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Abstract: Irritable bowel syndrome (IBS) is a common functional gastrointestinal disorder affecting
4–5% of the global population. This disorder is associated with gut microbiota, diet, sleep, and
mental health. This scoping review therefore aims to map existing research that has administrated
fibre-related dietary intervention to IBS individuals and reported outcomes on at least two of the three
following themes: gut microbiota, sleep, and mental health. Five digital databases were searched to
identify and select papers as per the inclusion and exclusion criteria. Five articles were included in the
assessment, where none reported on all three themes or the combination of gut microbiota and sleep.
Two studies identified alterations in gut microbiota and mental health with fibre supplementation.
The other three studies reported on mental health and sleep outcomes using subjective questionnaires.
IBS-related research lacks system biology-type studies targeting gut microbiota, sleep, and mental
health in patients undergoing diet intervention. Further IBS research is required to explore how
human gut microbiota functions (such as short-chain fatty acids) in sleep and mental health, following
the implementation of dietary pattern alteration or component supplementation. Additionally, the
application of objective sleep assessments is required in order to detect sleep change with more
accuracy and less bias.
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1. Introduction
1.1. Irritable Bowel Syndrome
Irritable bowel syndrome (IBS), a common functional gastrointestinal disorder, is
characterised by recurrent abdominal pain and alterations in bowel habits that include
the coexistence of bloating, flatulence, and abdominal distention [1]. According to the
symptom-based Rome IV diagnostic criteria, IBS can be subtyped into four categories:
constipation dominant (IBS-C), diarrhoea dominant (IBS-D), mixed IBS (IBS-M), and unsubtyped (IBS-U) [2]. Globally, IBS had previously been estimated to affect 11–12% of
the population [3], where this figure was corrected to 4–5% following the introduction of
the Rome IV criteria in 2016 [4,5], such as 4.7% of adults in the United States, 4.6% in the
United Kingdom, 4.5% in Canada [4]. According to a population-based cross-sectional
survey, 7.9 % of Australian adults have a self-reported medical diagnosis of IBS [6]. Even
though the aetiology of IBS remains unclear, emerging evidence suggests that IBS may be
one of the disorders of gut-brain interaction [7,8], engaging homeostasis regulation via
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the gut-brain-microbiome axis [9,10]. Research to date suggests that 44% of IBS patients
have associated mental health disorders, including depression and anxiety [11,12], where
37.6% of IBS patients have reported sleep problems, such as sleep fragmentation, poor sleep
quality or reduced sleep duration [13–15]. There is also evidence to suggest and support
that IBS is related to gut dysbiosis (unbalanced microbiota that lack microbial diversity and
temporal instability [16]), leading to subtype-specific and symptom-relevant alterations in
gut microbiota [17].
A survey of United States (U.S.) gastroenterologists has reported that 85% perceived
a diet low in fermentable oligosaccharides, disaccharides, monosaccharides, and polyols
(FODMAP) to be very/somewhat effective as a dietary therapy, where roughly three
out of four IBS patients were consequently recommended to implement a low-FODMAP
diet [18]. The survey also found that more than 50% of IBS patients always (13.8%)/usually
(38.8%) intended to manage their IBS symptoms by themselves before seeking advice
from a gastroenterologist [18]. The American College of Gastroenterology suggests a
low-FODMAP diet as a means of improving global symptoms in people with IBS [19].
1.2. The Low-FODMAP Diet
A low-FODMAP diet (LFD) is an effective way to reduce gut symptoms in people
with IBS [20–22]. Technically, the diet is made up of three phases: elimination/restriction
(2–6 weeks), reintroduction, and personalisation, which help patients to target personal
trigger foods, to identify individual tolerance levels, and to self-manage their symptoms
in their daily life [23,24]. The effectiveness (self-reportedly adequate symptom control)
of a 3/4-week LFD intervention can be up to 68–81% [22,25]. Similarly, in an Irish cohort
study, 66% (86/127), 72% (53/74), and 76% (31/41) of patients reported being satisfied
with the overall symptomatic improvement of an LFD at follow-up stages of 3, 6, and
12 months, respectively [26]. Accordingly, only 11% (14/127) of participants were willing
to be re-introduced to high FODMAP foods at the 3-month follow-up because of their fear
of recurrence of symptoms, where 81.1% (n = 60/74) and 70.7% (n = 29/41) continued the
exclusion/restricted LFD at 6-month and 12-month follow-up, respectively [26].
Gastrointestinal dysbiosis has been confirmed as a characteristic of IBS, where Lactobacillus and Bifidobacterium are deficient in people with IBS when compared to healthy
populations [27]. An LFD or reduced FODMAP intake can reduce bifidobacteria but does
not necessarily normalise the dysbiotic gut environment [28,29]. A 4-week LFD has been
shown to lead to an increased dysbiosis in 42% of people with IBS, and 46% had no change
in dysbiosis after the 4-week LFD [30]. A recent systematic review has demonstrated that
restriction of FODMAP intake, either in healthy subjects or patients with intestinal diseases,
including IBS, can induce microbial alteration associated with dysbiosis, compared to
prebiotic supplementation [28]. However, the microbial signature related to IBS symptom
severity was not found to be associated with intake of FODMAP but rather negatively
associated with microbial richness [31].
When combined, despite the symptomatic improvement of an LFD in the majority
of IBS patients, further research is still required to examine the long-term effects on gut
health as many IBS sufferers are reluctant to re-introduce trigger foods. If patients do not
manage to replace high FODMAP foods with suitable low-FODMAP alternatives, they
may also be reducing fibre intake simultaneously [23,32]. Therefore, in this scoping review,
the low-FODMAP diet is regarded as a dietary fibre-related intervention.
1.3. Current Guidelines of Fibre Use in People with IBS
Modification of (not simply increasing or decreasing) fibre intake is one of the general
dietary messages from NICE guidelines for dietary management in those with IBS since
certain types of dietary fibres are not well tolerated, such as wheat bran [33]. Moreover,
the dietary adjustment requires consideration of patients’ subtype, symptoms profile, and
individual triggers.
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Australian dietary guidelines currently recommend a suggested dietary target (SDT)
daily fibre intake of 38 g for men and 28 g for women in order to reduce chronic disease
risk, where adequate intake (AI) values for male adults is set at 30 g and for female adults
at 25 g [34]. In a randomised controlled trial (RCT) of LFD intervention, only 6 (5%) IBS
participants habitual intake achieved the U.K. national recommendation (30 g/d) [35]. In
a French adult cohort, both healthy controls (n = 34,578) and people with IBS (n = 1870)
were found to consume lower fibre intake than recommended (25 g/day), at mean levels
of 19.4 g and 19.3 g, respectively [36]. A lower fibre intake can be problematic; healthy
individuals who switched from a high-fibre diet to a low-fibre, high-sugar diet decreased
their microbial diversity and increased permeability in their small intestine [37]. Increased
permeability and impaired epithelial barrier function are often observed in the small and
large bowel of IBS patients, especially in IBS-D [8,38,39].
Many reviews have elaborated on the types and characteristics of dietary fibre as
well as mechanisms of action and benefits [40]. Fibre can come from natural food, such
as vegetables, fruits, legumes, and nuts, as well as in supplement form where specific
health benefits are related to different fibre types. Some fibres that are well tolerated by IBS
individuals include psyllium, linseeds, oat bran [41,42]. Due to individual heterogeneity,
IBS patients should consider their own tolerability, the fibre amount, and preparation (e.g.,
whole/ground seeds) when using different fibres to improve or manage symptoms. For
instance, patients need to ensure adequate water consumption when adding psyllium to
their food due to its soluble and viscous characteristics.
1.4. The Relationship of Dietary Fibre, SCFA, Sleep, Mental Health, and the Gut Microbiome
The functionality of dietary fibres in the human gastrointestinal tract is determined
by their physiochemical properties, such as solubility, viscosity, and fermentability [42].
Moreover, the amount and type of fibre residue escaping small intestinal digestion and
reaching the colon drives the extent of fermentation [43]. For example, the location of gut
microbial fermentation of psyllium, with its soluble and low fermentable characteristics,
occurs along the length of the colon to produce SCFA, whereas the fermentation of resistant
starch (RS) occurs more proximally in the colon due to its higher fermentability and low
solubility (or insolubility depends on the types of RS) [41]. Specific gut microbes tailor
the degradation and fermentation of specific fermentable fibres [44]. Some foods are
associated with a higher abundance of specific beneficial gut microbes; for example: a
higher abundance of Faecalibacterium prausnitzii has been positively associated with a
higher intake of fruits, red wine, and oily fish; whereas Roseburia hominis increased on a
diet containing nuts, oily fish, vegetables, legume, cereals [45].
Specifically, Faecalibacterium prausnitzii, a commensal bacterium, is a suitable biomarker
in certain gut conditions, such as inflammatory bowel disease [46], and may be a suitable
candidate as a future probiotic [47]. Faecalibacterium prausnitzii-derived metabolites, such as
butyrate, can restore the impaired intestinal barrier structure and function [48]. Faecalibacterium prausnitzii has been associated with IBS as well as other diseases and disorders, such
as colorectal cancer, obesity, type 2 diabetes, non-alcoholic fatty liver disease, Alzheimer’s
and Parkinson’s disease, major depressive disorder, and bipolar disorder [46]. In an observational case-control pilot study evaluating gut microbial composition in children with
obstructive sleep apnoea syndrome (OSAS), the abundance of Faecalibacterium prausnitzii
was reduced in the OSAS cohort, compared with the healthy subjects [49]. The genus of
Faecalibacterium was also associated with reduced depressive symptoms and better sleep in
patients with bipolar disorder [50]. Taking the specific microbe as an example can show
the existence of intertwined associations among gut microbiota, sleep, and mental health.
SCFAs are one of the pivotal links, though the whole mechanisms remain unclear.
SCFAs are generated from gut microbial fermentation throughout the colon [51],
with SCFA levels declining along the large intestine because of the rapid uptake and
metabolisation by colonocytes [52], with only an estimated 5% of bacteria-derived SCFA
appearing in the stool [53]. Within all three major SCFAs components, butyrate is the

