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Abstract

Background: Numerous individual and environmental factors including diet may play
an important role in the pathophysiology of irritable bowel syndrome (IBS). It is un-
clear to what degree dietary intake is affected in individuals with IBS. We aimed to
perform a systematic review and meta-analysis to summarize dietary intake of adults
with IBS and to compare dietary intake between adults with IBS and non-1BS controls.
Methods: Ovid MEDLINE, Embase, Cochrane, CINAHL, and Scopus were searched
through February 2023 for clinical trials and observational studies measuring usual
diet in adults with IBS. Pooled weighted averages were estimated for total energy, ma-
cronutrient, and micronutrient data. Mean differences (MD) in nutrient intake were
estimated for adults with IBS versus non-IBS controls using a random effects model.
Heterogeneity was assessed by the inconsistency index (12).

Key Results: Sixty-three full-text articles were included in the review of which 29
studies included both IBS and control subjects. Nutrients not meeting the recom-
mended intake level for any dietary reference values in the IBS population were fiber
and vitamin D. Meta-regression by female proportion was positively correlated with
total fat intake and negatively correlated with carbohydrate intake. Comparisons be-
tween participants with IBS and controls showed significantly lower fiber intake in
participants with IBS with high heterogeneity (MD: -1.8; 95% Cl: -3.0, -0.6; 12 =85%).
Conclusions and Inferences: This review suggests that fiber and vitamin D intake is
suboptimal in IBS; however, overall dietary intake does not appear to be comprised.
Causes and consequences of reduced fiber in IBS deserve further study.

Results of this systematic review and meta-analysis suggest that fiber and vitamin D
intake is suboptimal in IBS. However, overall intake of other macro- and micronutri-
ents does not appear to be compromised. Causes and consequences of reduced fiber
and Vitamin D intake in IBS deserve further study.
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1 | INTRODUCTION

Irritable bowel syndrome (IBS) is a common disorder of gut-brain
interaction characterized by recurrent abdominal pain and abnormal
bowel patterns. Multiple pathophysiologic mechanisms (e.g., altered
motility, impaired barrier function, immune activation, visceral hy-
persensivity, and central nervous system abnormalities) have been
described and may be linked to both individual and environmental
risk factors including genetic predisposition, stress, antibiotic-use,
enteric infections, psychological distress, and diet.! Food is hypoth-
esized to play a role in IBS? through mechanisms including enhanced
gastrocolonic responses,®* influences on the gut microbiome,’
osmotic and luminal effects of poorly absorbed carbohydrates®
or dietary fiber,” histamine release,®? and local immune-mediated
reactions, or intestinal epithelial barrier alteration by dietary anti-
gens.10 Dietary modifications are frequent first-line therapies for
IBS.! For some patients, elimination of fermentable oligosaccha-
rides, disaccharides, monosaccharides, and polyols (FODMAP) may
lead to decreased symptoms such as bloating and pain.!! In a recent
systematic review and network meta-analysis, low FODMAP diet
ranked as most efficacious among all dietary interventions for global
and individual IBS symptoms.*?

Individuals with IBS also identify food as a trigger for symptoms
and alter their dietary intake. Restrictive eating and an increasing
use of diet-based therapies for IBS may put some individuals with
IBS at an increased risk for nutritional inadequacies.13 However,
whether or not IBS is associated with a higher risk of nutritional
inadequacy is not known. Prior studies have compared dietary
intake between IBS and control groups and to dietary reference
values (DRV) with variable results. For example, Williams et al.*
used a self-administered food frequency questionnaire (FFQ) to
show no nutritional inadequacies in an IBS population compared
to DRV in the United Kingdom (UK). In a prospective Swedish
study, Bohn et al.}® showed that nutrient intake in IBS patients was
similar to the general population and met national recommenda-

1.1 reported that diet quality

tions. More recently, Tigchelaar et a
in the Netherlands was lower in IBS patients than in controls and
Staudacher et al.'” demonstrated that IBS patients often fail to
meet the UK DRV for a variety of nutrients, such as fiber, iodine,
magnesium, iron, and selenium. Another observational cohort study
in alarge French population®® reported higher total energy and lipid
intake and lower protein intake in patients with IBS compared to
controls. One recent systematic review'? reported the association
between IBS and micronutrients to describe lower levels of vitamin
B2, vitamin D, calcium, and iron in individuals with IBS compared
to individuals without IBS. However, macronutrient intake was not
evaluated and follow-up rather than baseline micronutrient intakes
were examined among dietary interventional studies. To assess and
quantify dietary adequacy in IBS, we aimed to perform a compre-
hensive systematic review and meta-analysis (SRMA) to estimate
usual (baseline) nutrient intake in adults with IBS and to compare

nutrient intake between adults with and without IBS.

