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Is abnormal 25 g fructose breath test a predictor of symptomatic response to a low fructose diet in irritable bowel syndrome?
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ABSTRACT BACKGROUND:

Fructose malabsorption may trigger gastrointestinal symptoms in irritable bowel syndrome patients and a low fructose diet seems to improve digestive symptoms.

AIM:

The aim of our study was to determine whether fructose malabsorption detected by a 25g fructose breath test could be a predictor of the efficacy of a low fructose diet.

METHODS: 88 patients (73 women, median age, 45.5 years, range 18-69) with irritable bowel syndrome according to Rome III criteria were included in this prospective, controlled study. All 88 patients had a 25 g fructose breath test; 37 had a positive test result defining fructose malabsorption. All 88 patients followed a low fructose diet for 2 weeks, blinded to their test results. Patients filled self validated-questionnaires before and at the end of the dietary period. The main outcome measurement was the Irritable Bowel Syndrome-Symptom Severity Score.

RESULTS:

Irritable Bowel Syndrome-Symptom Severity Score significantly decreased in fructose absorbers and fructose malabsorbers after a low fructose diet (-68.0 [-137 ; 0] vs -73.5 [-173 ; -11.5]) with no difference according to fructose breath test result (adjusted p=0.984).

CONCLUSION:

A positive 25 g fructose breath test is not a predictor of the efficacy of a low fructose diet in irritable bowel syndrome.

Registered clinical trial : www.clinicaltrials.gov (NCT02188680)

INTRODUCTION

Irritable bowel syndrome (IBS) is the main functional disorder worldwide and is characterized by chronic abdominal pain associated with transit disorders. The underlying pathogenesis of IBS is considered complex and several functional alterations have been described. These include altered visceral sensitivity, bowel dysmotility and secretory dysfunctions, immune intestinal activation, gut dysbiosis, brain gut alterations, somatic and psychiatric comorbidities. A link between food intake and the occurrence or the exacerbation of IBS symptoms has been reported [START_REF] Shepherd | Dietary triggers of abdominal symptoms in patients with irritable bowel syndrome: randomized placebo-controlled evidence[END_REF]. Recently, Gibson et al underlined the deleterious symptomatic role of poorly absorbable and rapidly fermentable carbohydrates (FODMAPs)

(2). Among FODMAPs, fructose commonly present in fruit (mainly pears and apples), vegetables, honey and sweeteners, is of particular interest. Indeed, dietary intake of fructose has increased dramatically during the last decades (4). Fructose is absorbed from the intestinal lumen by facilitated diffusion through the glucose transporter 5 (GLUT5) in the mucosa, whereas glucose facilitates this transport (3). Consequently, excessive dietary intake of fructose, in excess of glucose, can easily exceed the absorptive capacity of the small bowel, leading to incomplete absorption of fructose and, finally, causing fructose malabsorption (FM) [START_REF] Gibson | Review article: fructose malabsorption and the bigger picture[END_REF]. The unabsorbed fructose may play a role in osmotic load and is therefore rapidly propelled into the colon, where its contact with anaerobic microbiomes causes fermentation and the production of a gaseous feeling, abdominal bloating, and even diarrhea [START_REF] Rao | Ability of the normal human small intestine to absorb fructose: evaluation by breath testing[END_REF][START_REF] Rumessen | Absorption capacity of fructose in healthy adults. Comparison with sucrose and its constituent monosaccharides[END_REF]. A low fructose diet is therefore recommended. Open label studies have demonstrated the effectiveness of reducing fructose in patients with IBS, achieving adequate symptom relief in 70-80% of patients [START_REF] Berg | Effect of fructose-reduced diet in patients with irritable bowel syndrome, and its correlation to a standard fructose breath test[END_REF][START_REF] Choi | Fructose intolerance in IBS and utility of fructose-restricted diet[END_REF][START_REF] Shepherd | Fructose malabsorption and symptoms of irritable bowel syndrome: guidelines for effective dietary management[END_REF]. At present, it is unclear which IBS patients will benefit from a low fructose diet. The current test for FM diagnosis is the fructose breath test (FBT) (2) performed with a 25 g load of fructose as recommended by the North American consensus on breath test [START_REF] Rezaie | Hydrogen and Methane-Based Breath Testing in Gastrointestinal Disorders: The North American Consensus[END_REF]. However, the ability of this 25 g FBT to predict the efficacy of a low fructose diet in IBS patients is still debated [START_REF] Berg | Effect of fructose-reduced diet in patients with irritable bowel syndrome, and its correlation to a standard fructose breath test[END_REF][START_REF] De Roest | The low FODMAP diet improves gastrointestinal symptoms in patients with irritable bowel syndrome: a prospective study[END_REF].

