) were female. The mean age of the participants was 21.38 ± 2.67 years. Among the participants, 68.6% (n = 369) had a normal weight, with a mean body mass index of 22.18 ± 3.62 kg/m2. In Table 1, we see that 25.5% (n = 137) of the participants had a chronic disease that was not related to the GI system. Moreover, 79.6% of the participants had undergraduate education, 74.5% had an income that is equal to their expenses, and 66.0% were living at home with their families. In addition, 91.4% of the participants had heard of the term probiotic, and 21.9% used probiotic food supplements daily, of whom 12.3% reported consuming probiotics because of their perceived benefits for the digestive system. However, 56.0% of the participants did not consume probiotics because they did not feel the need for them. In addition, 83.1% of the participants had heard of the term prebiotic, and 53.2% of them thought that probiotics and prebiotics were effective. Again, 75.7% of the participants had normal defecation based on the Bristol Stool Scale, reporting relief after defecation (86.1%), stable defecation frequency (57.1%), and stable defecation status (56.9%) (Table 1).



Statistically significant differences were found in the scales applied according to the gender of the participants. When the results were examined in female participants, median GSRS total scores (U = 13,893; p < 0.01) and the anxiety subfactor score (U = 14,887.5; p < 0.05) and stress subfactor score (U = 15,160; p < 0.05) of the DASS-42 were statistically higher than the median scores of male participants (Table 2).



When the GSRS total scores (H = 13.479; p < 0.01) and depression (H = 9.648; p < 0.01), anxiety (H = 12.884; p < 0.01), and stress (H =17.134; p < 0.001) subfactor scores of the DASS-42 were analyzed according to income status, the median of these scores was statistically higher than the median scores of participants whose income was low compared with their expenses, participants whose expenses were the same as their income, and those with income higher than their expenses (Table 2).



In participants with a chronic disease, median GSRS total scores (U = 18,817.5; p < 0.001) and median depression (U =24,172.5; p < 0.05), anxiety (U = 20,941.5; p < 0.001), and stress (U = 22,122.5; p < 0.01) subfactor scores of the DASS-42 were statistically higher than in those without a chronic disease. In the same table, those who were on a special diet program for their disease had statistically higher GSRS total scores (U = 6007; p < 0.01) and DASS-42 anxiety (U = 6290; p < 0.01) and stress (U = 6398.5; p < 0.05) subfactor scores than those who were not (Table 2).



According to the Bristol Stool Scale, the median scores of participants with diarrhea and those with constipation were statistically higher than the median scores of participants with normal defecation (H = 25.616; p < 0.001). In the depression subfactor scores of the DASS-42, the median scores of participants with constipation were compared with the median scores of participants who had normal defecation (H = 7.568; p < 0.05); in the anxiety subfactor scores, the median scores of participants with constipation and those with diarrhea were compared with the median scores of participants with normal defecation (H = 11.005; p < 0.01). The median scores of participants with constipation in the stress subfactor scores were statistically higher than the median scores of participants with normal defecation (H = 7.671; p < 0.05). Similar results were obtained in terms of relief after defecation. As shown in Table 2, the median GSRS total scores of participants who experienced relief after defecation were compared with scores of those who did not (U = 14,244; p < 0.05). In the anxiety subfactor scores of the DASS-42, the median score of participants who experienced relief after defecation was statistically higher than that of those who did not (U = 14,092; p < 0.01).



Participants with and without unstable defecation frequency based on GSRS total scores (U = 23,493; p < 0.001) were found to have statistically significantly higher depression subfactor scores (U = 31,123; p < 0.05), anxiety subfactor scores (U = 29,288; p < 0.01), and stress subfactor scores (U = 29,602.5; p < 0.01) of the DASS-42 than those with unstable frequency of all defecation types (Table 2). In the same table, we see that median GSRS total scores (U = 21,829.5; p < 0.001) and the depression (U = 31,610; p < 0.05), anxiety (U = 28,056.5; p < 0.001), and stress (U = 30,478; p < 0.01) subfactor scores of the DASS-42 were statistically higher in those who had unstable defecation than in those who did not.



In this study, a significant positive correlation was found between the GSRS total scores of the participants and the depression subfactor scores of the DASS-42 (s = 0.392; p < 0.001). Furthermore, significantly and moderately positive correlations were found between GSRS total scores and the anxiety subfactor scores (s = 0.517; p < 0.001) and stress subfactor scores (s = 0.489; p < 0.001) of the DASS-42 (Table 3).



The participants’ probiotic food consumption frequency was examined and compared to their GSRS total scores. Participants who never consumed yogurt had 7.614 times higher GSRS scores than those who consumed yogurt every day (Table 4). Also, participants who consumed ayran several times a week had 2.732 times lower depression subfactor scores than those who consumed ayran every day, and participants consuming probiotic yogurt several times a week had 6.952 times higher depression subfactor scores than those consuming probiotic yogurt every day. Participants who did not consume any probiotic yogurt had 6.962 times higher depression subfactor scores than those who consumed probiotic yogurt every day, and participants who did not consume probiotic milk had 6.146 times lower depression subfactor scores than those who consumed probiotic milk every day (p < 0.05). However, probiotic consumption frequency had no statistically significant effect on the anxiety and stress subfactor scores of the DASS-42.



The participants’ prebiotic food consumption frequency was also examined and compared to their GSRS total scores, and the results revealed that the GSRS total scores of those who never consumed bananas were 3.888 times higher than the scores of those who consumed bananas every day (p < 0.05) (Table 4). Moreover, participants who consumed legumes several times a week had 2.798 times lower depression subfactor scores than those who consumed legumes every day. Participants who consumed nuts several times a week had 3.626 times higher depression subfactor scores than those who consumed nuts every day (p < 0.05) (Table 4).



When the effect of prebiotics on DASS-42 anxiety subfactor scores was examined, the anxiety subfactor scores of participants who consumed asparagus several times a week were found to be 8.166 times lower than the scores of those who consumed asparagus every day. Moreover, participants who consumed soybeans several times a week had 7.955 times higher anxiety subfactor scores than those who consumed soybeans every day, and the anxiety subfactor scores of participants who did not consume any soybeans were 7.379 times higher than the scores of those who consumed soybeans every day. In addition, the anxiety subfactor scores of participants who consumed nuts several times a week were 2.270 times higher than the scores of those who consumed nuts every day (p < 0.05) (Table 4). The effects of prebiotic food consumption frequency on DASS-42 stress subfactor scores were significant, as participants who never consumed soybeans had 7.958 times higher stress subfactor scores than those who consumed soybeans every day. In addition, participants who consumed nuts several times a week had 3.727 times higher stress subfactor scores than those who consumed nuts every day (p < 0.05) (Table 4).



