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Abstract
AIM
To investigate the long-term effect of dietary education 
on a low fermentable oligosaccharide, disaccharide and 
polyol (FODMAP) diet on irritable bowel syndrome (IBS) 
symptoms and quality of life (QoL).

METHODS
Participants with IBS (Rome III) were randomized 
to two groups. Group I commenced a low FODMAP 
diet at baseline. At three months, group II, so far a 
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comparator group, crossed over to a low FODMAP diet 
while group I started re-challenging foods. All patients 
completed the IBS SSS (IBS symptom severity scoring 
system, 0-500 points increasing with severity), IBS QoL 
questionnaire (0-100 increasing with QoL), a FODMAP 
specific food frequency questionnaire and provided 
a stool sample at baseline, three and six months for 
microbiome analysis.

RESULTS
Fifty participants were enrolled into group I (n  = 23) 
or group II (n  = 27). Participants in both groups were 
similar in baseline values but with more men in group 
I. There was a significantly lower IBS SSS (275.6 ± 
63.6 to 128.8 ± 82.5 vs  246.8 ± 71.1 to 203.6 ± 
70.1) (P  < 0.0002) and increased QoL (68.5 ± 18.0 
to 83 ± 13.4 vs  72.9 ± 12.8 to 73.3 ± 14.4) (P  < 
0.0001) in group I vs group II at 3 mo. The reduced 
IBS SSS was sustained at 6 mo in group I (160 ± 102) 
and replicated in group II (124 ± 76). Fiber intake 
decreased on the low FODMAP diet (33 ± 17 g/d to 21 
± 8 g/d) (P  < 0.01) and after re-introducing FODMAP 
containing foods increased again to 27 ± 9 g/d. There 
was no change seen in the intestinal microbiome when 
participants adopted a low FODMAP diet.

CONCLUSION 
This study demonstrated that a reduction in FODMAPs 
improves symptoms in IBS and this improvement can 
be maintained while reintroducing FODMAPs.

Key words: Irritable bowel syndrome; FODMAP; Short 
chain fermentable carbohydrates; Microbiota; Diet; 
Microbiome
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Core tip: Dietary education by a dietitian on a low 
FODMAP diet leads to a reduction in symptoms and 
an improvement in quality of life. Commencing a 
low FODMAP diet does not appear to alter microbial 
diversity in patients with irritable bowel syndrome 
(IBS). Patients with IBS when guided by a dietitian on 
reintroducing FODMAP containing foods to tolerance are 
able to increase their intake of fiber to recommended 
levels without significant worsening of symptoms. 
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INTRODUCTION
Irritable bowel syndrome (IBS) is a disorder characterized 

by abdominal discomfort associated with altered 
bowel function in which no structural or biochemical 
abnormalities are observed[1]. It is a chronic and 
remitting condition with symptom severity fluctuating 
over time[2], a crossover between presentations is 
also common[3]. Worldwide prevalence was calculated 
as 11.2% with an Australasian prevalence of 14%[4]. 
IBS patients have a reduced quality of life; with an 
increase in severity corresponding with a decreased 
quality of life[5]. Patients with IBS visit their doctor more 
frequently and consume more health resources[6]. 
IBS can be subdivided into diarrhea predominant 
IBS(D), constipation predominant IBS(C), or mixed 
IBS(M) with patients experiencing pain[1,7]. The 
pathogenesis of IBS is multifactorial, heterogeneous 
and incompletely understood[8]. Dysbiosis, abnormal 
gut motility, inflammation, an altered brain-gut axis, 
psychological distress, increased mucosal permeability, 
impaired immune function and a heightened visceral 
sensitivity are all thought to play a part in the 
pathology[9]. Pharmacological management reflects 
the heterogeneity of IBS with medical management 
directed at individual symptoms. Therapies commonly 
utilized include antispasmodics, laxatives, anti-diarrhea 
medications, opioids, and low dose antidepressants 
depending on the leading symptom[10]. Cognitive 
behavioral therapy and hypnotherapy have been shown 
to be beneficial[11].