Our objective was to study the predictive value of a 25 g FBT on the outcome of a low fructose diet in a cohort of patients with IBS using controlled, simple-blind, parallel groups.

MATERIALS & METHODS

Patients

All consecutive IBS patients referred to the Physiology Unit of Rouen University Hospital (France) for FBT from January 2014 to January 2018 were invited to participate in the trial. Inclusion criteria were: IBS according to Rome III criteria [START_REF] Longstreth | Functional bowel disorders[END_REF], age >18 years, normal clinical examination, standard biological tests (including C Reactive Protein) and colonoscopy (with colonic biopsies) performed in the last 6 months. Exclusion criteria were: small intestinal bacterial overgrowth (SIBO) as determined by breath testing, a history of abdominal surgery (except for appendectomy), systemic scleroderma, diabetes, metabolic syndrome, anorexia and pregnancy. Other exclusion criteria were changes to IBS medication during the trial. 

Study design

All 88 patients included in the study had a 25 g FBT and were distributed in two balanced groups of patients: a group with positive FBT results and a group with negative FBT results.

Then, all patients had a consultation with a dietician who instructed them to follow a low fructose diet carefully during a period of 2 weeks. Improvements in digestive symptoms were recorded at the end of the diet and compliance was evaluated at 1-week and 2-week dietary periods in the two groups. Patients had to fill their dietary notebook daily while on the diet for assessment of dietary compliance (patients only filled the type of food but not the quantity).

Breath tests

Each patient had two breath tests. First, a glucose breath test was carried out in order to rule out SIBO [START_REF] Gibson | Review article: fructose malabsorption and the bigger picture[END_REF]. Second, if negative, a FBT was then performed with a 25 g fructose load following a methodology previously described [START_REF] Melchior | Symptomatic fructose malabsorption in irritable bowel syndrome: A prospective study[END_REF]. Both dieticians and participants were blinded to FBT results during the entire study duration. In contrast, the investigators were not blinded to FBT results in order to balance the number of patients in the two groups (i.e; patients with positive or negative FBT results).

Dietary advice

All included patients were referred to our experienced dieticians (M.M. and E.G.) for a standardized dietary adaptation. The initial consultation comprised an interview during which a qualitative patient-defined typical day dietary intake was recorded. Then, individual instructions for the low fructose diet were given both verbally and through written information (supplementary files, annex 1). Patients were advised to eat a maximum dose of 100 g of fruit and 200 g of vegetables per day (containing <2% of fructose), corresponding to a fructose intake of less than 6 g/day. Patients were able to contact the dieticians during the dietary period for further information. Patients with IBS already on a diet were eligible to participate in the study as long as they agreed to abandon their diet for the study duration.

Dietary compliance was assessed by live telephone interview by the investigators, one week after initiation of the dietary change and during the last assessment visit by retrieving the patient's dietary notebook of the 2-week diet. Dietary compliance was roughly assessed by the physician and not by the dietician. Dietary compliance categories were adapted from a previous work [START_REF] Shepherd | Fructose malabsorption and symptoms of irritable bowel syndrome: guidelines for effective dietary management[END_REF] : never/rarely (<25% of the time), sometimes (25%-50% of the time), frequently (51%-75% of the time) or always (76%-100% of the time). Compliance was considered adequate if patients confirmed they had adhered to the dietary guidelines for at least 50% of the meals consumed.

