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Abstract
The effect of low- FODMAPs diet on irritable bowel syndrome (IBS) in Western 
China has not been reported. We aimed to investigate the effect of low- FODMAPs 
diet on IBS patients in the area and whether low- FODMAPs diet- induced alterations 
of microbiota could be improved through probiotics. IBS patients were randomized 
to the control group, low- FODMAPs diet group, probiotics group, or combined 
group. IBS Symptom Severity Score questionnaire (IBS- SSS) and IBS Quality of 
Life Score questionnaire (IBS- QOL) were completed at baseline, 2 and 4 weeks to 
evaluate the severity of symptoms. Fresh feces were collected for analyses of gut 
microbiota and short- chain fatty acids at baseline and 4 weeks after intervention. 
Seventy- three patients were included in the per protocol analysis. After interven-
tion, there was significant improvement in IBS- SSS in the low- FODMAPs group 
(37.5%, 44.2%), probiotics group (51.4%, 62.0%), and combined group (34.1%, 
40.4%) at both 2 weeks and 4 weeks, compared with the baseline (p < .05). In the 
low- FODMAPs group, the abundance of several microbiota (Lachnoclostridium, 
Enterococcus, etc.) was significantly decreased. Furthermore, after the supplemen-
tation of probiotics in the combined group, the abundance of Genus_Ruminococcus, 
Coprococcus, Acidaminococcus, Ruminiclostridium, Akkermansia, Eggerthella, and 
Oxalobacter was significantly increased, which was associated with the improve-
ments of symptoms score in the Pearson correlation analysis. Our study confirmed 
the effectiveness and safety of short- term low- FODMAPs diet in IBS symptoms 
based on the Chinese diet in Western China. The combination of low- FODMAPs 
and probiotics plays a beneficial role in gut microbiota in IBS.
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1  |  INTRODUC TION

Irritable bowel syndrome (IBS) is a distressing functional gastrointes-
tinal disorder of long duration that affects approximately 1 in 10 pop-
ulation globally (Black & Ford, 2020). The main symptoms of patients 
with IBS are abdominal pain, bloating, and changes in bowel habits 
(e.g., diarrhea, constipation, or a combination of both) (Alammar & 
Stein, 2019). Multiple management have been used in clinic for the 
treatment of IBS, including pharmacological, dietary, psychological, 
and other behavioral approaches. Among them, dietary intervention 
(Lacy et al., 2021) and probiotics treatment (Simon et al., 2021) have 
been gradually applied to the clinical treatment.

Low- FODMAPs diet, which restricts foods high in oligosaccha-
rides, disaccharides, monosaccharides, and polyols, is one of the 
widely adopted dietary treatments (Black et al., 2022). The low- 
FODMAPs diet was superior to other types of dietary interventions 
for IBS symptoms (Black et al., 2022). A beneficial short- term effect 
of low- FODMAPs diet was confirmed in a majority of IBS patients, 
through the alleviation of IBS symptoms, in particular with bloating, 
flatulence, diarrhea, and global symptoms (Schumann et al., 2018; 
van Lanen et al., 2021). Although there are enough studies to con-
firm that a low- FODMAPs diet relives IBS symptoms, most of these 
studies are based on a western dietary background. The significant 
differences between Chinese and western diets cannot be ignored. 
Therefore, the efficacy of low- FODMAPs diet based on the Chinese 
diet for the treatment of IBS needs to be further verified (Zhang 
et al., 2021). To our knowledge, no RCT has been reported on the ef-
fectiveness of low- FODMAPs diet on IBS patients in Western China, 
where the main dietary structure is Sichuan cuisine, one of the four 
major cuisines in China. Sichuan cuisine is famous for its pungency 
and spice flavor, which results from the liberal use of strong pepper, 
chili, garlic, thick broad- bean sauce, and other unique Sichuan ingre-
dients, such as ginger and mustard. Most of these ingredients have 
high FODMAPs content. Therefore, it is of interest to investigate the 
effect of a low- FODMAPs diet on IBS patients in the area.

The gut microbiota integrates with diet, genetic, and immunity 
signals to regulate the host's metabolism, immunity, and inflamma-
tion (Hou et al., 2022). Substantial evidence indicates that dysbiosis 
of the gut microbiota is an important feature of IBS, such as the de-
creased α- diversity and the changes in Firmicutes to Bacteroidetes 
ratio, and it might be involved in its pathogenesis (Duan et al., 2019).

FODMAPs are substrates of bacterial fermentation, which 
produce short- chain fatty acids (SCFAs). SCFAs are beneficial 
to the gut through a variety of mechanisms, such as regulat-
ing Tregs and inhibiting histone deacetylases (Kim, 2021; Makki 
et al., 2018). Nevertheless, the adverse effects of low- FODMAPs 
diet on the gut microbiota reported in previous studies cannot be 
ignored (McIntosh et al., 2017; Vervier et al., 2022). Except for the 
decrease in the abundance of Bifidobacteria after restriction of 
FODMAPs (So et al., 2022), most of the related data were contro-
versial. Co- administration of Bifidobacteria could restored numbers 
of Bifidobacterium species in low- FODMAPs diet, but no significant 
alleviation of IBS symptoms was reported (Staudacher et al., 2017). 

Therefore, we wondered whether the combination of probiotics 
with multiple species, including Bifidobacterium, Lactobacillus bulgar-
icus, and Streptococcus thermophilus may further alleviate IBS symp-
toms under low- FODMAPs diet.

In order to address the questions we mentioned above, we de-
signed this prospective trial with two main objectives. Firstly, we 
aimed to investigate the effect of the low- FODMAPs diet on IBS pa-
tients, based on the Western Chinese diet. Second, we investigated 
whether the alterations in the microbiota induced by low- FODMAPs 
diet could be improved through supplementation of probiotics.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and participants

This randomized controlled prospective trial was conducted ac-
cording to the guidelines established in the Declaration of Helsinki. 
All procedures were approved by the West China Hospital Human 
Research Ethics Committee and registered in the Chinese clinical 
trial registry (www. chictr. org. cn, ChiCTR1900026666). This was a 
single- center study conducted at the Gastrointestinal (GI) outpa-
tient center of West China Hospital, a tertiary hospital, Chengdu, 
China. We got the informed consent from all participants. The de-
tails of the informed consent were provided in the Supplementary 
Material.

An independent researcher, who was not involved in screening 
or recruitment, conducted a simple random grouping using a random 
number table. Randomized numbers were sealed in opaque enve-
lopes sequentially and divided by 4. The remainder of 0, 1, 2, and 3 
were assigned to the conventional diet (Control group), lower dietary 
intake of FODMAPs (low- FODMAPs group), supplementation of 
probiotics with conventional diet (Probiotics group), or combination 
of low- FODMAPs and probiotics (Combined group), respectively. 
Researchers responsible for enrolment, randomization, telephone 
follow- up, data processing, questionnaire analysis, microbiota anal-
ysis, and statistical analysis were unaware of the randomization 
groups. Patients were blinded to the dietary intervention.

From 2018 to 2021, patients with IBS aged 18–65 years who met 
the Rome IV criteria (Drossman & Hasler, 2016) were recruited from 
the outpatient department. Patients with heart, lung, kidney, or liver 
dysfunction; brain diseases; or metabolic diseases, including hypo-
thyroidism, hyperthyroidism, or diabetes, were excluded by history 
taking, questionnaire survey, biochemical test, abdominal ultraso-
nography, CT scan, gastroduodenoscopy, or colonoscopy screening. 
In addition, those with the following conditions were not eligible to 
participate in our study: previous gastrointestinal resection, preg-
nancy, use of probiotics or prebiotics, dietary intervention, use of 
prokinetic drugs, or bowel preparation within 4 weeks prior to the 
study. Ingestion of other probiotics, prebiotics, or antibiotics by pa-
tients during the study was not permitted. Once a violation of the 
protocol occurred during the study, the patient will be withdrawn 
and excluded from the per protocol (PP) analysis.

http://www.chictr.org.cn
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2.2  |  Trial protocol

Our RCT was conducted in accordance with the CONSORT guide-
lines (Supplementary Material). Patients who were eligible for and 
willing to participate in the study were recruited and randomly 
allocated to the control group, low- FODMAPs group, probiotics 
group, or combined group, with at least 15 patients per group in-
cluded in the PP analysis (Figure 1a). Before the intervention of 
3 days, all patients were advised to maintain a habitual diet and 
to send pictures of all the food (including fruit and soft drinks) 

eaten daily to the designated researcher through an online com-
munication platform. It was considered a 3- day run- in period. The 
researcher will categorize foods as a low-  or high- FODMAPs diet 
based on the pictures. Daily stool characteristics and gastrointes-
tinal symptoms were also recorded. After the start of the trial, par-
ticipants in different groups were required to adjust their diet or 
take tablets as needed, take pictures, and upload them.