Nutrients 2021, 13, 2159

4 of 19

most effective in the trophic properties and provides the primary fuel for the colonic
epithelial cells to maintain their growth and integrity [54,55]. Butyrate contributes to
maintaining host health with the anti-inflammatory and antioxidant features that affect the
immune system [56] and prevent diseases such as colorectal cancer [57,58], diabetes, and
obesity [59]. Butyrate concentration is mainly dependent on the quantity and quality of
dietary fibre reaching the colon [60]. Research has shown higher concentrations of butyrate
in human faeces to be associated with greater fibre intake [61]. Foods that are rich in dietary
fibre, such as nuts, fruit, vegetable, and cereal, are also linked to a greater abundance of
SCFA producers in the human gut microbiota [45]. Since a low-FODMAP diet may result
in reducing intake of dietary fibre long term [62], and studies have shown that people
following this diet have a lower production of butyrate in the faeces [63], the potential longterm influence of low-FODMAP diet/low intake of fibre among IBS population requires
further research.
National data from a U.S. adults survey has quantitively demonstrated an association
between the daily intake of total fibre and sleep duration, where <5 h sleep, 5–6 h sleep,
and 9+ h sleep were associated with decreased intake at levels of 13.2 ± 10.1 g (mean
± standard deviation), 15.9 ± 10.9 g and 14.2 ± 8.7 g, respectively, whereas adults with
normal sleep (7–8 h) had the highest intake at 16.6 ± 9.6 g [64]. As mentioned earlier,
the LFD reduces the intake of fermentable fibres, which can lead to alterations of the gut
microbiota and a reduction in fermentation in the large bowel, and as such can reduce
the production of short-chain fatty acids (SCFA) that support colonic integrity and colonocytes growth [23,63,65–67]. Microbiota-derived SCFA has also been suggested to enhance
sleep [68] and modulate host circadian clocks [69] in animal studies. This related to the
circadian clock maintaining mammalian homeostasis and rhythmic physiology, such as the
sleep-wake cycle, eating, and fasting [70]. Gut microbiome composition and SCFA is associated with sleep physiology, where microbial alterations relate to sleep problems [71–73],
and also play a pivotal role in human mental health conditions [74–78]. A recent study
has found that acute psychological stress can increase intestinal permeability in healthy
volunteers [79], which can be decreased by probiotics and prebiotics [75]. Prebiotics and
probiotics also have shown the capacity to improve mental health, including depression
and anxiety [75], although the pathway and mechanism behind this remain unclear. Therefore, it is important to expand IBS-related research to cover all these areas together and to
identify the relationships among them.
1.5. The Current Gap and the Purpose of This Scoping Review
IBS patients strive to manage their symptoms and normalise or improve their dysbiotic gut microbiota to experience better sleep and mental health, all bi-directionally
linked to the gut microbiota (Figure 1). Emerging research based on healthy populations
has focused on gut microbiota modulation via particular dietary fibre or specific prebiotics supplements [80–82]. These studies have identified promising and cost-effective
approaches to improve human health. A few reviews recently published in 2020 have
identified the associations among certain foods, nutrients, or diet intervention and their
effects on sleep outcomes; however, they were all based on healthy adults [83,84]. However, among IBS populations, limited data are available. A few studies have focused on
diet management or fibre supplementation. Their findings were specifically limited to
gastrointestinal (GI) symptom improvement [42,85–87] rather than improvement in gut
health, as well as in sleep and mental health. Accordingly, a gap remains in the research
specific to IBS populations, particularly related to fibre-related intervention and its effects
on the gut microbiota, sleep, and mental health. Hence, a scoping review that locates the
existing evidence and identifies gaps in this area is essential to provide further direction
regarding future explorations.

Nutrients 2021, 13, 2159

5 of 19

Figure 1. PRISMA flow chart of articles identification and inclusion.

The aim of this scoping review is to map the research evidence that has provided IBS
patients with dietary fibre-related intervention and described their effects on at least two of
the following three outcomes: gut microbiota, sleep, or mental health.
2. Materials and Methods
2.1. Search Strategy
This review follows a scoping review protocol from the 2020 version of the Joanna
Briggs Institute (JBI) manual [88], adhering to the Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) reporting
standards [89]. A systematic search strategy was conducted to retrieve published research
about fibre-relevant interventions in IBS patients recording outcomes on gut microbiota,
sleep, and mental health. A literature search was performed on 26 February 2021, using
five digital databases: MEDLINE, Embase, Web of Science, APA Psyc info, and CINAHL.
The keywords used in the search are detailed in Table 1. Boolean operators (AND and OR),
as well as the truncation, were used when each string was built for literature searching
(Table 1). A complete set of terminology used in searching the literature combined at least
four concepts with IBS and fibre as fixed concepts: IBS AND fibre AND gut microbiota
AND sleep, IBS AND fibre AND gut microbiota AND mental health, IBS AND fibre AND
sleep AND mental health, and IBS AND fibre AND gut microbiota AND sleep AND
mental health.
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Table 1. Search keywords.
Concept

Keywords
used in the
search

IBS

Fibre

Gut Microbiota

Sleep

Mental Health

IBS OR
irritable bowel
syndrome

diet * OR diet therapy OR diet *
fibre OR diet * fibre OR fib *
supplement OR fermentable
carbohydrate OR FODMAP OR
low-FODMAP OR low-FODMAP
diet OR prebiotic

intestinal flora OR
Gut microbio * OR
gastrointestinal
microbiome OR
microbio * OR gut
flora OR dysbiosis

sleep * OR insomnia OR
sleep disorder * OR sleep
problem * OR sleep
deprivation OR sleep
fragmentation * OR sleep
disturbance OR sleep
disruption OR sleep loss
OR sleepless

mental * OR
mental health

Truncation (*) was applied in the prosses of databases searching.

2.2. Selection Criteria
Articles were included if they were original research papers in IBS patients and had a
fibre-related intervention and meet the inclusion criteria and did not meet the exclusion
criteria, as detailed below.
Inclusion criteria:
1.
2.

The outcomes consisted of at least two out of three topics of: gut microbiota, sleep,
and mental health.
Study types included peer-reviewed case-controls, cross-sectional studies, cohort
studies, clinical trials, randomised controlled trials, non-randomised controlled trials,
and pseudo-randomised trials.
Exclusion criteria:

(1)
(2)
(3)
(4)
(5)
(6)

Non-human studies;
Reviews, case reports, and systematic reviews;
Subjects are non-adults;
Non-English articles;
Articles without full text or study design or results are not available;
Interventions with probiotics, synbiotics, or medicine.

2.3. Study Selection
Records retrieved across the five searched databases were imported to the online
reference management platform COVIDENCE [90]. After duplicates were automatically
removed via COVIDENCE, records were screened using title and abstract, followed by
a full-text article assessment against the inclusion and exclusion criteria by the first and
second reviewers. The third and the fourth reviewers were consulted if the decision of any
article remained disputed until a consensus was reached for all articles.
2.4. Data Extraction
Data were extracted and summarised from selected articles and transferred to a form
with the headings: title, first author, country, year, type of study, sample size (N), as well as
information of participants relating to mean age, age range, IBS subtypes, Rome diagnosis
version, baseline fibre intake (g/day); interventions and group setting, and the outcomes in
gut microbiota, sleep, and mental health as well as adverse effects. As the scoping review
focused on a minimum of two out of three topics (gut microbiota, sleep, and mental health),
only relevant outcomes were summarised and reported. Therefore, findings around other
aspects such as quality of life and bowel symptoms were not extracted and reported.
3. Results
Based on the search strategy, 146 articles were selected from the databases, with two
further articles from other sources, resulting in 148 records identified for screening via
COVIDENCE. After the automatic removal of duplicates by COVIDENCE, 128 articles
were scanned using titles and abstracts. During the first screening phase, 73 were excluded,
leaving 55 articles to be assessed for eligibility in the second phase, where 50 articles were
excluded (Figure 1). As a result, five articles were included in the scoping review (Table 2).

Nutrients 2021, 13, 2159

7 of 19

Table 2. Summary and characteristics of included studies.
Participants
Title

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 diarrhoea
Effects of scFOS on the
composition of faecal
microbiota and anxiety
in patients with irritable
bowel syndrome:
a randomised,
double blind,
placebo-controlled
study

First Author,
Country and
Year

Eswaran, S.
USA
2017

Azpiroz, F.
Spain and
France2017

Type of
Study

RCT

RCT

N
Mean Age
(Range)

Rome
Criteria
and IBS
Subtype

N = 92;
42.6 (19–75)

III;
IBS-D
(female)

N = 79;
41/42.4 **
(18–60)

III;
IBS-D
IBS-C
IBS-M
IBS-U

Baseline
Fibre
Intake
(g/day)

<20 g/day
as
required

Dietary
Intervention
Approach

Intervention and
Group Setting

Dietitian
consultations on
the allocated diet

4 week diet
interventions
Low-FODMAP diet
Group n = 50
mNICE * Group
n = 42

Fibre
supplementation

4 week
5 g/day scFOS
n = 41
placebo n = 38

scFOS
increased
faecal bifidobacteria

GOS
enhanced
faecal bifidobacteria

Gut
Microbiota
Outcomes

Sleep
(Subjective
Questionnaire)

Daily sleep
quality rating
and pre/post
modified sleep
questionnaire

Mental
Health
Questionnaire

Outcomes in
Sleep and
Mental Health

Adverse
Effects

HADS

HADS anxiety and
depression and sleep
all improved on
Low-FODMAP diet
group compared with
baseline. Anxiety
improved in mNICE
group

NA

HAD

Contrary with
placebo, scFOS
significantly reduced
anxiety scores

n = 18,
scFOS
n = 21,
placebo
Symptoms
were not
reported

HAD

GOS significantly
improved anxiety
scores compared to
placebo treatment

n=3
(moderate
diarrhoea,
n = 1; mild
nausea
= 2)

Clinical trial: the effects
of a transgalactooligosaccharide
prebiotic on faecal
microbiota and
symptoms in irritable
bowel syndrome

Silk, D.B.A.
U.K.
2019

Crossover
RCT

N = 44;
54
(20–79)

II;
IBS-D
IBS-C
IBS-A

Group I:
13.1 ± 4.06
Group II:
9.4 ± 3.46
Group III:
10.9 ± 5.04

Fibre
supplementation

2 week baseline ->
4 week treatment ->
2 week washout ->
4 week treatment
Group I n = 16:
placebo 7 g/day –>
GOS 3.5 g;
Group II n = 14:
placebo 7 g/day –>
GOS 7 g;
Group III n = 14:
placebo 7 g/day ->
placebo 7 day/g

Bioelectrical impedance
vector analysis in
patients with irritable
bowel syndrome on a
low-FODMAP diet: A
pilot study

Bellini, M.
Italy
2017

A pilot
study,
single arm

N = 26;
46.2
(18–65)