Assessments and end points

The primary endpoint was a decrease in the clinical severity of IBS symptoms, self-evaluated using the irritable bowel severity scoring system (IBS-SSS) ( 13) before and at the end of the 2-week dietary period.

Secondary endpoints were assessed before and at the end of the dietary intervention. They included: quality of life, severity of anxiety and/or depression, stool consistency, weight and body mass index (BMI). The quality of life was assessed using the Gastrointestinal Quality of Life Index (GIQLI) [START_REF] Slim | First validation of the French version of the Gastrointestinal Quality of Life Index (GIQLI)][END_REF]. Anxiety and depression levels were assessed using the hospital anxiety and depression scale (HAD) [START_REF] Cho | Anxiety, depression and quality of life in patients with irritable bowel syndrome[END_REF]. In addition, patients gave a description of stool quality on a scale from 1 to 7 (Bristol stool scale) [START_REF] Heaton | Defecation frequency and timing, and stool form in the general population: a prospective study[END_REF]. Patients' opinions of the low fructose diet were also recorded using two questions: "Do you think that the diet has improved your digestive symptoms?" and "Do you think you will stay on the diet at the end of the study?".

Adverse events of any kind were monitored throughout the study period.

Statistical analysis

The sample size calculation was based on the primary end-point (i.e. the mean change of IBS-SSS between the beginning and the end of the low fructose diet period). The mean IBS-SSS in a cohort of 241 IBS patients was estimated at 298+85 (personal unpublished data). Based on this standard deviation, 40 subjects had to be included in each group (patients with or without FM) to highlight a difference of 60 in the variation of IBS-SSS between the two groups with a two-sided 0.05 type I error and to obtain at least 80% power.

The effect of diet was assessed before and after diet using paired sample t-test. Per protocol analysis was performed for the primary outcome using data from all patients completing the study who did not violate the protocol. Patients who did not complete the study were replaced by other patients, limited to 10% of the overall population (8 patients).

Otherwise, demographic and clinical characteristics, GIQLI, Bristol stool scale, anxiety and depression HAD at baseline were compared between IBS patients with or without FM using a Mann-Whitney test. The same test was also used for comparison of score variations (IBS-SSS, GIQLI, Bristol stool scale and HAD) between groups and between the beginning and the end of the diet. These comparisons were adjusted for sex and age (<40 and ≥40) variables using a logistic regression.

Results are presented as median with first and third quartile (Q1-Q3). A P value below 0.05 was considered significant. These analyses were carried out using SAS 9.3 software (SAS Institute Inc., Cary, NC, USA).

RESULTS

A total of 88 patients (73 women, median age 45.5 [18-69] years) were included in the study.

Eleven patients (12.5%) were withdrawn from the trial and seventy-seven patients (87.5%) completed their dietary course (Figure 1). The different size of the groups was due to the limited number of possible replacements (8 patients).

The demographics and the baseline characteristics of the two groups are shown in Table 1.

The sex ratio was significantly different between groups (P=0.02). Patients in the group with positive FBT were significantly older than those with negative FBT (P=0.02). As age and sex ratio were different between the two groups, further analyses were performed to adjust comparisons for age and sex. There was no other significant difference in any demographic or baseline characteristic between the two groups of patients (Table 1).

Sixty-eight patients (77%) attributed their IBS symptoms to food, with high-carbohydrate foods, dairy, beans, foods rich in fats and spices, and lentils most commonly cited. Twentythree patients among the 88 included (26%) were on special therapeutic diets at the start of the study: a low lactose diet (10 patients); a low fructose diet (4 patients); a hypo-caloric diet (5 patients); and a gluten free diet (4 patients). There was no difference concerning the frequency of food-related disorders and alimentary restrictions between the group with positive FBT and the group with negative FBT (P=0.96 and P=0.48, respectively).