Patients in the low- FODMAPs group are advised to limit their 
consumption of foods high in FODMAPs, including cereals (large 
amounts of wheat, rye, such as noodles, bread, crackers, biscuits, 

F I G U R E  1  Trial procedure and experimental flow chart. (a) Procedures for inclusion and grouping of irritable bowel syndrome patients. (b) 
The experimental flow chart: A 4- week intervention was conducted for the four groups of subjects, fresh stool was collected on day 0 and 
day 28, and questionnaires were completed on day 2, week 2 (day 14), and week 4 (day 28).
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steamed rye flour, pasta, and chrysanthemum starch); dairy (milk, 
goat milk, ice cream, yogurt, and raw cheese); legumes (chickpeas, 
kidney beans, lentils, and soybeans); vegetables (e.g., ginger, aspara-
gus, broccoli, cabbage, fennel, garlic, leek, okra, onion, green onion, 
chicory, dandelion, inulin, cauliflower, green pepper, mushroom, 
sweet corn); fruit (e.g., apple, mango, pear, watermelon, apricot, 
avocado, blackberry, cherry, nut); others (e.g., sweeteners: such as 
fructose, corn syrup, juice, honey, sorbitol, mannitol, maltitol, and 
xylitol). This dietary recommendation is consistent with those used 
in previous studies (Barrett et al., 2010; Ong et al., 2010; Zhang 
et al., 2021). The average daily intake of FODMAPs before and after 
intervention was calculated based on the excess fructose, lactose, 
mannitol, sorbitol, galacto- oligosaccharide (GOS), and total fructan 
contents of various foods including fruits, snacks, dairy products, 
nuts, and other foods obtained in previous studies (Biesiekierski 
et al., 2011; Chumpitazi et al., 2018; Muir et al., 2007, 2009; Prichard 
et al., 2016; Tuck et al., 2018; Varney et al., 2017).

The probiotics group was supplied with a probiotic chewable 
tablet, named Golden Bifidobacteria (Jing Shuangqi) (Inner Mongolia 
Bifidobacteria Pharmaceutical Industry, Wanze Group, Shenzhen, 
China), which is a commonly used clinical drug in China, containing 
Bifidobacterium (not less than 1.0 × 107CFU per gram), Lactobacillus 
bulgaricus (not less than 1.0 × 106 CFU/g), and Streptococcus thermo-
philus (not less than 1.0 × 106 CFU/g) with the dosage of 0.5 g/tablet. 
The dosage of Golden Bifidobacteria for patient's intervention was 
2 g/time, 3 times/day. Tablets were kept in a refrigerator at 4°C to 
maintain probiotic activity.

Patients in the control group and probiotics group continued 
their habitual Chinese diet, followed the recommendation of con-
ventional dietary, including regular meals, adequate water intake, 
decreased intake of fat, alcohol, caffeine, spicy foods, and the foods 
that may aggravate intestinal symptoms. All recommendations were 
given by the same experienced dietician, who was blinded to the 
data analysis.

The intervention time lasted for 4 weeks. Both questionnaires of 
the IBS Symptom Severity Score (IBS- SSS) (Francis et al., 1997) and 
the IBS Quality of Life Score (IBS- QOL) (Patrick et al., 1998) were 
completed at 2 weeks and 4 weeks by face- to- face interview at the 
outpatient center (Figure 1b). The contents of these questionnaires 
are presented in the Supplementary Material.

2.3  |  16S rDNA Illumina sequencing and 
bioinformatic analyses

Fresh feces within 1 hour of passage were collected at preinterven-
tion baseline and 4 weeks after intervention, and specimens were 
stored in −150°C frozen phosphate buffer until further processing. 
The bacterial genomic DNA was extracted from all the samples. A 
DNA library was constructed by PCR amplification of the16S rDNA 
V3- V4 region and sequenced on the Illumina MiSeq Sequencing plat-
form, performed by We Healthy Gene Technology Co (Shenzhen, 
Guangzhou, China). We performed bioinformatics analyses as 

described previously (Zhang et al., 2018). Briefly, the Quantitative 
Insights Into Microbial Ecology was used to calculate the α- diversity 
and β- diversity. As mentioned in our previous study, we used linear 
discriminant analysis (LDA) to compare and display the significant 
differences between baseline and after 4 weeks of intervention (Jiao 
et al., 2020; Zhang et al., 2018).

2.4  |  Detection of SCFAs in the feces

1 g fecal sample was collected and filtered through a 0.45 μm mem-
brane. The filtered samples were assayed according to the methods 
of previous studies (Jiao et al., 2020).

2.5  |  Outcomes

The primary outcome was the IBS Symptom Severity Score (IBS- SSS) 
at the 4 weeks. The secondary outcomes were IBS Quality of Life 
Score (IBS- QOL), and changes in the microbiota and SCFAs at the 
4 weeks. Adverse events were recorded during daily online commu-
nication and follow- up visits.

2.6  |  Statistical analysis

As this was an exploratory study based on previous findings (Rej 
et al., 2022; Staudacher et al., 2021; Wilson et al., 2023), the remis-
sion rates of IBS- SSS in the combined group, Probiotic group, low- 
FODMAPs group, and Control group were initially set to be 80%, 
60%, 50%, and 20%, respectively. Assuming a power (1 − β) of 0.80, 
a two- sided significance level (α) of 0.05, and a dropout rate of 10%. 
A minimum of 15 patients were included in each group, except for 
dropout subjects. PP analysis was performed using data from com-
pleted patients who did not violate the protocol. The data are pre-
sented as the mean ± SD or n (%) for demographic data. Student's t 
test or the Wilcoxon rank sum test was used for comparisons between 
two groups; ANOVA, among four groups; or the Mann–Whitney test 
was performed for continuous variables. The Chi- square test and 
Fisher's exact test were performed for categorical variables. To ex-
plore the association between gut microbiota and IBS symptoms, 
Pearson correlation analysis was used. A two- sided p value less 
than  .05 was considered to indicate statistical significance. Data 
analysis was performed using SPSS software (SPSS Statistics, ver-
sion 19.0, IBM Corp., Armonk, NY, USA) and Graphpad Prism (ver-
sion 8.0.0, Graphpad software, SanDiego, California USA).

3  |  RESULTS

We recruited 110 IBS patients, of whom 30 were ineligible and were 
removed from the trial. The remaining 80 patients were randomized 
to the control, low- FODMAPs, probiotics, or combined group, with 
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20 patients per group (Figure 1a). In this study, 7 patients were with-
drawn from the trial, in which 5 patients who was lost to follow in 
the control group and 2 patients in the low- FODMAPs group were 
not compliant with probiotics and added other medications. All 73 
randomized patients, including 15 patients in the control group, 18 
patients in the low- FODMAPs group, and 20 patients in both the 
probiotics group and the combined group, were included in the PP 
analysis. No severe adverse effects were observed from the inter-
vention in this study.

The baseline characteristics of patients were comparable for 
gender, age, and types of IBS subgroups (Table 1). All patients were 
Chinese. The composition of diarrhea, constipation, and mix sub-
types was comparable among the 4 groups and 58.9% of the re-
cruited patients were in the diarrhea subgroup.

