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Abstract
BACKGROUND
There are various studies showing the relationship between irritable bowel syndrome (IBS) and diet, and some dietary adjustments are recommended to reduce symptoms. In recent years, there is a growing number of studies that show a 4-8 wk low fermentable oligo, di- and mono-saccharides and polyols (FODMAP) diet has a 50%-80% significant effect on symptoms in IBS patients. There is strong evidence suggesting that changes in fecal microbiota have an impact on IBS pathogenesis. Based on this argument, probiotics have been used in IBS treatment for a long time. As is seen, the FODMAP diet and probiotics are used separately in IBS treatment.

AIM
To evaluate the effectiveness of adding probiotics to a low FODMAP diet to control the symptoms in patients with IBS.

METHODS
The patients who were admitted to the Gastroenterology Clinic of Dokuz Eylul University Hospital and diagnosed with IBS according to Rome IV criteria were enrolled into the study. They were randomized into 2 groups each of which consisted of 50 patients. All patients were referred to a dietitian to receive dietary recommendations for the low FODMAP diet with a daily intake of 9 g. The patients were asked to keep a diary of foods and beverages they consumed. The patients in Group 1 were given supplementary food containing probiotics (2 g) once a day in addition to their low FODMAP diet, while the patients in Group 2 were given a placebo once a day in addition to their low FODMAP diet. Visual analogue scale (VAS), the Bristol Stool Scale and IBS Symptom Severity Scale (IBS-SSS) scores were evaluated before and after the 21 d treatment.

RESULTS
The rate of adherence of 85 patients, who completed the study, to the FODMAP restricted diet was 92%, being 90% in Group 1 and 94% in Group 2. The mean scores of VAS and IBS-SSS of the patients in Group 1 before treatment were 4.6 ± 2.7 and 310.0 ± 78.4, respectively, and these scores decreased to 2.0 ± 1.9 and 172.0 ± 93.0 after treatment (both P < 0.001). The mean VAS and IBS-SSS scores of the patients in Group 2 before treatment were 4.7 ± 2.7 and 317.0 ± 87.5, respectively, and these scores decreased to 1.8 ± 2.0 and 175.0 ± 97.7 after treatment (both P < 0.001). The IBS-SSS score of 37 patients (86.04%) in Group 1 and 36 patients (85.71%) in Group 2 decreased by more than 50 points. Group 1 and Group 2 were similar in terms of differences in VAS and IBS-SSS scores before and after treatment. When changes in stool shape after treatment were compared using the Bristol Stool Scale, both groups showed significant change. 

CONCLUSION
This study is the randomized controlled study to examine the efficiency of probiotic supplementation to a low FODMAP diet in all subtypes of IBS. The low FODMAP diet has highly positive effects on symptoms of all subtypes of IBS. It was seen that adding probiotics to a low FODMAP diet does not make an additional contribution to symptom response and adherence to the diet.
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Core Tip: A low fermentable oligo, di- and monosaccharides and polyols diet significantly relieved irritable bowel syndrome symptoms in all irritable bowel syndrome subtypes in the initial phase; however, adding probiotics to the diet did not make an additional contribution to symptom relief. Further longer term research using different probiotics is needed to examine the efficiency of probiotic supplementation to a low fermentable oligo, di- and monosaccharides and polyols diet in irritable bowel syndrome.



INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional disorder characterized by symptoms of chronic abdominal pain, changes in bowel habits and defecation[1]. Although its prevalence varies by country, about one in five people around the world is affected by this disease. IBS is more common among women and people under the age of 50. The course of this disorder is chronic, episodic or relapsing[2]. The pathogenesis of IBS is complex and multifactorial. Visceral hypersensitivity, psychosocial factors, changes in the gut-brain axis and gastrointestinal motility, immune dysregulation and dysbiosis are considered to be the most critical factors that affect etiopathogenesis[3]. IBS causes recurring admission to clinics, redundant medical examinations and unnecessary procedures. Thus, it not only deteriorates the quality of life of patients, but it also increases healthcare costs significantly and causes workforce loss[4].
In addition to medical treatment, the doctor-patient relationship and diet and lifestyle changes play an essential role in the treatment of IBS[5]. Treatment may include various diets, antispasmodics, loperamide, antidepressants, psychological treatments (psychotherapy, hypnosis, etc.), laxatives, biofeedback, prebiotics or probiotics. Although these treatment(s) relieve the symptoms in some patients, some patients do not get better sufficiently, hence requiring other treatment options.
There are various studies showing the relationship between IBS and diet, and some dietary adjustments are recommended to reduce symptoms. One of them is the elimination diet, which is widely used in IBS treatment. In recent years, there is a growing number of studies that show a 4-8 wk low fermentable oligo, di- and monosaccharides and polyols (FODMAP) diet has a 50%-80% significant effect on symptoms in IBS patients[3,6,7]. The term FODMAP refers to all short-chain carbohydrates. These substances are not appropriately absorbed and rapidly fermented by intestinal bacteria. Thus, it is thought that intraluminal fluid content and an increase in colonic hydrogen production increase the symptoms[8]. Excessive consumption of these carbohydrate derivatives (fructose, fructooligosaccharides, sorbitol) may trigger IBS symptoms due to their direct or indirect effects on microbiota, intestinal barrier, immune response and visceral sensitivity[9-11]. Patient’s demographic characteristics, microbiota composition and metabolism as well as IBS subtype and patient’s adherence to diet in particular may affect the effectiveness of a low FODMAP diet[12]. Evidence suggests that microbiota plays a vital role in the pathophysiology of IBS[13]. The studies show that Lactobacillus and Bifidobacterium decrease while proinflammatory bacterial species, Enterobacteriaceae in particular, increase relatively in IBS[12]. It is thought that low FODMAP diet’s reducing colonic motility may harm bacterial flora. Hence, according to a study on the fecal microbiota comparing the patients on a low FODMAP diet and those on a regular diet, it was found that Bifidobacteria spp. rate and concentration decrease in those who followed a low FODMAP diet[14]. Another study showed that the rate of fecal bacteria in those who follow a low FODMAP diet is 47% less than those who follow an Australian-type diet, and there is an increase in the number of harmful bacteria with a decrease in beneficial bacteria[15]. 
However, there are also some studies showing that although a low FODMAP diet decreases the number of bacteria, it does not affect their diversity[16]. The low FODMAP diet positively affects IBS symptoms, but it may have adverse effects on colon health. The components of the FODMAP diet act as a substrate for bacteria[17]. Butyrate, a short-chain fatty acid formed as a result of bacterial fermentation, is not only an energy source for colon epithelium but also an important regulator and immunomodulator for colonocyte proliferation and apoptosis[18,19]. Recent studies have reported that a low FODMAP diet reduces proinflammatory cytokines such as interleukin 6 and interleukin 8. It also changes the content of fecal bacteria and decreases the amount of fecal butyric acid[12]. Furthermore, there is doubt regarding the long-term sustainability of this diet, its long-term effects on symptoms and possible nutritional deficiencies[3]. 
Probiotics balance intestinal flora by limiting the colonization of pathogenic bacteria[15]. As mentioned above, there is strong evidence suggesting that changes in fecal microbiota have an impact on IBS pathogenesis. Based on this argument, probiotics have been used in IBS treatment for a long time[20]. 
As is seen, the FODMAP diet and probiotics are used separately in IBS treatment. These are preferred treatments today thanks to their relatively high efficiency and low side effects. Combining both may enhance symptom control in patients. However, the negative impact of a low FODMAP diet on intestinal flora and its long-term side effects are still ambiguous. Furthermore, although the rate of adherence to diet is high, there is also a group of patients who cannot tolerate it. We added probiotics to the low FODMAP diet in our study considering that it may affect symptom control in IBS and that it has a potential to prevent possible harmful effects of the low FODMAP diet on the intestinal flora. This randomized double-blind prospective controlled study aimed to find out how probiotic supplementation to a low FODMAP diet affected symptoms in all subtypes of IBS.