Effects of a low fructose diet

There was a significant improvement in symptoms between baseline and follow-up after dietary intervention. There was a significant decrease in IBS-SSS and HAD scores and a significant increase in GIQLI after a low fructose diet, whereas no change was observed for stool consistency (Table 2). This improvement in symptoms was concomitant with patients' feelings regarding the diet. Fifty-five of 88 patients (62.5%) reported an improvement in symptoms following their diet. Nevertheless, among them, only 34 patients (62%) were prepared to continue the low fructose diet after the end of the study, because they considered the diet to be too restrictive. In addition, the diet was associated with significant weight loss (Table 2). No effects of the low fructose diet were detected on quality of life, Bristol Stool Scale, or HAD scores between the two groups (Table 3). 64.9% of patients in the group with positive FBT and 72.1% of patients in the group with negative FBT reported an improvement following the diet (P=0.32).

Associations between breath test results and outcome of dietary programme

DISCUSSION

In this controlled simple-blind prospective study of patients with IBS, a low fructose diet reduced symptom scores independently of FBT results. Of note, even in the group with negative FBT, most patients had a significant reduction in their symptom scores.

As far as the authors know, only one study has reported the predictive value of the FBT for a symptomatic response to a low fructose diet in IBS patients [START_REF] Berg | Effect of fructose-reduced diet in patients with irritable bowel syndrome, and its correlation to a standard fructose breath test[END_REF]. Bert et al. previously demonstrated that FBT did not discriminate well between IBS patients with or without an effect of the low fructose diet ( 6), but they used a relatively high dose of 50 g of fructose to reduce the risk of false-negative [START_REF] Berg | Effect of fructose-reduced diet in patients with irritable bowel syndrome, and its correlation to a standard fructose breath test[END_REF]. However, the ability of the human intestines to absorb fructose is limited [START_REF] Kim | Role of Fructose Malabsorption in Patients With Irritable Bowel Syndrome[END_REF]. Specific intestinal fructose transporters in the intestines of humans may be easily overwhelmed by fructose >50 g (4) leading to a variety of gastrointestinal symptoms. When healthy subjects were administered 50 g fructose and had breath tests, 80% had FM [START_REF] Rumessen | Absorption capacity of fructose in healthy adults. Comparison with sucrose and its constituent monosaccharides[END_REF]. The higher the dose and the concentration of fructose, the greater the chance of including a false-positive and biasing the capacity of the FBT to identify the best candidates for a low fructose diet. The optimal dose for FM diagnosis is unclear [START_REF] Kim | Role of Fructose Malabsorption in Patients With Irritable Bowel Syndrome[END_REF]. However, we chose a dose of 25 g because it is closer to the daily intake and has been demonstrated to be effective in FM diagnosis [START_REF] Rao | Ability of the normal human small intestine to absorb fructose: evaluation by breath testing[END_REF]. This dose has also been recently recommended by an expert consensus [START_REF] Rezaie | Hydrogen and Methane-Based Breath Testing in Gastrointestinal Disorders: The North American Consensus[END_REF]. We expected that lower doses of fructose would allow us to identify subjects with severely restricted fructose absorptive capacity who would benefit more from a low fructose diet. As suggested by others (6), we cannot exclude the fact that a low dose of fructose increased the risk of false-negative results in the group with negative FBT explaining the improvement in symptoms in this group.

The lack of predictive value of the 25 g FBT to identify the best candidates for a low fructose diet is hard to explain. It is possible that it is a useful test but improperly used. Indeed, the heterogeneity of methodologies used, particularly concerning the cut-off value for breath gas concentration and the ingested dose of fructose, is obvious. A previous study [START_REF] Berg | Effect of fructose-reduced diet in patients with irritable bowel syndrome, and its correlation to a standard fructose breath test[END_REF] and our present study demonstrated that 50 g and 25 g doses of fructose were not the optimum choice to discriminate IBS patients who would benefit from a low fructose diet and those who would not. However, de Roest et al. demonstrated that a positive FBT performed with a 35 g load of fructose was strongly associated with the efficacy of a low FODMAP diet that also included a low fructose diet [START_REF] De Roest | The low FODMAP diet improves gastrointestinal symptoms in patients with irritable bowel syndrome: a prospective study[END_REF]. We can hypothesize that the choice of the dose should not be determined intuitively, but from a load that best discriminates responders and non-responders to diet [START_REF] Gibson | Review article: fructose malabsorption and the bigger picture[END_REF]. There is a need for further large studies assessing different doses of ingested fructose and cut-off values for breath gas during FBT to determine their value to discriminate the best candidates for a low fructose diet.