Patients with IBS have long identified that eating 
provokes IBS symptoms and consequently avoid some 
foods[12]. Interest is increasing within the medical and 
scientific community regarding the role of food in 
symptom provocation. A diet low in slowly absorbed 
or indigestible fermentable short chain carbohydrate 
or the low fermentable oligosaccharide, disaccharide, 
monosaccharide and polyol (FODMAP) diet[13] aims to 
reduce symptom severity by targeting aspects of the 
pathophysiology of IBS. Due to heightened visceral 
sensitivity in IBS luminal distension is more likely to 
cause discomfort and pain[14]. Increases in either gas, 
liquid or solids in the bowel will cause luminal distension. 
A reduced load of fermentable carbohydrates in the low 
FODMAP diet should produce less gas[15]. Furthermore, 
FODMAP molecules have a small particle size which 
makes them highly osmotically active drawing water 
into the colon[16].

Since the original retrospective review of a prede-
cessor of the low FODMAP diet[17] showed a reduction 
in symptom severity in IBS patients there have been 
several[15,18-27] studies showing an overall reduction 
in symptom severity in IBS patients following a low 
FODMAP diet. In retrospective audits of long term 
effectiveness (≥ 3 mo), 70%-75% of patients report a 
sustained symptom reduction. 

Furthermore, IBS patients appear to have a de-
creased intestinal microbial diversity, greater temporal 
instability and a relative increase in Firmicutes compared 
to healthy individuals[28,29]. Of the environmental factors, 
diet has the greatest impact on the microbiome[30]. 
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Four studies[21,27,31,32] have investigated the effect of a 
low FODMAP diet on the microbiome with no consistent 
effect demonstrated[21,27,31,32]. No studies have examined 
microbiome changes after re-challenging FODMAPs to 
tolerance.

To-date limited data is available on FODMAP 
restriction[21] when participants were only educated on a 
low FODMAP diet and its effect on symptom reduction, 
nutritional adequacy and fiber intake. There is no 
data available on the effect of FODMAP reintroduction. 
Our aim was to conduct a randomized controlled trial 
investigating the long-term effect of dietary education 
on FODMAP intake, nutritional adequacy, symptom 
severity and quality of life. Furthermore, we aimed 
to examine the effect of FODMAP reduction on the 
gastrointestinal microbiome.

MATERIALS AND METHODS
Subjects
Patients with IBS were recruited through gastro-
enterology outpatient clinics, GP practices and by 
advertising. Clinical history was reviewed by the 
gastroenterologist (MS) who assessed for eligibility 
according to Rome III criteria[33]. Pre-defined exclusion 
criteria were coeliac disease, inflammatory bowel 
disease (IBD), pregnancy or lactation, major abdominal 
surgery and inability to understand English.

Study protocol
This was a parallel design study with participants 
randomized to either group I or II. Randomization of 
numbers was done online (http://www.random.org) 
by RH. Neither investigators nor participants were 
blinded to the treatment. Allocation to the treatment 
was concealed. Group I participants received education 
immediately, were started on the low FODMAP diet 
at baseline and started reintroduction of foods at 
three months. Group II participants were given the 
intervention (dietary education) in the second three 
month period. During the initial 3 mo waiting period 
group II received no dietary education. Data was 
collected at baseline, 3 mo (main comparison) and 6 
mo. The IBS Symptom Severity Score questionnaire 
(IBS SSS) and IBS Quality of Life questionnaire (IBS 
QoL) were automated on TeleForm (V10.6, Hewlett 
Packard, Cardiff, United Kingdom). This study received 
ethical approval from the Upper South A regional 
ethics committee URA/11/05/015 and was registered 
with the Australian New Zealand Clinical Trials Registry 
#342998. 

Dietary analysis
Reduction of FODMAP intake was calculated using 
the automated version of the FODMAP specific food 
frequency questionnaire (FFQ)[34]. Data from the 
FFQ was deemed invalid if participants had a non-
physiological energy intake < 2000 kJ/d or ticked the 
same frequency for every item. Total FODMAP intake 

was defined as the sum of fructo-oligosaccharides 
(FOS), galacto-oligosaccharides (GOS), lactose, excess 
fructose to glucose, sorbitol and mannitol.