III;
IBS-D
IBS-C
IBS-M

20.5 ± 10.7

Nutritionist
instruction

8 week
low-FODMAP diet

PSQI

HADS

HADS anxiety
improved, PSQI
and HADS depression
did not improve

NA

Low-FODMAP diet is
associated with
improved quality of life
in IBS patients—A
prospective
observational study

Tim, L.;
Kortlever,
NZ and AU
2019

A prospective
observational
study

N = 101;
41.9
(16–75)

III;
IBS-D
IBS-C
IBS-M
IBS-U

\

Dietitian
consultations at
baseline and
follow-up

dietitian
consultation of
low-FODMAP diet
at baseline
follow-up at week 6
(n = 70) and week
26 (n = 51)

Karolinska
Sleep
Questionnaire

State-Trait
Personality
Inventory
***

Anxiety improved at
T6 and T26;
Depression improved
at T26; sleep did not
improve

NA

Abbreviations: N: sample size. NA: not available. IBS-D: diarrhoea dominant IBS; IBS-C: constipation dominant IBS; IBS-A: alternating IBS; IBS-U: unclassified IBS; IBS-M: mixed bowel habits IBS. HAD/HADS:
Hospital Anxiety and Depression Scale. scFOS: short-chain fructooligosaccharides. mNICE: modified diet recommended by the National Institute for Health and Care Excellence. PSQI: Pittsburgh Sleep Quality
Index. * The mNICE group was instructed to eat small frequent meals and avoid trigger foods, excess alcohol, and caffeine. ** The mean ages reported separately in two groups (41 in scFOS group, 42.4 in placebo
group). *** State-Trait Personality Inventory: psychological indices concerning depression and anxiety.
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3.1. Characteristics of Included Studies
3.1.1. Study Designs and Interventions
Of the five studies, three were randomised controlled trials, one was a prospective
observational study, and one was a single-arm interventional study. Two studies added
dietary supplementation to the habitual diets of participants, while the other three provided
LFD intervention via dietitian or nutritionist consultation and instruction (Table 2).
3.1.2. Setting and Participants Characteristics
The studies included in the scoping review were performed in the USA [91], France
and Spain [92], U.K. [93], Australia and New Zealand [94], and Italy [95]. Four of the
five studies were published within the last five years, three in 2017, one in 2019, and the
remaining study in 2009. The Rome diagnosis version used was the current version at
the time of the study. Only one study (published in 2009) used Rome II, while the other
four used Rome III, which was released in 2006 and introduced the classification of four
subtypes of IBS based on stool consistency [96].
The mean age of participants across the five studies was 43.9 years. The upper limit of
age ranged from 60 to 79 across the five studies, where the lower limit was the same at 18
years except for one study where it was 16 years. One study limited participants to females
with IBS-D, while the other four included both genders with all IBS subtypes.
3.1.3. Dietary Fibre Intake Data
Two out of five studies reported data of dietary fibre intake, including baseline and
treatment period. Bellini et al. implemented an 8-week LFD in IBS volunteers, and no
statistical significance was found between the two time points, even though mean intake
during LFD (17.5 ± 7.3 g) was lower than the one at baseline (20.5 ± 10.7 g/day). The
other study using GOS as the treatment reported that the fibre intake remained unchanged
among the groups (placebo group and prebiotic groups) during the course of the study.
Eswaran et al. reported that nutrient intake was similar between the LFD group and
the control group, while no data were provided. The other two studies did not report
nutrient data.
3.2. Outcomes Combining Gut Microbiota and Mental Health
No studies in this review included all three topics or the two specific topics of gut
microbiota and sleep.
Two studies identified gut microbiota and mental health in their results. Azpiroz
et al. (2017) [92] assessed the effects of 5 g/d short-chain fructooligosaccharides (scFOS) or
placebo for 4 weeks in IBS patients classified using the Rome III criteria. In contrast, Silk
et al. (2009) [93] conducted an RCT with a crossover design between three groups (two
treatment and one placebo), introducing 3.5 g or 7 g of trans-galactooligosaccharide (GOS)
in patients with Rome II positive IBS. All subjects in the above study had a 2-week baseline,
then were randomised into three groups for the two 4-week interventions with a 2-week
washout phase in between. All participants started on a 4-week placebo treatment and,
following the 2-week washout, then proceeded on a 4-week treatment (3.5 g GOS in Group
I; 7 g GOS in Group II; 7 g placebo in Group III).
Stool samples were collected pre-and post-intervention for faecal microbiota analysis
in both studies. qPCR was conducted in Azpiroz et al.’s research for describing the dominant taxonomic groups of the faecal microbiota. In contrast, Silk et al. used fluorescent
in situ hybridisation to determine total bacterial counts and individual groups of faecal
bacteria. A key finding in both studies despite prebiotics supplement (scFOS and GOS)
was an increased abundance of faecal bifidobacteria. Additionally, the 4-week administrations of 3.5 g and 7 g GOS resulted in a significant increase in the relative proportion of
Bifidobacterium spp compared to the placebo and the increase higher in the 7 g GOS group.
In the scFOS study, the increase in bifidobacteria was significantly increased at the end
of the study within the scFOS group, but this difference was not seen between the scFOS
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and placebo groups. Both studies assessed mental health using a validated questionnaire
(Hospital Anxiety Depression Scale (HADS)), where both prebiotics of 5 g/day scFOS and
7 g/day GOS resulted in a significant reduction in HADS anxiety scores.
3.3. Outcomes Combining Sleep and Mental Health
Three studies included sleep and mental health as primary outcomes to determine
the effectiveness of LFD as a treatment, all of which were delivered via qualified dietitians/nutritionists. Eswaran et al. [91] compared a 4-week LFD to the mNICE diet
(modified diet recommended by the National Institute for Health and Care Excellence) [33].
In contrast, Bellini et al. [95] compared before and after an 8-week LFD in a single-arm
study, while Kortlever et al. [94] provided participants with a dietitian’s consultation of
LFD at baseline with follow-up at 6 and 26 weeks. The Rome III criteria were used to
diagnose patients in all three studies.
No objective sleep measures were used in the five studies. Sleep was measured using
subjective self-report questionnaires, including daily sleep quality ratings and pre/post
modified sleep questionnaires, Pittsburgh Sleep Quality Index (PSQI), and Karolinska Sleep
Questionnaire, respectively. For mental health assessment, HADS was applied in both
Eswaran’s and Bellini’s studies [91,95], while Kortlever et al. assessed mental health using
the State-Trait Personality Inventory (psychological indices concerning depression and
anxiety). Notably, anxiety improved in all three of these studies. Eswaran et al. reported
that sleep, anxiety, and depression all improved in the LFD group compared to the baseline,
whereas only anxiety improved in the mNICE group. After 8-week of LFD, Bellini et al.
identified an improvement in anxiety but not depression using HADS. They also did
not record any improvements in sleep quality using PSQI. Kortlever et al.’s prospective
observational study found improvement in anxiety after both 6 weeks and 26 weeks and in
depression scores at 26 weeks, but no change was detected in sleep.
4. Discussion
This scoping review aims to survey the current evidence, including two out of the
three primary outcomes of interest, namely gut microbiota, sleep, and mental health in
IBS populations with dietary intervention. According to our results, none of the fibrerelated interventional studies investigated all three outcomes and gut microbiota and sleep
in combination. Five research studies were included, with two studies examining the
relationship of the gut microbiota and mental health and three studies including sleep
and mental health in their analysis. As scientific discovery covering gut microbiota and
linking it to brain and behaviour is still being established, the association between sleep
and diet [83], as well as mental health and gut microbiota [74,97], are gradually becoming
acknowledged. Since diet is regarded as the main determiner of human gut microbiota [98],
the relationship between diet, sleep, and mental health requires further consideration of
gut microbiota in order to close the knowledge gap.
In all five studies included in this scoping review, only improved self-reported anxiety for IBS volunteers when following a fibre-related intervention was shared across all
studies. Many animal studies have supported similar findings, where a prebiotic combination of GOS and polydextrose (PDX) has been shown to increase Lactobacillus spp.
and Bifidobacterium spp. in rat faeces, attenuating anxiety-like behaviours [99]. Similarly, early-life supplementation of GOS and PDX can distinctly reduce stress-induced
behaviours in mice [100]. Human studies are also attempting to determine the mechanism and interrelation between anxiety-depressive states, gut microbiota, and IBS itself,
which has been associated with alterations in stress-induced inflammation, gut-oriented
hormones such as serotonin and peptide YY (PYY), as well as microbial-mediated metabolites such as SCFA [75,101]. It is still unknown as to whether there exists a certain gut
microbial profile that is linked to positive or negative mental health [74] and whether the
human gut microbiota acts as a communicative hub [74,76] or acts as an aetiologic origin
of disordered mental health [77,78]. Nonetheless, gut microbiota modulation remains a
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valuable strategy for people with mental health issues [102]. Encouraging improvement
has been achieved simply via dietary adaptations, adding prebiotics and/or probiotics in
appropriate amounts [103,104], where long-term sustained benefits undoubtedly require
considerations and adjustments in the overall dietary pattern.
4.1. Dietary Fibre Intake in IBS
Only two studies [93,95] in this scoping review reported on baseline dietary fibre
intake (Table 2), where participants in both failed to meet the dietary reference value
regardless of national dietary recommendations. Similarly, the findings from Staudacher
et al. [35] demonstrate that many IBS individuals did not adhere to the recommended
fibre intake. Notably, this trend is not unique to IBS populations as it commonly occurs
in the general population. The mean fibre intake among U.K. adults (19–65 years) was
19 g/day based on reports in 2015 and 2018/2019 [105], where only 9% of adults consumed
the daily recommended amount of fibre (30 g) [106]. Another U.K. research using data
of supermarket sales transaction of the whole year of 2016 (n = 299,260) found out that
the average fibre intake was 16 g/day, where the most, 21 g/day, was seen in people
with “fruity” dietary pattern (defined as 7 of the top 10 purchased items being types
of fruit) [107]. Among U.S. adults (>19 years of age), dietary fibre intake in 2009 was
13.7 g/day in females and 17.6 g/day in males, with only 6% and <3% meeting the AI
recommendation, respectively [108]. In the countries of the Eastern Mediterranean region,
the average daily intake of fibre was 21.8 g/day (95% confidence interval: 19.6–24.1),
according to the finding of a recent meta-analysis based on 43 studies (n = 72,534 subjects)
published in recent nine years [109]. Accordingly, low dietary fibre intake in the general
population appears to be a global issue.
Among IBS populations, certain dietary fibres [86] have been listed as a tool for overall
symptom improvement, depending on physicochemical characteristics, including viscosity,
solubility, and fermentability. A narrative review of meta-analyses published in March
2020 [110] found that four out of five meta-analyses suggested that fibre supplementation
could provide significant clinical improvement via the Global Assessment of IBS Symptoms
evaluation. This is also reflected in the recent Japanese IBS treatment guidelines suggesting
bulking polymers or dietary fibre as an effective IBS treatment ranked as Level A evidence—
strong recommendation [111], although no specific amount was specified.
In summary, what is currently lacking is probably not the exploration of optimal
quantity of fibre intake, but rather the exploration of how to increase fibre intake in IBS
individuals for symptoms-attenuation or non-exacerbation of symptoms.
4.2. Dietary Fibre Administration for People with IBS
With their relatively safe and inexpensive characteristics, dietary fibres can be widely
applied to improve symptoms for people with IBS [87]. However, it may be difficult for
IBS individuals to find replacement foods that are rich in fibre and potentially low in
FODMAP [112] or ones they can tolerate well in order to avoid symptom attenuation.
Therefore, it would be favourable and cost-effective for patients if they can manage the disorder via a combination of certain isolated fibres that optimises their gut microenvironment
and gut function in place of whole foods. Clinically, sufficient guidance and education are
also required so that patients can optimise their daily fibre intake without symptoms exacerbation, as well as can ensure the overall diet quality, overcome the potential challenges
and minimise the possible detrimental effects of applied LFD [113].
There is evidence in the literature that a combination of isolated fibres, as a diet supplement, may be an option for IBS patients to improve their gut health. In IBS patients,
short-chained carbohydrates resistant to digestion in the small intestine are rapidly fermentable in the proximal colon, where they can aggravate gastro-symptoms. However, in
animal studies, it has been demonstrated that the rapid fermentation of RS can be mediated
by moving the fermentation down towards the distal colon using psyllium [114]. Morita
et al. [114] demonstrated in rats that psyllium can shift the RS2 (high amylose maize starch)
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fermentation further distally, by which butyrate production appears increased both in
the distal colonic region and faeces. This is due to psyllium’s slow fermentability, strong
gel-forming, and water-holding capacity, which traps RS granules and protects against
proximal colonic fermentation, thereby delivering RS to the distal colon [114]. Similarly,
the effects of RS-fermentation delay and higher butyrate production were also observed in
a pig study using wheat bran and RS [115]. This has also been demonstrated in healthy
volunteers where the supplementation of wheat bran combined with RS [116,117] can modulate gut microbiota, increasing butyrate and butyrate-producing bacteria. Interestingly, in
contrast to wheat bran, psyllium is well tolerated by IBS subjects and has been deemed
as an effective non-pharmaceutical management tool by authoritative bodies to improve
overall symptoms, particularly for IBS-C patients [19,118]. The favourable effects of the
gut-oriented metabolites relevant to the administration of dietary fibre in IBS individuals
require further exploration.
Accordingly, it appears promising that IBS management can be enhanced with fibre
co-administration that maximise the effects of dysbiosis normalisation while improving
symptoms [42]. This may be a future direction for IBS-related research. In this regard, the
therapeutic function and tolerability also need to be taken into consideration.
4.3. Evolution of Diagnosis Guideline and Potential Impacts
In accordance with the results of this scoping review, four of the five included studies
used the Rome III criteria, while only one remaining study used Rome II. Therefore, IBSrelevant research using the newest Rome IV criteria is required. While the Rome IV version
was published 10 years after its predecessor in 2016, as a result of its stricter criteria, it
may prove an obstacle for researchers in recruiting patients with IBS. According to a metaanalysis published in 2020, the global prevalence of IBS dropped from 9.2% to 3.8%, which
would mean that part of existing IBS populations diagnosed by Rome III would technically
be reclassified, based on the Rome IV, as “no bowel disorder or unspecified functional
bowel disorders” [119]. This has led the Vice-Chair of Administration of the University of
Tennessee Health Science Center in 2020 to raise a query as to whether the Rome criteria is
a sound diagnosis for GI disorders [120].
Nonetheless, whether one in 11 (according to the Rome III criteria) or one in 26 people
(according to the Rome IV criteria) are classified as suffering from IBS [119], these people
still require optimal solutions and support. Based on patient reports of real-life experiences,
IBS patients have struggled with various physical (i.e., GI symptoms and fatigue), psychological (i.e., depression and anxiety), and social (i.e., avoiding activities and long-distance
travel, limited food choices) consequences [121]. Hence, these factors further function as
stressors and triggers, that together with their precursors, constitute a vicious cycle.
4.4. Sleep Hierarchical Assessment Methods
The wide availability and application of wearable sleep monitoring technologies, such
as sleep tracking devices, have exhibited high performance in sleep-wake detection [122].
These devices are home-based and cost-effective have enabled an increase in sleep-related
research [123,124], facilitating multi-disciplinary research that provides insight into sleep
changes based on variable study settings.
With regards to sleep as an outcome measure in this scoping review, only the LFD
group in Eswaran’s research showed an improvement. However, no objective sleep measures were applied in any of the studies included. Possible explanations for the lack of
observable change could be due to either changes in sleep not occurring, changes not being
identified, or studies being underpowered to detect a change. These factors cannot be neglected. Every method for assessing sleep has potential strengths and shortcomings, where
there exists a relative hierarchy in order of accuracy, including: polysomnography (PSG)gold standard > contact devices > contactless devices > questionnaires [125] (Figure 2). In
relative terms, due to subjective perception about one’s own quality of sleep and memory
bias, it is likely that data obtained in sleep questionnaires can be biased and inconsistent as