The association between the participants’ probiotic consumption frequency and the Bristol Stool Scale was evaluated. Ayran consumption frequency was found to exert a statistically significant effect on the Bristol Stool Scale scores (p < 0.05). Accordingly, the ratio of normal defecation to constipation was 68.7% lower in young adults who consumed ayran every day. In addition, the ratio of diarrhea to constipation was 76.4% lower in those who consumed ayran every day. The frequency of prebiotic consumption did not affect the Bristol Stool Scale scores of the study participants (p > 0.05) (Table 5).




4. Discussion


This study aimed to reveal the relationships between probiotic and prebiotic food consumption, stress, anxiety, and depression, and gut health. The consumption of some probiotic and prebiotic foods positively affects stress, depression, anxiety, and gut health [13]. In this study, most of the young adult participants stated that they had heard the terms probiotic and prebiotic, and more than half of the participants stated that they were beneficial. In another study, Allisa (2021) stated that 56.0% of participants used probiotic/prebiotic supplements, 44.3% preferred milk and dairy products as a probiotic/prebiotic food source, and most of them stated that probiotics and prebiotics were beneficial for digestion. In addition, a high correlation was found between education level and knowledge of probiotics and prebiotics [28]. The participants preferred probiotics and prebiotics primarily because of their positive effects on health. Regarding income status, GSRS and DASS-42 scores were higher in participants whose income was lower than their expenses.



In this study, the frequency of consumption of probiotic products such as ayran, probiotic yogurt, and probiotic milk had a statistically significant effect on DASS-42 depression subfactor scores. In this study, depression subfactor scores were higher in participants who consumed probiotic yogurt more than several times a week and those who never consumed it compared to participants who consumed it every day, which may indicate that regular probiotic yogurt consumption does not have any beneficial effect on mental health. The fact that participants who did not consume probiotic milk had lower depression subfactor scores than those who consume probiotic milk every day may indicate that probiotic milk consumption has a beneficial effect on mental health. Since there is still no convincing evidence about the effect of probiotics on mental health, the negative effect of probiotic yogurt suggests that these results may have been caused by something other than probiotics. Participants who consumed ayran several times a week had lower depression scores, but those who consumed probiotic yogurt several times a week had higher depression scores than those consuming these foods every day. Similar results were found for probiotic milk and yogurt, too. These results can be caused by the amount of consumption. Chahwan et al. (2019) analyzed 71 participants with depressive symptoms using the DASS-21 and Beck Depression Index-II (BDI) and evaluated the differences in the microbiota of these individuals after 8 weeks of probiotic/placebo treatment. On the BDI scale, the post-intervention probiotic group was found to have lower depressive symptoms than the placebo group. In the probiotic group, participants with milder depression had lower dysfunctional attitude scores. By contrast, no effects were observed in people with severe depression and those taking a placebo [29]. In another study, Venkataraman et al. (2020) analyzed 74 participants preparing for exams using the Perceived Stress Scale, DASS, and State-Trait Anxiety Inventory questionnaires and found improvement in psychological symptoms in the probiotic group compared with the placebo group [30]. In their pilot study, Siegel and Conklin (2020) examined the role of probiotics in reducing stress, anxiety, and depression in 40 participants after a week of supplementation. The results showed no significant difference between the probiotic and placebo groups. Overall, 1 week of supplementation did not reduce stress, depressive symptoms, or anxiety in healthy young adults [31]. Yu et al. (2018) reported that higher levels of yogurt consumption (1–3 times/week, 4–7 times/week, and 2 times/day) were associated with enhanced depression symptoms by ratios of 1.05 (0.96, 1.15), 1.02 (0.91, 1.15), and 2.10 (1.61, 2.73) compared with the lowest consumption group (1 time/week or almost never) [32]. In a meta-analysis, Sikorska et al. (2023) examined the molecular mechanisms underlying the use of probiotics to treat anxiety and depression symptoms in healthy people and depressed patients with or without somatic disorders. Probiotic administration was shown to have a positive effect on patients with depression, particularly in those with concomitant chronic diseases. A higher efficacy was observed in patients with depression and somatic disorders than in those with depression alone. The differences in the effect of probiotic usage between studies was said to be attributed to factors such as timing of administration, bacterial strain diversity, and usage of probiotics or symbiotics. The review underscored the potential benefits of probiotics in managing depression and anxiety symptoms, particularly in individuals with concomitant somatic disorders. Also, complex interactions between the gut microbiota, immune response, and brain function were highlighted, providing information about prospective treatment options for mental health problems [33]. The effects of probiotics on the microbiota–gut–brain axis show potential as a complementary treatment for some psychiatric disorders, particularly depression. Moreover, more studies are needed to better understand their effects, mechanisms, and optimal applications in mental health treatment [34]. While similar studies found that probiotic supplementation had no effect or even had the opposite effect, some studies have found that the frequency of probiotic use had a statistically significant influence on depression.



In this study, the frequency of consumption of bananas, which are a prebiotic food, had a statistically significant effect on the total GSRS scores of the participants. Moreover, the frequency of the consumption of legumes and nuts as prebiotics had a positive effect on depression. The frequency of consumption of prebiotic asparagus, soybeans, and nuts showed a statistically significant effect on anxiety. In addition, those who consumed prebiotic nuts and legumes several times a week or never had higher depression, anxiety, and stress subfactor scores than those who consumed these foods daily. Nut and legume consumption might not have any effect on depression, anxiety, and stress, and these results may depend on amounts consumed. Karbownik et al. (2022) evaluated the cognitive performance and depression and anxiety symptoms of medical school students who consumed fermented foods and food-derived prebiotics for 7 days before an exam. The 1-week consumption of each fermented and prebiotic-containing food item was tested separately for its association with cognitive performance under stress, and the results revealed that none of the products were associated with cognition. On the contrary, a high consumption of asparagus, chicory roots, dandelion leaves, globe artichokes, and Jerusalem artichokes was associated with anxiety severity [35]. In a rat study, it was found that bananas can have a potential therapeutic effect on diabetes-related mood disorder treatment via increased plasma serotonin levels and modulation of the gut–microbiota–brain axis [36]. Prebiotic food intake may have a positive effect on stress. Also, in a systematic review, it was stated that even if there is very limited evidence of positive outcomes of prebiotics and probiotics in psychiatric disorders, they seem to be beneficial for major depressive disorder and Alzheimer’s disease [37].