3.1  |  Low- FODMAPs diet intervention

All patients with the low- FODMAPs intervention lasted for 
4 weeks. The changes in low- FODMAPs intake before and after 
diet intervention are shown in Table 2. Before intervention, the 
average types of Chinese diet consumed by the recruited pa-
tients were 30.2 ± 6.1, in which the types of low- FODMAPs food 
were 23.7 ± 4.1 and high- FODMAPs food were 6.5 ± 2.3, with 
78.7 ± 4.0% of low- FODMAPs types of food. After low- FODMAPs 
intervention, the average types of food were 23.9 ± 5.2, in which 
the composition of high- FODMAPs ingredients was decreased 
significantly (2.3 ± 1.2, p < .05) and the percentage of low- 
FODMAPs was increased significantly (90.1 ± 5.1%) than that in 
the non- FODMAPs intervention group (p < .05). After limiting low- 
FODMAPs, the FODMAPs content in the daily food of the low- 
FODMAPs group and the combined group decreased significantly, 
compared with that at baseline (p < .05, Table 3). There was no 
significant change in energy, protein, fat, carbohydrate, or dietary 
fiber in these two groups before or after dietary intervention, in-
dicating that our dietary intervention was successful.

3.2  |  Clinical outcomes

There were no significant differences in IBS- SSS, abdominal pain, 
pain frequency, bloating, or bowel habits among the 4 groups at 
baseline (p > .05). After intervention, there was significant relief 
of IBS- SSS in the low- FODMAPs (37.5%, 44.2%), probiotics group 

(51.4%, 62.0%), and combined group (34.1%, 40.4%) at both the 
2 weeks and 4 weeks, respectively, compared with the baseline in 
the corresponding same group (p < .05) (Table 4). At the 4 weeks, the 
IBS- SSS was significantly improved in the low- FODMAPs, probiot-
ics group compared with the control group (p < .05), but not in the 
combined group (p > .05) (Table 4).

Among the symptoms related to the IBS- SSS, the grade, and 
frequency of abdominal pain, bloating, and the satisfaction of the 
bowel habits were significantly improved in the low- FODMAPs, 
probiotics group, and combined group at both the 2 weeks and 
4 weeks, compared with the baseline in the corresponding same 
group (p < .05) (Table 4). At the 4 weeks, the frequency of abdominal 
pain was significantly improved in the low- FODMAPs, probiotics 
group compared with that in the control group (p < .05) (Table 4). 
Although there was improvement of the other symptoms, the grade 
of abdominal pain, bloating, and the satisfaction of the bowel habits 
had no statistical difference among the 4 groups at the 2 weeks and 
4 weeks (p > .05) (Table 4).

According to the life impact, there were significant differences 
among the 4 groups at the baseline (p < .05) (Table 4). After 2 weeks 
and 4 weeks of intervention, the life impact was significantly im-
proved as compared to the corresponding baseline group in the low- 
FODMAP, probiotics, and combination group (p < .05) (Table 4), but 
no significant difference among the 4 groups at 2 weeks and 4 weeks 
(p > .05) (Table 4).

3.3  |  Microbiota outcomes

There was no significant difference in operational taxonomic units 
(OTUs) or diversity among the 4 groups at baseline. After 4 weeks 
of follow- up, significant differences in microbial signatures were 
observed. Compared to the baseline, there was no significant dif-
ference in α- diversity between the control, low- FODMAPs, pro-
biotics, and combined groups, as measured by the Shannon index 
in Figure 2a (p > .05). The β- diversity was significantly changed in 
the 4 groups. The Bray–Curtis dissimilarity in the low- FODMAPs 
and probiotics groups was significantly increased, whereas that 
in the control and combined groups were significantly decreased 
(Figure 2b, p < .05). The composition of bacterial abundance was 
significantly changed in the 4 groups, and 15 strains with the most 
significant changes compared with the baseline were shown in 
Figure 2c. To analyze the bacterial community structure, linear 
discriminant analysis (LDA) was performed on the genera that met 

TA B L E  1  Baseline characteristics of irritable bowel syndrome patients.

Control Low- FODMAPs Probiotics Combined

Numbers 15 18 20 20

Gender (male/ female) 8/7 12/6 10/10 10/10

Age (mean ± SD) 35.0 ± 9.8 34.9 ± 12.5 39.1 ± 9.5 40.5 ± 11.0

IBS subtype (diarrhea/constipation/mix) 10/3/2 10/3/5 11/5/4 12/2/6
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the LDA significance threshold greater than 2 (LDA >2, p < .05; 
Figure 2d). The abundance of Genus_Bacteriodes, Mucilaginibacter, 
Anaerobiospirillum, Kineococcus, Sarcina, Lachnoclostridium, 
etc. contributed to the difference before FODMAPs interven-
tion whereas Genus_Cellulosilyticum was significantly enriched 
after the low- FODMAPs intervention (Figure 2d). The abun-
dance of Sutterella, Acidaminococcus, Lactococcus, and Bosea was 
significantly enriched after the supplementation of probiotics 
(Figure 2d). The combination of the low- FODMAPs and probiot-
ics significantly enriched the abundance of Genus_Ruminococcus, 
Coprococcus, Sutterella, Acidaminococcus, Ruminiclostridium, 
Akkermansia, Eggerthella, and Oxalobacter (Figure 2d).

3.4  |  Association analysis between intestinal 
microbiota and IBS symptoms

We performed Pearson correlation analyses of gut microbiota and 
IBS symptoms (Figure 3). The abundance of Ruminiclostridium, 
Coprococcus, and Ruminococcus was found to be significantly neg-
atively correlated with abdominal pain score (p < .05). However, 
the abundance of Acidaminococcus was significantly positively 
correlated with abdominal pain score (p < .05). The abundance of 
Ruminiclostridium and Coprococcus was significantly negatively 
correlated with the abdominal pain frequency score (p < .05). In 
addition, the abundance of Ruminococcus was negatively corre-
lated with the IBS- SSS total score and life impacts (p < .05).

3.5  |  SCFAs level

There was no significant difference in SCFA levels at 4 weeks, com-
pared to baseline in the corresponding same group (Table S1).

4  |  DISCUSSION

This study reported that, compared to the conventional dietary, 
the low- FODMAPs diet led to the relief of IBS- SSS and alleviated 
the pain frequency after 4 weeks of intervention in Western China 
(Table 4). Compared to the corresponding baseline, the relief of IBS- 
related symptoms including the alleviation of total severity score, 
abdominal pain, pain frequency, bloating, the satisfaction of bowel 
habits, and the life impact was more convincible after 2 weeks 
and 4 weeks of intervention. Although the combination of low- 
FODMAPs and probiotics could not further alleviate IBS- related 
symptoms, changes in the abundance of gut microbiota may be 
beneficial. Therefore, our study evaluated the effectiveness of low- 
FODMAPs alone and the benefits of combination with probiotics 
for IBS patients in Western China.

The effectiveness of low- FODMAPs in the clinic is closely related 
to the dietary background, which is generally treated as the control 
group in clinical trials. In the United Kingdom, a placebo- controlled 
study comparing the conventional diet and low- FODMAPs diet re-
ported the alleviation of IBS- SSS in the low- FODMAPs group in pa-
tients with IBS (Staudacher et al., 2017). A randomized clinical trial 

Types of food Predietary intervention Low- FODMAPs

Total 30.2 ± 6.1 23.9 ± 5.2

Low- FODMAPs 23.7 ± 4.1 21.5 ± 4.8

High FODMAPs 6.5 ± 2.3 2.3 ± 1.2*

Low- FODMAPs percentage (%) 78.7 ± 4.0 90.1 ± 5.1*

Note: Based on the pictures sent back by the patients, we counted the total number of food types 
patients ate daily before and after low- FODMAPs intervention.
*Compared to the predietary intervention, p < .05.