Change in symptom severity and QoL
The IBS SSS[35] was used to measure overall change 
in symptom severity. Scores range from 0-500, 
with scores < 50 similar to that seen in a non-IBS 
population. The following definitions were assumed: 
mild 50-175, moderate 175-300, and severe disease 
> 300. According to the validation paper, a reduction 
of ≥ 50 was defined as clinical improvement[35]. The 
subscales, which included bloating and severity (0-100) 
and frequency of abdominal pain (days in 10: 0-10) 
within it were analyzed individually. The IBS QoL[36] 
was used to measure overall change in quality of life. 
Scores were standardized so the overall instrument 
and the subscales all had a range 0-100. A change of 
10 was defined as clinically significant[36].

Dietary advice
Dietary advice was provided to individual participants 
in a standardized fashion by an experienced registered 
dietitian (RH). At the initial consultation (approx. 1 h 
duration) all participants were advised to significantly 
reduce their intake of excess fructose, lactose, 
sorbitol, mannitol, FOS and GOS. Participants then 
purchased and prepared their own food. At follow-up 
consultations of 30 min participants were taught to 
systematically try to reintroduce FODMAP molecules 
individually, one follow-up appointment was scheduled 
and then additional appointments were provided on 
demand. Written resources were developed based 
previously published resources by Monash University, 
Melbourne, Australia[14,37-43].

Fecal assessment and comparison of microbiota with 
symptom response
Stool samples were collected at baseline, three and six 
months from participants and within 4 h frozen and 
stored at -20 ℃. DNA was extracted using the MoBio 
96-well Soil DNA Extraction kit (MoBio Laboratories 
Inc., Carlsbad, CA, United States) according to 
the Earth Microbiome Projects protocols (www.
earthmicrobiome.org). Samples were then amplified 
using primers based on the bacterial/archael primers 
515F/806R and amplified, sequenced and analyzed 
as before[44]. Taxonomy was assigned using the RDP 
classifier[45] to assign taxonomy to genus level with 
any taxonomic level with a ≤ 0.80 confidence score 
assigned “unclassified”. Tests for significance of 
individual taxa were carried out using ALDEx2 version 
0.99[46] and community analysis with the Quantitative 
Insights into Microbial Ecology package[47].

Statistical analysis
Sample size was calculated to detect a difference of 
100 points on the IBS SSS. A difference of 50 points 
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non-significant reductions in total energy intake, 
FOS and GOS intake during the first three months as 
expected. The FODMAP intake of group I at 6 mo: 22 
± 11 g was less than at baseline 28 ± 15 g (NS) but 
greater than at three months 10 ± 10 g (p < 0.01). 
Thus they had reintroduced the specific FODMAP 
molecules they tolerated and relaxed restriction on 
others. In group II there was a significant reduction 
in total FODMAP intake from 3 mo to 6 mo of 6 ± 8 
g (p < 0.02), however, when analyzing the individual 
FODMAPs only the reduction in lactose was significant 
between 3 mo and 6 mo 7 ± 10 g (p < 0.01).

Effect on symptom severity
At baseline there was no difference in IBS SSS in 
group I (272 ± 60) vs group II (254 ± 80) (p = 0.16). 
The change in IBS SSS from baseline to 3 mo was 
statistically significantly larger in group I (-144.5 ± 
89.0) than group II (-38.7 ± 74.8) (p < 0.01) (Figure 
3). The majority of participants (20) in Group I at 3 
mo had scores < 175 indicating mild IBS with three 
of those having a score < 50 similar to scores seen 
in a non-IBS population. In group II there were no 
participants with scores < 50, 10 had mild IBS, 17 

on the IBS SSS (35) is clinically significant, thus 100 
points should be highly clinically significant. The mean 
and SD for moderate IBS in the original validation 
paper was 243 ± 42 (35). Drop outs were calculated 
at 20% and an alpha of 0.05 was selected. A power 
of 80% was selected. Therefore 33 participants 
were needed in each group. Statistical analysis was 
performed using Stata v12 (StataCorp LP, Stata 
Statistical Software, College Station, TX, United 
States). Data is presented as mean and SD unless 
otherwise specified. ANCOVA, with baseline as a 
co-variate, was used to test whether there was an 
intergroup difference in continuous variables at three 
months. Linear regression was used to determine if 
there was a relationship between change in FODMAP 
intake and change in outcome measures.