Another explanation for the low predictive value of the 25 g FBT could be that FM is not the right target. The prevalence of FM in healthy populations appears to be similar to that in populations with IBS [START_REF] Gibson | Review article: fructose malabsorption and the bigger picture[END_REF]. The main difference between symptomatic and asymptomatic populations is the frequency of symptoms induced after fructose absorption (i.e fructose intolerance) suggesting that the sensitivity of the bowel to the change in luminal conditions induced by FM is the key difference rather than the malabsorption itself (2). However, previous studies have shown responses to a low-FODMAP diet to be similar in patients with fructose intolerance with or without malabsorption [START_REF] Wilder-Smith | Fructose and lactose intolerance and malabsorption testing: the relationship with symptoms in functional gastrointestinal disorders[END_REF][START_REF] Wilder-Smith | Predictors of response to a low-FODMAP diet in patients with functional gastrointestinal disorders and lactose or fructose intolerance[END_REF]. The beneficial effect of a low fructose diet could also be due to the dietary restriction of fermentable carbohydrates.

Polymerized forms of fructose (inulins, fructans and fructo-oligosaccharides) are considered as natural prebiotic fibers with a potential beneficial effect on gut microbia that confers health benefits to the host [START_REF] Wilson | Prebiotic inulin-type fructans and galacto-oligosaccharides: definition, specificity, function, and application in gastrointestinal disorders[END_REF]. However, the beneficial effect of prebiotics in IBS remains controversial, probably related to the type and dose of prebiotics used [START_REF] Wilson | Prebiotic inulin-type fructans and galacto-oligosaccharides: definition, specificity, function, and application in gastrointestinal disorders[END_REF]. Prebiotic supplementation studies have shown some promise at low doses for modulation of the gut bacteria and reduction of symptoms in IBS; however, larger doses may have a neutral or a negative impact on symptoms [START_REF] Wilson | Prebiotic inulin-type fructans and galacto-oligosaccharides: definition, specificity, function, and application in gastrointestinal disorders[END_REF]. In case of a beneficial effect of fructose as prebiotics, the reduced intake of fructose polymers should have a negative impact on bowel symptoms. That was not the case in our study because the low fructose diet led to a decrease in abdominal symptoms, as for the low FODMAP diet in other studies [START_REF] De Roest | The low FODMAP diet improves gastrointestinal symptoms in patients with irritable bowel syndrome: a prospective study[END_REF][START_REF] Bohn | Diet low in FODMAPs reduces symptoms of irritable bowel syndrome as well as traditional dietary advice: a randomized controlled trial[END_REF]. Finally, it is not possible to exclude a placebo effect for the low fructose diet recordings in some patients, which could explain the poor predictive value of FBT. The improvement in anxiety and depression scale scores during the short period of low fructose diet could be an additional argument for the placebo effect.