The consumption frequency of probiotics such as ayran exerted a statistically significant effect on the Bristol Stool Scale, but the frequency of prebiotic consumption did not affect the Bristol Stool Scale. In a human study, Moreira et al. (2017) divided 49 patients diagnosed with irritable bowel disease into two groups using the Bristol Stool Scale. One group was given a probiotic cultured milk drink, and the other group was given a probiotic non-cultured milk drink. Considering the Bristol Stool Scale, improvements were detected in the shape and consistency of stools in both groups; however, no statistically significant difference was observed between the groups [10]. Gotteland et al. (2010) evaluated the effect of consuming probiotic-containing dairy products and prebiotics on the digestive comfort of healthy individuals and those with constipation. The results were more frequent bowel movements and a softer stool consistency [38]. When the trials were analyzed, how probiotic and prebiotic food consumption affected stool frequency and consistency was unclear. Thus, more research is required. In a comprehensive analysis of intervention trials, it was observed that probiotic and symbiotic supplements showed a modest improvement in reducing depression symptoms compared to placebo, but prebiotic supplementation did not demonstrate the same benefit [39]. The clinician guidelines for the treatment of psychiatric disorders with nutraceuticals and phytochemicals state that microbial dysbiosis may be more common in older people and lead to increased oxidative and inflammatory load (including on the digestive system). In the future, studies in these areas will help inform more individualized interventions, particularly those involving prebiotic or probiotic products [40].



In the past decade, interest in how the gut microbiota affect mental and cognitive health in various ways has increased. The gut microbiota have been linked to memory, learning, anxiety, stress, and brain disorders, and ways of using microbiota-targeting nutrition and treatments for brain health have been explored. However, gaps remain in understanding these mechanisms, with most of the evidence coming from animal studies rather than clinical studies. Standardized methodologies, advanced models, omics technologies, and interdisciplinary collaborations for human studies are needed to fill these gaps [41].



Strengths, Limitations, and Future Research



The strengths of this study include the use of face-to-face interviews and the reliability of the results. However, this study had some limitations. First, the study population was students, and secondly, because of the sample, the mean age was low (young adults). Also, the lack of information on the participants’ living environments was a limitation, as we did not control for stressful environments as a risk factor for depression or anxiety. Thirdly, this study did not present data on gut microbiota sequencing. Consequently, this investigation did not examine the effects of prebiotic and probiotic food consumption on the gut microbiome community. Further studies are needed to evaluate the factors that affect individuals’ use of probiotics/prebiotics and the contribution of probiotic strains to mental and gut health.




5. Conclusions


The gut microbiota are associated with psychological phenomena such as stress and anxiety by communicating with the brain in two ways. This study provides new information on the relationship of probiotics/prebiotics with mental and intestinal health.







Author Contributions


Conceptualization, M.İ.P., G.K. and M.B.; methodology, M.İ.P. and G.K.; software, M.İ.P. and G.K.; validation, M.İ.P., G.K. and M.B.; formal analysis, M.İ.P., G.K. and M.B.; data curation, M.İ.P. and G.K; writing—review and editing, M.İ.P., G.K. and M.B.; visualization, M.İ.P., G.K. and M.B.; supervision, M.İ.P., G.K. and M.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Ethics approval for the current study was obtained from the Afyonkarahisar Health Sciences University Non-Interventional Clinical Research Ethics Committee (Dated 3 March 2023 and no. 2023/3). Additionally, consent for this research study was acquired from the involved establishments. Verbal and written informed consent was obtained from the participants before this study started.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study before they started the questionnaire.




Data Availability Statement


The original contributions presented in this study are included in the article. Further inquiries can be directed to the corresponding author.




Acknowledgments


We thank Abdullah ÇELİK for his support with the statistical analysis.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Pulido, V.M.; Castro, R.; Durán-Guerrero, E.; Lasanta, C.; Díaz, A.B. Alternative beverages for probiotic foods. Eur. Food Res. Technol. 2021, 248, 301–314. [Google Scholar] [CrossRef]

	



Sensoy, I. A review on the food digestion in the digestive tract and the used in vitro models. Curr. Res. Food Sci. 2021, 4, 308–319. [Google Scholar] [CrossRef]

	



Peate, I. The gastrointestinal system. Br. J. Healthc. Assist. 2021, 15, 132–137. [Google Scholar] [CrossRef]

	



Wang, G.; Chen, Y.; Xia, Y.; Song, X.; Ai, L. Characteristics of Probiotic Preparations and Their Applications. Foods 2022, 11, 2472. [Google Scholar] [CrossRef]

	



Zawistowska-Rojek, A.; Zaręba, T.; Tyski, S. Microbiological Testing of Probiotic Preparations. Int. J. Environ. Res. Public Health 2022, 19, 5701. [Google Scholar] [CrossRef]

	



You, S.; Ma, Y.; Yan, B.; Pei, W.; Wu, Q.; Ding, C.; Huang, C. The promotion mechanism of prebiotics for probiotics: A review. Front. Nutr. 2022, 9, 1000517. [Google Scholar] [CrossRef]

	



Davani-Davari, D.; Negahdaripour, M.; Karimzadeh, I.; Seifan, M.; Mohkam, M.; Masoumi, S.J.; Berenjian, A.; Ghasemi, Y. Prebiotics: Definition, types, sources, mechanisms, and clinical applications. Foods 2019, 8, 92. [Google Scholar] [CrossRef]

	



Liu, L.; Wang, H.; Chen, X.; Zhang, Y.; Zhang, H.; Xie, P. Gut microbiota and its metabolites in depression: From pathogenesis to treatment. eBioMedicine 2023, 90, 104527. [Google Scholar] [CrossRef]

	



Dengiz, K.S.; Hisar, F.; Cingil, D.; Saçıkara, Z. Determination of Prevalence of Bowel Disorders in Adults. J. Nurs. Sci. 2022, 5, 72–83. [Google Scholar]

	



Brenner, D.M.; Domínguez-Muñoz, J.E. Differential Diagnosis of Chronic Diarrhea. J. Clin. Gastroenterol. 2023, 57, 663–670. [Google Scholar] [CrossRef]

	



