',\' frontiers
in Nutrition

SYSTEMATIC REVIEW
published: 19 August 2021
doi: 10.3389/fnut.2021.683191

OPEN ACCESS

Edited by:
Rosa Sammarco,
University of Naples Federico I, Italy

Reviewed by:

Christina Katsagoni,

Rutgers, The State University of New
Jersey, United States

Jianye Yuan,

Longhua Hospital Shanghai University
of Tradlitional Chinese Medicine, China

*Correspondence:

Lei Zhang
zhanglei2017@hust.edu.cn
Xiaohua Hou
houxh@hust.edu.cn

*These authors have contributed
equally to this work and share first
authorship

Specialty section:

This article was submitted to
Clinical Nutrition,

a section of the journal
Frontiers in Nutrition

Received: 20 March 2021
Accepted: 26 July 2021
Published: 19 August 2021

Citation:

Wang J, Yang P Zhang L and Hou X
(2021) A Low-FODMAP Diet Improves
the Global Symptoms and Bowel
Habits of Adult IBS Patients: A
Systematic Review and
Meta-Analysis. Front. Nutr. 8:683191.
doi: 10.3389/fnut.2021.683191

Check for
updates

A Low-FODMAP Diet Improves the
Global Symptoms and Bowel Habits
of Adult IBS Patients: A Systematic
Review and Meta-Analysis

Jinsheng Wang?, Pengcheng Yang?, Lei Zhang* and Xiaohua Hou*

Department of Gastroenterology, Tongji Medical College, Union Hospital, Huazhong University of Science and Technology,
Wuhan, China

Background: A low-fermentable oligo-, di-, monosaccharides, and polyols (FODMAP)
diet has been reported to be associated with improving the symptoms of irritable
bowel syndrome (IBS); however, its efficacy as evaluated by different studies
remains controversial.

Objective: A systematic review and meta-analysis of randomized controlled trials (RCTs)
were conducted to explore the efficacy of a low-FODMAP diet (LFD) in alleviating the
symptoms of IBS.

Methods: A search of the literature for RCTs that assessed the efficacy of an LFD in
treating IBS patients was conducted using the electronic databases PubMed, Embase,
Cochrane Central Register of Controlled Trials, and Web of Science. The searches in each
database were conducted from the inception of the database to February 2021. Two
independent reviewers screened citations and a third reviewer resolved disagreements.
Two independent reviewers also performed eligibility assessments and data extraction.
The RCTs that evaluated LFDs vs. a normal IBS or usual diet and assessed changes
of IBS symptoms were included in the search. Data were synthesized as the relative
risk of global symptoms improvement, mean difference of IBS Severity Scoring System
(IBS-SSS) score, sub-items of IBS-SSS irritable bowel syndrome-related quality of life
(IBS-QOL), hospital anxiety and depression scale (HADS), stool consistency/frequency,
and body mass index (BMI) using a random effects model. The risk of bias was assessed
using Risk of Bias Tool 2 (RoB 2). The bias of publication was assessed based on
Egger’s regression analysis. The quality of evidence was assessed using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) methodology.

Results: A total of 2,768 citations were identified. After full-text screening, a total of 10
studies were eligible for the systematic review and were subsequently used to compare
an LFD with various control interventions in 511 participants. An LFD was associated with
the improvement of global symptoms [n = 420; Risk Ratio (RR) = 1.54; 95% Confidence
Interval (Cl) 1.18 to 2; 2 = 38%)], improvement of stool consistency [n = 434; Mean
difference (MD) = —0.25; 95% Cl —0.44 to —0.06; I = 19%), and a reduction trend of
stool frequency (n = 434; MD = —0.28; 95% Cl —0.57 to 0.01; /2 = 68%) compared
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with control interventions. There was no statistically significant change in IBS-QOL
(n = 484; MD = 2.77; 95% Cl —2 to 7.55; I° = 62%), anxiety score (n = 150;
MD = —0.45; 95% Cl —3.38 t0 2.49; [° = 86%), depression score (n = 150; MD = —0.05;
95% Cl —2.510 2.4; > = 88%), and BMI (n = 110; MD = —0.22; 95% Cl| —1.89 to 1.45;
I = 14%). The overall quality of the data was “moderate” for “global improvement of IBS
symptom,” “stool consistency,” “stool consistency for IBS with diarrhea (IBS-D),” and
“stool frequency for IBS-D,” and “low” or “very low” for other outcomes according to

” o

GRADE criteria.

Conclusion: An LFD is effective in reducing the global symptoms and improving
the bowel habits of adult IBS patients. The efficacy for IBS-D patients can also be

more pronounced.

Systematic Review Registration: CRD42021235843.

Keywords: FODMAP, diet, irritable bowel syndrome, quality of life, meta-analysis, HADS

INTRODUCTION

Irritable bowel syndrome is one of the most prevalent chronic
gastrointestinal diseases, with a prevalence of ~7-21% (1, 2).
In some Western countries, the prevalence of irritable bowel
syndrome (IBS) is around twice as high in females than in males,
which may be higher in Asian countries (1). The diagnosis of
IBS is based on the association of recurrent abdominal pain with
altered bowel habits, namely, diarrhea and/or constipation, in the
absence of organic diseases, such as inflammatory bowel disease
or colon cancer (2). IBS is usually categorized into subtypes
according to predominant bowel habits: IBS with constipation
(IBS-C), IBS with diarrhea (IBS-D), mixed IBS (IBS-M), or
unsubtyped IBS (IBS-U) (1-3). Irritable bowel syndrome has
been conceptualized as a brain-gut disorder (4), which is also
associated with poor quality of life, impaired social function
(5), and psychological-psychiatric conditions, such as anxiety
and depression (6-8). Medications that improve diarrhea (e.g.,
loperamide, probiotics) or constipation (e.g., fiber supplements,
laxatives) are used as the first-line IBS therapies to improve
altered bowel habits but offer little benefit for abdominal pain,
bloating, and psychosocial problems (1, 2). Up to 70% of
IBS patients report that symptom onset or exacerbation are
associated with certain food, such as milk and milk products,
wheat products, caffeine, cabbage, onion, peas, beans, hot spices,
and fried and smoked food (3, 9-11). Some IBS patients tend
to avoid certain food items and try gluten-free or lactose-free
diets to prevent the onset of their symptoms (12, 13). However,
these avoidances of food may make them susceptible to long-term
nutritional deficiencies and low body weight (14).

Restricting food with highly fermentable oligo-, di-,
monosaccharides, and polyols (FODMAPs), which can
trigger and/or exacerbate IBS symptoms, may contribute to
managing IBS symptoms according to a growing body of
clinical trials (15-19). Examples of FODMAPs include fructose,
lactose, sugar alcohols (sorbitol, maltitol, mannitol, xylitol, and
isomalt), fructans, and galactans, which are widely presented in
a large range of food, such as wheat, rye, vegetables, fruits, and
legumes (20).

Fermentable oligo-, di-, monosaccharides, and polyols might
exacerbate IBS symptoms through various mechanisms, such as
increasing small intestinal water volume, colonic gas production
and intestinal motility (21). A series of high-quality randomized
controlled trials (RCTs) have been conducted to assess the efficacy
of a low-FODMAP diets (LFDs) in IBS (15, 17-19, 21-26).
However, these resulted in controversial conclusions.