TA B L E  2  Type changes of Low- 
FODMAPs in the diet.

TA B L E  3  Comparative analysis of dietary components in the low- FODMAPs group and combined group at baseline and after dietary 
intervention (mean ± SD).

Low- FODMAPs group Combined group

Baseline 4 weeks p Baseline 4 weeks p

Energy, kcal/d 1919.3 ± 440.29 1656.4 ± 534.08 .104 1788.13 ± 465.67 1748.07 ± 678.36 .808

Protein, g/d 75.13 ± 16.32 74.38 ± 26.57 .934 69.24 ± 13.83 71.92 ± 31.38 .746

Fat, g/d 713.54 ± 1870.82 72.14 ± 23.25 .066 87.02 ± 32.75 76.54 ± 29.02 .302

Carbohydrates, g/d 215.46 ± 55.46 193.95 ± 103.95 .314 197.53 ± 54.76 201.51 ± 96.04 .911

Dietary fiber, g/d 13.41 ± 5.37 11.17 ± 5.08 .357 14.25 ± 3.60 13.44 ± 4.63 .690

Total FODMAP, g/d 2.81 ± 2.60 1.10 ± 1.32 .008* 1.71 ± 1.03 0.87 ± 0.45 .032*

*Compared to the baseline, p < .05.
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from Thailand revealed that a low- FODMAP diet significantly im-
proved clinical symptom scores and reduced intestinal H2 produc-
tion after 4 weeks compared with a commonly recommended diet 
in patients with moderate- to- severe IBS patients (Patcharatrakul 
et al., 2019). A follow- up study of 18 IBS patients for 12 months found 
that long- term personalized low- FODMAPs diet can maintain the 

relief of gastrointestinal symptoms, improve quality of life, and sustain 
the abundance of fecal Bifidobacterium (Staudacher et al., 2022). An 
increasing number of studies have confirmed that a low- FODMAPs 
diet can relieve the symptoms of IBS patients, but it is only effec-
tive for some patients. It has been found that the therapeutic effects 
of low- FODMAPs diet combined with tryptophan restriction can be 

Group

Weeks

Baseline 2 weeks 4 weeks

Total score

Control 202.80 ± 90.97 179.60 ± 52.70 232.20 ± 113.74

Low- FODMAPs 208.56 ± 57.26 130.83 ± 51.92* 116.00 ± 51.37*,**

Probiotic 254.63 ± 83.87 147.67 ± 61.99* 125.50 ± 67.46*,**

Combined 243.85 ± 78.79 172.45 ± 78.57* 159.30 ± 69.60*

p .192 .187 .005

Abdominal pain

Control 35.00 ± 13.69 25.00 ± 17.68 30.00 ± 27.37

Low- FODMAPs 26.39 ± 21.82 11.11 ± 12.78* 9.72 ± 15.19*

Probiotic 32.29 ± 24.98 16.67 ± 15.93* 13.54 ± 16.45*

Combined 27.50 ± 21.31 23.75 ± 26.25 15.00 ± 12.57*

p .711 .307 .210

Pain frequency

Control 48.00 ± 48.17 64.00 ± 49.80 64.00 ± 49.80

Low- FODMAPs 28.33 ± 33.08 10.56 ± 15.89* 8.33 ± 13.39*,**

Probiotic 35.42 ± 35.17 19.79 ± 23.75* 13.33 ± 21.65*,**

Combined 52.50 ± 39.55 33.00 ± 40.92* 26.75 ± 34.69*

p .314 .094 .041

Bloating

Control 30.00 ± 11.18 25.00 ± 17.68 45.00 ± 37.08

Low- FODMAPs 31.67 ± 24.07 16.67 ± 12.13* 16.67 ± 14.85*

Probiotic 48.96 ± 30.82 23.96 ± 15.60* 21.88 ± 18.52*

Combined 33.75 ± 21.88 17.50 ± 18.32* 16.25 ± 16.77*

p .163 .351 .170

Bowel habits

Control 46.60 ± 38.11 33.20 ± 23.69 53.20 ± 30.02

Low- FODMAPs 63.06 ± 22.71 50.06 ± 26.39* 48.11 ± 17.38*

Probiotic 68.13 ± 25.13 47.25 ± 22.04* 44.38 ± 19.10*

Combined 68.60 ± 25.14 51.60 ± 25.47* 53.25 ± 25.27*

p .455 .535 .769

Life impact

Control 33.20 ± 23.69 26.40 ± 14.76 40.00 ± 28.09

Low- FODMAPs 57.44 ± 22.53 42.44 ± 15.67* 33.22 ± 28.08*

Probiotic 68.17 ± 20.89** 40.13 ± 17.20* 34.58 ± 20.93*

Combined 59.95 ± 25.76 46.60 ± 27.52* 46.55 ± 27.48*

p .049 .287 .404

Note: p values indicate whether there is a significant difference among the four groups at different 
time points.
*Compared to the baseline in the corresponding same group, p < .05. **Compared to the control 
group on the same date, p < .05.

TA B L E  4  Clinical outcomes of IBS 
patients after 4 weeks of intervention 
(mean ± SD).
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enhanced in IBS patients (Chojnacki et al., 2023). A low- FODMAPs 
diet combined with β- galacto- oligosaccharides, a prebiotic, played a 
great role in relieving symptoms but did not reverse the decreased 
abundance of Bifidobacterium (Wilson et al., 2020). Therefore, al-
though low- FODMAPs dietary advice has been confirmed to be 
beneficial and recommended in the set of clinical IBS guidelines or 
reviews (Camilleri & Dilmaghani, 2023; Chey et al., 2022), most clinical 
trials were based on IBS patients with western diet.

Sichuan cuisine is one of the four major cuisines in China. The 
distinct secret of the cooking process is flavoring each ingredi-
ent separately, or in small groupings, and then combining them. 
To measure the content of FODMAP in the ingredients, we tried 
to detect the total content of FODMAPs in a set meal of Sichuan 
cuisine in our preliminary study. However, the FODMAPs content 
cannot be detected due to their complex composition. We evalu-
ated the FODMAPs content in the ingredients through previous data 
(Biesiekierski et al., 2011; Chumpitazi et al., 2018; Muir et al., 2007, 
2009; Prichard et al., 2016; Tuck et al., 2018; Varney et al., 2017). 
After dietary recommendation, the percentage of high FODMAPs 
was significantly decreased to 2.3%, whereas the percentage types 

of low- FODMAPs was significantly increased to 90.1% (Table 2). 
FODMAP contents were significantly decreased compared to the 
baseline (p < .05, Table 3). Our study confirmed the effectiveness 
of low- FODMAPs in providing dietary advice on the background of 
Chinese food in Western China, whether compared to the baseline 
or conventional dietary recommendations.

A recent systemic review, including 16 articles involving 777 pa-
tients with IBS, revealed relatively consistent changes in the fecal mi-
crobiota, namely, an increase in the ratio of Firmicutes: Bacteroidetes 
at the phylum level, and a decreased Bacteroidia and Bacteroidales 
at lower taxonomic levels (Duan et al., 2019). In our study, none 
of the groups showed changes in the abundance of Firmicutes or 
Bacteroidetes or the ratio of Firmicutes to Bacteroidetes at the phy-
lum level. According to the LDA (>2) analysis, low- FODMAPs signifi-
cantly decreased the abundance of 11 genera, including Bacteriodes, 
Mucilaginibacter, Anaerobiospirillum, Strepotcoccus, Kineococcus, 
Sarcina, Lachnoclostridium, etc. Bifidobacteria, as the most pop-
ular decreased abundance after low- FODMAPs intervention 
(Patcharatrakul et al., 2019; So et al., 2022), decreased in the low- 
FODMAPs group. These data supported the regional characteristics 
of IBS and dietary intervention.