Key points

e Diet may play a role in irritable bowel syndrome (IBS)
pathophysiology and diet modifications are commonly
used to treat IBS symptoms.

e |t is unclear whether individuals with IBS are at risk for
nutritional inadequacies.

e |n a systematic review and meta-analysis, we find that
fiber and vitamin D intake are suboptimal in IBS; how-
ever, dietary intake of other macro- and micronutrients

does not appear to be comprised.

2 | MATERIALS AND METHODS
2.1 | Design

The study protocol “Nutritional intake in adults with irritable
bowel syndrome: a systematic review and meta-analysis” was pub-
lished on PROSPERO (registration number CRD42020162596).%°
Reporting of this review is in accordance with the Guidelines
of Preferred Reporting Items for Systematic Reviews and

Meta-analyses.?!

2.2 | Eligibility criteria

Randomized controlled trials and observational studies examining
baseline dietary intake according to their habitual diet and prior
to any intervention of adults (>18years old) with IBS. A diagnosis
of IBS could be made using any definition provided by the study.
Sufficient data must have been provided to calculate estimated
mean intake values for at least one of the dietary endpoints of inter-
est. Authors of eligible studies were contacted by email for missing
data. Manuscripts, conference abstracts, and references of relevant
papers were included in the search. There were no language or data

limitations.

2.3 | Search strategy

A comprehensive search of the biomedical literature was performed
by a medical librarian (EDF) using the following databases: Ovid
MEDLINE, Embase, Cochrane, Cumulative Index to Nursing and
Allied Health Literature (CINAHL), and Scopus. Search was initially
performed on February 20, 2020 and then updated on February 28,
2023. The full search strategies for each database are reported in
the Data S1. All references were downloaded into Endnote 20 and
Covidence during the initial and updated searches, respectively.

Microsoft Excel was used to manage data.
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2.4 | Study selection

Two researchers independently reviewed titles and abstracts after
the initial search (GC and CJK) and after the updated search (GC
and DIV) to identify potentially relevant articles for full-text review.
Agreement was evaluated using the kappa statistic.?2 Both review-
ers reviewed full-text articles in detail. Disagreements were harmo-

nized by consensus or by a third party when required (AS).

2.5 | Data extraction

Data were extracted independently (GC, CJK, and DIV). Disparities
were resolved by a third party (AS). Sixty-five authors were con-
tacted via email for further information, of whom 23 responded
and 8 of whom provided additional data. Data extracted consisted
of country, participants' characteristics (age, gender, and IBS di-
agnostic tool), method used for dietary intake measurement, and
dietary endpoints including total energy, macronutrients (carbo-
hydrate, fat, total fiber, and protein), and micronutrients (calcium,
folate, iron, magnesium, phosphorus, potassium, sodium, vitamins
[A, B1, B2, B3, B4, B12, C, D, E], and zinc). Intake values were
converted where required to kilocalories (energy), grams (car-
bohydrate, fat, fiber, protein, potassium, and sodium), milligrams
(calcium, iron, magnesium, phosphorus, vitamin B1, B2, B3, B6, C,
and E, and zinc), and micrograms (folate and vitamin A, B12, and
D). Among 73 eligible studies, 10 were excluded from the final

analysis. Four studies?3-2¢

reported mean intake without meas-
ures of variability, one?” reported average daily energy intakes
than exceeded the pooled mean estimate of all other studies by
>1000kcal per day leading to concerns for implausibility, and

four?8-31

reported no numerical data for the variables of interest,
and one®? reported average intake levels in a combined group of
adults with and without IBS. The author from one of the four stud-
jes®® without measures of variability provided standard deviation
values upon request; however, values were obtained after adjust-
ing for patients' characteristics and the study was ultimately ex-

cluded since all other studies reported unadjusted data.