MATERIALS AND METHODS
Patients and study design
This randomized double-blind prospective study included 100 patients between the ages of 18 and 65 years, who were admitted to the Gastroenterology Clinic of Faculty of Medicine of Dokuz Eylul University between December 1, 2017 and December 24, 2018, who were newly and/or previously diagnosed with IBS according to Rome IV criteria and whose IBS treatment were not modified in the last 4 wk. For both treatment groups, the mean effect size was determined as 0.5 for the comparison of IBS symptom severity scale (IBS-SSS) and Visual Analog Scale (VAS) scores, taking 50 patients for each group at 80% power and 95% confidence interval. Based on their IBS subtypes, the patients were classified as IBS-D (diarrhea dominant type), IBS-C (constipation dominant type) and IBS-mixed type. This prospective study was designed in compliance with the ethical rules set forth by the Helsinki Declaration, and we took the consent of all patients by asking them to fill in informed consent forms before the study. Patients were randomly assigned to two groups as follows: 21 d low FODMAP diet + probiotic (Group 1) and 21 d low FODMAP diet + placebo (Group 2). We tossed a coin to randomly categorize the patients into two groups, and neither the patient nor the researcher was informed about the treatment administered to the patient. When we ran out of the product in the probiotic or placebo group, the patient was given the product used in the other group.
Patients with inflammatory bowel disease, celiac disease, history of bowel operation and diabetes mellitus who were currently using food supplements such as probiotics were excluded from the study. In addition, patients with alarm symptoms such as fever, anemia and weight loss, those who had a family history of colon cancer, patients whose body mass index was 18 and below and pregnant women were excluded from the study. Based on the above-mentioned exclusion criteria, 12 patients were excluded from the study (Figure 1).
The demographic data (age, gender, occupation) of all patients were recorded, and they were asked in detail about their history of chronic diseases (hypertension, cerebrovascular disease, hypothyroidism, coronary artery disease, osteoporosis, asthma, depression, urinary incontinence, neuromuscular disorders, severe osteoarthritis), drugs they use, operations they had (thyroidectomy, tonsillectomy, appendectomy, etc.), dominant symptoms and treatments they received.
This study was conducted with the approval of the Clinical Research Ethics Committee of Dokuz Eylul University (approval no. 2017/01-02) and the Medicines and Medical Devices Agency of the Ministry of Health of Turkey (approval No. 67116).

Dietary advice and probiotic/placebo
An expert dietitian had a face-to-face conversation for at least 45 min with each patient to explain the diet to be followed throughout the study. Furthermore, patients were given the low FODMAP diet therapy (Table 1) and informed about the foods they must avoid (Supplementary material) to ensure that they consume sufficient amounts of calcium and fiber.
Nobel Ilac San. ve Tic. A.S. Istanbul, Turkey® provided probiotic and placebo drugs. As a probiotic, supplementary food containing probiotics (2 g) once a day was prescribed to patients. This product contained Streptococcus thermophilus (5.4x108 cfu), Bifidobacterium lactis (5.4 × 108 cfu), Lactobacillus acidophilus (4.5 × 108 cfu), Lactobacillus plantarum (4 × 108 cfu) and Bifidobacterium breve (4 × 108 cfu). Placebo products were identical capsules without any probiotics. The active and placebo products were similar in appearance, taste and smell and bottled in identically.
All patients were asked to keep a diary of the foods and beverages they consumed. Furthermore, they were called by phone every week to follow up with their adherence to diet in terms of probiotic/placebo compliance. We used the diaries of the patients to evaluate their adherence to the given diet. The percentage of cheatings within a diet during the day was calculated separately, and the daily dietary compliance was averaged. Patients who adhered to their diet for 17 d (> 80%) of the 21 d diet were considered to have adhered to their diet. The symptoms of patients were evaluated with the below-mentioned scale and scoring systems before and after 21 d of a low FODMAP diet + placebo or a low FODMAP diet + probiotic and the resulting data were analyzed. During the study, the patients were not allowed to use drugs that could affect their symptoms (laxatives, antidiarrheal drugs, etc.).