Interestingly, after the supplementation of multiple probiotics in 
our study, the abundance of genus_ Ruminiclostridium, Coprococcus, 
Acidaminoccus, Ruminococcus, Sutterella, etc. were significantly in-
creased in the combined group. Akkermansia muciniphila, a specific 
genus dwelling in mucins, plays an important role in systemic me-
tabolism (Depommier et al., 2019) and induces an intestinal adaptive 
immune response (Ansaldo et al., 2019). Increased abundance of 
Akkermansia is usually considered a healthy gut microbial community. 
Ruminiclostridium cellulolyticum and Ruminococcus flavefaciens are the 
model bacteria to produce cellulosomes and efficiently degrade cel-
lulose from plant cells (Kampik et al., 2021; Yeoman et al., 2021), with 
significantly increased abundance, supporting the improvement of 
digestive function of plant fibers in the gut after combined interven-
tion. Sutterella and Acidaminoccus were the two consistently increased 
genus in both probiotics and combined group in our study. To our 
knowledge, the function and role of these two genera in IBS are still 
unclear, but a recent study reported that Sutterella has the capacity 
to degrade IgA (Kaakoush, 2020). Coprococcus is an important butyr-
ate producer that plays an important role in reducing the intestinal 
inflammatory response and maintaining intestinal homeostasis (Singh 
et al., 2023; Yang et al., 2023). These changes were inconsistent with 
previous studies (Staudacher et al., 2017). Moreover, in our Pearson 
correlation analysis, Ruminiclostridium, Coprococcus, Ruminococcus, 

F I G U R E  2  Altered gut microbiota profile in IBS patients at baseline and after 4 weeks of dietary and/or probiotic intervention. (a) 
Compared with baseline, there was no significant change in α- diversity among the 4 groups (measured by the Shannon index). (b) The 
changes of β- diversity in the 4 groups compared to each corresponding baseline (measured by Bray–Curtis dissimilarity). Bray–Curtis 
dissimilarity in the low- FODMAPs and the probiotics group were significantly increased whereas that in the control and the combined group 
were significantly decreased, compared with baseline. (c) The significantly different microbiota at baseline and after 4 weeks of dietary and/
or probiotic intervention in the 4 groups, histogram represented the relative abundance of microbiome in log 10 (showing the top 15 strains 
with mostly significant changes). (d) Linear discriminant effect size (LEFSe) changes visualized by LDA at baseline and after 4 weeks of dietary 
and/or probiotic intervention in the 4 groups (LDA >2, the length of bar chart shows the influence of taxa). A, after 4 weeks of dietary and/or 
probiotic intervention; B, baseline; IBS, irritable bowel syndrome; LDA, linear discriminant analysis.

F I G U R E  3  Association analysis between intestinal microbiota and 
IBS symptoms. **There is a significant correlation, at the .01 level 
(two- sided). *Significant correlation at the .05 level (two- sided).
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Acidaminococcus, Ruminiclostridium, and Coprococcus were signifi-
cantly correlated with the improvement of IBS symptoms. Overall, the 
combination of a low- FODMAPs diet and probiotics improved the gut 
microbiota in IBS patients, although improvement of IBS- SSS was not 
observed compared to the low- FODMAPs group.

SCFAs are produced by gut microbiota through the fermenta-
tion of nondigestible fibers and dietary carbohydrates, thus SCFAs' 
concentrations are closely related to diet types (Cong et al., 2022). 
The low- FODMAPs diet was restricted by significantly reducing 
the types of high FODMAPs diet from 6 to 2, but not increasing 
the types of low- FODMAPs diet in our study. Compared to the 30 
types of food consumed every day, SCFAs may be more influenced 
by other types of food than by FODMAPs.

There were still several limitations of this study. First, we did not 
set the placebo group. One of our aims is to investigate whether the 
low- FODMAPs diets- induced alterations in the microbiota could be 
improved through the supplementation of probiotics. Considering 
that the placebo mainly affects subjective symptoms, but has a 
weak effect on objective indicators, such as changes in microbiota 
(Chahwan et al., 2019), we did not set a placebo in this study. We will 
consider designing the placebo in the control and Combined group in 
future studies. Second, patients with all three subtypes of IBS were 
included in our study. However, we could not distinguish the effect 
of the low- FODMAPs dietary intervention on each subtype with the 
sample size in our study. Diarrhea- predominant IBS patients have 
been preferred for the low- FODMAPs in previous studies from 
other regions (Chojnacki et al., 2023; Y. Zhang et al., 2021). More 
than half of IBS patients in our study were in diarrhea subgroup. 
Therefore, we suggest that low- FODMAPs diet may be more worth 
recommending in IBS diarrhea- predominant patients. Thirdly, we did 
not screen people with lactose intolerance by methods such as hy-
drogen breath tests. Moreover, the changes in dietary intervention 
may affect other factors (e.g. intestinal motility), thus gut microbiota 
may be indirectly influenced by low- FODMAPs. In addition, we only 
conducted a 4- week study to demonstrate the short- term efficacy 
of low- FODMAPs diet. In recent meta- analyses, we found that the 
4- week duration was used in most clinical studies of low- FODMAPs 
intervention on IBS (Black et al., 2022; So et al., 2022; van Lanen 
et al., 2021). Finally, there is no significant difference in SCFA among 
the groups in our study. The sample size was calculated based on the 
remission rate of IBS- SSS questionnaire. Therefore, the sample size 
cannot guarantee the statistical differences of SFCA, which mani-
fested higher standard deviation in SCFA measurement in our study. 
More sample sizes will be needed in future work.

In conclusion, our study evaluated the effectiveness and safety 
of low- FODMAPs in overall and specific IBS symptoms, based on 
the background of Chinese Western food. Low- FODMAPs diet 
significantly improved the symptoms related to the IBS- SSS and 
the IBS- QOL and altered the composition of bacterial abundance. 
Furthermore, the combination of low- FODMAPs and probiotics im-
proved the changes in microbiota abundance after low- FODMAPs 
intervention.

AUTHOR CONTRIBUTIONS
Yingying Liu: Investigation (equal); writing – original draft (equal); 
writing – review and editing (equal). Di Jin: Formal analysis (equal); 
writing – review and editing (equal). Tian He: Formal analysis (equal). 
Xinyi Liao: Investigation (equal). Limei Shao: Investigation (equal). 
Lei Shi: Methodology (equal); project administration (equal); super-
vision (equal); writing – original draft (equal). Ling Liu: Funding acqui-
sition (equal); methodology (equal); project administration (equal); 
writing – original draft (equal); writing – review and editing (equal).

ACKNOWLEDG MENTS
The authors thank all the participants in this study.

FUNDING INFORMATION
Our study was funded by the General Program of National Natural 
Science Foundation of China (NSFC) (81970463) and the Regional 
Innovation Cooperation Program, Science and Technology 
Department of Sichuan Province (2022YFQ0053).

CONFLIC T OF INTERE S T S TATEMENT
None.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Yingying Liu  https://orcid.org/0009-0005-0459-9107 
Lei Shi  https://orcid.org/0000-0002-1330-6039 
Ling Liu  https://orcid.org/0000-0001-6413-708X 

R E FE R E N C E S
Alammar, N., & Stein, E. (2019). Irritable bowel syndrome: What treat-

ments really work. The Medical Clinics of North America, 103(1), 
137–152. https:// doi. org/ 10. 1016/j. mcna. 2018. 08. 006

Ansaldo, E., Slayden, L. C., Ching, K. L., Koch, M. A., Wolf, N. K., Plichta, D. 
R., Brown, E. M., Graham, D. B., Xavier, R. J., Moon, J. J., & Barton, 
G. M. (2019). Akkermansia muciniphila induces intestinal adaptive 
immune responses during homeostasis. Science (New York, N.Y.), 
364(6446), 1179–1184. https:// doi. org/ 10. 1126/ scien ce. aaw7479

Barrett, J. S., Gearry, R. B., Muir, J. G., Irving, P. M., Rose, R., Rosella, 
O., Haines, M. L., Shepherd, S. J., & Gibson, P. R. (2010). Dietary 
poorly absorbed, short- chain carbohydrates increase delivery of 
water and fermentable substrates to the proximal colon. Alimentary 
Pharmacology & Therapeutics, 31(8), 874–882. https:// doi. org/ 10. 
1111/j. 1365-  2036. 2010. 04237. x