2.6 | Quality of evidence

Two reviewers independently assessed each study after the initial
(RA and GC) and updated searches (DIV and AS) and determined
quality as low, moderate, or high using the Newcastle Ottawa
scale (NOS)®* or National Institutes of Health (NIH) quality as-
sessment tools for Observational Cohort and Cross-Sectional
studies.®® Overall quality was determined based on subjective as-
sessment of key domains (e.g. selection, comparability, exposure,
and outcome). Randomized trials that measured baseline diet prior
to study intervention were assessed as observational studies.
Disagreements were discussed and resolved. Inter-rater reliability
was evaluated using the kappa statistic.

30of19
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2.7 | Study objectives

The primary objective was to estimate mean intake for total energy,
macronutrients, and micronutrients in adults with IBS. Secondary
objectives were to compare intake values between adults with IBS
and controls.

2.8 | Dietary reference values

Dietary reference values were defined according to multiple agen-
cies and regional guidelines including the World Health Organization
(WHO),3¢ European Food Safety Authority (EFSA),%” National Health
and Medical Research Council (NHMRC) for Australia/New Zealand
(NZ),%8 Committee on Medical Aspects of Food and Nutrition Policy
(COMA) for the United Kingdom (UK),*’ National Academies of
Sciences, Engineering, and Medicine (USA/Canada),*® and Nordic
Council of Ministers.*!

2.9 | Data synthesis and statistical analysis

Pooled weighted averages were estimated for dietary intake data
in adults with 1BS.*?> Mean differences (MD) with 95% confidence
intervals (Cl) in dietary intake were estimated between participants
with IBS and controls using a random effects model. As dietary
practices may be affected by region or culture and patient-specific
characteristics including sex, meta-regression analyses by propor-
tion of females, and subgroup analyses by dietary guideline region as
well as study quality were performed with subgroups comprised of
three or more studies to address possible sources of heterogeneity.
Heterogeneity was assessed by the inconsistency index (1) with 95%
Cl and rated as low (<25%), moderate (25%-75%), and high (>75%).
Analyses were conducted using the meta package in R version 3.6.1
(R Foundation for Statistical Computing).

For comparisons between participants with IBS and controls,
two-sided tests at a significance level of a=0.05 were used. Meta-
regression by female proportion and subgroup analyses by guideline

region and study quality were again performed.

3 | RESULTS
3.1 | Literature search and study selection

A total of 23,643 citations were retrieved from which 7639 duplicates
were removed using EndNote 20 and Covidence, resulting in a final
set of 16,004 citations/abstracts for review. Following screening, 615
articles were retrieved for full-text review from which 63 full-text
articles comprised of 52,105 participants (N=8720 IBS, N=43,385
controls) were ultimately included.}11415:43-102 Agreement between
authors was almost perfect (kappa statistic=0.96). Of the 63 studies,
29 reported data for both IBS and control participants (Figure 1).
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Unable to translate article (n = 14)
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S reported (n=4)
Y Wrong study population (n=28)
- Studies using repeated cohorts (n=37)
L N ! . Implausible study results (n=1)
% (Sntu=dée35) included in review Wrong study design (n=29)
=

FIGURE 1 Flow diagram.

3.2 | Study characteristics

Study characteristics are summarized in Table 1. All studies were
published between 1979 and 2022. Participants were predomi-
nantly female in most studies except three.*®*%%2 Most studies
(N=45) used the Rome Il or IV diagnostic criteria for IBS. Data for
individual dietary endpoints were pooled from studies where avail-
able (Table 2).

3.3 | Study quality

Assessment of the quality of included studies is shown in Tables 3-5.
Studies were classified based on the presence (N=33) or absence
(N=31) of comparators. The NIH quality assessment tool and the

Modified NOS rated observational studies without comparators
similarly, with a few exceptions; notably, the former rated two stud-

ies as low that were rated as moderate by the latter.