Evaluation of symptoms by questionnaires
For patients diagnosed with IBS according to Rome IV criteria, we used the following scales for evaluation: VAS to evaluate pain before and after 21 d of a low FODMAP diet + probiotic/placebo, Bristol Stool Scale to evaluate IBS type and any changes in stool and IBS-SSS to evaluate the severity of IBS symptoms. 
The following results were accepted as clinical improvement after the evaluation of 21 d treatment: a decrease of at least 50 points in the IBS-SSS score, a decrease of more than 10 mm in pain severity according to VAS and change in stool characterization to Type 3 and Type 4 according to Bristol Stool Chart.

Statistical analysis
The SPSS 22.0 version (SPSS Inc, Chicago, IL, United States) package program was used to perform all statistical analyses. Demographic data, symptoms and IBS subtypes were analyzed descriptively. The Shapiro Wilk Test was used to test the compatibility of the numerical variables to normal distribution. Numerical variables were described with mean and standard deviation while categorical variables were described with frequency and percentage values. The Mann Whitney U Test was used to compare differences between two independent means. The relationship between two independent categorical variables was measured using the χ2 Test. The Wilcoxon Signed-rank Test was used to compare the relationship between two dependent means. The conformity between two dependent categorical variables was evaluated using the Kappa Test. The Mann Whitney U Test was used to determine the difference between two independent medians. The relationship between two independent numerical variables was analyzed using Spearman’s Correlation. The confidence level of the study was 95%, and the P value below 0.05 was considered to be significant.

RESULTS
Subjects
Fifteen patients (15%; 7 from Group 1, 8 from Group 2) out of 100 patients, who were included in the study, left the study during the follow-up period. The patients left the study due to the following reasons: workload, being unreachable by phone, increased bloating, family problems and difficulty in following the diet (Figure 1).
A total of 85 patients completed the study, 43 patients from Group 1 and 42 patients from Group 2. A total of 62 of them (72.9%) were female while 23 of them (27.1%) were male, and the mean age of the patients was 43.6 ± 13.0. Breakdown by gender shows that 33 patients (76.7%) in Group 1 and 29 patients (69.0%) in Group 2 were female. The mean age was 43.6 ± 12.2 in Group 1 and 43.6 ± 14.0 in Group 2, i.e. they were similar.
Some patients had comorbid diseases such as Hashimoto’s thyroiditis, hypertension and allergic asthma. In this study, 69.4% of the patients had a comorbid disease, while 30.6% did not have any comorbidities. A total of 35 (41.2%) patients underwent an abdominal operation, 19 (44.2%) of whom were in the probiotic group, while 16 (38.1%) of them were in the placebo group. The patients in both groups had similar demographic characteristics. Table 2 summarizes demographic data, comorbidities, history of treatments and drug use of all patients.
The breakdown of IBS subtypes shows that the most common group is IBS-C, followed by IBS-D. The least common type is mixed IBS (Table 3).

Gastrointestinal symptoms response
The VAS score, IBS-SSS total score and IBS-SSS sub-parameters measured before treatment were similar in both groups (Table 4).
The average VAS score of the patients in Group 1 before treatment was 4.6 ± 2.7 with an average IBS-SSS score of 310.0 ± 78.4. The mean VAS score decreased to 2.0 ± 1.9, and the mean IBS-SSS score decreased to 172.0 ± 93.0. The VAS score, IBS-SSS total score and IBS-SSS sub-parameter scores of Group 1 significantly reduced after treatment (P < 0.001). In Group 1, the IBS-SSS score of 37 (86.04%) patients decreased by more than 50 points (Table 4).
The average VAS score of the patients in Group 2 before treatment was 4.7 ± 2.7 with an average IBS-SSS score of 317.0 ± 87.5. The mean VAS score decreased to 1.8 ± 2.0, and the mean IBS-SSS score decreased to 175.0 ± 97.7. The VAS score, IBS-SSS total score and IBS-SSS sub-parameter scores of Group 2 significantly reduced after treatment (P < 0.001). In Group 2, the IBS-SSS score of 36 (85.71%) patients decreased by more than 50 points (Table 4). In conclusion, abdominal pain and symptoms in the scope of IBS-SSS in both groups decreased significantly after treatment. Furthermore, no side effects were observed in any of the patients that were included in this study.
The results showed that the scores of 38 (79.2%) out of 48 patients who had severe IBS before treatment improved after treatment. In Group 1 and Group 2, the IBS-SSS scores of 20 (80.0%) and 18 (78.3%) patients out of 25 and 23 patients, respectively, with severe IBS decreased after treatment. When we evaluated the changes in the VAS and IBS-SSS scores of the patients before and after the treatment, we observed that the scores decreased significantly in both groups, and the scores decreased similarly in Group 1 and Group 2 (Tables 5 and 6).
When changes in stool shape were analyzed with Kappa according to the Bristol Stool Scale after treatment, it was found that there were significant changes in both groups. When the results of all patients were analyzed, stool type after treatment was evaluated as normal (type 3-4) in 19 out of 29 patients (65.5%) with stool type 5-6-7 (diarrhea predominant) and in 18 out of 34 patients (52.9%) with stool type 1-2 (constipation predominant). In Group 1, the stool type was evaluated as normal (type 3-4) after treatment in 9 (75.0%) out of 12 patients who had stool type 5-6-7 (IBS-D) and in 12 (70.6%) out of 17 patients who had stool type 1-2 (IBS-C). In Group 2, the stool type was evaluated as normal (type 3-4) after treatment in 10 (58.8%) out of 17 patients who had stool type 5-6-7 (IBS-D) and in 6 (35.3%) out of 17 patients who had stool type 1-2 (IBS-C) (Table 7). All patients were evaluated, and no severe side effects were observed except for increased bloating in 4 patients.
The rate of adherence of 85 patients, who completed the study, to the FODMAP restricted diet was 92%, being 90% in Group 1 and 94% in Group 2. There was no significant difference between these two groups (P = 0.066). All patients in the study completely adhered to their probiotic and placebo doses. Although there was no statistically significant relationship between the change in scores with increased adherence to the diet in Group 1, the enhanced dietary adherence in Group 2 was found to decrease the VAS scores, IBS-SSS total score, satisfaction with bowel habits and IBS quality of life sub-score significantly (Table 8).