Guiao, R.A.S.; Adviento, D.A.; Angeles, T.G.C.; Belandres, J.A.V.; De Guzman, N.A.S.; Librea, G.A.; Rullan, J.A.V.; Hagosojos, B.M. Positive Influence of Probiotics on the Mental Health Status of College Students: A Review. Asian J. Biol. Life Sci. 2021, 10, 300–308. [Google Scholar] [CrossRef]

	



Moreira, T.R.; Leonhardt, D.; Conde, S.R. Influence of Drinking a Probiotic Fermented Milk Beverage Containing Bifidobacterium animalis on the Symptoms of Constipation. Arq. Gastroenterol. 2017, 54, 206–210. [Google Scholar] [CrossRef] [PubMed]

	



Liu, R.T.; Walsh, R.F.L.; Sheehan, A.E. Prebiotics and probiotics for depression and anxiety: A Systematic Review and Meta-Analysis of Controlled Clinical Trials. Neurosci. Biobehav. Rev. 2019, 102, 13–23. [Google Scholar] [CrossRef] [PubMed]

	



Messaoudi, M.; Lalonde, R.; Violle, N.; Javelot, H.; Desor, D.; Nejdi, A.; Bisson, J.F.; Rougeot, C.; Pichelin, M.; Cazaubiel, M.; et al. Assessment of psychotropic-like properties of a probiotic formulation (Lactobacillus helveticus R0052 and Bifidobacterium longum R0175) in rats and human subjects. Br. J. Nutr. 2011, 105, 755–764. [Google Scholar] [CrossRef] [PubMed]

	



AFSU. Afyonkarahisar Sağlık Bilimleri Üniversitesi, Öğrenci İşleri Daire Başkanlığı. 2022. Available online: https://ogrenci.afsu.edu.tr/wp-content/uploads/sites/10/2023/01/aralik-2022.pdf (accessed on 28 December 2022).

	



SSC. Sample Size Calculator. Creative Research Systems Survey Software. 2022. Available online: https://www.surveysystem.com/sscalc.htm (accessed on 28 December 2022).

	



Fındık, G. Investigation of The Relationship Between Individuals’ Probiotic and Prebiotic Food Consumption Frequency and Body Mass Index. Master’s Thesis, Department of Nutrition And Dietetics, Yeditepe University Instıtute of Health Sciences, İstanbul, Turkey, 2020. [Google Scholar]

	



Otay Lüle, N. İrritable Bağırsak Sendromu Hastalarında Farklı Tıbbi Beslenme Tedavisi Yöntemlerinin Semptomlar Üzerine Etkilerinin ve Hastalar Tarafından Kabul Edilebilirlik Durumlarının Karşılaştırılması. Ph.D. Thesis, Beslenme ve Diyetetik Programı, Lisansüstü Eğitim Enstitüsü, Hasan Kalyoncu Üniversitesi, Gaziantep, Turkey, 2022. [Google Scholar]

	



Revicki, D.A.; 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, 75–83. [Google Scholar] [CrossRef] [PubMed]

	



Turan, N.; Ast, T.A.; Kaya, N. Reliability and Validity of the Turkish Version of the Gastrointestinal Symptom Rating Scale. Gastroenterol. Nurs. 2017, 40, 47–55. [Google Scholar] [CrossRef]

	



Lovibond, P.F.; Lovibond, S.H. The Structure Of Negative Emotional States: Comparıson of The Depression Anxiety Stress Scales (DASS) With The Beck Depression and Anxiety Inventorıes. Behav. Res. Ther. 1995, 33, 335–343. [Google Scholar] [CrossRef]

	



Bilgel, N.; Bayram, N. Turkish Version of the Depression Anxiety Stress Scale (DASS-42): Psychometric Properties. Arch. Neuropsychiatry 2010, 47, 118–126. [Google Scholar] [CrossRef]

	



Blake, M.R.; Raker, J.M.; Whelan, K. Validity and reliability of the Bristol Stool Form Scale in healthy adults and patients with diarrhoea-predominant irritable bowel syndrome. Aliment. Pharmacol. Ther. 2016, 44, 693–703. [Google Scholar] [CrossRef]

	



Akyüz, F. Irritable Bowel Syndrome. Güncel Gastroenteroloji Derg. 2016, 20, 415–420. [Google Scholar]

	



Aspri, M.; Papademas, P.; Tsaltas, D. Review on non-dairy probiotics and their use in non-dairy based products. Fermentation 2020, 6, 30. [Google Scholar] [CrossRef]

	



Pandey, K.R.; Naik, S.R.; Vakil, B.V. Probiotics, prebiotics and synbiotics—A review. J. Food Sci. Technol. 2015, 52, 7577–7587. [Google Scholar] [CrossRef] [PubMed]

	



Choi, J.; Peters, M.; Mueller, R.O. Correlational analysis of ordinal data: From Pearson’sr to Bayesian polychoric correlation. Asia Pac. Educ. Rev. 2010, 11, 459–466. [Google Scholar] [CrossRef]

	



Alissa, N.A. Saudi Arabian Women’s Knowledge of Probiotics and Prebiotics. Prog. Nutr. 2021, 23, e2021154. [Google Scholar] [CrossRef]

	



Chahwan, B.; Kwan, S.; Isik, A.; van Hemert, S.; Burke, C.; Roberts, L. Gut feelings: A randomised, triple-blind, placebo-controlled trial of probiotics for depressive symptoms. J. Affect. Disord. 2019, 253, 317–326. [Google Scholar] [CrossRef]

	



Venkataraman, R.; Madempudi, R.S.; Neelamraju, J.; Ahire, J.J.; Vinay, H.R.; Lal, A.; Thomas, G.; Stephen, S. Effect of Multi-strain Probiotic Formulation on Students Facing Examination Stress: A Double-Blind, Placebo-Controlled Study. Probiotics Antimicrob. Proteins 2021, 13, 12–18. [Google Scholar] [CrossRef] [PubMed]

	



Siegel, M.P.; Conklin, S.M. Acute intake of B. longum probiotic does not reduce stress, anxiety, or depression in young adults: A pilot study. Brain Behav. Immun.-Health 2020, 2, 100029. [Google Scholar] [CrossRef] [PubMed]

	



Yu, B.; Zhu, Q.; Meng, G.; Gu, Y.; Zhang, Q.; Liu, L.; Wu, H.; Xia, Y.; Bao, X.; Shi, H.; et al. Habitual yoghurt consumption and depressive symptoms in a general population study of 19,596 adults. Eur. J. Nutr. 2018, 57, 2621–2628. [Google Scholar] [CrossRef]