Nutrients 2021, 13, 2159

12 of 19

compared with data from validated devices [125]. Therefore, in future research, it would
be beneficial to combine subjective and objective methods of data collection in order to
obtain more reliable and accurate results in IBS-related studies.

Figure 2. A relative hierarchy in order of sleep assessment methods.

Diet-derived sleep improvement has also been previously documented [126], and
healthy adults’ sleep can be negatively impacted when people shift their diet towards low
fibre and high saturated fat and sugar intake [127]. Animal studies have shown that dietary
prebiotics [128] and their metabolite, butyrate [68], can improve sleep.
4.5. Limitations
The scoping review extracted the outcomes on the three topics of interest (gut microbiota, sleep, and mental health) rather than all outcomes in the included studies. As diet
is the main determinant of human gut microbiota, this review only targeted fibre-related
interventions as one of the inclusive criteria, where other treatments such as psychotherapy,
including gut-focused hypnotherapy, cognitive behaviour therapy (CBT), and mindfulness were not assessed. Finally, the review limited the subjects studied to IBS adults
only, where children and elderly participants and animal studies were not included in the
scoping exercise.
4.6. Future Research Recommendations
With regard to sleep assessment specifically, a high level of accuracy and reliability of
sleep measures, combining objective and subjective methods if applicable, is essential to
ensure the quality of data collected. Additionally, studies with psychotherapy treatments
or behavioural therapies for IBS could also be mapped in future reviews targeting the
three themes as outcomes for a better understanding of the link, if any exists, between
gut microbiota and sleep and mental health. Notably, effects resulted from diet-related
intervention in gut microbiota and sleep require considerations in IBS subtypes, habitual
diet, and the baseline (pre-interventional) gut microbial phenotype [74]. This is related to
host interactive influence, where different microbial compositions may result in similar
functions and vice versa [74]; while the intertwined association between host habitual diet
and gut microbiota [45,98], as well as sleep and gut microbes [71,73,129], has not been
fully identified.
During the searching process for this review, three study protocols were identified that
targeted all three themes together [130], with one adding structural magnetic resonance
imaging (MRI) of the human brain [131] and another creating a massive prospective
cohort of people with IBS, inflammatory bowel disease, and healthy individuals combing
genetic, microbiome, and metabolomic profiles [132]. All these scientific advancements are
promising, potentially introducing a new era of “microbiome literacy” from “food literacy”.
For IBS non-pharmaceutical management, it is worthwhile to explore dual or multiadministration of dietary fibres that are well tolerated, therapeutically functional, and
capable of promoting the entire or local intestinal microbial environment. Even though a
one-size-fits-all treatment for IBS individuals does not exist, individualising/personalising
dietary plans can be an optimal and economically feasible solution for this population. It is
likely that the gut microbiome is the main determinant of the diet-health relationships [133].
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Therefore, further exploration of the “pieces of the puzzle” around gut microbiota, sleep,
mental health, and habitual diet in IBS is still required.
5. Conclusions
This scoping review has highlighted the lack of IBS-relevant research targeting the
three themes of gut microbiota, sleep, and mental health as outcomes when administering
a dietary intervention. Future work should continue to focus on diet-related interventions,
either for alterations in a whole dietary pattern or for specific components of the diet or
supplementation as needed to manage IBS symptoms with emphasis on improving the dysbiotic gut environment that can further improve sleep and mental health outcomes among
IBS populations. Additionally, the application of objective sleep assessment methods is
required to detect sleep change with more accuracy and less bias.
Author Contributions: R.Y., A.D., L.A., E.M., C.T.C. and I.C.D. designed the scoping review. R.Y.
collected and analysed the data and drafted the manuscript. L.A. verified articles included. A.D.,
L.A., C.T.C., I.C.D., K.K. and E.M. contributed to critical revisions and editing of the manuscript. All
authors have read and agreed to the published version of the manuscript.
Funding: R.Y. was supported by the China Scholarship Council (CSC 201808230427). This research
received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data sharing not applicable.
Acknowledgments: Michael Stein, from the Centre of Learning and Teaching of Edith Cowan
University, kindly provided his advice in the grammar and language of the manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.
4.
5.

6.
7.
8.

9.

10.
11.