3.4 | Baseline dietary intake in IBS

Mean dietary intake values among participants with IBS are sum-
marized in Table 2 alongside reference values recommended by
WHO; Nordic Council of Ministers; National Academies of Sciences,
Engineering, and Medicine; COMA; NHMRC; and EFSA. Mean in-
takes for total fat, carbohydrates, protein, as well as most vitamins
and minerals achieved or exceeded most recommended reference
values. Nutrients failing to meet most DRV were total fiber (5/5) and
vitamin D (6/6).
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Meta-regression analysis of baseline dietary intake values
among participants with IBS demonstrated that females proportion
was positively correlated with total fat intake (p <0.001, Figure 2A)
and negatively correlated with carbohydrate intake (p=0.002,
Figure 2B). There was no significant correlation with fiber intake
(p=0.08, Figure 2C), but two outliers®®?® were noted and meta-re-
gression following their exclusion showed a positive correlation
between fiber intake and percent females (p=0.03, Figure 2D). A
positive correlations between vitamin E intake with female propor-
tion was not statistically significance (p=0.06). There were no sig-
nificant correlations between female proportion and other dietary

Subgroup analysis of baseline dietary intake values among
adults with IBS by guideline region demonstrated no significant
differences across subgroups for fiber, calcium, vitamin C, vitamin
B2, iron, folate, magnesium, sodium, vitamin A, vitamin B1, vita-
min B6 or vitamin B12. Significant differences across subgroups
were observed for total energy (p=0.02), total fat (p<0.001),
carbohydrates (p=0.007), protein (p=0.005) intakes, niacin
(p=0.03), and zinc (p=0.04). Total energy intake was highest in
the subgroup assigned to Aus/NZ (mean intake 2177.5kcal; 95%
Cl: 1317.4, 3037.5) and carbohydrate intake was highest in the
subgroup assigned to WHO (mean intake 267.5g; 95% Cl: 231.4,
303.5). Highest total fat intake levels were observed in regions as-
signed to the Nordic (mean intake: 81.3g; 95% Cl: 75.4, 87.2) and
COMA (mean intake: 82.0g; 95% Cl: 77.3, 86.7) reference guide-
lines. Lowest fat intake was observed the subgroup assigned to
WHO reference values (mean intake: 60.4g; 95% Cl: 49.5, 71.4).
Highest protein intake levels were observed in the subgroup as-
signed to COMA reference values (mean intake: 84.6g, 95% Cl:
61.2, 107.7). Niacin (mean intake: 26.7 mg; 95% Cl: 18.6, 34.7)
and zinc (mean intake: 9.5mg; 95% Cl: 8.0, 10.9) intake values
were highest in the subgroup assigned to the Nordic guidelines.
Subgroups analyses for remaining micronutrients showed no
significant differences or were not analyzed by guideline region
due to the small number of studies in each subgroup. Subgroup
analysis of baseline dietary intake values among IBS participants
by study quality demonstrated no significant differences across
subgroups for total energy, fiber, fat, carbohydrates, protein,
calcium, vitamin C, vitamin B2, iron, folate, magnesium, sodium,
vitamin A, vitamin B1, niacin, vitamin B12, or phosphorus. The
test for subgroup differences for vitamin Bé intake values was
not statistically significant (p=0.05) and mean intake values were
higher among high-quality studies (mean intake: 1.9 mg; 95% Cl:
1.7, 2.1) compared to low-quality studies (mean intake 1.6 mg;
95% Cl: 1.2, 2.0). Significant differences (both p=0.04) across
moderate- and high-quality study subgroups for zinc and potas-
sium intake values were observed. Intake estimates were slightly
higher in studies of moderate quality for both zinc (mean intake:
9.4mg; 95% Cl: 8.4, 10.5) and potassium (mean intake: 3.1g; 95%
Cl: 2.6, 3.6). Subgroup analyses by study quality for remaining mi-
cronutrients were not performed due to small number of studies
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VERAZA ET AL.