	



Sikorska, M.; Antosik-Wójcińska, A.Z.; Dominiak, M. Probiotics as a Tool for Regulating Molecular Mechanisms in Depression: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. Int. J. Mol. Sci. 2023, 24, 3081. [Google Scholar] [CrossRef]

	



Mörkl, S.; Butler, M.I.; Holl, A.; Cryan, J.F.; Dinan, T.G. Probiotics and the Microbiota-Gut-Brain Axis: Focus on Psychiatry. Curr. Nutr. Rep. 2020, 9, 171–182. [Google Scholar] [CrossRef]

	



Karbownik, M.S.; Mokros, L.; Dobielska, M.; Kowalczyk, M.; Kowalczyk, E. Association Between Consumption of Fermented Food and Food-Derived Prebiotics With Cognitive Performance, Depressive, and Anxiety Symptoms in Psychiatrically Healthy Medical Students Under Psychological Stress: A Prospective Cohort Study. Front. Nutr. 2022, 9, 850249. [Google Scholar] [CrossRef] [PubMed]

	



Bai, Y.; Xin, M.; Lin, J.; Xie, J.; Lin, R.; Peng, Z.; Guo, J.; Bai, W. Banana starch intervention ameliorates diabetes-induced mood disorders via modulation of the gut microbiota-brain axis in diabetic rats. Food Agric. Immunol. 2022, 33, 377–402. [Google Scholar] [CrossRef]

	



Barbosa, R.S.; Vieira-Coelho, M.A. Probiotics and prebiotics: Focus on psychiatric disorders—A systematic review. Nutr. Rev. 2020, 78, 437–450. [Google Scholar] [CrossRef] [PubMed]

	



Gotteland, M.; Vizcarra, M.; Maury, E. Effect of a milk product containing probiotics and prebiotics on the digestive function of healthy and constipated subjects. Rev. Chil. Nutr. 2010, 37, 340–351. [Google Scholar]

	



Alli, S.R.; Gorbovskaya, I.; Liu, J.C.; Kolla, N.J.; Brown, L.; Müller, D.J. The gut microbiome in depression and potential benefit of prebiotics, probiotics and synbiotics: A systematic review of clinical trials and observational studies. Int. J. Mol. Sci. 2022, 23, 4494. [Google Scholar] [CrossRef]

	



Sarris, J.; Ravindran, A.; Yatham, L.N.; Marx, W.; Rucklidge, J.J.; McIntyre, R.S.; Akhondzadeh, S.; Benedetti, F.; Caneo, C.; Cramer, H.; et al. Clinician guidelines for the treatment of psychiatric disorders with nutraceuticals and phytoceuticals: The World Federation of Societies of Biological Psychiatry (WFSBP) and Canadian Network for Mood and Anxiety Treatments (CANMAT) Taskforce. World J. Biol. Psychiatry 2022, 23, 424–455. [Google Scholar] [CrossRef]

	



Chakrabarti, A.; Geurts, L.; Hoyles, L.; Iozzo, P.; Kraneveld, A.D.; La Fata, G.; Miani, M.; Patterson, E.; Pot, B.; Shortt, C.; et al. The microbiota–gut–brain axis: Pathways to better brain health. Perspectives on what we know, what we need to investigate and how to put knowledge into practice. Cell. Mol. Life Sci. 2022, 79, 80. [Google Scholar] [CrossRef]








 





Table 1. Sociodemographic and health-related variables of the participants (n = 538).
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n

	
%






	
Gender

	

	




	
 Male

	
78

	
14.5




	
 Female

	
460

	
85.5




	
Age (    X  ¯  ± S S  )

	
21.38 ± 2.67




	
BMI Group

	

	




	
 Underweight

	
71

	
13.2




	
 Normal

	
369

	
68.6




	
 Pre-obese

	
98

	
18.2




	
BMI (    X  ¯  ± S S  )

	
22.18 ± 3.62




	
Educational level

	

	




	
 Associate degree

	
110

	
20.4




	
 Bachelor’s degree

	
428

	
79.6




	
Level of income

	

	




	
 Income lower than expenses

	
88

	
16.4




	
 Expenses same as income

	
401

	
74.5




	
 Income higher than expenses

	
49

	
9.1




	
Household

	

	




	
 At home with family

	
355

	
66.0




	
 At home alone

	
30

	
5.6




	
 At home with friends

	
29

	
5.4




	
 At dorm alone

	
16

	
3.0




	
 At dorm with friends

	
104

	
19.3




	
 At home with relatives

	
4

	
0.7




	
Diagnosed diseases (other than GI)

	

	




	
 Have a diagnosed disease

	
137

	
25.5




	
 Not diagnosed with any disease

	
401

	
74.5




	
Special diet for disease

	

	




	
 Follow a diet

	
34

	
6.3




	
 Do not follow a diet

	
504

	
93.7




	
Probiotic knowledge (self-assessment)

	

	




	
 Know of probiotics

	
492

	
91.4




	
 Do not know of probiotics

	
46

	
8.6




	
Probiotic supplement usage

	

	




	
 Using probiotic supplement

	
118

	
21.9




	
 Not using probiotic supplement

	
420

	
78.1




	
Reason for usage of probiotics

	

	




	
 I don’t consume

	
420

	
78.1




	
 Beneficial for the digestive system

	
66

	
12.3




	
 I think it protects against cancer

	
1

	
0.2




	
 I find it delicious

	
14

	
2.6




	
 It strengthens the immune system

	
37

	
6.9




	
Why I don’t use probiotics

	

	




	
 I don’t know what it is

	
98

	
23.3




	
 I do not find it natural

	
19

	
4.5




	
 I do not need

	
235

	
56.0




	
 I find it expensive

	
53

	
12.6




	
 I do not trust the content

	
15

	
3.6




	
Prebiotic knowledge (self-assessment)

	

	




	
 Know of prebiotics

	
447

	
83.1




	
 Do not know of prebiotics

	
91

	
16.9




	
Thinking probiotics and prebiotics have an effect

	

	




	
 They have an effect

	
286

	
53.2




	
 They partially have an effect

	
228

	
42.4




	
 They do not have an effect

	
24

	
4.5




	
Bristol Stool Scale

	

	




	
 Constipation

	
57

	
10.5




	
 Normal

	
407

	
75.7




	
 Diarrhea

	
74

	
13.8




	
Relief after defecation

	