DISCUSSION
IBS is a chronic disease that reduces quality of life, and the desired results are still not achievable with the current treatment options. Therefore, there is an ongoing search for effective and long-term treatments. There are many studies showing that both a low FODMAP diet and probiotics alone have a positive effect on IBS symptoms[21-25]. However, there is a group of patients who cannot adhere to a low FODMAP diet and are therefore not treated successfully. There is also some evidence showing that a low FODMAP diet may have adverse effects on microbiota, and long-term use of this diet may have unintended consequences[26,27]. Adding probiotics to a low FODMAP diet may increase treatment success and have a positive effect on the unintended consequences on microbiota due to this dietary approach. From this point of view, this randomized double-blind prospective controlled study aimed to find out whether adding probiotics to a low FODMAP diet contributes to the success of treatment of all subtypes of IBS. 
Visceral hypersensitivity due to luminal distension is an important cause of IBS-related gastrointestinal symptoms. A low FODMAP diet has a positive effect on such symptoms by decreasing fluid content in the intestinal lumen and hence gas production. Many clinical studies showed that a low FODMAP diet significantly relieved symptoms in approximately 50% to 80% of IBS patients[28-30].
Böhn et al[31] from Sweden included 75 patients diagnosed with IBS according to Rome III criteria in their multicenter, double-blind parallel-group study. They included 38 patients on a 4-wk-long FODMAP restricted diet, while 37 patients in the other group were asked to adhere to a different diet that is frequently recommended to patients with IBS. The severity of symptoms was evaluated by using IBS-SSS. The study concluded that there was a decrease in IBS symptoms in both groups (P < 0.0001 in both groups) with similar decrease rates (P = 0.62). In that study, the IBS-SSS score of 19 patients (50%) who followed a low FODMAP diet decreased by 50 points or more compared to their scores before the study. In our study, we also saw that the IBS-SSS score decreased more than 50 points compared to the baseline in 37 (86.04%) patients in Group 1 and in 36 (85.71%) patients in Group 2. In another randomized controlled trial study by Harvie et al[32], a total of 23 patients in the interventional group were asked to follow a low FODMAP diet (10.0 ± 7.9 g/d), while 27 patients in the control group were given a regular diet. It was found that there was a significant difference between changes in FODMAP content and relief of symptoms. Furthermore, a low FODMAP diet was proved to have a positive effect on patient quality of life. In our study, the patients were given 9 g of FODMAP on average per day, and the severity of symptoms decreased significantly. We did not use IBS Quality of Life in our study; still, significant improvement was achieved with a low FODMAP diet in both groups in the parameter that shows the quality of life parameter, which is a subgroup of the IBS-SSS scores (P < 0.01 in both groups).
If symptoms cannot be relieved with a diet, first of all, the patient’s adherence to diet must be examined. Adherence to a low FODMAP diet was reported to be 76% and 80% in two different studies that administered a diet for 3 wk and 6 wk, respectively[7,24]. According to the study of Shepherd et al[3], the adherence to a low FODMAP diet in the long term (14 mo) was reported to be 77%. In our study, we used a 3 wk long diet, adherence to which was 90% in Group 1 and 94% in Group 2. The fact that there was no difference between two groups with regards to adherence to diet shows that adding probiotics to a low FODMAP diet is not of additional benefit to patients’ adherence to the diet. These high adherence rates may be the result of the success of the diet in symptom control as well as the fact that the patients were adequately informed about their diet by an expert dietician. A dietician and a doctor also closely monitored them during the study. In their study investigating the efficiency of and adherence to a long-term low FODMAP diet in IBS patients, Weynants et al[33] stated that patients who visited a dietician multiple times could choose the right nutritional products easily, and their adherence to the diet was higher.
Dietary approaches for IBS generally aim to diversify patient’s nutritional intake as much as possible while controlling the symptoms at a maximum level with fewer restrictions[34]. While treating IBS, it is recommended to apply a low FODMAP diet in three stages. According to this recommendation, FODMAP is restricted in the initial stage, then FODMAP is reintroduced in the second stage, and the treatment is tailored to the needs of the patient in the last stage. The type of FODMAP containing food that triggers the symptoms and the amount of FODMAP in a diet may vary from person to person. Consequently, in the studies investigating the efficiency of a low FODMAP diet in the initial appointment in IBS, the amounts of FODMAP in diet are variable. Böhn et al[31] significantly controlled the symptoms with an average of 3.8 g of FODMAP per day, while Staudacher et al[28] achieved significant symptom control with a daily intake of 17.7 g of FODMAP. In our study, symptoms were relieved, and quality of life was enhanced in more than 85% of our patients with a daily average of 9 g of FODMAP. Over time, the FODMAP amount in diet can be modified and tailored to the needs of individual patients based on their symptom response and tolerance.
A FODMAP restricted diet may worsen constipation as it has low fiber content, and it decreases the amount of water in the small intestine[30]. However, the studies in which a low FODMAP diet was used reported symptom response in all subgroups of IBS including IBS-C[31,32,35]. In our study, out of all IBS cases, 53.5% of the patients in Group 1 and 47.6% in Group 2 were constipation predominant type, and symptom response was significant in both groups. Furthermore, both groups had a similar response rate. This finding supports the argument that a low FODMAP diet can be applied in all subtypes of IBS[6,7,31]. In the group of patients who took probiotics and had both IBS-D and IBS-C, the appearance of stool turned to be highly normal, although not statistically significant (kappa= 0.061, P = 0.448).
It is not clear how significant the changes are in microbiota after a low FODMAP diet. Our knowledge is restricted to the results of the short-term studies in which a low FODMAP diet was applied, and there is limited data on their long-term consequences. A 4 wk study on how a low FODMAP diet causes changes in microbiota and on the effects of probiotics showed that the proportion of total bacteria (Bifidobacterium species in particular) in the gastrointestinal lumen decreased[28]. This blind study included 104 patients, who were diagnosed with IBS according to Rome III criteria, and they were randomly categorized into four groups of sham diet, a low FODMAP diet, placebo and multistrain probiotic formulation. The amount of Bifidobacterium species in stool samples was significantly lower in patients who followed a low FODMAP diet (8.8 rRNA genes/g) when compared to the patients on sham diet (9.2 rRNA genes/g) (P = 0.008). The amount found in the probiotic group (9.1 rRNA genes/g) was significantly higher than the placebo group (8.8 rRNA genes/g) (P = 0.019), and it was seen that a low FODMAP diet did not affect microbiota diversity in fecal samples. In this study, symptom response rates were higher in the low FODMAP diet group and the sham diet group (57% and 38%, respectively, P = 0.051) according to the intention-to-treat analysis. The total mean IBS-SSS score was significantly lower in the low FODMAP diet group (173 ± 95) compared to the sham diet group (224 ± 89) (P = 0.001). At the same time, there was no difference between the probiotic group (207 ± 98) and the placebo group (192 ± 93), (P = 0.721). 
We also found that a low FODMAP diet ensured significant improvement in IBS symptoms in all patients; however, adding probiotics to the diet did not have an additional effect on symptom response. VAS scores before treatment were 4.6 ± 2.7 and 4.7 ± 2.7 for Group 1 and Group 2, respectively, and these scores decreased to 2.0 ± 1.9 and 1.8 ± 2.0 after treatment (P < 0.001 and P < 0.001). Before treatment, the IBS-SSS scores were 310.0 ± 78.4 and 317.0 ± 87.5 for Group 1 and Group 2, respectively, which decreased to 172.0 ± 93.0 and 175.0 ± 97.7 after treatment (P < 0.001 and < 0.001). As is seen, symptoms were relieved significantly in both groups. 
The multistrain probiotic preparation that was used in the study of Staudacher et al[28] contained Streptococcus thermophilus DSM 24731, Bifidobacterium breve DSM 24742, Bifidobacterium longum DSM 24736, Bifidobacterium infantis DSM 24737, Lactobacillus acidophilus DSM 24735, Lactobacillus plantarum DSM 24730, Lactobacillus paracasei DSM 24733 and Lactobacillus delbruckeii subsp. bulgaricus DSM 24734, while the probiotic preparation we used in our study contained Streptococcus thermophilus (5.4 × 108 cfu), Bifidobacterium lactis (5.4 × 108 cfu), Lactobacillus acidophilus (4.5 × 108 cfu), Lactobacillus plantarum (4 × 108 cfu) and Bifidobacterium breve (4 × 108 cfu). It was found that the multistrain probiotics used in both studies did not provide an additional positive effect on the symptoms. Staudacher et al[28] did not include IBS-C patients in their study. In our study, around half of the patients in both the probiotics and placebo groups had IBS-C. To the best of our knowledge, no study has been conducted on the effects of adding probiotics to a low FODMAP diet. 
In their randomized unblinded controlled study, Pedersen et al[36] compared the efficiency of treatment with a 6 wk low FODMAP diet and Lactobacillus rhamnosus (LGG) in 123 patients with IBS. The study showed that the IBS-SSS score significantly decreased in all three groups (P < 0.001 for low FODMAP, P < 0.01 for LGG and P = 0.03 for the control group) after 6 wk of treatment. The scores decreased more in both low FODMAP and LGG groups compared to the control group. Considering the subtypes of IBS in this study, IBS-SSS score was significantly reduced with a low FODMAP diet and LGG in both IBS-D and IBS-mixed type groups (133 ± 122 vs 68 ± 107, 133 ± 122 vs 34 ± 95 respectively, P < 0.01), while there was no significant decrease in patients with IBS-C. In this study, the difference between results can be explained by the use of LGG and by the fact that the majority of the patients in this study were female patients with IBS-D. 
Our study is a randomized controlled study that included all IBS subtypes and examined the effects of probiotic supplementation to a low FODMAP diet on IBS symptoms. Our study’s limitation is that we did not analyze stool microbiota before and after treatment of the patient group that received probiotics or placebo in addition to the FODMAP restricted diet.