Five recent meta-analyses (27-31) have been performed on
this topic. However, none of them paid enough attention to the
efficacy of LFD on stool output and psychological or psychiatric
conditions in IBS patients. Therefore, this study was aimed
to conduct an updated and more comprehensive meta-analysis
of RCTs, evaluate the effects of LFD therapy for IBS patients
to improve their symptoms and IBS-QOL, stool consistency
and frequency score, anxiety and depression score based on
hospital Anxiety and Depression Scale (HADS), and body mass
index (BMI).

METHODS

This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement (32) and was
registered on the International Prospective Register of Systematic
Reviews (PROSPERO) (registration number CRD42021235843).

Search Strategy

The search of the literature for RCTs that assessed the
efficiency of an LFD in treating with IBS was conducted
using the electronic databases PubMed, Embase, Cochrane
Central Register of Controlled Trials, and Web of Science. The
searches in each database were conducted from the inception
of the databases to February 2021. Search terms included
“irritable bowel syndrome’ OR ‘IBS” AND “fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols’
OR ‘fodmap, OR ‘fermentable oligo-, di- and monosaccharides
and polyols.” No language restrictions were used in the
search process.
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Study Selection

The inclusion criteria were presented as the following: (1)
randomized controlled trials (including cross-over trials); (2)
participants aged > 18 years, (3) an objective basis for
diagnosis (Rome I, II, III, or IV); (4) comparing LFD with
a placebo diet or a usual diet; (5) outcomes including
global improvement in IBS symptoms, IBS-QOL, HADS, stool
consistency/frequency, or BMI; (6) the duration of therapy > 3
weeks. The exclusion criteria were presented as the following: (1)
non-randomized controlled trials, cohort studies, retrospective
studies, or case reports, (2) participants aged < 18 years, (3)
participants suffered from other digestive disorders, such as
inflammatory bowel disease, (4) participants in the experimental
group received multiple interventions at the same time. Two
independent reviewers (Wang JS and Yang PC) performed
the screening of the citations and a third reviewer (Zhang L)
resolved disagreements.

Outcome Assessment

The primary outcome was assessed according to the global
improvement in IBS symptoms. Secondary outcomes included
IBS-QOL, stool consistency/frequency, HADS, and BML

Data Extraction

Two independent reviewers (W] and YP) performed the data
abstraction for this study. Data extracted included data on
the year of publication, country of origin, design of the
study, clinically meaningful improvement standard, duration
of therapy, IBS criteria, IBS subtype involved, the comparator
intervention, and outcomes. Risk ratio of symptom improvement
was abstracted as an intention-to-treat analysis, and the
dropouts would be treated in the groups to which they had
been initially randomized. The mean difference of the IBS
Severity Scoring System (IBS-SSS) score, sub-items of IBS-
SSS (including “pain intensity,” “pain frequency,” “abdominal
distension,” “dissatisfaction of bowel habit,” and “interference on
life in general”), IBS-QOL score, HADS score, stool consistency
and frequency score, and BMI were assessed. Disagreements were
resolved by a third reviewer (ZL).

Assessment of Risk of Bias and GRADE
Methodology

The risk of bias assessment was performed by two independent
reviewers (W] and YP) using the Cochrane Risk of Bias
Tool with Review Manager (RevMan) (Version 5.3, Cochrane
Collaboration). Each study was evaluated based on the reporting
of randomization, allocation, blinding, and outcome assessment
and reporting. Data was analyzed to assess the quality of
evidence according to GRADE (Grading of Recommendations
Assessment, Development and Evaluation) methodology using
the GRADEPro Guideline Development Tool (GDT) (33).

Data Synthesis and Statistical Analysis

Data analysis was performed using RevMan 5 (Version 5.3,
Cochrane Collaboration). The risk ratio (RR) was calculated
with 95% confidence intervals (CIs) of symptoms improving,

mean difference (MD) with 95% confidence intervals of IBS-
SSS score, IBS-QOL score, HADS score, stool consistency
and frequency score, and BMI in the IBS with LFD group
compared with control. Data were pooled with a random
effects model. Heterogeneity was evaluated with the I? statistic,
with >50% considered to be significant heterogeneity. Forest
plots were used with RRs or MDs for primary or secondary
outcomes. The 153Publication bias was assessed based on Egger’s
regression analysis (using the Stata 16 software). The reasons
for heterogeneity were explored using subgroup analyses based
on the definition of clinically meaningful improvement for
IBS global symptoms, type of control intervention, duration of
treatment, and subtype of IBS.

RESULTS

Search Results and Study Selection

The literature search identified 2,768 citations through
electrical databases, and 46 studies underwent full manuscript
review. After full-text screening, 36 articles were excluded
for different reasons, leaving a total of 10 studies that
were eligible for the systematic review, comparing an
LFD with control diets (including the traditional IBS diet,
high-FODMAP diet, or wusual diet) in 511 participants
(Figure 1). A summary of the trial characteristics is given
in Table 1.

Global Improvement of Symptoms

Seven studies reported the global improvement of symptoms
with different clinically meaningful improvement definitions
as dichotomous outcomes (Figure2), where an LFD was
associated with an improvement of global symptoms in IBS
patients compared with controls (n = 420; RR = 1.54; 95%
CI 1.18-2; I*> = 38%). Five studies assessed global symptom
changes using IBS-SSS as continuous variables, showing that
an LFD was associated with a reduction in total IBS-SSS score
(n = 354; MD = —37.72; 95% CI —53.97 to —21.46; I?> = 40%)
(Figure 3), pain intensity (n = 354; MD = —11.27; 95% CI
—16.32 to —6.23; I> = 47%) (Supplementary Figure 1), pain
frequency (n = 354; MD = —9.11; 95% CI —16.26 to —1.96;
I? = 73%) (Supplementary Figure 2), interference on life in
general (n = 354; MD = —11.58; 95% CI —13.92 to —9.24;
I? = 0%) (Supplementary Figure 3), and dissatisfaction of bowel
habit (1 = 354; MD = —8.95; 95% CI —12.6 to —5.31; I? = 26%)
(Supplementary Figure 4), but with no statistically significant
effect on abdominal distension (1 = 354; MD = —4.82; 95% CI
—10.75to 1.11; I = 57%) (Supplementary Figure 5).

Stool Output

Six studies reported the improvement of stool output in IBS
patients due to an LFD. An LFD also showed significant effects
on stool consistency scores (n = 434; MD = -.25; 95% CI —0.44
to —0.06; I = 19%) (Figure 4), and a trend of reduced stool
frequency per day (n = 434; MD = —0.28; 95% CI —0.57 to
0.01; I* = 68%) (Figure 5) compared with control interventions.
Interestingly, the improvement of stool output in IBS-D patients
seemed to be more sensitive to an LFD according to subgroup
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2768 of records identified
through database searching
Pubmed 430
Cochrane Library 358
Web of science 1134
Embase 756

0 of additional records

identified

Identification

966 of records after duplicates removed

920 of records excluded through titles
and abstracts. Exclusion criteria

including:

966 of records screened

1) Reviews or meta-analysis;

2) Not a clinical trial;

3) Retrospective studies or case reports
or meeting abstracts;

Y

Screening

Eligibility

4) Participants aged < 18 years;
5) Participants, interventions or
outcomes were not in interest.