	




	
 Feel relief after defecation

	
463

	
86.1




	
 Do not feel relief after defecation

	
75

	
13.9




	
Unstable frequency of defecation

	

	




	
 Unstable frequency of defecation

	
231

	
42.9




	
 Stable frequency of defecation

	
307

	
57.1




	
Unstable defecation status

	

	




	
 Unstable defecations

	
232

	
43.1




	
 Stable defecations

	
306

	
56.9











 





Table 2. Comparison of GSRS and DASS-42 scores according to demographic and health characteristics, probiotic and prebiotic knowledge, and defecation.
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GSRS Total

	
Depression

	
Anxiety

	
Stress




	

	
Median

(Min–Max)

	
Median

(Min–Max)

	
Median

(Min–Max)

	
Median

(Min–Max)






	
Gender

	

	

	

	




	
 Male

	
21.5 (15–71)

	
12 (0–42)

	
5.5 (0–34)

	
12 (0–37)




	
 Female

	
27 (15–90)

	
13 (0–42)

	
8 (0–42)

	
15 (0–42)




	
U

	
13,893

	
16,980.5

	
14,887.5

	
15,160




	
p

	
0.001 **

	
0.449

	
0.016 *

	
0.028 *




	
Level of income

	

	

	

	




	
 Income lower than expenses

	
33 b (15–77)

	
14 b (0–42)

	
11 b (0–42)

	
19 b (0–42)




	
 Expenses same as income

	
25 a (15–90)

	
12 a (0–42)

	
8 a (0–37)

	
14 a (0–42)




	
 Income higher than expenses

	
24 a (15–62)

	
12 a (0–42)

	
6 a (0–25)

	
14 a (0–35)




	
H

	
13.479

	
9.648

	
12.884

	
17.134




	
p

	
0.001 **

	
0.008 **

	
0.002 **

	
<0.001 ***




	
Diagnosed diseases (other than GI)

	

	

	

	




	
 Have a diagnosed disease

	
32 (15–90)

	
15 (0–42)

	
11 (0–42)

	
18 (0–42)




	
 Not diagnosed with any disease

	
24 (15–90)

	
12 (0–42)

	
7 (0–40)

	
14 (0–42)




	
U

	
18,817.5

	
24,172.5

	
20,941.5

	
22,122.5




	
p

	
<0.001 ***

	
0.036 *

	
<0.001 ***

	
0.001 **




	
Special diet for disease

	

	

	

	




	
 Follow a diet

	
35 (15–73)

	
14 (0–42)

	
12.5 (1–39)

	
20 (0–41)




	
 Do not follow a diet

	
25 (15–90)

	
13 (0–42)

	
8 (0–42)

	
14 (0–42)




	
U

	
6007

	
7790.5

	
6290

	
6398.5




	
p

	
0.003 **

	
0.375

	
0.009 **

	
0.013 *




	
Probiotic knowledge (self-assessment)

	

	

	

	




	
 Know of probiotics

	
26 (15–90)

	
13 (0–42)

	
8 (0–42)

	
15 (0–42)




	
 Do not know of probiotics

	
24 (15–90)

	
13 (0–42)

	
8 (0–37)

	
14 (0–38)




	
U

	
10,506

	
11,228.5

	
10,989.5

	
10,368.5




	
p

	
0.421

	
0.931

	
0.746

	
0.347




	
Probiotic usage

	

	

	

	




	
 Using probiotics

	
26.5 (15–90)

	
13 (0–42)

	
9.5 (0–36)

	
16 (0–40)




	
 Not using probiotics

	
26 (15–90)

	
13 (0–42)

	
8 (0–42)

	
14 (0–42)




	
U

	
23,358

	
24,214

	
22,529.5

	
22,599.5




	
p

	
0.340

	
0.704

	
0.131

	
0.144




	
Prebiotic knowledge (self-assessment)

	

	

	

	




	
 Know of prebiotics

	
26 (15–90)

	
13 (0–42)

	
8 (0–42)

	
15 (0–42)




	
 Do not know of prebiotics

	
25 (15–66)

	
13 (0–42)

	
7 (0–37)

	
13 (0–42)




	
U

	
19,559

	
19,862.5

	
19,110

	
18,899.5




	
p

	
0.564

	
0.725

	
0.363

	
0.287




	
Bristol Stool Scale

	

	

	

	




	
 Constipation

	
31 b (15–73)

	
15 b (0–42)

	
11 b (0–42)

	
17 b (0–41)




	
 Normal

	
25 a (15–77)

	
12 a (0–42)

	
7 a (0–40)

	
14 a (0–42)




	
 Diarrhea

	
32 b (16–90)

	
14 ab (0–41)

	
10 b (0–34)

	
16 ab (0–40)




	
H

	
25.616

	
7.568

	
11.005

	
7.671




	
p

	
<0.001 ***

	
0.023 *

	
0.004 **

	
0.022 *




	
Relief after defecation

	

	

	

	




	
 Feel relief after defecation

	
27 (15–90)

	
13 (0–42)

	
8 (0–40)

	
15 (0–42)




	
 Do not feel relief after defecation

	
23 (15–73)

	
12 (0–42)

	
5 (0–42)

	
13 (0–41)




	
U

	
14,244

	
16,007

	
14,092

	
15,190




	
p

	
0.012 *

	
0.277

	
0.009 **

	
0.082




	
Unstable frequency of defecation

	

	

	

	




	
 Unstable frequency of defecation

	
31 (15–90)

	
13 (0–42)

	
10 (0–42)

	
16 (0–42)




	
 Stable frequency of defecation

	
23 (15–73)

	
12 (0–42)

	
7 (0–36)

	
13 (0–42)




	
U

	
23,493

	
31,123

	
29,288

	
29,602.5




	
p

	
<0.001 ***

	
0.015 *

	
0.001 **

	
0.001 **




	
Unstable defecation status

	

	

	

	




	
 Unstable defecations

	
32 (15–90)

	
14 (0–42)

	
10 (0–42)

	
16 (0–42)




	
 Stable defecations

	
22,5 (15–90)

	
12 (0–42)

	
6 (0–39)

	
14 (0–42)




	
U

	
21,829.5

	
31,610

	
28,056.5

	
30,478




	
p

	
<0.001 ***

	
0.029

	
<0.001 ***

	
0.005 **








GSRS: Gastrointestinal Symptom Rating Scale; U: Mann–Whitney U Test; H: Kruskal–Wallis H Test; s: Spearman rank differences correlation coefficient; * p < 0.05; ** p < 0.01; *** p < 0.001; a,b: Difference between medians that do not have the same letter is significant (p < 0.05).