CONCLUSION
In conclusion, a low FODMAP diet significantly relieved IBS symptoms in all IBS subtypes in the initial phase; however, adding probiotics to the diet did not make an additional contribution to symptom relief. Further longer term research using different probiotics is needed to examine the efficiency of probiotic supplementation to a low FODMAP diet in IBS.

ARTICLE HIGHLIGHTS
Research background
Irritable bowel syndrome (IBS) has a complicated pathogeny involving many factors. IBS patients apply to clinics again and again and undergo numerous examinations and procedures that may not be necessary at all. Among the tools for treating IBS, various diets, antispasmodics, loperamide, antidepressants, psychological therapies (psychotherapy, hypnosis, etc.), laxatives, biofeedback, prebiotics or probiotics can be used. Even though some or all of these treatments relieve the symptoms in some patients, some of the patients do not recover sufficiently and may need other treatment alternatives. Because the presence of a relationship between IBS and diet has been shown by various studies, some diet modifications are recommended to reduce symptoms. The elimination diet is a widely used treatment of IBS. Recently, a gradually increasing number of studies have shown a 50%-80% significant effect of a 4-8 wk low fermentable oligo, di- and mono-saccharides and polyols (FODMAP) diet on the symptoms of IBS patients. The efficacy of a low FODMAP diet may depend on factors such as the demographic characteristics, microbiota composition and metabolism besides the IBS subtype and particularly dietary adherence of the patients. There is evidence to suggest the vital role of microbiota in pathophysiology of IBS. The balance of the intestinal flora is corrected by probiotics by way of limiting the pathogenic bacteria colonization. Reasoning on this argument, probiotics have been used in treatment of IBS for a long time. 

Research motivation
A low FODMAP diet and probiotics are used individually in IBS treatment. Today, they are preferable treatments due to their relatively high efficacy and few side effects. Combination of these two may improve symptom control in patients. However, the negative effects of a low FODMAP diet on intestinal flora and its long-term adverse effects are still inconclusive. Also, even though the dietary adherence rate is high, a group of patients still cannot tolerate it. Having the potential of preventing possible harmful effects of low FODMAP diet on the intestinal flora, adding probiotics into it may affect control of IBS symptoms. 

Research objectives
This randomized double-blind prospective controlled study aimed to find out how probiotic supplementation to a low FODMAP diet affects symptoms in all subtypes of IBS.