36 of abstracts or articles excluded, with
reasons:

4 Meeting records or Poster
Presentations (Not full-text articles);
10 Participants not in interest

46 of abstracts assessed for eligibility

(e.g. Inflammatory bowel disease,
healthy subjects, hospitalized patients,
aged = 18 years);

10 Interventions not in interest

Y

(e.g. Gluten-free diet, yvoga,
hypnotherapy);
7 Outcomes not in interest (e.g.

Included

10 of studies included in quantitative
synthesis (meta-analysis)

Pattern of gas production, gut
microbiome, cytokine profiles)
5 Not strict RCT designs.

FIGURE 1 | Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of the included studies. RCT, randomized controlled trial.

analysis: stool consistency score (n = 183; MD = —0.34; 95%
CI —0.55 to —0.14; I> = 0%) (Figure 4) and stool frequency
(n = 183; MD = —0.67; 95% CI —0.96 to —0.38; I> = 0%)
(Figure 5).

IBS-QOL

The irritable bowel syndrome-related quality of life score was
analyzed using the synthesis from five studies, showing no
significant changes (n = 484; MD = 2.77; 95% CI —2 to 7.55;

I? = 62%). Subgroup analysis based on IBS subtype showed no
statistical difference between subgroups (p = 0.48) (Figure 6).

HADS

Two studies reported HADS, however, both showed no difference
between low-FODMAP groups and controls: anxiety score
(n = 150; MD = —0.45; 95% CI —3.38 to 2.49; I> = 86%)
(Figure 7) and depression score (n =150; MD = —0.05; 95% CI
—2.5t0 2.4; I = 88%) (Figure 8).
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TABLE 1 | Baseline characteristics of the studies included in the meta-analysis.

References Design Duration IBS IBS Age range Female/ Intervention Participants Drops Clinically Symptom
definition  type or mean age total (LFD/ND) (LFD/ND) meaningful assessment
(SD)/year improvement
Bohnetal. (22)  Multi-center 4 weeks  ROME Il IBS-D 43 (16) 56/67 Traditional IBS diet 33/34 5/3 A reduction in IBS-SSS
Sweden parallel IBS-C vs. LFD IBS-SSS > 50 Stool consistency/
single-blind RCT IBS-M frequency
IBS-U BMI
HADS
Halmos et al. Single-blind 3 weeks ROME Il IBS-D 23-60 21/30 Typical Australian 30/24 5/2 A reduction in VAS  100-mm (VAS)
21) cross-over RCT IBS-C diet vs. LFD >10mm
Australia IBS-M
IBS-U
Mclintosh et al. Single-blind 3 weeks ROME Il IBS-D 18-52 32/37 High FODMAP 18/19 5/2 A reduction in IBS-SSS
(18) parallel RCT IBS-C diet vs. LFD IBS-SSS > 50
Canada IBS-M
IBS-U
Staudacher et al. RCT 4 weeks  ROME Il IBS patients with LFD:35.2 (11.4) 23/35 Habitual diet vs. 19/16 1/2 Answer “yes” to Global symptom
(24) bloating and/or ND:35.0 (8.7) LFD “Were your question; Stool
the UK diarrhea as major symptoms consistency/
IBS symptom adequately frequency
controlled over the
previous week?”
Staudacher et al. Multi-center 4 weeks  ROME Il IBS-D LFD:36 (11) 70/104 Sham diet vs. LFD 51/53 21 Answer “yes” to “Adequate
(25) 2x2 IBS-M ND:33 (12) “Did you have symptom relief”
the UK factorial RCT IBS-U adequate relief of  question;
your symptoms IBS-SSS;
over the past 7 IBS-QOL;
days?” Stool consistency/
frequency
Wilson et al. (26)  Double-blind 4 weeks  ROME Il IBS-D LFD:38.9 (10.0) 25/45 Sham diet vs. LFD 21/21 4/3 Answer “yes” to “Adequate
the UK 3-arm RCT IBS-C ND:30.3 (9.8) “Over the past 7 symptom relief”
IBS-M days, do you feel  question;
IBS-U that you have had  IBS-SSS;
adequate relief of  IBS-QOL; Stool
your IBS consistency/
symptoms?” frequency
Zahedietal. (19) Single-blind RCT ~ 6 weeks ROME Il IBS-D LFD:37.60 (11.9) 51/101 GDA vs. LFD 50/51 2/3 - IBS-SSS;
Iran ND:37.43 (13.27) IBS-QOL;

Stool consistency/
frequency; HADS

(Continued)
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TABLE 1 | Continued

References Design Duration IBS IBS Age range Female/total Intervention Participants Drops Clinically Symptom
definition  type or mean age (LFD/ND) (LFD/ND) meaningful assessment
(SD)/year improvement
Eswaran et al. Single-center 4 weeks  ROME Il IBS-D LFD:41.6 (14.7) 65/92 mNICE vs. LFD 45/39 8/9 - IBS-QOL;
23) single-blind RCT ND:43.8 (15.2) HADS
America
Eswaran et al. Single- 4 weeks  ROME Il IBS-D LFD:41.6 (14.7) 65/92 mNICE vs. LFD 45/39 8/9 Answer “yes” to “Adequate
(15) center single-blind ND:43.8 (15.2) “In regard to all symptom relief”
America RCT your IBS question;
symptoms, as Stool consistency/
compared with the  frequency
way you felt before
you started the
diet, have you, in
the past seven
days, had
adequate relief of
your IBS
symptoms?”
Laatikainen et al. Double 4 weeks  ROME Il IBS-D 42.9 (21-64) 73/80 Regular rye bread 80/80 4/6 - IBS-SSS
(17) blind cross-over IBS-M vs. Low-FODMAP IBS-QOL
Finland RCT IBS-U rye bread

RCT, randomized controlled trial; BMI, body mass index; FODMAR, fermentable oligo-di-mono-saccharides and polyols; LFD, low fermentable oligo-di-mono-saccharides and polyols diet; GDA, general dietary advice; IBS-D, irritable
bowel syndrome with diarrhea; IBS-M, mixed stool pattern irritable bowel syndrome; IBS-C, constipation predominant irritable bowel syndrome; IBS-U, unclassified irritable bowel syndrome; VAS, visual analog scale; HADS, hospital
anxiety and depression scale; IBS-SSS, irritable bowel syndrome-severity symptom scale; IBS-QOL, irritable bowel syndrome related quality of life; mNICE, modified diet recommended by the National Institute for Health and Care
Excellence; vs., versus.
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LFD ND Risk Ratio Risk Ratio
r I Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.6.1 only including IBS-D
Eswaran 2016 24 46 16 39 17.7% 1.27 [0.80, 2.03] s
Subtotal (95% CI) 46 39 17.7% 1.27 [0.80, 2.03] o
Total events 24 16
Heterogeneity: Not applicable
Test for overall effect: Z=1.01 (P = 0.31)
1.6.2 including all subtypes
Bohn 2015 19 38 17 37 17.5% 1.09 [0.68, 1.75] -
Halmos 2014 10 13 11 17 18.0% 1.19[0.75, 1.88] 1=
Mcintosh 2017 13 20 4 20 6.6% 3.25[1.28, 8.27] ==
Staudacher 2012 13 19 5 22 8.0% 3.01[1.31, 6.90] -
Staudacher 2017 37 51 22 53 22.8% 1.75[1.22, 2.51] ——
Wilson 2020 11 22 7 23 9.5% 1.64 [0.78, 3.46] i -
Subtotal (95% Cl) 163 172 82.3% 1.62 [1.18, 2.22] D 2
Total events 103 66
Heterogeneity: Tau? = 0.07; Chi? = 9.14, df =5 (P = 0.10); I* = 45%
Test for overall effect: Z = 2.99 (P = 0.003)
Total (95% CI) 209 211 100.0% 1.54 [1.18, 2.00] <&
Total events 127 82 . . . .
Heterogeneity: Tau? = 0.04; Chi? = 9.60, df =6 (P = 0.14); 1> = 38% ! ! . !
Test fo? over;lll effect: Z=3.20 (P = 0.001) ( ) bk e L - <
) . Favours ND Favours LFD
Test for subaroup differences: Chi2 = 0.71. df =1 (P = 0.40). I? = 0%
FIGURE 2 | Pooled relative risk for the improvement of irritable bowel syndrome (IBS) global symptoms. LFD, low-FODMAP diet; ND, normal diet.