Biesiekierski, J. R., Rosella, O., Rose, R., Liels, K., Barrett, J. S., Shepherd, 
S. J., Gibson, P. R., & Muir, J. G. (2011). Quantification of fructans, 
galacto- oligosacharides and other short- chain carbohydrates 
in processed grains and cereals. Journal of Human Nutrition and 
Dietetics, 24(2), 154–176. https:// doi. org/ 10. 1111/j. 1365-  277X. 
2010. 01139. x

Black, C. J., & Ford, A. C. (2020). Global burden of irritable bowel syn-
drome: Trends, predictions and risk factors. Nature Reviews. 
Gastroenterology & Hepatology, 17(8), 473–486. https:// doi. org/ 10. 
1038/ s4157 5-  020-  0286-  8

https://orcid.org/0009-0005-0459-9107
https://orcid.org/0009-0005-0459-9107
https://orcid.org/0000-0002-1330-6039
https://orcid.org/0000-0002-1330-6039
https://orcid.org/0000-0001-6413-708X
https://orcid.org/0000-0001-6413-708X
https://doi.org/10.1016/j.mcna.2018.08.006
https://doi.org/10.1126/science.aaw7479
https://doi.org/10.1111/j.1365-2036.2010.04237.x
https://doi.org/10.1111/j.1365-2036.2010.04237.x
https://doi.org/10.1111/j.1365-277X.2010.01139.x
https://doi.org/10.1111/j.1365-277X.2010.01139.x
https://doi.org/10.1038/s41575-020-0286-8
https://doi.org/10.1038/s41575-020-0286-8


    |  4003LIU et al.

Black, C. J., Staudacher, H. M., & Ford, A. C. (2022). Efficacy of a low 
FODMAP diet in irritable bowel syndrome: Systematic review and 
network meta- analysis. Gut, 71(6), 1117–1126. https:// doi. org/ 10. 
1136/ gutjn l-  2021-  325214

Camilleri, M., & Dilmaghani, S. (2023). Update on treatment of abdominal 
pain in irritable bowel syndrome: A narrative review. Pharmacology 
& Therapeutics, 245, 108400. https:// doi. org/ 10. 1016/j. pharm 
thera. 2023. 108400

Chahwan, B., Kwan, S., Isik, A., van Hemert, S., Burke, C., & Roberts, L. 
(2019). Gut feelings: A randomised, triple- blind, placebo- controlled 
trial of probiotics for depressive symptoms. Journal of Affective 
Disorders, 253, 317–326. https:// doi. org/ 10. 1016/j. jad. 2019. 04. 
097

Chey, W. D., Hashash, J. G., Manning, L., & Chang, L. (2022). AGA clini-
cal practice update on the role of diet in irritable bowel syndrome: 
Expert review. Gastroenterology, 162(6), 1737–1745.e5. https:// doi. 
org/ 10. 1053/j. gastro. 2021. 12. 248

Chojnacki, C., Poplawski, T., Blonska, A., Konrad, P., Chojnacki, J., & 
Blasiak, J. (2023). The usefulness of the low- FODMAP diet with 
limited tryptophan intake in the treatment of diarrhea- predominant 
irritable bowel syndrome. Nutrients, 15(8), 1837. https:// doi. org/ 10. 
3390/ nu150 81837 

Chumpitazi, B. P., Lim, J., McMeans, A. R., Shulman, R. J., & Hamaker, 
B. R. (2018). Evaluation of FODMAP carbohydrates content in 
selected foods in the United States. The Journal of Pediatrics, 199, 
252–255. https:// doi. org/ 10. 1016/j. jpeds. 2018. 03. 038

Cong, J., Zhou, P., & Zhang, R. (2022). Intestinal microbiota- derived short 
chain fatty acids in host health and disease. Nutrients, 14(9), 1977. 
https:// doi. org/ 10. 3390/ nu140 91977 

Depommier, C., Everard, A., Druart, C., Plovier, H., Van Hul, M., Vieira- 
Silva, S., Falony, G., Raes, J., Maiter, D., Delzenne, N. M., de Barsy, 
M., Loumaye, A., Hermans, M. P., Thissen, J.- P., de Vos, W. M., & 
Cani, P. D. (2019). Supplementation with Akkermansia muciniphila 
in overweight and obese human volunteers: A proof- of- concept 
exploratory study. Nature Medicine, 25(7), 1096–1103. https:// doi. 
org/ 10. 1038/ s4159 1-  019-  0495-  2

Drossman, D. A., & Hasler, W. L. (2016). Rome IV- functional GI disorders: 
Disorders of gut- brain interaction. Gastroenterology, 150(6), 1257–
1261. https:// doi. org/ 10. 1053/j. gastro. 2016. 03. 035

Duan, R., Zhu, S., Wang, B., & Duan, L. (2019). Alterations of gut microbi-
ota in patients with irritable bowel syndrome based on 16S rRNA- 
targeted sequencing: A systematic review. Clinical and Translational 
Gastroenterology, 10(2), e00012. https:// doi. org/ 10. 14309/  ctg. 
00000 00000 000012

Francis, C. Y., Morris, J., & Whorwell, P. J. (1997). The irritable bowel 
severity scoring system: A simple method of monitoring irrita-
ble bowel syndrome and its progress. Alimentary Pharmacology 
& Therapeutics, 11(2), 395–402. https:// doi. org/ 10. 1046/j. 1365-  
2036. 1997. 14231 8000. x

Hou, K., Wu, Z.- X., Chen, X.- Y., Wang, J.- Q., Zhang, D., Xiao, C., Zhu, D., 
Koya, J. B., Wei, L., Li, J., & Chen, Z.- S. (2022). Microbiota in health 
and diseases. Signal Transduction and Targeted Therapy, 7(1), 135. 
https:// doi. org/ 10. 1038/ s4139 2-  022-  00974 -  4

Jiao, W., Zhang, Z., Xu, Y., Gong, L., Zhang, W., Tang, H., Zeng, S., Zhang, 
Q., Sun, Z., Liu, L., & Hu, X. (2020). Butyric acid normalizes hy-
perglycemia caused by the tacrolimus- induced gut microbiota. 
American Journal of Transplantation, 20(9), 2413–2424. https:// doi. 
org/ 10. 1111/ ajt. 15880 

Kaakoush, N. O. (2020). Sutterella species, IgA- degrading bacteria in ul-
cerative colitis. Trends in Microbiology, 28(7), 519–522. https:// doi. 
org/ 10. 1016/j. tim. 2020. 02. 018

Kampik, C., Liu, N., Mroueh, M., Franche, N., Borne, R., Denis, Y., Gagnot, 
S., Tardif, C., Pagès, S., Perret, S., Vita, N., de Philip, P., & Fierobe, 
H.- P. (2021). Handling several sugars at a time: A case study of xy-
loglucan utilization by Ruminiclostridium cellulolyticum. MBio, 12(6), 
e0220621. https:// doi. org/ 10. 1128/ mBio. 02206 -  21

Kim, C. H. (2021). Control of lymphocyte functions by gut microbiota- 
derived short- chain fatty acids. Cellular & Molecular Immunology, 
18(5), 1161–1171. https:// doi. org/ 10. 1038/ s4142 3-  020-  00625 
-  0

Lacy, B. E., Pimentel, M., Brenner, D. M., Chey, W. D., Keefer, L. A., Long, 
M. D., & Moshiree, B. (2021). ACG clinical guideline: Management of 
irritable bowel syndrome. The American Journal of Gastroenterology, 
116(1), 17–44. https:// doi. org/ 10. 14309/  ajg. 00000 00000 001036

Makki, K., Deehan, E. C., Walter, J., & Bäckhed, F. (2018). The impact of 
dietary fiber on gut microbiota in host health and disease. Cell Host 
& Microbe, 23(6), 705–715. https:// doi. org/ 10. 1016/j. chom. 2018. 
05. 012