One of the strengths of our study is its controlled single-blind design which meant that patients and dieticians could not be influenced by the results of their FBT. In addition, in this study, we chose global relief assessment as the broadest main outcome measure, as changes in specific symptoms incompletely assess the impact of treatment in IBS or changes in quality of life [START_REF] Wilder-Smith | Predictors of response to a low-FODMAP diet in patients with functional gastrointestinal disorders and lactose or fructose intolerance[END_REF]. Lastly, the single center characteristic of this study ensured the consistency of all dietary advice for all included patients. Nevertheless, our study has several limitations. First, our two groups of patients were not identical. Patients in the group with positive FBT were older and more frequently male than patients in the group with negative FBT. In a previous paper, we already found that male gender was more frequent in patients with malabsorption [START_REF] Melchior | Symptomatic fructose malabsorption in irritable bowel syndrome: A prospective study[END_REF]. To our knowledge, these findings have never been reported in the literature and we do not have any clear explanation for this. However, we have taken these differences into consideration in our statistical analysis. Considering the sample size and the low number of men in the study (n=15) our results should only be applied in women with IBS. Second, we performed a diet of short duration to limit the risk of non-compliance and withdrawals whereas a 6-week dietary period is recommended [START_REF] Krogsgaard | Systematic review: quality of trials on the symptomatic effects of the low FODMAP diet for irritable bowel syndrome[END_REF]. Third, we did not calculate the precise amount of fructose in patients' diets before and during the study. Based on the first interview with the dietician, we were able to determine if patients were on a specific diet. Four patients who were on a low fructose diet before the study linked the ingestion of some fruit and vegetables to their abdominal symptoms. However, it has been demonstrated that people who identify themselves as severely food-intolerant (to lactose for example) may mistakenly attribute a variety of abdominal symptoms to food intolerance [START_REF] Suarez | A comparison of symptoms after the consumption of milk or lactose-hydrolyzed milk by people with self-reported severe lactose intolerance[END_REF]. Indeed, none of the 4 patients who attributed their abdominal symptoms to fructose and who were on a low fructose diet before the study, had a positive fructose breath test. As our main objective was to determine the usefulness of the fructose breath test and not the efficacy of the low fructose diet, we chose to include these patients. During the study, we asked patients to follow a restrictive diet with less than 6 g/day of fructose guided by dietary recommendations. However, we did not prepare the meals and patients only recorded information on the type of food and not on the exact quantity of fructose or its weight. Dietary compliance was self-reported during telephone calls and the last assessment visit.

Conclusion

We have demonstrated that a 2-week low fructose diet significantly improved the bowel symptoms and the quality of life of IBS patients whatever their fructose absorption status defined by a FBT with a 25 g load of fructose. The 25 g FBT as performed in this study cannot be used to predict the beneficial effect of a low fructose diet. Further studies are needed to identify the best predictive test for dietary changes in IBS patients with the goal of achieving better control of symptoms. 4.0 ± 1.9 3.7 ± 1.6 0.17 Results are presented as mean ± standard deviation. 

  The study was approved by the Haute-Normandie Ethics Committee (2013-AOO116-39) on the 23 rd May 2013 and was registered at www.clinicaltrials.gov (NCT02188680). Patients gave written informed consent before participation. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki and has received IRB approval.

Figure 2

 2 Figure2shows the effects of a low fructose diet on IBS-SSS in the two groups. The median

Figure 2 :

 2 Figure legends:

  mass index. IBS-SSS: IBS symptom severity score. GIQLI: Gastrointestinal Quality of Life Index. HAD-A and B: Hospital anxiety and depression scale (HAD).
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Table 1 :

 1 Comparison of demographics and baseline characteristics between patients in the absorber (negative fructose breath test) and malabsorber groups (positive fructose breath test.

		Absorber group	Malabsorber group	P
		(n = 48)	(n = 40)	
	Female n(%)	44 (91.7)	29 (72.5)	0.02
	Age (years)	41.2 [29; 51.2]	49.6 [39.9; 58.8]	0.02

Table 2 :

 2 Effect of low fructose diet on IBS severity score, Bristol Stool Scale, quality of life, Hospital anxiety and depression scores, weight and body mass index for all included IBS patients.

		Before diet	End of 2-week diet	P
	Weight (kg)(n=80)	66.4 ± 14.4	65.3 ± 14.2	<1.10 -4
	BMI (Kg/m 2 )(n=80)	23.9 ± 4.3	23.6 ± 4.3	<1.10 -4
	IBS-SSS (n=77)	254.5 ± 99.1	184.0 ± 98.2	<1.10 -4
	Bristol Stool Scale			
	(n=77)			

Table 3 :

 3 Comparison of the variations of Bristol Stool Scale, quality of life, hospital anxiety and depression scores, evaluated after 2-week low fructose diet between patients with and without fructose malabsorption.

		Absorber group	Malabsorber group	Adjusted P
	Bristol Stool Scale	n=40	n=37	0.86
		0 [-1.5; 1]	0 [-2; 1]	
	GIQLI	n=38		
		16.5 [7; 26]		
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