LFD ND Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bohn 2015 246 127 33 236 78 34  8.6% 10.00 [-40.65, 60.65]
Mclintosh 2017 208 74.8 18 290 106 19 6.7% -82.00 [-140.87, -23.13]
Staudacher 2017 173 95 51 224 89 53 15.1% -51.00[-86.41, -15.59] -
Wilson 2020 183.8 19.1 22 2171 185 23 43.2% -33.30[-44.29, -22.31] L
Zahedi 2018 108 63.82 50 149.75 51.39 51 26.3% -41.75[-64.37,-19.13] —
Total (95% CI) 174 180 100.0% -37.72 [-53.97, -21.46] ‘
Heterogeneity: Tau? = 127.87; Chi? = 6.68, df =4 (P = 0.15); I = 40% i . > ;
Test for overall effect: Z = 4.55 (P < 0.00001) 20 ';23 ours LFD o — N1I§)o 200

FIGURE 3 | Pooled mean difference for the improvement of IBS global symptoms. LFD, low-FODMAP diet; ND, normal diet.

BMI

Only two studies reported the effect of LFD on BMI changes, but
showed no statistical difference (n = 110; MD = —0.22; 95% CI
—1.89 to 1.45; I* = 14%) (Figure 9).

Risk of Bias and GRADE

The overall risk of bias is relatively low as shown in Figure 10. A
summary of the quality of evidence according to GRADE for the
included RCTs is given in Table 2.

Publication Bias

There was no evidence of publication bias based on Egger’s
regression analysis: global improvement of symptoms
(p = 0.0765); IBS-SSS (p = 0.1558); pain intensity (p = 0.7638);
pain frequency (p = 0.7686); abdominal distension (p = 0.7689);
dissatisfaction of bowel habit (p = 0.1871); interference on life in

general (p = 0.0785); IBS-QOL (p = 0.1086); stool consistency
(p = 0.4353); stool frequency (p = 0.9699).

Subgroup Analysis

Subgroup analysis of the outcomes (except “HADS” and “BMI”
because only 2 RCTs were included for each outcome) was
conducted based on “treatment duration,” “FODMAP level in the
control diet,” “definition of clinically meaningful improvement,”
and “IBS subtype.” Results are shown in Supplementary Table 1.

DISCUSSION

This updating meta-analysis included 10 high-quality RCT
studies involving 511 participants according to the above criteria.
The study aimed to provide clinicians with evidence-based data
proving that an LFD alleviates symptoms in patients with IBS
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LFD ND

Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference

Mean Difference

9.7.1 only including IBS-D

Eswaran 2016 446 1.1 43 4.9 0.85 39 16.4%
Zahedi 2018 43 05 50 4.61 0.69 51 37.5%
Subtotal (95% CI) 93 90 53.9%
Heterogeneity: Tau? = 0.00; Chi? = 0.28, df = 1 (P = 0.60); I> = 0%

Test for overall effect: Z = 3.25 (P = 0.001)

9.7.2 including all subtypes
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FIGURE 4 | Pooled mean difference for stool consistency based on the Bristol Stool Form Scale. LFD, low-FODMAP diet; ND, normal diet.
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FIGURE 5 | Pooled mean difference for stool frequency (per day). LFD, low-FODMAP diet; ND, normal diet.

effectively. More research data were attempted to be extracted
from existing studies to explore the effects of an LFD on
the overall symptoms, stool output, IBS-QOL, anxiety and
depression, and BMI of IBS patients. The study found that an
LED significantly reduced the global symptoms of patients with
IBS and improved their stool output, especially for those with
IBS-D, and that the quality of evidence was moderate. However,
LFDs had no statistically significant effects on IBS-QOL, anxiety
and depression score, and BMI in patients with IBS, while the
quality of evidence was low or very low. The reasons for the low
level of evidence quality mainly include inappropriate blinding

methods, large heterogeneity, and a limited number of studies.
Even though some potential limitations and concerns of an LFD
have been raised, such as nutritional adequacy, cost, difficulty
in teaching, learning, and continuing, most of the limitations
(20, 34). In conclusion, based on the evidence presented in this
meta-analysis, adult IBS patients, especially those with IBS-D, are
recommended to try an LFD with professional advice from health
care professionals.

Global symptom improvement was treated as the primary
outcome in this systematic review. Seven studies (15, 18, 21,
22, 24-26) evaluated the effectiveness of an LFD in improving
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FIGURE 6 | Pooled mean difference for irritable bowel syndrome-related quality of life (IBS-QOL). LFD, low-FODMAP diet; ND, normal diet.
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FIGURE 7 | Pooled mean difference for anxiety score based on the hospital anxiety and depression scale. LFD, low-FODMAP diet; ND, normal diet.
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FIGURE 8 | Pooled mean difference for depression score based on the hospital anxiety and depression scale. LFD, low-FODMAP diet; ND, normal diet.
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the overall symptoms of IBS with dichotomous variables, using
different clinically meaningful improvement criteria. Meanwhile,
there were 5 RCTs (18, 19, 22, 25, 26) that used IBS-SSS to
assess the IBS global symptoms with continuous variables, which
also supported this conclusion. According to the results, over
60% (127/209) of IBS patients in the LFD group experienced
significant relief, which seems to be an acceptable result; whereas,
GRADE (35) would ideally require 300 responders to be classified
as robust. More large-sample studies are needed to provide
reliable evidence in the future. However, it is a challenge to
conduct a high-quality RCT on this subject due to a lack of
support from the pharmaceutical industry and funding agencies
(27). Three previous meta-analyses used “mean difference” or
“standardized mean difference” based on IBS-SSS as their effect

sizes (30, 31, 36). These two kinds of effect sizes can only
reflect the effect of an LFD on the IBS population, but cannot
evaluate individual differences. At the same time, a statistically
significant mean difference may not be clinically significant. For
example, a 50-point reduction in IBS-SSS is generally considered
to reflect a clinically meaningful improvement (22, 37). Thus,
risk ratio (RR) was chosen to evaluate the difference between
LFD and control diets, trying to make the results more clinically
meaningful and easier to understand. In addition, comparing
responder rates between trials is difficult because of the different
responder definitions that were used (22). A 50-point reduction
of IBS-SSS in two trials (18, 22) and a 10-point reduction in
the visual analog scale (VAS) in one trial (21) were considered
to reflect a clinically meaningful improvement. On the other
hand, patients who felt adequate relief of their IBS symptoms
were seen as responders in another four papers (15, 24-26). The
existing scales for assessing the severity of IBS symptoms are
not uniform, and it makes no sense to directly pool these scores
together for meta-analysis. If the continuous variables of scores
from a scale can be transformed into a dichotomous variable
according to an appropriate “responding criteria,” the results of
these clinical trials can be directly compared despite the different
scales. Moreover, dropout is inevitable in clinical research and the
reasons should be clarified. For instance, in patients who were
intolerant of the intervention: the data of these results should be
attributed to treatment failure rather than simple data loss in an
intention-to-treat analysis.