Quigley, E.M.; Fried, M.; Gwee, K.A.; Khalif, I.; Hungin, A.P.; Lindberg, G.; Abbas, Z.; Fernandez, L.B.; Bhatia, S.J.; Schmulson,
M.; et al. World Gastroenterology Organisation Global Guidelines Irritable Bowel Syndrome: A Global Perspective Update
September 2015. J. Clin. Gastroenterol. 2016, 50, 704–713. [CrossRef]
Lacy, B.E.; Ayyagari, R.; Guerin, A.; Lopez, A.; Shi, S.; Luo, M. Factors associated with more frequent diagnostic tests and
procedures in patients with irritable bowel syndrome. Therap. Adv. Gastroenterol. 2019, 12. [CrossRef]
Lovell, R.M.; Ford, A.C. Global prevalence of and risk factors for irritable bowel syndrome: A meta-analysis. Clin. Gastroenterol.
Hepatol. 2012, 10, 712–721. [CrossRef] [PubMed]
Palsson, O.S.; Whitehead, W.; Tornblom, H.; Sperber, A.D.; Simren, M. Prevalence of Rome IV Functional Bowel Disorders Among
Adults in the United States, Canada, and the United Kingdom. Gastroenterology 2020, 158, 1262–1273. [CrossRef] [PubMed]
Sperber, A.D.; Bangdiwala, S.I.; Drossman, D.A.; Ghoshal, U.C.; Simren, M.; Tack, J.; Whitehead, W.E.; Dumitrascu, D.L.; Fang,
X.; Fukudo, S.; et al. Worldwide Prevalence and Burden of Functional Gastrointestinal Disorders, Results of Rome Foundation
Global Study. Gastroenterology 2021, 160, 99–114. [CrossRef]
Stocks, N.P.; Gonzalez-Chica, D.; Hay, P. Impact of gastrointestinal conditions, restrictive diets and mental health on health-related
quality of life: Cross-sectional population-based study in Australia. BMJ Open 2019, 9, e026035. [CrossRef] [PubMed]
Ishiguchi, T.; Itoh, H.; Ichinose, M. Gastrointestinal motility and the brain-gut axis. Dig. Endosc. 2003, 15, 81–86. [CrossRef]
Carco, C.; Young, W.; Gearry, R.B.; Talley, N.J.; McNabb, W.C.; Roy, N.C. Increasing Evidence That Irritable Bowel Syndrome
and Functional Gastrointestinal Disorders Have a Microbial Pathogenesis. Front. Cell. Infect. Microbiol. 2020, 10, 468. [CrossRef]
[PubMed]
Pigrau, M.; Rodiño-Janeiro, B.K.; Casado-Bedmar, M.; Lobo, B.; Vicario, M.; Santos, J.; Alonso-Cotoner, C. The joint power of sex
and stress to modulate brain–gut–microbiota axis and intestinal barrier homeostasis: Implications for irritable bowel syndrome.
Neurogastroenterol. Motil. 2016, 28, 463–486. [CrossRef] [PubMed]
Person, H.; Keefer, L. Psychological comorbidity in gastrointestinal diseases: Update on the brain-gut-microbiome axis. Prog.
Neuropsychopharmacol. Biol. Psychiatry 2021, 107, 110209. [CrossRef] [PubMed]
Guthrie, E.; Creed, F.; Fernandes, L.; Ratcliffe, J.; Van der Jagt, J.; Martin, J.; Howlett, S.; Read, N.; Barlow, J.; Thompson, D.; et al.
Cluster analysis of symptoms and health seeking behaviour differentiates subgroups of patients with severe irritable bowel
syndrome. Gut 2003, 52, 1616. [CrossRef] [PubMed]

Nutrients 2021, 13, 2159

12.

13.
14.
15.
16.

17.
18.
19.

20.

21.
22.
23.
24.

25.

26.
27.

28.
29.
30.

31.

32.

33.

34.

14 of 19

Midenfjord, I.; Polster, A.; Sjövall, H.; Törnblom, H.; Simrén, M. Anxiety and depression in irritable bowel syndrome: Exploring
the interaction with other symptoms and pathophysiology using multivariate analyses. Neurogastroenterol. Motil. 2019, 31, e13619.
[CrossRef] [PubMed]
Rotem, A.Y.; Sperber, A.D.; Krugliak, P.; Freidman, B.; Tal, A.; Tarasiuk, A. Polysomnographic and actigraphic evidence of sleep
fragmentation in patients with irritable bowel syndrome. Sleep 2003, 26, 747–752. [CrossRef] [PubMed]
Vege, S.S.; Locke, G.R., 3rd; Weaver, A.L.; Farmer, S.A.; Melton, L.J., 3rd; Talley, N.J. Functional gastrointestinal disorders among
people with sleep disturbances: A population-based study. Mayo Clin. Proc. 2004, 79, 1501–1506. [CrossRef]
Wang, B.; Duan, R.; Duan, L. Prevalence of sleep disorder in irritable bowel syndrome: A systematic review with meta-analysis.
Saudi J. Gastroenterol. 2018, 24, 141–150. [CrossRef] [PubMed]
Rajilic-Stojanovic, M.; Jonkers, D.M.; Salonen, A.; Hanevik, K.; Raes, J.; Jalanka, J.; De Vos, W.M.; Manichanh, C.; Golic, N.; Enck,
P.; et al. Intestinal microbiota and diet in IBS: Causes, consequences, or epiphenomena? Am. J. Gastroenterol. 2015, 110, 278–287.
[CrossRef]
Mars, R.A.T.; Yang, Y.; Ward, T.; Houtti, M.; Priya, S.; Lekatz, H.R.; Tang, X.; Sun, Z.; Kalari, K.R.; Korem, T.; et al. Longitudinal
Multi-omics Reveals Subset-Specific Mechanisms Underlying Irritable Bowel Syndrome. Cell 2020, 182, 1460–1473. [CrossRef]
Lenhart, A.; Ferch, C.; Shaw, M.; Chey, W.D. Use of Dietary Management in Irritable Bowel Syndrome: Results of a Survey of
Over 1500 United States Gastroenterologists. J. Neurogastroenterol. Motil. 2018, 24, 437–451. [CrossRef]
Ford, A.C.; Moayyedi, P.; Chey, W.D.; Harris, L.A.; Lacy, B.E.; Saito, Y.A.; Quigley, E.M.M.; Syndrome, A.C.G.T.F.o.M.o.I.B.
American College of Gastroenterology Monograph on Management of Irritable Bowel Syndrome. Am. J. Gastroenterol. 2018, 113,
1–18. [CrossRef]
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.
[CrossRef]
Van Lanen, A.S.; De Bree, A.; Greyling, A. Efficacy of a low-FODMAP diet in adult irritable bowel syndrome: A systematic review
and meta-analysis. Eur. J. Nutr. 2021. [CrossRef] [PubMed]
Halmos, E.P.; Power, V.A.; Shepherd, S.J.; Gibson, P.R.; Muir, J.G. A diet low in FODMAPs reduces symptoms of irritable bowel
syndrome. Gastroenterology 2014, 146, 67–75. [CrossRef]
Mitchell, H.; Porter, J.; Gibson, P.R.; Barrett, J.; Garg, M. Review article: Implementation of a diet low in FODMAPs for patients
with irritable bowel syndrome-directions for future research. Aliment. Pharmacol. Ther. 2019, 49, 124–139. [CrossRef] [PubMed]
Whelan, K.; Martin, L.D.; Staudacher, H.M.; Lomer, M.C.E. The low FODMAP diet in the management of irritable bowel
syndrome: An evidence-based review of FODMAP restriction, reintroduction and personalisation in clinical practice. J. Hum.
Nutr. Diet. 2018, 31, 239–255. [CrossRef] [PubMed]
Staudacher, H.M.; Lomer, M.C.; Anderson, J.L.; Barrett, J.S.; Muir, J.G.; Irving, P.M.; Whelan, K. Fermentable carbohydrate
restriction reduces luminal bifidobacteria and gastrointestinal symptoms in patients with irritable bowel syndrome. J. Nutr. 2012,
142, 1510–1518. [CrossRef]
Nawawi, K.N.M.; Belov, M.; Goulding, C. Low FODMAP diet significantly improves IBS symptoms: An Irish retrospective cohort
study. Eur. J. Nutr. 2020, 59, 2237–2248. [CrossRef]
Wang, L.; Alammar, N.; Singh, R.; Nanavati, J.; Song, Y.; Chaudhary, R.; Mullin, G.E. Gut Microbial Dysbiosis in the Irritable
Bowel Syndrome: A Systematic Review and Meta-Analysis of Case-Control Studies. J. Acad. Nutr. Diet. 2020, 120, 565–586.
[CrossRef]
Vandeputte, D.; Joossens, M. Effects of Low and High FODMAP Diets on Human Gastrointestinal Microbiota Composition in
Adults with Intestinal Diseases: A Systematic Review. Microorganisms 2020, 8, 1638. [CrossRef]
Gibson, P.R.; Halmos, E.P.; Muir, J.G. Review article: FODMAPS, prebiotics and gut health-the FODMAP hypothesis revisited.
Aliment. Pharmacol. Ther. 2020, 52, 233–246. [CrossRef]
Bennet, S.M.P.; Bohn, L.; Storsrud, S.; Liljebo, T.; Collin, L.; Lindfors, P.; Tornblom, H.; Ohman, L.; Simren, M. Multivariate
modelling of faecal bacterial profiles of patients with IBS predicts responsiveness to a diet low in FODMAPs. Gut 2018, 67,
872–881. [CrossRef]
Tap, J.; Derrien, M.; Tornblom, H.; Brazeilles, R.; Cools-Portier, S.; Dore, J.; Storsrud, S.; Le Neve, B.; Ohman, L.; Simren, M.
Identification of an Intestinal Microbiota Signature Associated With Severity of Irritable Bowel Syndrome. Gastroenterology 2017,
152, 111–123. [CrossRef]
Staudacher, H.M.; Whelan, K.; Irving, P.M.; Lomer, M.C.E. Comparison of symptom response following advice for a diet low in
fermentable carbohydrates (FODMAPs) versus standard dietary advice in patients with irritable bowel syndrome. J. Hum. Nutr.
Diet. Off. J. Br. Diet. Assoc. 2011, 24, 487–495. [CrossRef]
McKenzie, Y.A.; Bowyer, R.K.; Leach, H.; Gulia, P.; Horobin, J.; O’Sullivan, N.A.; Pettitt, C.; Reeves, L.B.; Seamark, L.; Williams,
M.; et al. British Dietetic Association systematic review and evidence-based practice guidelines for the dietary management of
irritable bowel syndrome in adults (2016 update). J. Hum. Nutr. Diet. 2016, 29, 549–575. [CrossRef] [PubMed]
National Health and Medical Research Council, Australian Government Department of Health and Ageing, New Zealand
Ministry of Health. Nutrient Reference Values for Australia and New Zealand; National Health and Medical Research Council:
Canberra, Australia, 2006.

Nutrients 2021, 13, 2159

35.
36.
37.

38.
39.
40.
41.
42.
43.
44.

45.

46.

47.

48.

49.
50.