RESULTS
Participants were recruited between August 2011 and 
August 2012.The trial was ended within the constraints 
of recruiting abilities. From 117 potential participants, 
50 participants were enrolled in the study (Figure 
1), 23 participants in group I and 27 in group II with 
significantly more males in group II (p < 0.05) (Table 
1). During the intervention, participants had a median 
of two follow-up appointments (range 1-5). 

Change in FODMAP intake
At baseline there were no differences in energy intake, 
macronutrient intake, and total FODMAP intake or 
between any of the individual FODMAP molecules 
including lactose between the two groups (Table 2). 
At 3 mo, there was a significant reduction in reported 
total energy intake in group I from baseline to 3 mo 
[2.3 ± 2.9 (s.d) MJ/d, p < 0.01]. There was a 16.5 
± 15.6 g/d (p < 0.01) reduction in total FODMAP 
intake of participants in group I (Figure 2). There 
was a significant reduction in all FODMAP molecules 
individually (Table 2). In group II there were smaller 

Table 1  Baseline demographics n  (%) 

Group Ⅰ (n  = 23) Group Ⅱ (n  = 27)

Age (mean, sd) 43.3 (13.8) 40.6 (13.3)
Gender 
   Male 6 (26) 1 (4)
   Female 17 (73) 26 (96)
Ethnicity
   Maori 1 (4) 1 (4)
   European 23 26
Type of IBS
   Diarrhoea 16 (69) 16 (59)
   Constipation 3 (13) 2 (9)
   Mixed 5 (22) 9 (33)
Dietary Pattern
   Minimally restricted diet 20 24
   Gluten free   0   2
   Lactose free   2   1
   Gluten and lactose free   1   0

Table 2  FODMAP, fibre and calcium intakes

Baseline 3 mo 6 mo

Total Energy (MJ/d)
   Group Ⅰ 10.6 ± 3.5   8.4 ± 3.2b  10.1 ± 2.9d

   Group Ⅱ 10.6 ± 2.8   9.7 ± 2.8a   9.5 ± 2.9
Total FODMAP (g/d)
   Group Ⅰ   28 ± 15 12 ± 8b    22 ± 11b

   Group Ⅱ   29 ± 12 28 ± 18     22 ± 15b,c

Lactose (g/d)
   Group Ⅰ   16 ± 12  7 ± 8b   14 ± 11
   Group Ⅱ   15 ± 11 18 ± 19    13 ± 14c

Excess Fructose (g/d)
   Group Ⅰ   4 ± 3     1 ± 1.5a    2 ± 2a

   Group Ⅱ   6 ± 6 4 ± 3    3 ± 2a

FOS (g/d)
   Group Ⅰ   2.6 ± 1.7  1.3 ± 0.3b    1.9 ± 0.8c

   Group Ⅱ   3.0 ± 1.1  2.5 ± 0.9a    2.0 ± 0.8b

GOS (g/d)
   Group Ⅰ   1.3 ± 0.7  0.9 ± 0.7b    1.3 ± 0.8d

   Group Ⅱ   1.4 ± 1.0  1.0 (0.7)b   1.2 ± 1.1
Sorbitol (g/d)
   Group Ⅰ   2.2 ± 1.4   0.7 ± 0.4b      1.1 ± 0.7a,c

   Group Ⅱ   3.0 ± 1.3 2.9 ± 2.5    1.9 ± 1.5a

Mannitol (g/d)
   Group Ⅰ   1.2 ± 1.3  0.4 ± 0.4a   0.8 ± 0.8
   Group Ⅱ   0.9 ± 0.3 0.8 ± 0.5    0.5 ± 0.2b

Fiber (g/d)
   Group Ⅰ   33 ± 17 21 ± 8b 27 ± 9
   Group Ⅱ 31 ± 8  29 ± 10  27 ± 9a

Calcium (g/d)
   Group Ⅰ   1.1 ± 0.5 1.2 ± 0.7   1.1 ± 0.5
   Group Ⅱ   1.0 ± 0.4 1.1 ± 0.9   1.1 ± 0.6