 





Table 3. Correlation coefficients between participants’ GSRS total scores and DASS-42 subfactor scores.
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	GSRS Total
	p





	Depression
	0.392
	<0.001 ***



	Anxiety
	0.517
	<0.001 ***



	Stress
	0.489
	<0.001 ***







GSRS: Gastrointestinal Symptom Rating Scale; s: Spearman rank differences correlation coefficient; *** p < 0.001.













 





Table 4. The effect of participants’ probiotic and prebiotic consumption frequency on GSRS total scores and DASS-42 subfactor scores.
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GSRS

	
DASS-42

	
Anxiety

	
Stress




	

	
β

	
t

	
p

	
β

	
t

	
p

	
β

	
t

	
p

	
β

	
t

	
p






	
Probiotics

	

	

	

	

	

	

	

	

	

	

	

	




	
(Constant/everyday consumption)

	
42.090

	
6.904

	
<0.001 ***

	
19.487

	
3.970

	
<0.001 ***

	
21.569

	
5.744

	
<0.001 ***

	
22.275

	
4.976

	
<0.001 ***




	
Yogurt (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
1.088

	
0.810

	
0.418

	
−0.026

	
−0.024

	
0.981

	
−0.730

	
−0.883

	
0.378

	
−0.562

	
−0.570

	
0.569




	
 Never

	
7.614

	
2.815

	
0.005 **

	
0.844

	
0.387

	
0.699

	
0.438

	
0.263

	
0.793

	
1.321

	
0.665

	
0.506




	
Kefir (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−8.320

	
−1.798

	
0.073

	
−1.433

	
−0.384

	
0.701

	
−4.169

	
−1.463

	
0.144

	
−5.120

	
−1.507

	
0.132




	
 Never

	
−8.172

	
−1.838

	
0.067

	
−0.840

	
−0.235

	
0.814

	
−3.218

	
−1.175

	
0.240

	
−4.390

	
−1.345

	
0.179




	
Ayran (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−0.783

	
−0.477

	
0.633

	
−2.732

	
−2.069

	
0.039 *

	
−0.643

	
−0.637

	
0.524

	
−0.743

	
−0.617

	
0.537




	
 Never

	
0.135

	
0.068

	
0.946

	
0.405

	
0.252

	
0.801

	
0.261

	
0.212

	
0.832

	
0.804

	
0.549

	
0.583




	
Boza (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−1.521

	
−0.172

	
0.864

	
−9.045

	
−1.269

	
0.205

	
−7.701

	
−1.412

	
0.158

	
−4.424

	
−0.681

	
0.496




	
 Never

	
2.097

	
0.293

	
0.770

	
−3.359

	
−0.583

	
0.560

	
−4.315

	
−0.979

	
0.328

	
−0.053

	
−0.010

	
0.992




	
Tarhana (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−1.350

	
−0.590

	
0.555

	
0.046

	
0.025

	
0.980

	
−2.049

	
−1.455

	
0.146

	
−1.226

	
−0.730

	
0.466




	
 Never

	
0.951

	
0.429

	
0.668

	
2.112

	
1.184

	
0.237

	
−0.134

	
−0.098

	
0.922

	
0.409

	
0.251

	
0.802




	
Pickles (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
0.797

	
0.511

	
0.610

	
−0.708

	
−0.564

	
0.573

	
−0.314

	
−0.326

	
0.744

	
−0.869

	
−0.759

	
0.448




	
 Never

	
−0.453

	
−0.252

	
0.801

	
−0.933

	
−0.645

	
0.519

	
0.433

	
0.392

	
0.696

	
−0.448

	
−0.340

	
0.734




	
Turnip Juice (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
0.465

	
0.112

	
0.911

	
−0.329

	
−0.099

	
0.921

	
−1.039

	
−0.408

	
0.684

	
0.323

	
0.106

	
0.915




	
 Never

	
−1.842

	
−0.496

	
0.620

	
−4.141

	
−1.386

	
0.166

	
−4.045

	
−1.771

	
0.077

	
−3.288

	
−1.207

	
0.228




	
Olives (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
0.186

	
0.113

	
0.910

	
1.836

	
1.376

	
0.169

	
−0.187

	
−0.183

	
0.855

	
−0.117

	
−0.096

	
0.923




	
 Never

	
−1.091

	
−0.588

	
0.557

	
−0.019

	
−0.013

	
0.990

	
−0.059

	
−0.052

	
0.959

	
0.118

	
0.087

	
0.931




	
Probiotic Yogurt (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
1.115

	
0.301

	
0.763

	
6.952

	
2.331

	
0.020 *

	
2.431

	
1.066

	
0.287

	
3.913

	
1.439

	
0.151




	
 Never

	
−0.656

	
−0.202

	
0.840

	
6.962

	
2.666

	
0.008 **

	
2.711

	
1.357

	
0.175

	
3.595

	
1.510

	
0.132




	
Probiotic Milk (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
0.057

	
0.013

	
0.989

	
−6.018

	
−1.726

	
0.085

	
−0.877

	
−0.329

	
0.742

	
−2.873

	
−0.904

	
0.367




	
 Never

	
−2.398

	
−0.621

	
0.535

	
−6.146

	
−1.976

	
0.049 *

	
−2.187

	
−0.919

	
0.358

	
−4.700

	
−1.657

	
0.098




	
Probiotic Kefir (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−6.334

	
−1.427

	
0.154

	
2.356

	
0.659

	
0.510

	
0.106

	
0.039

	
0.969

	
1.216

	
0.373

	
0.709




	
 Never

	
−2.360

	
−0.625

	
0.532

	
3.099

	
1.020

	
0.308

	
0.641

	
0.276

	
0.783

	
3.467

	
1.251

	
0.211




	
Prebiotics

	

	

	

	

	

	

	

	

	

	

	

	




	
(Constant)

	
26.819

	
5.547

	
<0.001 ***

	
11.166

	
2.823

	
0.005 **

	
11.632

	
3.886

	
<0.001 ***

	
14.742

	
4.127

	
<0.001 ***




	
Whole-Grain/Mixed-Grain Breads (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
0.443