Research methods
This double-blind randomized prospective study included 100 patients aged 18-65 newly and/or previously diagnosed with IBS as per the Rome IV criteria whose IBS treatment was not changed during the last 4 wk. According to their IBS subtypes, the patients were divided into subgroups categorized as IBS-diarrhea dominant type, IBS-constipation dominant type and IBS-mixed type. Patients were randomly assigned to two groups: 21 d low FODMAP diet + probiotic (Group 1) and 21 d low FODMAP diet + placebo (Group 2). A coin was tossed to categorize the patients into two groups randomly and neither the patient nor the researcher knew about the treatment administered to the patient. Each patient had a face-to-face explanatory conversation lasting at least 45 min with an expert dietitian about the diet to be followed throughout the trial. The provider of the probiotic and placebo drugs was Nobel Ilac San. ve Tic. A.S. Istanbul, Turkey®. Supplementary food containing probiotics (2 g) was prescribed to patients once a day as a probiotic. This product contained Streptococcus thermophilus (5.4 × 108 cfu), Bifidobacterium lactis (5.4 × 108 cfu), Lactobacillus acidophilus (4.5 × 108 cfu), Lactobacillus plantarum (4 × 108 cfu) and Bifidobacterium breve (4 × 108 cfu). Placebos were identical-looking capsules without any probiotics. All the participants were asked to record all the foods and beverages they consumed in a diary. Moreover, by weekly phone calls their dietary adherence in terms of probiotic/placebo compliance was monitored. Before and after applying a 21 d low FODMAP diet + placebo or a low FODMAP diet + probiotic, the symptoms of the patients were evaluated with the reference scale and scoring systems, and the results obtained were analyzed. We used the following scales to evaluate the patients: visual analogue scale (VAS) to evaluate pain before and after a 21 d low FODMAP diet + probiotic/placebo, Bristol Stool Scale to identify IBS type and any changes observed in stool and IBS-Symptom Severity Scale (IBS-SSS) to evaluate the severity of IBS symptoms. In the evaluation made after 21 d treatment, the following outcomes were acknowledged as clinical improvement: a decrease of at least 50 points in the IBS-SSS score, a decrease of more than 10 mm in pain severity according to VAS and change in stool characterization to Type 3 and Type 4 according to the Bristol Stool Chart.

Research results
A total of 85 patients, 43 from Group 1 and 42 from Group 2, completed the study to the end. IBS subtype breakdown showed that the most common subgroup was the constipation-predominant IBS, which was followed by diarrhea-predominant IBS. In both groups, the VAS score, IBS-SSS total score and IBS-SSS sub-parameters measured before treatment were similar. There was a significant decrease in the VAS score, IBS-SSS total score and IBS-SSS sub-parameter scores of Groups 1 and 2 after treatment (P < 0.001). The IBS-SSS score of 37 (86.04%) patients in Group 1 and 36 (85.71%) patients in Group 2 decreased by more than 50 points. In conclusion, in both groups abdominal pain and symptoms within the scope of IBS-SSS decreased significantly after treatment. Moreover, no side effects were observed in any of the patients that were included in this study. Treatment outcomes showed that the scores of 38 (79.2%) out of 48 patients who had severe IBS improved after treatment. Significant changes in stool shape were found in both groups when they were analyzed with Kappa index according to the Bristol Stool Scale after treatment. The average adherence rate of the 85 patients who completed the study to the FODMAP restricted diet was 92%, being 90% in Group 1 and 94% in Group 2. There was no significant difference between these two groups (P = 0.066). 

Research conclusions
According to our findings, a low FODMAP diet significantly relieved IBS symptoms in all IBS subtypes at the initial phase; however, adding probiotics to the diet made no additional contributions to symptom relief.

Research perspectives
The limitation of our study was that we did not analyze stool microbiota of the patient group that received probiotics or placebo in addition to the FODMAP restricted diet before and after treatment. Further and longer term research using different probiotics is needed to assess the efficacy of probiotic supplementation to a low FODMAP diet in IBS.
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Figure 1 Study flow diagram. IBS: Irritable bowel syndrome; FODMAP: Fermentable oligo, di- and monosaccharides and polyols; IBD: Irritable bowel disease.

Table 1 Content of low fermentable oligo, di- and monosaccharides and polyols diet recommended for patients 
	Energy
	1600-2000 kcal/d

	Protein
	75 -90 g/d

	Fat
	75-85 g/d

	Carbohydrate
	186-240 g/d

	Starch
	120-25 g/d

	Sugars
	50 -75 g/d

	Non-starch polysaccharide
	13–16 g/d

	Total FODMAPs1
	9.0-9.6 g/d

	Fructans
	2.5-3.5 g/d

	GOS
	0.8-1.4 g/d

	Lactose
	4.3-4.5 g/d

	Total fructose
	12.7-5.9 g/d

	Excess fructose
	1.9-2.0 g/d

	Sorbitol
	0.3-0.5 g/d

	Mannitol
	0.1 -0.2 g/d


1Total fermentable oligo, di- and monosaccharides and polyols (FODMAPs) are calculated as the sum of individual carbohydrates including excess fructose (not total fructose). Data are mean total and individual FODMAPs (g/d), energy (kcal/d) and nutrient intake (g/d). FODMAPs: Fermentable oligo, di- and monosaccharides and polyols; GOS: Galacto-oligosaccharides. 

Table 2 Patients’ demographic characteristics, comorbidities and treatments they received
	
	Total, n = 85
	Group 1, n = 43
	Group 2, n = 42
	P value

	Age (mean ± SD)
	43.6 ± 13.0
	43.6 ± 12.2
	43.6 ± 14.0
	0.888

	Gender, n (%)
	
	
	
	

	Female
	62 (72.9)
	33 (76.7)
	29 (69.0)
	0.425

	Male
	23 (27.1)
	10 (23.3)
	13 (31.0)
	

	Employment status, n (%) 
	
	
	
	

	No
	49 (57.6)
	25 (58.1)
	24 (57.1)
	0.926

	Yes
	36 (42.4)
	18 (41.9)
	18 (42.9)
	

	Comorbid diseases

	Hashimoto’s thyroiditis, n (%)
	
	
	
	

	No
	67 (78.8)
	36 (83.7)
	31 (73.8)
	0.263

	Yes
	18 (21.2)
	7 (16.3)
	11 (26.2)
	