Data is reported as mean ± SD. Total FODMAP is calculated by summing 
fructo-oligosaccharides (FOS), galacto-oligosaccharides (GOS), lactose, 
fructose in excess of glucose, sorbitol and mannitol. Data supplied is raw 
data with no energy adjustment. aP < 0.05, bP < 0.01 vs baseline; cP < 0.05, 
dP < 0.01 vs 3 mo.
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had moderate IBS and 3 had severe IBS. Investigating 
the changes in IBS SSS in each subtype, we found a 
significant reduction for IBS(D) in group I (114.5 ± 89) 
(p < 0.01) and group II (89 ± 81) (p < 0.01) during 
their intervention period and for IBS(M) in group II (112 
± 38) (p = 0.03) during their intervention period. Due 
to very small numbers sub-analysis was not done for 
IBS(C) participants. At 6 mo the clinical improvement 
in IBS was sustained overall in group I despite 
increasing FODMAP molecules to tolerance (Figure 3). 
However there were some participants who moved 

from mild to moderate IBS and one to severe IBS at 
6 mo. In group II at 6 mo all participants had scores 
representative of mild IBS or similar to those of people 
without IBS.

At 3 mo there was a statistically significant greater 
reduction in the maximum number of bowel motions 
experienced per day in group I (1.7 ± 2.6) vs group 
II (0.1 ± 1.7) (p < 0.01). This was not seen in 
group II at six months (Figure 4). At 3 mo there was 
statistically significantly greater reduction in how often 
participants experienced pain in group I (3.4 ± 2.9 d in 

Excluded (n  = 67)
   Not meeting inclusion criteria (n  = 17)
   Declined to participate (n  = 22)
   Symptoms not severe enough (n  = 6)
   Unable to contact (n  = 3)
   Did not complete baseline measures (n  = 11)
   Shifting out of area (n  = 2)
   Knew dietary intervention (n  = 6)

Enrollment

Group I: immediate diet education

Allocated to intervention (n  = 23)
   Received allocated intervention (n  = 23)
   Did not receive allocated intervention (n  = 0 )

Analysed (n  = 20)
Lost to follow-up (n  = 3)

Did not return questionnaires (n  = 3)

Analysed (n  = 16)
Lost to follow-up (n  = 4)

Did not return questionnaire (n  = 4) 

FFQs analysed (n  = 22, 18, 11)
FFQ excluded from analysis (n  = 2)

Very low energy intake < 2000 kcal (n  = 1)
Gave same answer for every question (n  = 1)

Analysis

Follow-Up - 
6 mo

Follow-Up - 
3 mo

Allocation - 
Baseline

FFQs analysed (n  = 25, 23, 16)
FFQ excluded from analysis (n  = 3)

Very low energy intake < 2000 kcal (n  = 1)
Gave same answer for every question (n  = 1)

Incomplete (n  = 1)

Analysed (n  = 18)
Lost to follow-up (n  = 8)

Did not return questionnaires (n  = 8)

Analysed (n  = 25)
Lost to follow-up (n  = 1)

Did not return questionnaires (n  = 1)

Allocated to intervention (n  = 27)
   Received allocated intervention (n  = 27)
   Did not receive allocated intervention (n  = 0)

Group II: diet education at 3 mo
Randomized (n  = 50)

Patients referred (n  = 117)

Figure 1  Participant flow.
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ten) than group II (0.2 ± 1.9 d in ten) (p < 0.01). This 
was replicated in group II at between three and six 
months (Figure 5). This reduction in frequency in pain 
was sustained until six months in group I. No effect of 
the low FODMAP diet was seen on either severity of 
pain (Figure 6A) or abdominal distension (Figure 6B) in 
either group at three months. The reduction in overall 
symptom severity was replicated with group II in their 
intervention period (209 ± 80 to 124 ± 76) (p < 0.01). 
In the intervention period for group II there was a 

statistically significant reduction in severity of pain (33 
± 26 to 17 ± 17) (p = 0.02), frequency of pain (3.3 
± 2.5 to 1.9 ± 2.1 d in 10) (p = 0.03) and abdominal 
distension (39 ± 36 to 17 ± 20) (p = 0.01).