According to ROME III (2, 38) and IV (4, 39) criteria,
IBS is diagnosed on the basis of recurrent abdominal pain
related to defecation or in association with a change in stool
frequency or form. Thus, the effect of LFDs on altered bowel
habits in IBS patients is an important aspect to evaluate. To
our knowledge, this is the first meta-analysis that included stool
output as a crucial outcome on this subject, which has not
been demonstrated by previous meta-analyses (27-31). Stool
consistency generally refers to the rheology or viscosity of the
stool, which is largely determined by stool water content (40, 41).
Gastrointestinal water absorption is limited by rapid intestinal
transit limits, causing loose or liquid stools (42). It can be
measured as a finite number of categories by the Bristol Stool
Form Scale (BSFS), which is the most widely used criteria (43, 44).
According to our study, pooled data from six RCTs showed
a moderate improvement in the stool output of IBS patients
following an LFD, which was consistent with a previous meta-
analysis study (only containing three RCTs for this outcome)
(28). Interestingly, patients with IBS-D (however, only 93 IBS-
D patients were included) seemed to benefit more from an LFD,
probably obtaining a greater improvement in stool output than
other IBS subtypes according to the subgroup analysis. The
results mentioned above indicate that an LFD may contribute to
reduced stool water content, increase stool hardness, and further
reduce stool frequency effectively. Nevertheless, according to this
theory, constipation in IBS-C patients would not be improved by
an LFD and may even be worsened. However, more research is
needed in the future to confirm this.

Irritable bowel syndrome affects the quality of life negatively
(44-46), to the same degree as organic gastrointestinal disorders
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TABLE 2 | Grading of recommended assessment, development and evaluation (GRADE) summary of findings.

Certainty assessment Summary of findings

Participants Risk of Inconsistency Indirectness Imprecision Publication Overall certainty Study event rates (%) Relative Anticipated absolute effects
(studies) bias bias of evidence effect
follow up With normal With LFD (95% CI) Risk with normal  Risk difference
diet diet with LFD
Global improvement of IBS symptom
420 Serious Not serious Not serious Not serious None 0aoo 82/211 127/209 RR 1.58 389 per 1,000 225 more per
(7 RCTs) MODERATE (38.9%) (60.8%) (1.29-1.93) 1,000
(from 113 more to
361 more)
Stool consistency
434 Serious Not serious Not serious Not serious None 0aoo 219 215 - The mean stool MD 0.27 lower
(6 RCTs) MODERATE consistency was (0.43 lower to 0.11
4.41 lower)
Stool frequency
434 Serious Not serious Not serious Serious None Oooo 219 215 - The mean stool MD 0.28 lower
(6 RCTs) LOW frequency was (0.57 lower to 0.01
2.24 higher)
Stool consistency for IBS-D
183 Not serious  Not serious Not serious Serious None Oodo 90 93 - The mean stool MD 0.34 lower
(2 RCTs) MODERATE consistency for (0.55 lower to 0.14
IBS-D was 4.74 lower)
Stool frequency for IBS-D
183 Not serious  Not serious Not serious Serious None 0aoo 90 93 - The mean stool MD 0.67 lower
(2 RCTs) MODERATE frequency for (0.96 lower to 0.38
IBS-D was 2.88 lower)
IBS related quality of life
555 Serious Serious Not serious Serious None O000 279 276 - The mean IBS MD 2.66 higher
(6 RCTs) VERY LOW related quality of (1.42 lower to 6.74
life was 51.59 higher)
Anxiety score
150 Serious Serious Not serious Serious None O000 74 76 - The mean anxiety MD 0.45 lower
(2 RCTs) VERY LOW score was 8.30 (3.38 lower to 2.49
higher)
Depression score
150 Serious Very serious Not serious Serious None O000 74 76 - The mean MD 0.05 lower
(2 RCTs) VERY LOW depression score (2.5 lower to 2.4
was 4.32 higher)
BMI
110 Serious Not serious Not serious Serious None Oooo 56 54 - The mean BMI MD 0.16 lower
(2 RCTs) LOW was 24.78 (1.65 lower to 1.34

higher)

Cl, Confidence interval; RR, Risk ratio; MD, Mean difference.
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like Crohn’s disease (47). This imposes a substantial burden on
patients and employers (45, 46), which suggests a significant
unmet need for effective therapies to treat the symptoms of
IBS and alleviate the considerable societal and patient burden
associated with this condition. The IBS-QOL, validated in 1998
by Patrick et al. (48) is utilized as a conceptually valid self-
administered questionnaire with highly reproducible results for
assessing the perceived quality of life for individuals with IBS
(48). Meaningful clinical improvement is seen by a rise in IBS-
QOL score > 14 (48). Six RCTs involved the evaluation of the
effects of an LFD on this term with relatively high heterogeneity.
Sensitivity analysis showed that the greatest heterogeneity among
the studies came from Eswaran et al. (23). When this study was
excluded, the heterogeneity index I?> decreased from 62 to 0%.
However, the final result was still not statistically significant,
suggesting that no clinical improvement in this term occurred
after an LFD intervention in IBS patients. Consistent results were
observed in the subgroup analysis based on IBS subtype. It is
important to note that restrictive diets can sometimes be stressful
for patients with chronic diseases. Any effort to eliminate more
food or impose further dietary restrictions might hamper the
adherence rate, produce opposite results, and have a negative
effect on the quality of life in patients with IBS (49). In the LFD
group, in particular, available dietary choices were restricted to
a great degree, reducing long-term adherence (20, 33). Ooi et al.
(50) and Halmos (51) noted that extensive or inappropriate use of
the LFD could have a negative impact on the health of patients.
On the other hand, the duration of most LFD trials was limited
(<8 weeks) and could not ensure long-term efficacy comparable
to the drug trials (52). An additional period may be necessary
for clinically significant improvement in quality of life for IBS
patients to manifest following an LFD.

Major psychosocial problems have been reported to be
observed in 50-60% of IBS patients (6). Three pieces of meta-
analyses showed that levels of anxiety and depression were
significantly higher in IBS patients compared with healthy
controls (6-8). Meanwhile, the prevalence rates of anxiety and
depression symptoms in IBS patients are near 40 and 30%,
respectively (6). It is not difficult to accept that chronic IBS
symptoms can have a destabilizing impact on quality of life and be
associated with stress, work impairment, and further aggravation
of mental disorders. However, there was no significant difference
in the anxiety and depression scores between LFD and control
groups in the included studies. Eswaran et al. (23) demonstrated
that LFDs could alleviate the symptoms of anxiety but not have
any effects on depression. The other study conducted by Bohn
et al. (22) showed that LFDs had no effect on depression in
patients with IBS. At present, a limited number (only two papers
included in this study) of studies cannot come to a definite
conclusion on this proposition, and further studies are needed
to put more focus on the effect of LFDs on improving the anxiety
and depression statuses of IBS patients.