	Allergic asthma, n (%)
	
	
	
	

	No
	77 (90.6)
	36 (83.7)
	41 (97.6)
	0.058

	Yes
	8 (9.4)
	7 (16.3)
	1 (2.4)
	

	Hypertension, n (%)
	
	
	
	

	No
	72 (84.7)
	38 (88.4)
	34 (81.0)
	0.342

	Yes
	13 (15.3)
	5 (11.6)
	8 (19.0)
	

	Gastritis, n (%)
	
	
	
	

	No
	77 (90.6)
	37 (86.0)
	40 (95.2)
	0.265

	Yes
	8 (9.4)
	6 (14.0)
	2 (4.8)
	

	Hyperlipidemia, n (%)
	
	
	
	

	No
	78 (91.8)
	40 (93.0)
	38 (90.5)
	0.713

	Yes
	7 (8.2)
	3 (7.0)
	4 (9.5)
	

	Depression, n (%)
	
	
	
	

	No
	80 (94.1)
	41 (95.3)
	39 (92.9)
	0.676

	Yes
	5 (5.9)
	2 (4.7)
	3 (7.1)
	

	Comorbidity, n (%)
	
	
	
	

	No
	26 (30.6)
	12 (27.9)
	14 (33.3)
	0.587

	Yes
	59 (69.4)
	31 (72.1)
	28 (66.7)
	

	Abdominal surgery, n (%)
	
	
	
	

	No
	50 (58.8)
	24 (55.8)
	26 (61.9)
	0.568

	Yes
	35 (41.2)
	19 (44.2)
	16 (38.1)
	

	Drug use
	
	
	
	

	Systematic drug use, n (%)
	
	
	
	

	No
	28 (32.9)
	14 (32.6)
	14 (33.3)
	0.939

	Yes
	57 (67.1)
	29 (67.4)
	28 (66.7)
	

	PPI use, n (%)
	
	
	
	

	No
	67 (78.8)
	32 (74.4)
	35 (83.3)
	0.315

	Yes
	18 (21.2)
	11 (25.6)
	7 (16.7)
	

	Psychiatric drug use, n (%)
	
	
	
	

	No
	71 (83.5)
	34 (79.1)
	37 (88.1)
	0.262

	Yes
	14 (16.5)
	9 (20.9)
	5 (11.9)
	

	CCB use, n (%)
	
	
	
	

	No
	69 (81.2)
	36 (83.7)
	33 (78.6)
	0.544

	Yes
	16 (18.8)
	7 (16.3)
	9 (21.4)
	

	Beta-blocker use, n (%)
	
	
	
	

	No
	75 (88.2)
	38 (88.4)
	37 (88.1)
	> 0.999

	Yes
	10 (11.8)
	5 (11.6)
	5 (11.9)
	


Group 1: Low fermentable oligo, di- and monosaccharides and polyol diet + probiotic; Group 2: Low fermentable oligo, di- and monosaccharides and polyol diet + placebo. PPI: Proton pump inhibitor; CCB: Calcium canal blocker; SD: Standard deviation.


Table 3 Irritable bowel syndrome sub-type breakdown by groups
	
	Total, n = 85
	Group 1, n = 43
	Group 2, n = 42
	P value

	IBS subtype, n (%)
	
	
	
	

	Constipation
	43 (50.6)
	23 (53.5)
	20 (47.6)
	0.415

	Diarrhea
	23 (27.1)
	9 (20.9)
	14 (33.3)
	

	Mixed
	19 (22.4)
	11 (25.6)
	8 (19.0)
	


Group 1: Low fermentable oligo, di- and monosaccharides and polyol diet + probiotic; Group 2: Low fermentable oligo, di- and monosaccharides and polyol diet + placebo. IBS: Irritable bowel syndrome.





Table 4 Comparison of visual analogue scale and irritable bowel syndrome symptom severity scale scores before and after treatment
	
	
	Group 1
	
	
	Group 2
	
	

	
	Before treatment
	After treatment
	P value
	Before treatment
	After treatment
	P value
	

P’ value

	
	Mean ± SD
	Mean ± SD
	
	Mean ± SD
	Mean ± SD
	
	

	VAS
	4.6 ± 2.7
	2.0 ± 1.9
	< 0.001
	4.7 ± 2.7
	1.8 ± 2.0
	< 0.001
	0.754

	IBS-SSS
	310.0 ± 78.4
	172.0 ± 93.0
	< 0.001
	317.0 ± 87.5
	175.0 ± 97.7
	< 0.001
	0.610

	Pain severity
	49.4 ± 24.1
	24.4 ± 20.8
	< 0.001
	46.4 ± 23.1
	22.6 ± 19.8
	< 0.001
	0.616

	Abdominal pain severity 
	52.9 ± 23.9
	26.7 ± 21.4
	< 0.001
	53.6 ± 25.0
	28.6 ± 23.1
	< 0.001
	0.843

	Abdominal distention severity
	65.1 ± 25.1
	34.3 ± 25.0
	< 0.001
	68.5 ± 23.5
	33.9 ± 24.0
	< 0.001
	0.660

	Satisfaction with intestinal habits 
	70.9 ± 24.9
	41.6 ± 33.3
	< 0.001
	73.5 ± 27.2
	43.4 ± 31.6
	< 0.001
	0.559

	IBS quality of life
	74.8 ± 22.1
	44.6 ± 26.1
	< 0.001
	75.0 ± 22.4
	46.5 ± 23.3
	< 0.001
	0.957


P’: Comparison between both groups before treatment. Group 1: Low fermentable oligo, di- and monosaccharides and polyols (FODMAP) diet + probiotic, Group 2: low fermentable oligo, di- and monosaccharides and polyols diet + placebo. VAS: Visual analogue scale; IBS-SSS: Irritable bowel syndrome symptom severity scale; IBS: Irritable bowel syndrome; SD: Standard deviation.