Effect on QoL 
At baseline there was no difference between groups 
in either the overall IBS QoL (p = 0.26) (Figure 
7). At 3 mo there was a clinically (≥ 10 units) and 
statistically significant greater improvement in IBS 
related quality of life in group I (66 ± 15 to 81 ± 14) 
vs group II (73 ± 11 to 73 ± 13) (p < 0.05) (Figure 
7). This improvement in IBS QoL of life was sustained 
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Figure 4  Maximum number of bowel motions reported per day by 
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at 6 mo in Group I (81 ± 14 to 77 ± 17) (p = 0.1) 
and replicated in group II (73 ± 13 to 80 ± 12) ( p < 
0.01). The only subscale that did not improve in Group 
I from baseline to 3 mo was food avoidance and the 
only improvement that was not sustained in Group I 
was impact on sexual relationships. In Group II the 
only subscales that improved from baseline to 3 mo 
were social reaction and relationships. In Group II 
during their intervention period health worry and food 
avoidance did not improve.

Effect on nutritional adequacy
At baseline there was no difference between the two 
groups in energy, protein, fat, carbohydrate, and fiber 
or calcium intake. There was an apparent reduction in 

energy intake in both Group I (10.6 ± 3.5 MJ to 8.4 ± 
3.2 MJ) (p < 0.01) and Group II (10.6 ± 2.8 MJ to 9.7 
± 2.8) (p = 0.03) between baseline and 3 mo with the 
reduction greater in Group I whose energy intake then 
increased after reintroduction of FODMAP molecules to 
tolerance at 6 mo (10.1 ± 2.9 MJ) (p < 0.01). Calcium 
intake was comparable in both group I (1.1 ± 0.5 g 
to 1.1 ± 0.7 g) and group II (1.0 ± 0.4 g to 1.0 ± 
0.7 g) (p = 0.89) at 3 mo and this was sustained at 6 
mo in both group I (1.1 ± 0.5 g) and group II (1.1 ± 
0.6 g) (Table 2). All of these intakes exceeded the NZ 
estimated average requirements (EAR)[48]. There was 
a reduction in fiber intake in Group I between baseline 
and 3 mo (32.6 ± 13.9 g to 20.7 ± 11.1g) (Figure 8). 
This is below the NZ EAR of 30g for adult males and 
25 g for adult females[48]. After re-introducing FODMAP 
to tolerance fiber intakes increased to levels similar 
to pre-intervention. In Group II the reduction in fiber 
intake 29 ± 10 g to 27 ± 9 g from 3 mo to 6 mo was 
not significant. 

Change in microbiota
Whole stool samples were obtained from participants 
in sterile containers, within 4 h of collection they were 
frozen at -20 ℃. Sequences of the V4 region of 16S 
rRNA gene were obtained from 107 fecal samples. 
Of these, two were discarded due to low sequencing 
coverage (< 9000 reads). This yielded 105 samples with 
a mean number of reads per sample of 27518 ± 6887 
SD (range: 14143-45584) providing high sequencing 
depth per sample. At a 97% clustering identity and a 
minimum 1% abundance in at least one sample, 244 
operational taxonomic units (OTUs) were observed.

Due to an electrical failure a subset (36/107) 
of early samples were accidentally thawed. This 
corresponded to 32/48 samples from the baseline visit 
and 4/37 from the 3 mo visit. The effect of thawing 
resulted in an obvious skew to the microbiota profiles 

Figure 6  Change in severity of pain (A) and abdominal distension (B) by group and time period. Increasing scores represent increasing severity. This is a 
subscale of the irritable bowel syndrome symptom severity scoring system[34]. Participants in group I received dietary education immediately after collecting baseline 
measures and after 3 mo were reintroducing FODMAPs to tolerance. Participants in Group II received dietary education after the data collection at 3 mo.
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Figure 7  Change in irritable bowel syndrome related quality of life[36] by 
time period and group. Participants in group I received dietary education 
after the collection of baseline measures and started reintroducing FODMAP 
to tolerance after collecting of data at 3 mo. Group II received their dietary 
education after the collection of data at 3 mo. aP < 0.05, bP < 0.01.
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(Supplementary Figure 1) which was statistically 
significant (p = 0.001, R = 0.44 ANOSIM) rendering 
these samples uninformative for analysis. 