Quality assessment of the RCTs yielded high risk in the
blinding process of one RCT (24) and in the outcome assessment
process of another two RCTs (15, 23), although the overall risk of
bias was relatively low. We used the GRADE methodology (53)
to evaluate the quality of the evidence, which is the most widely
accepted approach. Eventually, it was found that the evidence

supporting the significant effects of LFDs on IBS symptoms was
relatively reliable. Generally, the blinding of patients to the LFD
can be challenging (52). Many IBS patients are aware of the
concept of an LFD, and information on this diet is freely available.
An IBS patient can easily deduce which diet they have been
allocated to if they participate in an RCT. Only one paper (21)
that was included had assessed blinding to the diets by asking
participants to identify the diet that they had been allocated to
prove the success of the blinding process. Therefore, adhering to
a diet regime that is considered “healthy” might reduce anxiety
and subsequently alleviate IBS symptoms; thus creating a placebo
response. Most studies [except the three studies (15, 19, 23) that
had only recruited IBS-D patients] did not address differences
in responses to dietary interventions in IBS subgroups, making
it difficult to demonstrate a difference in the response rates and
other outcomes among IBS subtypes. However, according to the
subgroup analysis, IBS-D patients seemed to get more benefits
from an LFD in improving their bowel habits.

As reported, FODMAPs have important physiological effects:
they increase stool bulk, enhance calcium absorption, modulate
immune function, and decrease the levels of serum cholesterol,
triacylglycerols, and phospholipids (48). Because of the effects
mentioned above, many potential limitations and concerns about
LFDs have been raised (21, 51) such as nutritional adequacy,
cost, and difficulty in teaching, learning, and continuing the diet.
Although a relatively short-term (<6 weeks) LFD was generally
well-tolerated, with adverse events rarely reported (16, 26), the
pooled mean difference of BMI was not statistically significant
between LFD and control groups according to our study. The
effects, both positive and negative, of a long-term LFD on IBS
still need to be assessed by expanding the sample quantity and
extending the time of intervention (52). Therefore, a minimum
length of 6 months has been recommended to establish long-term
efficacy (53).

This research has significant strengths. Firstly, on the basis
of the previous meta-analyses (27, 30) on this topic, we have
included new high-quality RCTs that were conducted recently
after comprehensive retrieval and strict screening, increasing
the total population and making the results more credible.
Secondly, the risk of bias of every single trial was evaluated strictly
according to the standards of Cochrane Risk of Bias Tool, and
GRADE was used to evaluate the quality of evidence for each
outcome. Although the study focused on the improvement of the
overall symptoms of IBS, it also crucially analyzed the effects on
stool output, quality of life, and anxiety and depression status. To
our knowledge, this is the first meta-analysis to comprehensively
evaluate the effects of an LFD on IBS symptoms from a multi-
perspective. However, there are limitations to this systematic
review as well. Firstly, the sample size of the participants involved
is small. Additionally, most studies did not address differences in
response to dietary interventions among IBS subgroups, which
may exaggerate or minimize the effect of LFDs on specific
subtypes of IBS. However, as shown in the pooled data, an LFD
may be more effective in patients with IBS-D than those with
constipation as a major symptom. Finally, different studies did
not use a unified evaluation scale, such as IBS-SSS, to evaluate the
overall symptoms of IBS. Different definitions of IBS symptom
improvement may limit the reported benefit of LFDs in IBS
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patients and lead to a certain degree of heterogeneity among
different studies.

In conclusion, this systematic review and meta-analysis
provide a moderate quality of evidence for supporting the
efficacy of an LFD in the improvement of global symptoms
and bowel habits of adult IBS patients. The improvement in
bowel habits seems to be more pronounced in IBS-D patients.
Recommending adult IBS patients, especially those with IBS-
D, to try an LFD with professional advice from health care
professionals is worth promoting.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Chey WD, Kurlander J, Eswaran S. Irritable bowel syndrome: a clinical review.
JAMA. (2015) 313:949-58. doi: 10.1001/jama.2015.0954
2. Khan S, Chang L. Diagnosis and management of IBS. Nature reviews.
Gastroenterol Hepatol. (2010) 7:565-81. doi: 10.1038/nrgastro.2010.137
3. El-Salhy M, Gundersen D. Diet in irritable bowel syndrome. Nutr J. (2015)
14:36. doi: 10.1186/s12937-015-0022-3
4. Ford AC, Lacy BE, Talley NJ. Irritable bowel syndrome. N Engl ] Med. (2017)
376:2566-78. doi: 10.1056/NEJMral607547
5. Gralnek IM, Hays RD, Kilbourne A, Naliboff B, Mayer EA. The impact of
irritable bowel syndrome on health-related quality of life. Gastroenterology.
(2000) 119:654-60. doi: 10.1053/gast.2000.16484
6. Zamani M, Alizadeh-Tabari S, Zamani V. Systematic review with
meta-analysis: the prevalence of anxiety and depression in patients
with irritable bowel syndrome. Aliment Ther. (2019)
50:132-43. doi: 10.1111/apt.15325
7. Zhang QE, Wang F, Qin G, Zheng W, Ng CH, Ungvari GS, et al. Depressive
symptoms in patients with irritable bowel syndrome: a meta-analysis of
comparative studies. Int ] Biol Sci. (2018) 14:1504-12. doi: 10.7150/ijbs.25001
8. Fond G, Loundou A, Hamdani N, Boukouaci W, Dargel A, Oliveira J, et al.
Anxiety and depression comorbidities in irritable bowel syndrome (IBS):
a systematic review and meta-analysis. Eur Arch Psychiatry Clin Neurosci.
(2014) 264:651-60. doi: 10.1007/s00406-014-0502-z
9. Bohn L, Storsrud S, Simren M. Nutrient intake in patients with irritable bowel
syndrome compared with the general population. Neurogastroenterol Motil.
(2013) 25:23-30.e1. doi: 10.1111/nmo.12001
10. Hayes PA, Fraher MH, Quigley EM. Irritable bowel syndrome: the role of food
in pathogenesis and management. Gastroenterol Hepatol. (2014) 10:164-74.
11. Eswaran S, Tack J, Chey WD. Food: the forgotten factor in the
irritable bowel syndrome. Gastroenterol Clin North Am. (2011) 40:141-
62. doi: 10.1016/j.tc.2010.12.012
12. Ligaarden SC, Lydersen S, Farup PG. Diet in subjects with irritable
bowel syndrome: a cross-sectional study in the general population. BMC
Gastroenterol. (2012) 12:61. doi: 10.1186/1471-230X-12-61
13. Lenhart A, Ferch C, Shaw M, Chey WD. Use of dietary management
in irritable bowel syndrome: results survey of over 1500
United States gastroenterologists. J Neurogastroenterol Motility. (2018)
24:437-51. doi: 10.5056/jnm17116
14. Staudacher HM, Whelan K. The low FODMAP diet: recent advances in
understanding its mechanisms and efficacy in IBS. Gut. (2017) 66:1517-
27. doi: 10.1136/gutjnl-2017-313750
15. Eswaran SL, Chey WD, Han-Markey T, Ball S, Jackson K. A randomized
controlled trial comparing the low FODMAP diet vs. modified NICE
guidelines in US adults with IBS-D. Am | Gastroenterol. (2016) 111:1824-
32. doi: 10.1038/ajg.2016.434