McIntosh, K., Reed, D. E., Schneider, T., Dang, F., Keshteli, A. H., De 
Palma, G., Madsen, K., Bercik, P., & Vanner, S. (2017). FODMAPs 
alter symptoms and the metabolome of patients with IBS: A ran-
domised controlled trial. Gut, 66(7), 1241–1251. https:// doi. org/ 10. 
1136/ gutjn l-  2015-  311339

Muir, J. G., Rose, R., Rosella, O., Liels, K., Barrett, J. S., Shepherd, S. J., 
& Gibson, P. R. (2009). Measurement of short- chain carbohydrates 
in common Australian vegetables and fruits by high- performance 
liquid chromatography (HPLC). Journal of Agricultural and Food 
Chemistry, 57(2), 554–565. https:// doi. org/ 10. 1021/ jf802 700e

Muir, J. G., Shepherd, S. J., Rosella, O., Rose, R., Barrett, J. S., & Gibson, P. 
R. (2007). Fructan and free fructose content of common Australian 
vegetables and fruit. Journal of Agricultural and Food Chemistry, 
55(16), 6619–6627. https:// doi. org/ 10. 1021/ jf070 623x

Ong, D. K., Mitchell, S. B., Barrett, J. S., Shepherd, S. J., Irving, P. M., 
Biesiekierski, J. R., Smith, S., Gibson, P. R., & Muir, J. G. (2010). 
Manipulation of dietary short chain carbohydrates alters the pat-
tern of gas production and genesis of symptoms in irritable bowel 
syndrome. Journal of Gastroenterology and Hepatology, 25(8), 1366–
1373. https:// doi. org/ 10. 1111/j. 1440-  1746. 2010. 06370. x

Patcharatrakul, T., Juntrapirat, A., Lakananurak, N., & Gonlachanvit, S. 
(2019). Effect of structural individual low- FODMAP dietary advice 
vs. brief advice on a commonly recommended diet on IBS symp-
toms and intestinal gas production. Nutrients, 11(12), 2856. https:// 
doi. org/ 10. 3390/ nu111 22856 

Patrick, D. L., Drossman, D. A., Frederick, I. O., DiCesare, J., & Puder, K. 
L. (1998). Quality of life in persons with irritable bowel syndrome: 
Development and validation of a new measure. Digestive Diseases and 
Sciences, 43(2), 400–411. https:// doi. org/ 10. 1023/a: 10188 31127942

Prichard, R., Rossi, M., Muir, J., Yao, C., Whelan, K., & Lomer, M. (2016). 
Fermentable oligosaccharide, disaccharide, monosaccharide and 
polyol content of foods commonly consumed by ethnic minority 
groups in the United Kingdom. International Journal of Food Sciences 
and Nutrition, 67(4), 383–390. https:// doi. org/ 10. 3109/ 09637 486. 
2016. 1163328

Rej, A., Avery, A., Aziz, I., Black, C. J., Bowyer, R. K., Buckle, R. L., Seamark, 
L., Shaw, C. C., Thompson, J., Trott, N., Williams, M., & Sanders, D. 
S. (2022). Diet and irritable bowel syndrome: An update from a UK 
consensus meeting. BMC Medicine, 20(1), 287. https:// doi. org/ 10. 
1186/ s1291 6-  022-  02496 -  w

Schumann, D., Klose, P., Lauche, R., Dobos, G., Langhorst, J., & Cramer, H. 
(2018). Low fermentable, oligo- , di- , mono- saccharides and polyol 
diet in the treatment of irritable bowel syndrome: A systematic 
review and meta- analysis. Nutrition (Burbank, Los Angeles County, 
Calif.), 45, 24–31. https:// doi. org/ 10. 1016/j. nut. 2017. 07. 004

Simon, E., Călinoiu, L. F., Mitrea, L., & Vodnar, D. C. (2021). Probiotics, 
prebiotics, and synbiotics: Implications and beneficial effects 
against irritable bowel syndrome. Nutrients, 13(6), 2112. https:// 
doi. org/ 10. 3390/ nu130 62112 

Singh, V., Lee, G., Son, H., Koh, H., Kim, E. S., Unno, T., & Shin, J.- H. 
(2023). Butyrate producers, “the sentinel of gut”: Their intestinal 
significance with and beyond butyrate, and prospective use as mi-
crobial therapeutics. Frontiers in Microbiology, 13, 1103836. https:// 
doi. org/ 10. 3389/ fmicb. 2022. 1103836

https://doi.org/10.1136/gutjnl-2021-325214
https://doi.org/10.1136/gutjnl-2021-325214
https://doi.org/10.1016/j.pharmthera.2023.108400
https://doi.org/10.1016/j.pharmthera.2023.108400
https://doi.org/10.1016/j.jad.2019.04.097
https://doi.org/10.1016/j.jad.2019.04.097
https://doi.org/10.1053/j.gastro.2021.12.248
https://doi.org/10.1053/j.gastro.2021.12.248
https://doi.org/10.3390/nu15081837
https://doi.org/10.3390/nu15081837
https://doi.org/10.1016/j.jpeds.2018.03.038
https://doi.org/10.3390/nu14091977
https://doi.org/10.1038/s41591-019-0495-2
https://doi.org/10.1038/s41591-019-0495-2
https://doi.org/10.1053/j.gastro.2016.03.035
https://doi.org/10.14309/ctg.0000000000000012
https://doi.org/10.14309/ctg.0000000000000012
https://doi.org/10.1046/j.1365-2036.1997.142318000.x
https://doi.org/10.1046/j.1365-2036.1997.142318000.x
https://doi.org/10.1038/s41392-022-00974-4
https://doi.org/10.1111/ajt.15880
https://doi.org/10.1111/ajt.15880
https://doi.org/10.1016/j.tim.2020.02.018
https://doi.org/10.1016/j.tim.2020.02.018
https://doi.org/10.1128/mBio.02206-21
https://doi.org/10.1038/s41423-020-00625-0
https://doi.org/10.1038/s41423-020-00625-0
https://doi.org/10.14309/ajg.0000000000001036
https://doi.org/10.1016/j.chom.2018.05.012
https://doi.org/10.1016/j.chom.2018.05.012
https://doi.org/10.1136/gutjnl-2015-311339
https://doi.org/10.1136/gutjnl-2015-311339
https://doi.org/10.1021/jf802700e
https://doi.org/10.1021/jf070623x
https://doi.org/10.1111/j.1440-1746.2010.06370.x
https://doi.org/10.3390/nu11122856
https://doi.org/10.3390/nu11122856
https://doi.org/10.1023/a:1018831127942
https://doi.org/10.3109/09637486.2016.1163328
https://doi.org/10.3109/09637486.2016.1163328
https://doi.org/10.1186/s12916-022-02496-w
https://doi.org/10.1186/s12916-022-02496-w
https://doi.org/10.1016/j.nut.2017.07.004
https://doi.org/10.3390/nu13062112
https://doi.org/10.3390/nu13062112
https://doi.org/10.3389/fmicb.2022.1103836
https://doi.org/10.3389/fmicb.2022.1103836


4004  |    LIU et al.