None the less, no obvious differences were observed 
in unaffected samples after dietary intervention in 
Group II (Supplementary Figure 2) and there were no 
changes in alpha diversity (Figure 9). Using a paired 
analysis of Group II participants before and after 
intervention (n = 12 per timepoint), no OTUs were 
found to have been significantly altered by dietary 
intervention (FDR-corrected paired Welch’s t-test < 
0.05).

Given the heterogeneity of human responses 
we carried out an exploratory subgroup analysis 
to determine microbes present after intervention, 
which may be predictive of positive or negative 
outcomes from the FODMAP diet. A responder was 
defined as an individual showing an improvement 
in IBS severity score of at least 200 points while a 
non-responder showed either no improvement or an 
improvement of less than 50 points which was based 
on the classifications of Francis et al[35] where this 
was the threshold for reliably indicating improvement 
in disease status. This yielded 6 non-responders 
(mean improvement = 15.6 ± 25.2 SD) and 4 
responders (mean improvement = 258.0 ± 17.8 
SD). No differences were observed in alpha, beta 
diversity and no significant OTUs were identified (data 
not shown).

DISCUSSION
This real-world and long-term study adds to the 
growing body of evidence that a dietitian delivered 
low FODMAP education is effective[17,19-23] for reducing 

symptom severity in IBS patients. We demonstrated 
that an overall reduction in the amount of FODMAPs 
consumed, symptoms and quality of life significantly 
improved and this was sustained over the six month 
study period. Furthermore, our results are consistent 
with previous findings in that the low FODMAP diet 
is most effective for IBS(D) patients[25]. However, 
we were unable to demonstrate an effect of the low 
FODMAP diet on the composition of the intestinal 
microbiome, although we did see that there was no 
change in overall diversity when commencing the low 
FODMAP diet.

One of the concerns raised about a low FODMAP 
diet is that by reducing GOS and FOS fiber intakes 
are reduced. As this study collected dietary data 
before dietary intervention, after the initial intense 
phase and after structured food re-challenges we 
were able to demonstrate a reduction in the energy 
consumption and especially the fiber intake to below 
recommended amounts during the intense phase 
of the study. However, with the reintroduction of 
FODMAP, especially the galacto-oligosaccharides and 
fructo-oligosaccharides, foods to tolerance the fiber 
intake increased and the food consumption became 
nutritionally adequate again. Intake of galacto-
oligosaccharides which include legumes, high FODMAP 
nuts and some vegetables returned to pre-dietary 
intervention levels. Fiber is an important substrate 
for bacteria and their fermentation not only inhibits 
the growth of pathobionts but also produces short 
chain fatty acids (SCFA)[49] and is associated with 
microbial diversity. SCFA are an energy source for the 
colonocytes and play a regulatory role affecting trans 
epithelial fluid transport[50], decreased inflammation[51], 
oxidative stress[52], increases epithelial tight junctions[53] 
and increases intestinal motility[54] and are therefore 
central to presumed pathomechanisms leading to IBS. 
After re-challenging, GOS intakes increased to pre 
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Figure 8  Comparison of total fiber intake between group I who 
received dietary education immediately after randomisation and began 
reintroducing FODMAP at three months and group II who received dietary 
education after the collection of the 3-mo data. Fiber intake was measured 
on a food frequency questionnaire[34] previously validated for estimating fibre 
intakes. Recommended fiber intakes for NZ adult males are 30 g per day and 
for adult NZ females are 25 g per day as represented by the horizontal lines, bP 
< 0.01.
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dietary intervention levels. As GOS have been shown 
in an in vitro colonic model to reduce the production of 
putrefactive metabolites[55] showing that these FODMAPs 
were successfully reintroduced during re-challenging is 
important. This important finding highlights the need for 
this diet to be supervised by an experienced dietitian, 
especially during the re-challenge phase.