Pharmacol

of a

AUTHOR CONTRIBUTIONS

JW came up with the idea of the study. JW and LZ designed
the research. JW, PY, LZ, and XH conducted the research,
analyzed the data, and performed the statistical analysis. JW
and PY wrote initial version. LZ and XH provided critical
input. All authors had equal responsibility for the final content
of the paper, read, and agreed to the published version of
the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2021.
683191/full#supplementary-material

16. Huaman JW, Felip A, Guedea E, Jansana M, Videla S, Saperas E. The diet low
in fermentable carbohydrates short chain and polyols improves symptoms in
patients with functional gastrointestinal disorders in Spain. Gastroenterologia
Y Hepatologia. (2015) 38:113-22. doi: 10.1016/j.gastrohep.2014.08.007

17. Laatikainen R, Koskenpato J, Hongisto SM, Loponen J, Poussa T, Hillila M,
et al. Randomised clinical trial: low-FODMAP rye bread vs. regular rye bread
to relieve the symptoms of irritable bowel syndrome. Aliment Pharmacol Ther.
(2016) 44:460-70. doi: 10.1111/apt.13726

18. McIntosh K, Reed DE, Schneider T, Dang F Keshteli AH, De
Palma G, et al. FODMAPs alter symptoms and the metabolome
of patients with IBS: a randomised controlled trial. Gut. (2017)
66:1241-51. doi: 10.1136/gutjnl-2015-311339

19. Zahedi MJ, Behrouz V, Azimi M. Low fermentable oligo-di-mono-saccharides
and polyols diet versus general dietary advice in patients with diarrhea-
predominant irritable bowel syndrome: a randomized controlled trial. J
Gastroenterol Hepatol. (2018) 33:1192-9. doi: 10.1111/jgh.14051

20. Bellini M, Tonarelli S, Nagy AG, Pancetti A, Costa F Ricchiuti A,
et al. Low FODMAP diet: evidence, doubts, and hopes. Nutrients. (2020)
12:148. doi: 10.3390/nu12010148

21. Halmos EP, Power VA, Shepherd SJ, Gibson PR, Muir JG. A diet low in
FODMAPs reduces symptoms of irritable bowel syndrome. Gastroenterology.
(2014) 146:67-75 5. doi: 10.1053/j.gastro.2013.09.046

22. Bohn L, Storsrud S, Liljebo T, Collin L, Lindfors P, Tornblom H, et al. Diet
low in FODMAPs reduces symptoms of irritable bowel syndrome as well
as traditional dietary advice: a randomized controlled trial. Gastroenterology.
(2015) 149:1399-407.e2. doi: 10.1053/j.gastro.2015.07.054

23. Eswaran S, Chey WD, Jackson K, Pillai S, Chey SW, Han-Markey T. A diet
low in fermentable Oligo-, Di-, and monosaccharides and polyols improves
quality of life and reduces activity impairment in patients with irritable
bowel syndrome and diarrhea. Clin Gastroenterol Hepatol. (2017) 15:890-
1899.€3. doi: 10.1016/j.cgh.2017.06.044

24. Staudacher HM, Lomer MC, Anderson JL, Barrett JS, Muir JG, Irving PM,
et al. Fermentable carbohydrate restriction reduces luminal bifidobacteria and
gastrointestinal symptoms in patients with irritable bowel syndrome. J Nutr.
(2012) 142:1510-8. doi: 10.3945/jn.112.159285

25. Staudacher HM, Lomer MCE, Farquharson FM, Louis P, Fava E Franciosi
E, et al. A diet low in FODMAPs reduces symptoms in patients
with irritable bowel syndrome and a probiotic restores bifidobacterium
species: a randomized controlled trial. Gastroenterology. (2017) 153:936-
47. doi: 10.1053/j.gastro.2017.06.010

26. Wilson B, Rossi M, Kanno T, Parkes GC, Anderson S, Mason AJ, et al.
B-Galactooligosaccharide in conjunction with low FODMAP diet improves
irritable bowel syndrome symptoms but reduces fecal bifidobacteria. Am |
Gastroenterol. (2020) 115:906-15. doi: 10.14309/ajg.0000000000000641

27. Dionne ], Ford AC, Yuan Y, Chey WD, Lacy BE, Saito YA, et al. A systematic
review and meta-analysis evaluating the efficacy of a gluten-free diet and a

Frontiers in Nutrition | www.frontiersin.org

August 2021 | Volume 8 | Article 683191


https://www.frontiersin.org/articles/10.3389/fnut.2021.683191/full#supplementary-material
https://doi.org/10.1001/jama.2015.0954
https://doi.org/10.1038/nrgastro.2010.137
https://doi.org/10.1186/s12937-015-0022-3
https://doi.org/10.1056/NEJMra1607547
https://doi.org/10.1053/gast.2000.16484
https://doi.org/10.1111/apt.15325
https://doi.org/10.7150/ijbs.25001
https://doi.org/10.1007/s00406-014-0502-z
https://doi.org/10.1111/nmo.12001
https://doi.org/10.1016/j.gtc.2010.12.012
https://doi.org/10.1186/1471-230X-12-61
https://doi.org/10.5056/jnm17116
https://doi.org/10.1136/gutjnl-2017-313750
https://doi.org/10.1038/ajg.2016.434
https://doi.org/10.1016/j.gastrohep.2014.08.007
https://doi.org/10.1111/apt.13726
https://doi.org/10.1136/gutjnl-2015-311339
https://doi.org/10.1111/jgh.14051
https://doi.org/10.3390/nu12010148
https://doi.org/10.1053/j.gastro.2013.09.046
https://doi.org/10.1053/j.gastro.2015.07.054
https://doi.org/10.1016/j.cgh.2017.06.044
https://doi.org/10.3945/jn.112.159285
https://doi.org/10.1053/j.gastro.2017.06.010
https://doi.org/10.14309/ajg.0000000000000641
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Wang et al.

Low-FODMAP Diet and IBS

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

low FODMAPs diet in treating symptoms of irritable bowel syndrome. Am |
Gastroenterol. (2018) 113:1290-300. doi: 10.1038/s41395-018-0195-4
Altobelli E, Del Negro V, Angeletti PM, Latella G. Low-FODMAP diet
improves irritable bowel syndrome symptoms: a meta-analysis. Nutrients.
(2017) 9:940. doi: 10.3390/n1u9090940

Marsh A, Eslick EM, Eslick GD. Does a diet low in FODMAPs
reduce symptoms associated with functional gastrointestinal disorders? A
comprehensive systematic review and meta-analysis. Eur ] Nutr. (2016)
55:897-906. doi: 10.1007/s00394-015-0922-1

Schumann D, Klose P, Lauche R, Dobos G, Langhorst J, Cramer H. Low
fermentable, oligo-, di-, mono-saccharides and polyol diet in the treatment
of irritable bowel syndrome: a systematic review and meta-analysis. Nutrition.
(2018) 45:24-31. doi: 10.1016/j.nut.2017.07.004

Varju P, Farkas N, Hegyi P, Garami A, Szab¢ I, Illés A, et al. Low fermentable
oligosaccharides, disaccharides, monosaccharides and polyols (FODMAP)
diet improves symptoms in adults suffering from irritable bowel syndrome
(IBS) compared to standard IBS diet: a meta-analysis of clinical studies. PLoS
ONE. (2017) 12:e0182942. doi: 10.1371/journal.pone.0182942

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. BM]J. (2009)
339:b2535. doi: 10.1136/bm;j.b2535

Catassi G, Lionetti E, Gatti S, Catassi C. The low FODMAP diet:
many question marks for a catchy acronym. Nutrients. (2017)
9:292. doi: 10.3390/n1u9030292

Bellini M, Rossi A. Is a low FODMAP diet dangerous? Tech Coloproctolgy.
(2018) 22:569-71. doi: 10.1007/s10151-018-1835-9

Kulig M, Perleth M, Langer G, Meerpohl J], Gartlehner G, Kaminski-
Hartenthaler A, et al. GRADE guidelines: 6. Rating the quality of
evidence: imprecision. Zeitschrift fur Evidenz Fortbildung und Qualitat im
Gesundheitswesen. (2012) 106:677-88. doi: 10.1016/j.zefq.2012.10.016

van Lanen AS, de Bree A, Greyling A. Efficacy of a low-FODMAP diet in adult
irritable bowel syndrome: a systematic review and meta-analysis. Eur ] Nutr.
(2021). doi: 10.1007/s00394-021-02620-1. [Epub ahead of print].