TABLE 3 Quality assessment of cohort

Criteria Criteria not
Author Year Criteriamet  not met applicable
Snook 1994 8/14 1/14 5/14
Aller 2004 5/14 0/14 9/14
Bijkerk 2009 8/14 1/14 5/14
Park 2010 8/14 1/14 5/14
Hsueh 2011 8/14 1/14 5/14
Ligaarden 2011 5/14 0/14 9/14
Williams 2011 5/14 0/14 9/14
Mazzawi 2013 5/14 0/14 9/14
Zanini 2013 4/14 0/14 10/14
Bohn 2015 8/14 1/14 5/14
Pilipenko 2015 4/14 1/14 9/14
Laatikainen 2016 8/14 1/14 5/14
Storsrud 2016 4/14 0/14 10/14
Laatikainen 2017 8/14 1/14 5/14
Nybacka 2018 6/14 0/14 8/14
Zahedi 2018 8/14 1/14 5/14
Lopes 2019 5/14 0/14 9/14
Paduano 2019 8/14 1/14 5/14
Solar 2019 5/14 0/14 9/14
Thalha 2019 2/14 2/14 10/14
Yilmaz 2019 2/14 2/14 10/14
Eswaran 2020 8/14 1/14 5/14
Guerreiro 2020 8/14 1/14 5/14
Algera 2021 5/14 3/14 6/14
Goyal 2021 10/14 2/14 2/14
Stenlund 2021 4/14 1/14 9/14
Magdy 2022 6/14 0/14 8/14
Miryan 2022 11/14 3/14 0/14
Rej 2022 6/14 3/14 5/14
Saadati 2022 6/14 3/14 5/14
Tuck 2022 7/14 4/14 3/14
3.5 | Dietary intake in participants with IBS

compared to controls

3.51 | Energy
Energy intake was analyzed from 24 stud-
jes!115:16,18.44.46.48-5054,62,63,69.72,86,87,89-92.94.98103.104 (N _5453 par-

ticipants with IBS, N=43,385 controls). There was no significant
difference between participants with IBS and controls with high
heterogeneity (MD: -53.5kcal, 95% Cl: -129.9, 23.0; ?=76%). Meta-
regression found no association between female proportion and dif-
ferences in energy intake (p=0.99). Subgroup analysis by guideline
region groups showed a significant difference (p=0.02) across groups
(Figure S1), the largest difference (MD: -204.1kcal, 95% Cl: -297.7,
-110.5; I2=0%) was observed in studies assigned to the National
Academies of Sciences, Engineering, and Medicine guideline (n=5).
There were no differences across study quality subgroups.

g;?:;y :i::ls::\?elltty studies.without conlwparators using
the national health institutes quality
Good High assessment tool.
Fair Moderate
Good High
Good High
Good High
Fair Moderate
Fair Moderate
Fair Moderate
Fair Moderate
Good High
Fair Moderate
Good High
Fair Moderate
Good High
Good High
Good High
Fair Moderate
Good High
Fair Moderate
Poor Low
Poor Low
Good High
Good High
Fair Moderate
Good High
Fair Moderate
Good High
Good High
Fair Moderate
Good High
Good High
3.5.2 | Total fiber
Fiber intake was analyzed from 24 stud-

ieSll,15,16,43,44,48750,54,56,63,66,68,69,86,87,89791,94,98,1027105 (N =3388

participants with IBS, N=7179 controls) to demonstrate lower
intake in participants with IBS compared to controls with high
heterogeneity (MD: -1.8g; 95% Cl: -3.0, -0.6; >=85%, Figure 3).
Meta-regression revealed a significant association between female
proportion and differences in fiber intake (p=0.03); differences in
fiber intake between IBS adults with IBS and non-IBS controls were
larger for studies with a greater proportion of females. Subgroup
analysis by guideline region demonstrated significant differences
across subgroups (p<0.01); studies in the EFSA reference group
reported the greatest discrepancy in fiber intake between adults
with IBS and non-IBS controls (MD: -3.7g; 95% Cl: -4.8, -2.6;
1?=0%). There were no significant differences across study quality
subgroups.
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TABLE 4 Quality assessment of
observational studies with comparators

11 0f 19
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Final quality

Selection Comparability Outcome Total assessment
2/4 2/2 2/3 6/9 Moderate
1/4 0/2 2/3 3/9 Low