51.
52.
53.
54.
55.
56.

57.
58.

59.

15 of 19

Staudacher, H.M.; Ralph, F.S.E.; Irving, P.M.; Whelan, K.; Lomer, M.C.E. Nutrient Intake, Diet Quality, and Diet Diversity in
Irritable Bowel Syndrome and the Impact of the Low FODMAP Diet. J. Acad. Nutr. Diet. 2020, 120, 535–547. [CrossRef] [PubMed]
Torres, M.J.; Sabate, J.M.; Bouchoucha, M.; Buscail, C.; Hercberg, S.; Julia, C. Food consumption and dietary intakes in 36,448
adults and their association with irritable bowel syndrome: Nutrinet-Sante study. Therap. Adv. Gastroenterol. 2018, 11. [CrossRef]
Saffouri, G.B.; Shields-Cutler, R.R.; Chen, J.; Yang, Y.; Lekatz, H.R.; Hale, V.L.; Cho, J.M.; Battaglioli, E.J.; Bhattarai, Y.; Thompson,
K.J.; et al. Small intestinal microbial dysbiosis underlies symptoms associated with functional gastrointestinal disorders. Nat.
Commun. 2019, 10, 2012. [CrossRef] [PubMed]
Zhou, S.-Y.; Eswaran, S.L.; Wu, X.; Chey, W.D.; Owyang, C. 261 Low FODMAP Diet Modulates Visceral Nociception by Changing
Gut Microbiota and Intestinal Permeability in IBS. Gastroenterology 2016, 150, S63–S64. [CrossRef]
Fukui, H. Increased Intestinal Permeability and Decreased Barrier Function: Does It Really Influence the Risk of Inflammation?
Inflamm. Intest. Dis. 2016, 1, 135–145. [CrossRef]
El-Salhy, M.; Ystad, S.O.; Mazzawi, T.; Gundersen, D. Dietary fiber in irritable bowel syndrome (Review). Int. J. Mol. Med. 2017,
40, 607–613. [CrossRef]
Eswaran, S.; Muir, J.; Chey, W.D. Fiber and functional gastrointestinal disorders. Am. J. Gastroenterol. 2013, 108, 718–727.
[CrossRef]
Gill, S.K.; Rossi, M.; Bajka, B.; Whelan, K. Dietary fibre in gastrointestinal health and disease. Nat. Rev. Gastroenterol. Hepatol. 2020.
[CrossRef]
Scott, K.P.; Gratz, S.W.; Sheridan, P.O.; Flint, H.J.; Duncan, S.H. The influence of diet on the gut microbiota. Pharmacol. Res. 2013,
69, 52–60. [CrossRef] [PubMed]
Baxter, N.T.; Schmidt, A.W.; Venkataraman, A.; Kim, K.S.; Waldron, C.; Schmidt, T.M. Dynamics of Human Gut Microbiota
and Short-Chain Fatty Acids in Response to Dietary Interventions with Three Fermentable Fibers. mBio 2019, 10, e02566-18.
[CrossRef] [PubMed]
Bolte, L.A.; Vich Vila, A.; Imhann, F.; Collij, V.; Gacesa, R.; Peters, V.; Wijmenga, C.; Kurilshikov, A.; Campmans-Kuijpers,
M.J.E.; Fu, J.; et al. Long-term dietary patterns are associated with pro-inflammatory and anti-inflammatory features of the gut
microbiome. Gut 2021. [CrossRef]
Leylabadlo, H.E.; Ghotaslou, R.; Feizabadi, M.M.; Farajnia, S.; Moaddab, S.Y.; Ganbarov, K.; Khodadadi, E.; Tanomand, A.;
Sheykhsaran, E.; Yousefi, B.; et al. The critical role of Faecalibacterium prausnitzii in human health: An overview. Microb. Pathog.
2020, 149, 104344. [CrossRef]
Martín, R.; Miquel, S.; Benevides, L.; Bridonneau, C.; Robert, V.; Hudault, S.; Chain, F.; Berteau, O.; Azevedo, V.; Chatel, J.M.; et al.
Functional Characterization of Novel Faecalibacterium prausnitzii Strains Isolated from Healthy Volunteers: A Step Forward in
the Use of F. prausnitzii as a Next-Generation Probiotic. Front. Microbiol. 2017, 8, 1226. [CrossRef] [PubMed]
Xu, J.; Liang, R.; Zhang, W.; Tian, K.; Li, J.; Chen, X.; Yu, T.; Chen, Q. Faecalibacterium prausnitzii-derived microbial antiinflammatory molecule regulates intestinal integrity in diabetes mellitus mice via modulating tight junction protein expression. J.
Diabetes 2020, 12, 224–236. [CrossRef] [PubMed]
Valentini, F.; Evangelisti, M.; Arpinelli, M.; Di Nardo, G.; Borro, M.; Simmaco, M.; Villa, M.P. Gut microbiota composition in
children with obstructive sleep apnoea syndrome: A pilot study. Sleep Med. 2020, 76, 140–147. [CrossRef]
Evans, S.J.; Bassis, C.M.; Hein, R.; Assari, S.; Flowers, S.A.; Kelly, M.B.; Young, V.B.; Ellingrod, V.E.; McInnis, M.G. The gut
microbiome composition associates with bipolar disorder and illness severity. J. Psychiatr. Res. 2017, 87, 23–29. [CrossRef]
[PubMed]
Sonnenburg, E.D.; Sonnenburg, J.L. Starving our microbial self: The deleterious consequences of a diet deficient in microbiotaaccessible carbohydrates. Cell Metab. 2014, 20, 779–786. [CrossRef]
Cummings, J.H. Short chain fatty acids in the human colon. Gut 1981, 22, 763–779. [CrossRef] [PubMed]
Topping, D.L.; Clifton, P.M. Short-chain fatty acids and human colonic function: Roles of resistant starch and nonstarch
polysaccharides. Physiol. Rev. 2001, 81, 1031–1064. [CrossRef] [PubMed]
Bugaut, M.; Bentejac, M. Biological effects of short-chain fatty acids in nonruminant mammals. Annu. Rev. Nutr. 1993, 13, 217–241.
[CrossRef]
Pryde, S.E.; Duncan, S.H.; Hold, G.L.; Stewart, C.S.; Flint, H.J. The microbiology of butyrate formation in the human colon. FEMS
Microbiol. Lett. 2002, 217, 133–139. [CrossRef]
Bach Knudsen, K.E.; Laerke, H.N.; Hedemann, M.S.; Nielsen, T.S.; Ingerslev, A.K.; Gundelund Nielsen, D.S.; Theil, P.K.; Purup, S.;
Hald, S.; Schioldan, A.G.; et al. Impact of Diet-Modulated Butyrate Production on Intestinal Barrier Function and Inflammation.
Nutrients 2018, 10, 1499. [CrossRef] [PubMed]
Wang, L.; Luo, H.S.; Xia, H. Sodium butyrate induces human colon carcinoma HT-29 cell apoptosis through a mitochondrial
pathway. J. Int. Med Res. 2009, 37, 803–811. [CrossRef] [PubMed]
Le Leu, R.K.; Winter, J.M.; Christophersen, C.T.; Young, G.P.; Humphreys, K.J.; Hu, Y.; Gratz, S.W.; Miller, R.B.; Topping, D.L.;
Bird, A.R.; et al. Butyrylated starch intake can prevent red meat-induced O6-methyl-2-deoxyguanosine adducts in human rectal
tissue: A randomised clinical trial. Br. J. Nutr. 2015, 114, 220–230. [CrossRef]
Gao, Z.; Yin, J.; Zhang, J.; Ward, R.E.; Martin, R.J.; Lefevre, M.; Cefalu, W.T.; Ye, J. Butyrate improves insulin sensitivity and
increases energy expenditure in mice. Diabetes 2009, 58, 1509–1517. [CrossRef]

Nutrients 2021, 13, 2159

60.
61.
62.
63.
64.
65.

66.

67.
68.
69.

70.
71.
72.

73.
74.
75.
76.

77.

78.
79.

80.

81.

82.

83.