Francis CY, Morris ], Whorwell PJ. The irritable bowel severity
scoring system: a simple method of monitoring irritable bowel
syndrome and its progress. Alimentary Pharmacol Therap. (1997)

11:395-402. doi: 10.1046/j.1365-2036.1997.142318000.x

Drossman DA, Dumitrascu DL. Rome III: new standard for functional
gastrointestinal disorders. J Gastrointest Liver Dis. (2006) 15:237-41.
Hellstrom PM, Benno P. The Rome IV: irritable bowel syndrome - a
functional disorder. Best practice & research. Clin Gastroenterol. (2019) 40-
41:101634. doi: 10.1016/j.bpg.2019.101634

GJ, Crowder M, Reid B, Dickerson JW. Bowel
measurements of individuals with different eating patterns. Gut. (1986)
27:164-9. doi: 10.1136/gut.27.2.164

Wenzl HH, Fine KD, Schiller LR, Fordtran JS. Determinants of decreased
fecal consistency in patients with diarrhea. Gastroenterology. (1995) 108:1729-
38. doi: 10.1016/0016-5085(95)90134-5

Heaton KW, O’Donnell L]. An office guide to whole-gut transit time.
Patients’ recollection of their stool form. J Clin Gastroenterol. (1994) 19:28-
30. doi: 10.1097/00004836-199407000-00008

Davies function

Bliss DZ, Savik K, Jung H, Jensen L, LeMoine M, Lowry A.
Comparison of subjective classification of stool consistency and
stool water content. J Wound Ostomy Continence Nurs. (1999)

26:137-41. doi: 10.1097/00152192-199905000-00011

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Drossman D, Morris CB, Hu Y, Toner BB, Diamant N, Whitehead WE,
et al. Characterization of health related quality of life (HRQOL) for patients
with functional bowel disorder (FBD) and its response to treatment. Am |
Gastroenterol. (2007) 102:1442-53. doi: 10.1111/§.1572-0241.2007.01283.x
Buono JL, Carson RT, Flores NM. Health-related quality of life,
work productivity, and indirect costs among patients with irritable
bowel syndrome with diarrhea. Health Qual Life Outcomes. (2017)
15:35. doi: 10.1186/s12955-017-0611-2

DiBonaventura M, Sun SX, Bolge SC, Wagner J-S, Mody R. Health-related
quality of life, work productivity and health care resource use associated
with constipation predominant irritable bowel syndrome. Curr Med Res Opin.
(2011) 27:2213-22. doi: 10.1185/03007995.2011.623157

Pace F, Molteni P, Bollani S, Sarzi-Puttini P, Stockbriigger R, Bianchi Porro
G, et al. Inflammatory bowel disease versus irritable bowel syndrome: a
hospital-based, case-control study of disease impact on quality of life. Scand |
Gastroenterol. (2003) 38:1031-8. doi: 10.1080/00365520310004524

Patrick DL, Drossman DA, Frederick IO, DiCesare ], Puder KL. Quality of life
in persons with irritable bowel syndrome: development and validation of a
new measure. Dig Dis Sci. (1998) 43:400-11. doi: 10.1023/A:1018831127942
Larussa T, Suraci E, Marasco R, Imeneo M, Abenavoli L, Luzza F. Self-
prescribed dietary restrictions are common in inflammatory bowel disease
patients and are associated with low bone mineralization. Medicina. (2019)
55:507. doi: 10.3390/medicina55080507

Ooi SL, Correa D, Pak SC. Probiotics, prebiotics, and low FODMAP diet for
irritable bowel syndrome - What is the current evidence? Complement Therap
Med. (2019) 43:73-80. doi: 10.1016/j.ctim.2019.01.010

Halmos EP. A low FODMAP diet in patients with Crohn’s disease. |
Gastroenterol Hepatol. (2016) 31:14-15. doi: 10.1111/jgh.13349

Krogsgaard LR, Lyngesen M, Bytzer P. Systematic review: quality
of trials on the symptomatic effects of the low FODMAP diet for
irritable bowel syndrome. Alimentary Pharmacol Therap. (2017)
45:1506-13. doi: 10.1111/apt.14065

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-
Coello P, et al. GRADE: an emerging consensus on rating quality
of evidence and strength of recommendations. BMJ. (2008) 336:924-
6. doi: 10.1136/bmj.39489.470347.AD

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Wang, Yang, Zhang and Hou. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Nutrition | www.frontiersin.org

14

August 2021 | Volume 8 | Article 683191


https://doi.org/10.1038/s41395-018-0195-4
https://doi.org/10.3390/nu9090940
https://doi.org/10.1007/s00394-015-0922-1
https://doi.org/10.1016/j.nut.2017.07.004
https://doi.org/10.1371/journal.pone.0182942
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.3390/nu9030292
https://doi.org/10.1007/s10151-018-1835-9
https://doi.org/10.1016/j.zefq.2012.10.016
https://doi.org/10.1007/s00394-021-02620-1
https://doi.org/10.1046/j.1365-2036.1997.142318000.x
https://doi.org/10.1016/j.bpg.2019.101634
https://doi.org/10.1136/gut.27.2.164
https://doi.org/10.1016/0016-5085(95)90134-5
https://doi.org/10.1097/00004836-199407000-00008
https://doi.org/10.1097/00152192-199905000-00011
https://doi.org/10.1111/j.1572-0241.2007.01283.x
https://doi.org/10.1186/s12955-017-0611-2
https://doi.org/10.1185/03007995.2011.623157
https://doi.org/10.1080/00365520310004524
https://doi.org/10.1023/A:1018831127942
https://doi.org/10.3390/medicina55080507
https://doi.org/10.1016/j.ctim.2019.01.010
https://doi.org/10.1111/jgh.13349
https://doi.org/10.1111/apt.14065
https://doi.org/10.1136/bmj.39489.470347.AD
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	A Low-FODMAP Diet Improves the Global Symptoms and Bowel Habits of Adult IBS Patients: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Search Strategy
	Study Selection
	Outcome Assessment
	Data Extraction
	Assessment of Risk of Bias and GRADE Methodology
	Data Synthesis and Statistical Analysis

	Results
	Search Results and Study Selection
	Global Improvement of Symptoms
	Stool Output
	IBS-QOL
	HADS
	BMI
	Risk of Bias and GRADE
	Publication Bias
	Subgroup Analysis

	Discussion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References