So, D., Loughman, A., & Staudacher, H. M. (2022). Effects of a low 
FODMAP diet on the colonic microbiome in irritable bowel syn-
drome: A systematic review with meta- analysis. The American 
Journal of Clinical Nutrition, 116(4), 943–952. https:// doi. org/ 10. 
1093/ ajcn/ nqac176

Staudacher, H. M., Lomer, M. C. E., Farquharson, F. M., Louis, P., Fava, 
F., Franciosi, E., Scholz, M., Tuohy, K. M., Lindsay, J. O., Irving, P. 
M., & Whelan, K. (2017). A diet low in FODMAPs reduces symp-
toms in patients with irritable bowel syndrome and a probiotic 
restores Bifidobacterium species: A randomized controlled trial. 
Gastroenterology, 153(4), 936–947. https:// doi. org/ 10. 1053/j. gas-
tro. 2017. 06. 010

Staudacher, H. M., Rossi, M., Kaminski, T., Dimidi, E., Ralph, F. S. E., 
Wilson, B., Martin, L. D., Louis, P., Lomer, M. C. E., Irving, P. M., & 
Whelan, K. (2022). Long- term personalized low FODMAP diet im-
proves symptoms and maintains luminal Bifidobacteria abundance 
in irritable bowel syndrome. Neurogastroenterology and Motility, 
34(4), e14241. https:// doi. org/ 10. 1111/ nmo. 14241 

Staudacher, H. M., Scholz, M., Lomer, M. C., Ralph, F. S., Irving, P. M., 
Lindsay, J. O., Fava, F., Tuohy, K., & Whelan, K. (2021). Gut mi-
crobiota associations with diet in irritable bowel syndrome and 
the effect of low FODMAP diet and probiotics. Clinical Nutrition 
(Edinburgh, Scotland), 40(4), 1861–1870. https:// doi. org/ 10. 1016/j. 
clnu. 2020. 10. 013

Tuck, C., Ly, E., Bogatyrev, A., Costetsou, I., Gibson, P., Barrett, J., & Muir, 
J. (2018). Fermentable short chain carbohydrate (FODMAP) con-
tent of common plant- based foods and processed foods suitable 
for vegetarian-  and vegan- based eating patterns. Journal of Human 
Nutrition and Dietetics, 31(3), 422–435. https:// doi. org/ 10. 1111/ 
jhn. 12546 

van Lanen, A.- S., de Bree, A., & Greyling, A. (2021). Efficacy of a low- 
FODMAP diet in adult irritable bowel syndrome: A systematic re-
view and meta- analysis. European Journal of Nutrition, 60(6), 3505–
3522. https:// doi. org/ 10. 1007/ s0039 4-  020-  02473 -  0

Varney, J., Barrett, J., Scarlata, K., Catsos, P., Gibson, P. R., & Muir, J. 
G. (2017). FODMAPs: Food composition, defining cutoff val-
ues and international application. Journal of Gastroenterology and 
Hepatology, 32(Suppl 1), 53–61. https:// doi. org/ 10. 1111/ jgh. 13698 

Vervier, K., Moss, S., Kumar, N., Adoum, A., Barne, M., Browne, H., Kaser, 
A., Kiely, C. J., Neville, B. A., Powell, N., Raine, T., Stares, M. D., Zhu, 
A., De La Revilla Negro, J., Lawley, T. D., & Parkes, M. (2022). Two 
microbiota subtypes identified in irritable bowel syndrome with 
distinct responses to the low FODMAP diet. Gut, 71(9), 1821–1830. 
https:// doi. org/ 10. 1136/ gutjn l-  2021-  325177

Wilson, B., Kanno, T., Slater, R., Rossi, M., Irving, P. M., Lomer, M. C., 
Probert, C., Mason, A. J., & Whelan, K. (2023). Faecal and urine 
metabolites, but not gut microbiota, may predict response to low 
FODMAP diet in irritable bowel syndrome. Alimentary Pharmacology 
& Therapeutics, 58(4), 404–416. https:// doi. org/ 10. 1111/ apt. 17609 

Wilson, B., Rossi, M., Kanno, T., Parkes, G. C., Anderson, S., Mason, 
A. J., Irving, P. M., Lomer, M. C., & Whelan, K. (2020). β- 
Galactooligosaccharide in conjunction with low FODMAP diet 
improves irritable bowel syndrome symptoms but reduces fecal 
Bifidobacteria. The American Journal of Gastroenterology, 115(6), 
906–915. https:// doi. org/ 10. 14309/  ajg. 00000 00000 000641

Yang, R., Shan, S., Shi, J., Li, H., An, N., Li, S., Cui, K., Guo, H., & Li, Z. 
(2023). Coprococcus eutactus, a potent probiotic, alleviates colitis 
via acetate- mediated IgA response and microbiota restoration. 
Journal of Agricultural and Food Chemistry, 71(7), 3273–3284. 
https:// doi. org/ 10. 1021/ acs. jafc. 2c06697

Yeoman, C. J., Fields, C. J., Lepercq, P., Ruiz, P., Forano, E., White, B. A., & 
Mosoni, P. (2021). In vivo competitions between Fibrobacter succi-
nogenes, Ruminococcus flavefaciens, and Ruminoccus albus in a gno-
tobiotic sheep model revealed by multi- omic analyses. MBio, 12(2), 
e03533- 20. https:// doi. org/ 10. 1128/ mBio. 03533 -  20

Zhang, Y., Feng, L., Wang, X., Fox, M., Luo, L., Du, L., Chen, B., Chen, X., 
He, H., Zhu, S., Hu, Z., Chen, S., Long, Y., Zhu, Y., Xu, L., Deng, Y., 
Misselwitz, B., Lang, B. M., Yilmaz, B., … Dai, N. (2021). Low fer-
mentable oligosaccharides, disaccharides, monosaccharides, and 
polyols diet compared with traditional dietary advice for diarrhea- 
predominant irritable bowel syndrome: A parallel- group, random-
ized controlled trial with analysis of clinical and microbiological 
factors associated with patient outcomes. The American Journal of 
Clinical Nutrition, 113(6), 1531–1545. https:// doi. org/ 10. 1093/ ajcn/ 
nqab005

Zhang, Z., Liu, L., Tang, H., Jiao, W., Zeng, S., Xu, Y., Zhang, Q., Sun, Z., 
Mukherjee, A., Zhang, X., & Hu, X. (2018). Immunosuppressive ef-
fect of the gut microbiome altered by high- dose tacrolimus in mice. 
American Journal of Transplantation, 18(7), 1646–1656. https:// doi. 
org/ 10. 1111/ ajt. 14661 

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Liu, Y., Jin, D., He, T., Liao, X., Shao, L., 
Shi, L., & Liu, L. (2024). Effect of the combined intervention of 
low- FODMAPs diet and probiotics on IBS symptoms in 
Western China: A randomized controlled trial. Food Science & 
Nutrition, 12, 3993–4004. https://doi.org/10.1002/fsn3.4057

https://doi.org/10.1093/ajcn/nqac176
https://doi.org/10.1093/ajcn/nqac176
https://doi.org/10.1053/j.gastro.2017.06.010
https://doi.org/10.1053/j.gastro.2017.06.010
https://doi.org/10.1111/nmo.14241
https://doi.org/10.1016/j.clnu.2020.10.013
https://doi.org/10.1016/j.clnu.2020.10.013
https://doi.org/10.1111/jhn.12546
https://doi.org/10.1111/jhn.12546
https://doi.org/10.1007/s00394-020-02473-0
https://doi.org/10.1111/jgh.13698
https://doi.org/10.1136/gutjnl-2021-325177
https://doi.org/10.1111/apt.17609
https://doi.org/10.14309/ajg.0000000000000641
https://doi.org/10.1021/acs.jafc.2c06697
https://doi.org/10.1128/mBio.03533-20
https://doi.org/10.1093/ajcn/nqab005
https://doi.org/10.1093/ajcn/nqab005
https://doi.org/10.1111/ajt.14661
https://doi.org/10.1111/ajt.14661
https://doi.org/10.1002/fsn3.4057

	Effect of the combined intervention of low-FODMAPs diet and probiotics on IBS symptoms in Western China: A randomized controlled trial
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study design and participants
	2.2|Trial protocol
	2.3|16S rDNA Illumina sequencing and bioinformatic analyses
	2.4|Detection of SCFAs in the feces
	2.5|Outcomes
	2.6|Statistical analysis

	3|RESULTS
	3.1|Low-FODMAPs diet intervention
	3.2|Clinical outcomes
	3.3|Microbiota outcomes
	3.4|Association analysis between intestinal microbiota and IBS symptoms
	3.5|SCFAs level

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