16 of 19

Ingerslev, A.K.; Theil, P.K.; Hedemann, M.S.; Laerke, H.N.; Bach Knudsen, K.E. Resistant starch and arabinoxylan augment SCFA
absorption, but affect postprandial glucose and insulin responses differently. Br. J. Nutr. 2014, 111, 1564–1576. [CrossRef]
Cuervo, A.; Salazar, N.; Ruas-Madiedo, P.; Gueimonde, M.; González, S. Fiber from a regular diet is directly associated with fecal
short-chain fatty acid concentrations in the elderly. Nutr. Res. 2013, 33, 811–816. [CrossRef]
Harvie, R.M.; Chisholm, A.W.; Bisanz, J.E.; Burton, J.P.; Herbison, P.; Schultz, K.; Schultz, M. Long-term irritable bowel syndrome
symptom control with reintroduction of selected FODMAPs. World J. Gastroenterol. 2017, 23, 4632–4643. [CrossRef] [PubMed]
Halmos, E.P.; Christophersen, C.T.; Bird, A.R.; Shepherd, S.J.; Gibson, P.R.; Muir, J.G. Diets that differ in their FODMAP content
alter the colonic luminal microenvironment. Gut 2015, 64, 93–100. [CrossRef] [PubMed]
Grandner, M.A.; Jackson, N.; Gerstner, J.R.; Knutson, K.L. Dietary nutrients associated with short and long sleep duration. Data
from a nationally representative sample. Appetite 2013, 64, 71–80. [CrossRef] [PubMed]
Hustoft, T.N.; Hausken, T.; Ystad, S.O.; Valeur, J.; Brokstad, K.; Hatlebakk, J.G.; Lied, G.A. Effects of varying dietary content of
fermentable short-chain carbohydrates on symptoms, fecal microenvironment, and cytokine profiles in patients with irritable
bowel syndrome. Neurogastroenterol. Motil. 2017, 29, e12969. [CrossRef] [PubMed]
Morris, G.; Berk, M.; Carvalho, A.; Caso, J.R.; Sanz, Y.; Walder, K.; Maes, M. The Role of the Microbial Metabolites Including
Tryptophan Catabolites and Short Chain Fatty Acids in the Pathophysiology of Immune-Inflammatory and Neuroimmune
Disease. Mol. Neurobiol. 2017, 54, 4432–4451. [CrossRef]
Morrison, D.J.; Preston, T. Formation of short chain fatty acids by the gut microbiota and their impact on human metabolism. Gut
Microbes 2016, 7, 189–200. [CrossRef]
Szentirmai, É.; Millican, N.S.; Massie, A.R.; Kapás, L. Butyrate, a metabolite of intestinal bacteria, enhances sleep. Sci. Rep. 2019,
9, 7035. [CrossRef] [PubMed]
Tahara, Y.; Yamazaki, M.; Sukigara, H.; Motohashi, H.; Sasaki, H.; Miyakawa, H.; Haraguchi, A.; Ikeda, Y.; Fukuda, S.; Shibata, S.
Gut Microbiota-Derived Short Chain Fatty Acids Induce Circadian Clock Entrainment in Mouse Peripheral Tissue. Sci. Rep. 2018,
8, 1395. [CrossRef] [PubMed]
Tahara, Y.; Shibata, S. Circadian rhythms of liver physiology and disease: Experimental and clinical evidence. Nat. Rev.
Gastroenterol. Hepatol. 2016, 13, 217–226. [CrossRef]
Smith, R.P.; Easson, C.; Lyle, S.M.; Kapoor, R.; Donnelly, C.P.; Davidson, E.J.; Parikh, E.; Lopez, J.V.; Tartar, J.L. Gut microbiome
diversity is associated with sleep physiology in humans. PLoS ONE 2019, 14, e0222394. [CrossRef]
Ko, C.-Y.; Liu, Q.-Q.; Su, H.-Z.; Zhang, H.-P.; Fan, J.-M.; Yang, J.-H.; Hu, A.-K.; Liu, Y.-Q.; Chou, D.; Zeng, Y.-M. Gut microbiota in
obstructive sleep apnea-hypopnea syndrome: Disease-related dysbiosis and metabolic comorbidities. Clin. Sci. (Lond. Engl. 1979)
2019, 133, 905–917. [CrossRef]
Matenchuk, B.A.; Mandhane, P.J.; Kozyrskyj, A.L. Sleep, circadian rhythm, and gut microbiota. Sleep Med. Rev. 2020, 53, 101340.
[CrossRef]
Bear, T.L.K.; Dalziel, J.E.; Coad, J.; Roy, N.C.; Butts, C.A.; Gopal, P.K. The Role of the Gut Microbiota in Dietary Interventions for
Depression and Anxiety. Adv. Nutr. 2020, 11, 890–907. [CrossRef] [PubMed]
Peirce, J.M.; Alvina, K. The role of inflammation and the gut microbiome in depression and anxiety. J. Neurosci. Res. 2019, 97,
1223–1241. [CrossRef] [PubMed]
Valles-Colomer, M.; Falony, G.; Darzi, Y.; Tigchelaar, E.F.; Wang, J.; Tito, R.Y.; Schiweck, C.; Kurilshikov, A.; Joossens, M.;
Wijmenga, C.; et al. The neuroactive potential of the human gut microbiota in quality of life and depression. Nat. Microbiol. 2019,
4, 623–632. [CrossRef] [PubMed]
Kelly, J.R.; Borre, Y.; O’ Brien, C.; Patterson, E.; El Aidy, S.; Deane, J.; Kennedy, P.J.; Beers, S.; Scott, K.; Moloney, G.; et al.
Transferring the blues: Depression-associated gut microbiota induces neurobehavioural changes in the rat. J. Psychiatr. Res. 2016,
82, 109–118. [CrossRef] [PubMed]
Cheung, S.G.; Goldenthal, A.R.; Uhlemann, A.C.; Mann, J.J.; Miller, J.M.; Sublette, M.E. Systematic Review of Gut Microbiota and
Major Depression. Front Psychiatry 2019, 10, 34. [CrossRef] [PubMed]
Vanuytsel, T.; Van Wanrooy, S.; Vanheel, H.; Vanormelingen, C.; Verschueren, S.; Houben, E.; Salim Rasoel, S.; Tomicronth, J.;
Holvoet, L.; Farre, R.; et al. Psychological stress and corticotropin-releasing hormone increase intestinal permeability in humans
by a mast cell-dependent mechanism. Gut 2014, 63, 1293–1299. [CrossRef] [PubMed]
Swanson, K.S.; De Vos, W.M.; Martens, E.C.; Gilbert, J.A.; Menon, R.S.; Soto-Vaca, A.; Hautvast, J.; Meyer, P.D.; Borewicz,
K.; Vaughan, E.E.; et al. Effect of fructans, prebiotics and fibres on the human gut microbiome assessed by 16S rRNA-based
approaches: A review. Benef. Microbes 2020, 11, 101–129. [CrossRef]
Healey, G.; Murphy, R.; Butts, C.; Brough, L.; Whelan, K.; Coad, J. Habitual dietary fibre intake influences gut microbiota response
to an inulin-type fructan prebiotic: A randomised, double-blind, placebo-controlled, cross-over, human intervention study. Br. J.
Nutr. 2018, 119, 176–189. [CrossRef]
Berding, K.; Long-Smith, C.M.; Carbia, C.; Bastiaanssen, T.F.S.; Van de Wouw, M.; Wiley, N.; Strain, C.R.; Fouhy, F.; Stanton,
C.; Cryan, J.F.; et al. A specific dietary fibre supplementation improves cognitive performance-an exploratory randomised,
placebo-controlled, crossover study. Psychopharmacology 2021, 238, 149–163. [CrossRef] [PubMed]
Burrows, T.; Fenton, S.; Duncan, M. Diet and sleep health: A scoping review of intervention studies in adults. J. Hum. Nutr. Diet.
2020, 33, 308–329. [CrossRef]

Nutrients 2021, 13, 2159

84.
85.

86.

87.
88.
89.

90.
91.

92.

93.
94.

95.

96.
97.
98.

99.

100.

101.
102.
103.
104.
105.

106.

107.

17 of 19

Binks, H.; G, E.V.; Gupta, C.; Irwin, C.; Khalesi, S. Effects of Diet on Sleep: A Narrative Review. Nutrients 2020, 12. [CrossRef]
[PubMed]
Moayyedi, P.; Quigley, E.M.; Lacy, B.E.; Lembo, A.J.; Saito, Y.A.; Schiller, L.R.; Soffer, E.E.; Spiegel, B.M.; Ford, A.C. The effect
of fiber supplementation on irritable bowel syndrome: A systematic review and meta-analysis. Am. J. Gastroenterol. 2014, 109,
1367–1374. [CrossRef] [PubMed]
Nagarajan, N.; Morden, A.; Bischof, D.; King, E.A.; Kosztowski, M.; Wick, E.C.; Stein, E.M. The role of fiber supplementation
in the treatment of irritable bowel syndrome: A systematic review and meta-analysis. Eur. J. Gastroenterol. Hepatol. 2015, 27,
1002–1010. [CrossRef]
Algera, J.; Colomier, E.; Simren, M. The Dietary Management of Patients with Irritable Bowel Syndrome: A Narrative Review of
the Existing and Emerging Evidence. Nutrients 2019, 11, 2162. [CrossRef]
Peters, M.; Godfrey, C.; McInerney, P.; Munn, Z.; Trico, A.; Khalil, H. Chapter 11: Scoping Reviews (2020 version). JBI Man. Evid.
Synth. 2020. [CrossRef]
Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.J.; Horsley, T.; Weeks, L.;
et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467–473.
[CrossRef]
Veritas Health Innovation. Covidence Systematic Review Software; Veritas Health Innovation: Melbourne, Australia, 2013.
Eswaran, S.; Chey, W.D.; Jackson, K.; Pillai, S.; Chey, S.W.; 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, 1890–1899. [CrossRef]
Azpiroz, F.; Dubray, C.; Bernalier-Donadille, A.; Cardot, J.M.; Accarino, A.; Serra, J.; Wagner, A.; Respondek, F.; Dapoigny, M.
Effects of scFOS on the composition of fecal microbiota and anxiety in patients with irritable bowel syndrome: A randomized,
double blind, placebo controlled study. Neurogastroenterol. Motil. 2017, 29, e12911. [CrossRef]
Silk, D.B.; Davis, A.; Vulevic, J.; Tzortzis, G.; Gibson, G.R. Clinical trial: The effects of a trans-galactooligosaccharide prebiotic on
faecal microbiota and symptoms in irritable bowel syndrome. Aliment. Pharmacol. Ther. 2009, 29, 508–518. [CrossRef] [PubMed]
Kortlever, T.L.; Ten Bokkel Huinink, S.; Offereins, M.; Hebblethwaite, C.; O’Brien, L.; Leeper, J.; Mulder, C.J.J.; Barrett, J.S.; Gearry,
R.B. Low-FODMAP Diet Is Associated With Improved Quality of Life in IBS Patients-A Prospective Observational Study. Nutr.
Clin. Pract. 2019. [CrossRef] [PubMed]
Bellini, M.; Gambaccini, D.; Bazzichi, L.; Bassotti, G.; Mumolo, M.G.; Fani, B.; Costa, F.; Ricchiuti, A.; De Bortoli, N.; Mosca, M.;
et al. Bioelectrical impedance vector analysis in patients with irritable bowel syndrome on a low FODMAP diet: A pilot study.
Tech. Coloproctol. 2017, 21, 451–459. [CrossRef]
Lacy, B.; Patel, N. Rome Criteria and a Diagnostic Approach to Irritable Bowel Syndrome. J. Clin. Med. 2017, 6, 99. [CrossRef]
Rea, K.; Dinan, T.G.; Cryan, J.F. Gut Microbiota: A Perspective for Psychiatrists. Neuropsychobiology 2020, 79, 50–62. [CrossRef]
[PubMed]
Asnicar, F.; Berry, S.E.; Valdes, A.M.; Nguyen, L.H.; Piccinno, G.; Drew, D.A.; Leeming, E.; Gibson, R.; Le Roy, C.; Khatib, H.A.;
et al. Microbiome connections with host metabolism and habitual diet from 1,098 deeply phenotyped individuals. Nat. Med. 2021.
[CrossRef]
Mika, A.; Greenwood, B.N.; Chichlowski, M.; Borchert, D.; Hulen, K.A.; Berg, B.M.; Paton, M.; Fleshner, M. 155. Dietary prebiotics
increase Bifidobacterium spp. and Lactobacillus spp. in the gut and promote stress resistance. Brain. Behav. Immun. 2014, 40, e45.
[CrossRef]
Mika, A.; Day, H.E.W.; Martinez, A.; Rumian, N.L.; Greenwood, B.N.; Chichlowski, M.; Berg, B.M.; Fleshner, M. Early life diets
with prebiotics and bioactive milk fractions attenuate the impact of stress on learned helplessness behaviours and alter gene
expression within neural circuits important for stress resistance. Eur. J. Neurosci. 2017, 45, 342–357. [CrossRef]
Han, B. Correlation between gastrointestinal hormones and anxiety-depressive states in irritable bowel syndrome. Exp. Ther.
Med. 2013, 6, 715–720. [CrossRef]
Martinez, R.C.; Bedani, R.; Saad, S.M. Scientific evidence for health effects attributed to the consumption of probiotics and
prebiotics: An update for current perspectives and future challenges. Br. J. Nutr. 2015, 114, 1993–2015. [CrossRef]
Prescott, S.L.; Millstein, R.A.; Katzman, M.A.; Logan, A.C. Biodiversity, the Human Microbiome and Mental Health: Moving
toward a New Clinical Ecology for the 21st Century? Int. J. Biodivers. 2016, 2016. [CrossRef]
Holscher, H.D. Dietary fiber and prebiotics and the gastrointestinal microbiota. Gut Microbes 2017, 8, 172–184. [CrossRef]
Public Health England. National Diet and Nutrition Survey Rolling Programme Years 9 to 11 (2016/2017 to 2018/2019).
Available online: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/94
3114/NDNS_UK_Y9-11_report.pdf (accessed on 22 May 2021).
Public Health England and Food Standards Agency. National Diet and Nutrition Survey: Results from Years 7 and 8 (combined)
of the Rolling Programme (2014/2015 to 2015/2016). Available online: https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/699241/NDNS_results_years_7_and_8.pdf (accessed on 22 May 2021).
Clark, S.D.; Shute, B.; Jenneson, V.; Rains, T.; Birkin, M.; Morris, M.A. Dietary Patterns Derived from UK Supermarket Transaction
Data with Nutrient and Socioeconomic Profiles. Nutrients 2021, 13, 1481. [CrossRef]