Similar to Chumpitazi et al[56] and McIntosh et al[27] 
and Halmos et al[24] we found that a low FODMAP diet did 
not reduce diversity of the microbiome. Like McIntosh 
et al[27] participants in our study predominantly had 
diarrhea. Possibly the effect of increasing microbial 
diversity with increased transit time[57] compensated for 
the effect of reduced fiber substrates. With a smaller 
sample size and a conservative analytic approach our 
study did not replicate the results by McIntosh et al[27] 
which saw some changes in the microbiome when 
IBS patients commenced a low FODMAP diet. Due 
to the natural inter-personal wide variations in the 
composition of the microbiome which can have a larger 
difference than the effect of the dietary intervention[58] 
it is important that larger studies where samples are 
collected, stored and processed and analyzed in a 
consistent manner[59] using appropriate computational 
biology tools[60]. Furthermore, 16S rRNA sequencing of 
the gastrointestinal microbiome is only able to detect 
differences down to the level of operational taxonomic 
units, whereas functional differences vary by species 
or even strains. Further studies could aim to use 
shotgun metagenomic sequencing to study differences 
in functional capacity of the gut microbiota[61]. In-
creased levels of some Ruminococcae have been 
found in greater abundance levels in IBS patients vs 
healthy controls. Species level increases in the relative 
abundances of members of the Ruminococcus family 
have been found for Ruminococcus torques et rel[62-65], 
another found an increase in Ruminococcus bromii[66], 
another two found an increase in Ruminococcus gnavus 
et rel[66,67] and another an increase in the relative 
abundance of Ruminococcus lactaris[67]. Ideally, future 
studies of the microbiome should be supported by 
targeted qPCR of bacteria known to differ between 
IBS patients and healthy controls. The wide natural 
variation in the microbiome combined with an in-
frastructure failure meant we were unable to detect 
a change in the composition and diversity of the 
microbiome. Future dietary interventions investigating 
the effect of diet on the microbiome may benefit from 
including metabolomics[68]. McIntosh et al[27] found 
greater separation between a low FODMAP and a high 
FODMAP diet in the metabolome than the microbiome.

Our study has shown that dietitian delivered 
dietary education during the re-challenge phase of the 
diet leads to improved fiber intake without significant 
worsening of symptoms. Similar to other studies 
we demonstrated an overall reduction in symptom 
severity[17,19-22,25,26], a reduction in bloating[19,21,22] and 
frequency of pain. Two of the three other studies which 

investigated the effect of a low FODMAP diet on quality 
of life also showed an improvement[20,25]. Other studies 
reported a reduction in flatulence[19,21,22], nausea[19,22] 
and improvement in energy levels[19,21] however, these 
symptoms were not included in the IBS SSS we used. 

A strength of our study was the use of a com-
parator group as it allowed us to control for the natural 
fluctuations over time in symptoms severity in patients 
with IBS. Consequently, the placebo response is high 
in studies of IBS patients[69]. As seen in this study, 
there was some improvement in individual participants 
in group II prior to intervention. While a waiting list 
comparator group is able to account for the fluctuating 
nature of symptoms, it is not a true placebo arm as 
participants are aware of their group allocation and are 
not expecting to get better and participants received 
less attention from the study investigators than those 
in group I. A previous study had shown that in IBS 
patients the patient-practitioner relationship had 
evoked the treatment response[70] Data was collected 
by the dietitian who delivered the dietary education 
so results could also have been skewed by a desire in 
participants to “help” the investigator[71].

In conclusion, our study showed that a dietitian 
delivered low FODMAP education was able to reduce 
symptom severity and improve quality of life in a group 
of IBS patients, which was sustained over a six months 
period. Our study also showed that while fiber intakes 
decrease initially, after re-challenging they return to a 
level similar to that prior to dietary intervention further 
highlighting the need for this dietary intervention to 
be dietitian-led to monitor and counteract potential 
nutritional inadequacies.

Further research needs to be conducted to examine 
the effects of the low FODMAP diet on microbiome and 
metabolomic data during the intensive phase of the low 
FODMAP diet but also after patients have re-introduced 
foods to tolerance. This will provide evidence of the 
long-term effect of the diet. Including both microbiome 
and metabolomics will provide information on how the 
structure, diversity and function of the gastrointestinal 
microbiome is altered with this dietary change. This 
will help us to answer the unanswered questions on 
the long term effects of this diet.
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