Table 5 Comparison of the change in visual analogue scale and irritable bowel syndrome symptom severity scale scores in both groups before and after treatment
	Parameters
	Total, n = 85
	Group 1, n = 43
	Group 2, n = 42
	P value

	VAS 
[Median (min-max)]
	-50.0 [(-100.0)-40.0]
	-50.0 [(-100.0)-0.0]
	-58.3 [(-100.0)-40.0]
	0.778

	IBS-SSS
[Median (min-max)]
	-47.3 [(-100.0)-30.3)]
	-43.5 [(-93.0)-0.0)]
	-50.0 [(-100.0)-30.3)
	0.871

	Pain severity
	-50.0 [(-100.0)-50.0]
	-50.0 [(-100.0)-0.0]
	-50.0 [(-100.0)-50.0]
	0.799

	Abdominal pain severity 
	-50.0 [(-100.0)-50.0]
	-50.0 [(-100.0)-0.0]
	-50.0 [(-100.0)-50.0]
	0.857

	Abdominal distention severity
	-50.0 [(-100.0)-0.0]
	-50.0 [(-100.0)-0.0]
	-50.0 [(-100.0)-0.0]
	0.561

	Satisfaction with intestinal habits 
	-50.0 [(-100.0)-203.0]
	 -50.0 [(-100.0)-100.0]
	-50.0 [(-100.0)-203.0]
	0.953

	IBS quality of life
	-50.0 [(-100.0)-51.5]
	-50.0 [(-100.0)-0.0]
	-50.0 [(-100.0)-51.5]
	0.960


Group 1: Low fermentable oligo, di- and monosaccharides and polyols (FODMAP) diet + probiotic, Group 2: low fermentable oligo, di- and monosaccharides and polyols diet + placebo. VAS: Visual analogue scale; IBS-SSS: Irritable bowel syndrome symptom severity scale; IBS: Irritable bowel syndrome.



Table 6 Irritable bowel syndrome symptom severity scale scores before and after treatment
	
	After treatment

	Before treatment, n (%)
	Kappa
	P value

	
	
	Mild
	Moderate
	Severe
	
	

	All patients
	Asymptomatic
	3 (50.0)
	2 (6.5)
	4 (8.3)
	0.021
	0.648

	
	Mild
	3 (50.0)
	22 (71.0)
	17 (35.4)
	
	

	
	Moderate
	0 (0)
	6 (19.4)
	17 (35.4)
	
	

	
	Severe
	0 (0)
	1 (3.2)
	10 (20.8)
	
	

	Group 1
	Asymptomatic
	2 (66.7)
	1 (6.7)
	2 (8.0)
	0.013
	0.840

	
	Mild
	1 (33.3)
	11 (73.3)
	9 (36.0)
	
	

	
	Moderate
	0 (0)
	3 (20.0)
	9 (36.0)
	
	

	
	Severe
	0 (0)
	0 (0)
	5 (20.0)
	
	

	Group 2 
	Asymptomatic
	1 (33.3)
	1 (6.2)
	2 (8.7)
	0.031
	0.649

	
	Mild
	2 (66.7)
	11 (68.8)
	8 (34.8)
	
	

	
	Moderate
	0 (0)
	3 (18.8)
	8 (34.8)
	
	

	
	Severe
	0 (0)
	1 (6.2)
	5 (21.7)
	
	


Group 1: Low fermentable oligo, di- and monosaccharides and polyols (FODMAP) diet + probiotic, Group 2: low fermentable oligo, di- and monosaccharides and polyols diet + placebo. 

Table 7 Comparison of stool changes in groups before and after treatment according to the Bristol stool scale
	After treatment
	Before treatment
	Kappa
	P value

	
	Type 1, 2
	Type 3, 4
	Type 5-7
	
	

	All patients
	Type 1, 2
	12 (35.3)
	2 (9.1)
	2 (6.9)
	0.175
	0.006

	
	Type 3, 4
	18 (52.9)
	16 (72.7)
	19 (65.5)
	
	

	
	Type 5-7
	4 (11.8)
	4 (18.2)
	8 (27.6)
	
	

	Group 1
	Type 1, 2
	4 (23.5)
	2 (14.3)
	1 (8.3)
	0.061
	0.448

	
	Type 3, 4
	12 (70.6)
	10 (71.4)
	9 (75.0)
	
	

	
	Type 5-7
	1 (5.9)
	2 (14.3)
	2 (16.7)
	
	

	Group 2
	Type 1, 2
	8 (47.1)
	0 (0)
	1 (5.9)
	0.26
	0.005

	
	Type 3, 4
	6 (35.3)
	6 (75.0)
	10 (58.8)
	
	

	
	Type 5-7
	3 (17.6)
	2 (25.0)
	6 (35.3)
	
	


Group 1: Low fermentable oligo, di- and monosaccharides and polyols (FODMAP) diet + probiotic, Group 2: low fermentable oligo, di- and monosaccharides and polyols diet + placebo. 

Table 8 The relationship between adherence to diet and changes in visual analogue scale and irritable bowel syndrome symptom severity scale scores
	Scores
	Group 1
Adherence to diet
	Group 2
Adherence to diet

	
	r
	P value
	r
	P value

	VAS
	0.226
	0.145
	0.425
	0.005

	IBS-SSS
	0.226
	0.144
	0.434
	0.004

	Pain severity
	0.233
	0.133
	0.253
	0.106

	Abdominal pain severity 
	0.298
	0.052
	0.287
	0.065

	Abdominal distention severity
	0.001
	0.995
	0.298
	0.055

	Satisfaction with intestinal habits 
	0.092
	0.557
	0.328
	0.034

	IBS quality of life
	0.264
	0.088
	0.390
	0.011


Group 1: Low fermentable oligo, di- and monosaccharides and polyols (FODMAP) diet + probiotic, Group 2: low fermentable oligo, di- and monosaccharides and polyols diet + placebo. The discrepancy between the initial and final values of the evaluated scores (visual analogue scale, irritable bowel syndrome, etc.) was proportioned to the initial value to create a new variable called “percentage change from baseline” ((last value - initial value)/initial value). The correlation of this variable with dietary compliance in two different groups was investigated. The relationship between the improvement in other scores (numerical) and the diet compliance score (numerical) was investigated. The “r” values we received provide us with knowledge about the relationship’s course and power. VAS: Visual analogue scale; IBS-SSS: Irritable bowel syndrome symptom severity; IBS: Irritable bowel syndrome. 
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