Nutrients 2021, 13, 2159

18 of 19

108. United State Department of Agriculture; Agricultural Research Service. What We Eat in America: Dietary Fiber (g): Usual Intakes
from Food and Water, 2003–2006, Compared to Adequate Intakes. National Health and Nutrition Examination Survey (NHANES)
2003-2006. Available online: http://ars.usda.gov/SP2UserFiles/Place/12355000/pdf/0506/usual_nutrient_intake_dietary_
fiber_2003-06.pdf (accessed on 22 May 2021).
109. Doggui, R.; Al-Jawaldeh, H.; El Ati, J.; Barham, R.; Nasreddine, L.; Alqaoud, N.; Aguenaou, H.; El Ammari, L.; Jabbour, J.;
Al-Jawaldeh, A. Meta-Analysis and Systematic Review of Micro- and Macro-Nutrient Intakes and Trajectories of Macro-Nutrient
Supply in the Eastern Mediterranean Region. Nutrients 2021, 13, 1515. [CrossRef] [PubMed]
110. McRae, M.P. Effectiveness of Fiber Supplementation for Constipation, Weight Loss, and Supporting Gastrointestinal Function: A
Narrative Review of Meta-Analyses. J. Chiropr. Med. 2020, 19, 58–64. [CrossRef] [PubMed]
111. Fukudo, S.; Okumura, T.; Inamori, M.; Okuyama, Y.; Kanazawa, M.; Kamiya, T.; Sato, K.; Shiotani, A.; Naito, Y.; Fujikawa, Y.; et al.
Evidence-based clinical practice guidelines for irritable bowel syndrome 2020. J. Gastroenterol. 2021. [CrossRef]
112. Muir, J. An overview of fiber and fiber supplements for Irritable Bowel Syndrome. Gastroenterol. Hepatol. (N. Y.) 2019, 15, 387–389.
113. Wilson, B.; Cox, S.R.; Whelan, K. Challenges of the low FODMAP diet for managing irritable bowel syndrome and approaches to
their minimisation and mitigation. Proc. Nutr. Soc. 2020, 1–10. [CrossRef]
114. Morita, T.; Kasaoka, S.; Hase, K.; Kiriyama, S. Psyllium shifts the fermentation site of high-amylose cornstarch toward the distal
colon and increases fecal butyrate concentration in rats. J. Nutr. 1999, 129, 2081–2087. [CrossRef] [PubMed]
115. Govers, M.J.; Gannon, N.J.; Dunshea, F.R.; Gibson, P.R.; Muir, J.G. Wheat bran affects the site of fermentation of resistant starch
and luminal indexes related to colon cancer risk: A study in pigs. Gut 1999, 45, 840–847. [CrossRef]
116. Muir, J.G.; Yeow, E.G.; Keogh, J.; Pizzey, C.; Bird, A.R.; Sharpe, K.; O’Dea, K.; Macrae, F.A. Combining wheat bran with resistant
starch has more beneficial effects on fecal indexes than does wheat bran alone. Am. J. Clin. Nutr. 2004, 79, 1020–1028. [CrossRef]
117. Aoe, S.; Nakamura, F.; Fujiwara, S. Effect of Wheat Bran on Fecal Butyrate-Producing Bacteria and Wheat Bran Combined with
Barley on Bacteroides Abundance in Japanese Healthy Adults. Nutrients 2018, 10, 1980. [CrossRef]
118. Makharia, G.; Gibson, P.; Bai, J.; Crowe, S.; Karakan, T.; Lee, Y.Y.; McNamara, L.; Muir, J.; Oruc, N.; Quigley, E.; et al. World
Gastroenterology Organisation Global Guidelines: Diet and the Gut. 2018. World Gastroenterology Organisation. 2018. Available
online: https://www.worldgastroenterology.org/guidelines/global-guidelines/diet-and-the-gut/diet-and-the-gut-english
(accessed on 22 May 2021).
119. Oka, P.; Parr, H.; Barberio, B.; Black, C.J.; Savarino, E.V.; Ford, A.C. Global prevalence of irritable bowel syndrome according to
Rome III or IV criteria: A systematic review and meta-analysis. Lancet Gastroenterol. Hepatol. 2020, 5, 908–917. [CrossRef]
120. Zhou, Q.; Verne, G.N. Are the Rome Criteria a Sound Standard for Gastrointestinal Disorders Worldwide? Gastroenterology 2020,
158, 1212–1214. [CrossRef]
121. Shorey, S.; Demutska, A.; Chan, V.; Siah, K.T.H. Adults living with irritable bowel syndrome (IBS): A qualitative systematic
review. J. Psychosom. Res. 2021, 140, 110289. [CrossRef] [PubMed]
122. Chinoy, E.D.; Cuellar, J.A.; Huwa, K.E.; Jameson, J.T.; Watson, C.H.; Bessman, S.C.; Hirsch, D.A.; Cooper, A.D.; Drummond,
S.P.A.; Markwald, R.R. Performance of seven consumer sleep-tracking devices compared with polysomnography. Sleep 2021, 44.
[CrossRef] [PubMed]
123. Baron, K.G.; Duffecy, J.; Berendsen, M.A.; Cheung Mason, I.; Lattie, E.G.; Manalo, N.C. Feeling validated yet? A scoping review of
the use of consumer-targeted wearable and mobile technology to measure and improve sleep. Sleep Med. Rev. 2018, 40, 151–159.
[CrossRef] [PubMed]
124. Driller, M.W.; Dunican, I.C. No familiarization or ‘first-night effect’ evident when monitoring sleep using wrist actigraphy. J. Sleep
Res. 2020. [CrossRef] [PubMed]
125. Ibanez, V.; Silva, J.; Cauli, O. A survey on sleep assessment methods. PeerJ 2018, 6, e4849. [CrossRef] [PubMed]
126. Wirth, M.D.; Jessup, A.; Turner-McGrievy, G.; Shivappa, N.; Hurley, T.G.; Hebert, J.R. Changes in Dietary Inflammatory Potential
Predict Changes in Sleep Quality Metrics, but Not Sleep Duration. Sleep 2020. [CrossRef]
127. St-Onge, M.-P.; Roberts, A.; Shechter, A.; Choudhury, A.R. Fiber and Saturated Fat Are Associated with Sleep Arousals and Slow
Wave Sleep. J. Clin. Sleep Med. JCSM Off. Publ. Am. Acad. Sleep Med. 2016, 12, 19–24. [CrossRef] [PubMed]
128. Thompson, R.S.; Vargas, F.; Dorrestein, P.C.; Chichlowski, M.; Berg, B.M.; Fleshner, M. Dietary prebiotics alter novel microbial
dependent fecal metabolites that improve sleep. Sci. Rep. 2020, 10, 3848. [CrossRef] [PubMed]
129. Krueger, J.M.; Opp, M.R. Sleep and Microbes. Int. Rev. Neurobiol. 2016, 131, 207–225. [CrossRef]
130. Yan, R.; Murphy, M.; Genoni, A.; Marlow, E.; Dunican, I.C.; Lo, J.; Andrew, L.; Devine, A.; Christophersen, C.T. Does Fibre-fix
provided to people with irritable bowel syndrome who are consuming a low FODMAP diet improve their gut health, gut
microbiome, sleep and mental health? A double-blinded, randomised controlled trial. BMJ Open Gastroenterol. 2020, 7, e000448.
[CrossRef] [PubMed]
131. Berentsen, B.; Nagaraja, B.H.; Teige, E.P.; Lied, G.A.; Lundervold, A.J.; Lundervold, K.; Steinsvik, E.K.; Hillestad, E.R.; Valeur, J.;
Bronstad, I.; et al. Study protocol of the Bergen brain-gut-microbiota-axis study: A prospective case-report characterization and
dietary intervention study to evaluate the effects of microbiota alterations on cognition and anatomical and functional brain
connectivity in patients with irritable bowel syndrome. Medicine (Baltimore) 2020, 99, e21950. [CrossRef]

Nutrients 2021, 13, 2159

19 of 19

132. Moayyedi, P.; MacQueen, G.; Bernstein, C.N.; Vanner, S.; Bercik, P.; Madsen, K.L.; Surette, M.; Rioux, J.D.; Dieleman, L.A.; Verdu,
E.; et al. IMAGINE Network’s Mind And Gut Interactions Cohort (MAGIC) Study: A protocol for a prospective observational
multicentre cohort study in inflammatory bowel disease and irritable bowel syndrome. BMJ Open 2020, 10, e041733. [CrossRef]
133. Staudacher, H.M.; Loughman, A. Gut health: Definitions and determinants. Lancet Gastroenterol. Hepatol. 2021, 6. [CrossRef]