	
0.252

	
0.801

	
0.647

	
0.451

	
0.652

	
0.240

	
0.221

	
0.825

	
0.407

	
0.314

	
0.753




	
 Never

	
−0.797

	
−0.557

	
0.578

	
−0.250

	
−0.213

	
0.831

	
0.155

	
0.175

	
0.861

	
−0.236

	
−0.224

	
0.823




	
Oatmeal/Breakfast Cereals (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−2.085

	
−0.968

	
0.334

	
−0.279

	
−0.158

	
0.874

	
−2.119

	
−1.589

	
0.113

	
−2.216

	
−1.392

	
0.165




	
 Never

	
−2.304

	
−1.168

	
0.243

	
−0.870

	
−0.539

	
0.590

	
−2.274

	
−1.862

	
0.063

	
−1.794

	
−1.231

	
0.219




	
Garlic/Onions (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−1.304

	
−0.892

	
0.373

	
0.374

	
0.313

	
0.755

	
−0.272

	
−0.301

	
0.764

	
−0.380

	
−0.352

	
0.725




	
 Never

	
−1.125

	
−0.591

	
0.555

	
1.766

	
1.134

	
0.257

	
0.534

	
0.453

	
0.651

	
−0.155

	
−0.110

	
0.912




	
Tomatoes (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
2.172

	
1.463

	
0.144

	
1.002

	
0.825

	
0.410

	
1.153

	
1.254

	
0.210

	
0.898

	
0.819

	
0.413




	
 Never

	
−3.363

	
−1.229

	
0.220

	
0.692

	
0.309

	
0.757

	
0.775

	
0.457

	
0.648

	
0.443

	
0.219

	
0.827




	
Jerusalem artichokes (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
4.814

	
1.501

	
0.134

	
−0.362

	
−0.138

	
0.890

	
1.701

	
0.857

	
0.392

	
−0.619

	
−0.261

	
0.794




	
 Never

	
−0.405

	
−0.151

	
0.880

	
1.165

	
0.531

	
0.595

	
1.186

	
0.715

	
0.475

	
0.237

	
0.120

	
0.905




	
Bananas (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−0.398

	
−0.253

	
0.801

	
−1.002

	
−0.779

	
0.436

	
−1.518

	
−1.559

	
0.120

	
−1.146

	
−0.986

	
0.324




	
 Never

	
3.888

	
1.996

	
0.046 *

	
−0.305

	
−0.192

	
0.848

	
0.783

	
0.649

	
0.517

	
0.723

	
0.503

	
0.615




	
Cruciferous Veg. (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−1.818

	
−0.903

	
0.367

	
0.076

	
0.046

	
0.963

	
−0.872

	
−0.699

	
0.485

	
−0.436

	
−0.293

	
0.769




	
 Never

	
1.255

	
0.578

	
0.563

	
0.528

	
0.297

	
0.766

	
0.083

	
0.062

	
0.951

	
0.522

	
0.325

	
0.745




	
Legumes (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
−0.186

	
−0.110

	
0.912

	
−2.798

	
−2.027

	
0.043 *

	
−1.018

	
−0.975

	
0.330

	
−1.175

	
−0.943

	
0.346




	
 Never

	
0.694

	
0.319

	
0.750

	
−1.809

	
−1.017

	
0.309

	
−0.258

	
−0.192

	
0.848

	
−0.568

	
−0.354

	
0.724




	
Asparagus (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
1.070

	
0.164

	
0.870

	
−5.104

	
−0.954

	
0.341

	
−8.166

	
−2.016

	
0.044 *

	
−5.088

	
−1.053

	
0.293




	
 Never

	
−1.136

	
−0.207

	
0.836

	
−3.161

	
−0.703

	
0.482

	
−6.644

	
−1.953

	
0.051

	
−3.754

	
−0.925

	
0.355




	
Soybeans (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
1.972

	
0.366

	
0.714

	
5.252

	
1.192

	
0.234

	
7.955

	
2.386

	
0.017 *

	
7.112

	
1.788

	
0.074




	
 Never

	
6.854

	
1.541

	
0.124

	
6.943

	
1.908

	
0.057

	
7.379

	
2.679

	
0.008 **

	
7.958

	
2.421

	
0.016 *




	
Nuts (Ref: Daily)

	

	

	

	

	

	

	

	

	

	

	

	




	
 Several Times a Week

	
1.108

	
0.626

	
0.531

	
3.626

	
2.505

	
0.013 *

	
2.270

	
2.072

	
0.039 *

	
3.727

	
2.852

	
0.005 **




	
 Never

	
2.066

	
1.082

	
0.280

	
2.657

	
1.701

	
0.090

	
1.593

	
1.347

	
0.178

	
2.522

	
1.788

	
0.074








β: Beta coefficient. t: Independent sample t-test. * p < 0.05; ** p < 0.01; *** p < 0.001.













 





Table 5. The effect of participants’ probiotic and prebiotic consumption frequency on Bristol Stool Scale scores.
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OR (95% Cl)




	

	
OR

	
Wald

	
p

	
Lower Limit

	
Upper Limit






	
Normal

	
(Constant)

	
1.956

	
2.383

	
0.123

	
-

	
-




	
Yogurt (Ref: Daily)

	

	

	

	

	




	
 Several Times a Week

	
1.066

	
0.040

	
0.842

	
0.568

	
2.001




	
 Never

	
1.244

	
0.126

	
0.723

	
0.372

	
4.163




	
Kefir (Ref: Daily)

	

	

	

	

	




	
 Several Times a Week

	
0.381

	
0.609

	
0.435

	
0.034

	
4.307




	
 Never

	
0.786

	
0.039

	
0.844

	
0.071

	
8.654




	
Ayran (Ref: Daily)

	

	

	

	

	




	
 Several Times a Week

	
0.537

	
1.823

	
0.177

	
0.218

	
1.324




	
 Never

	
0.313

	
5.268

	
0.022 *

	
0.116

	
0.844




	
Tarhana (Ref: Daily)

	

	

	

	

	




	
 Several Times a Week

	
1.983

	
1.452

	
0.228

	
0.651

	
6.041




	
 Never

	
0.802

	
0.187

	
0.666

	
0.294

	
2.184




	
Pickles (Ref: Daily)

	

	

	

	

	




	
 Several Times a Week

	
0.656

	
1.131

	
0.287

	
0.302

	
1.427




	
 Never

	
0.689

	
0.719

	
0.396

	
0.291

	
1.630




	
Turnip Juice (Ref: Daily)

	

	

	

	

	




	
 Several Times a Week

	
0.926