1/4 2/2 2/3 5/9 Low

3/4 2/2 3/3 8/9 Moderate
3/4 2/2 2/3 7/9 Moderate
1/4 0/2 2/3 3/9 Low

2/4 2/2 2/3 6/9 Moderate
2/4 0/2 2/3 4/9 Low

2/4 2/2 2/3 6/9 Moderate
1/4 0/2 2/3 3/9 Low

3/4 2/2 2/3 7/9 Moderate
3/4 2/2 2/3 7/9 Moderate
1/4 0/2 2/3 3/9 Low

3/4 2/2 2/3 7/9 Moderate
3/4 2/2 3/3 8/9 High

3/4 2/2 2/3 7/9 Moderate
3/4 0/2 2/3 5/9 Low

2/4 0/2 2/3 4/9 Moderate
4/4 2/2 2/3 8/9 High

2/4 0/2 2/3 4/9 Low

2/4 2/2 2/3 6/9 Moderate
3/4 2/2 2/3 7/9 Moderate
4/4 2/2 3/3 9/9 High

1/4 0/2 2/3 3/9 Low

2/4 0/2 2/3 4/9 Low

4/4 2/2 2/3 8/9 High

4/4 0/2 2/3 6/9 Moderate
2/4 2/2 2/3 6/9 Moderate
4/4 2/2 2/3 8/9 High

4/4 0/2 2/3 6/9 Moderate
3/4 2/2 2/3 7/9 High

4/4 2/2 2/3 8/9 High

4/4 2/2 2/3 8/9 High

using the Newcastle Ottawa Scale. Author Year
Fielding 1979
Hillman 1982
Lambert 1991
Evans 1998
Malhotra 2004
McCoubrey 2008
Singh 2008
Dstgaard 2012
B6hn 2013
Vozzella 2013
Halmos 2014
Jung 2014
Stevenson 2014
Zheng 2015
Harvie 2016
Khayyatzadeh 2016
Aasbrenn 2017
Sulaberidze 2017
Tigchelaar 2017
Wasiluk 2017
Oskouie 2018
Torres 2018
Staudacher 2019
Stevenson 2019
Hajishafiee 2020
Kamp 2021
Altomare 2021
Barandouzi 2021
Eslampour 2021
De Graaf 2022
Lenhart 2022
Rezazadegan 2022
Calderon 2022

3.5.3 | Total fat

Fat intake was analyzed from 19 stud-

iesl1,15,16,44,48750,54,56,62,63,69,87,89,90,93799,1017104 (N =2369 participants

with IBS, N=5021 controls). There was no significant difference be-
tween participants with IBS and controls with moderate heteroge-
neity (MD: -2g; 95% Cl: -5.3, 1.2; >=59%). Meta-regression found
no association between female proportion and differences in fat
intake (p=0.86). There were no significant differences across guide-
line region or study quality subgroups.

3.54 | Carbohydrates

Carbohydrate  intake  was analyzed from 16  stud-
jes11,15.1644,48-50,54,62,69,89-9198,102-104 (N _ 1428 patients with IBS,

N=2006 controls). There was no significant difference between
participants with IBS and controls with high heterogeneity (MD:
4-0.2g, 95% Cl. -16.6, 16.1; P=76%). Meta-regression found no
association between female proportion and differences in carbo-
hydrate intake (p=0.68). Subgroup analysis by guideline region and

study quality showed no significant differences across groups.

3.5.5 | Protein

Protein intake were analyzed from 17 stud-
jes1111516:4448-50,54,69,87.89-919498,102-104 (\|_ 1495 participants with
IBS, N=1181 controls) to reveal no significant difference between
participants with IBS and controls with high heterogeneity (MD:
-2.1g; 95% Cl: -5.9, 1.6; P=77%). Meta-regression found no asso-

ciation between female proportion and differences in protein intake

85U80|7 SUOWILLOD 3AIIERID 8(edt(dde ay) Aq pauenob aJe Saonte O ‘8SN JO SN 10} A%eIq1T8UIIUO A8]1/V UO (SUORIPUOD-PpUe-SWRI W0 A8 | 1M AeIq 1 BulUO//SANY) SUORIPUOD Pue SWB L 84} 89S *[£20Z/0T/TE] uo AriqiT8ullu A1IM ‘869K T OWU/TTTT OT/I0P/0D A8 | 1M AReIq1jeut|uoy/:Sdny Wouy pepeoiumod ‘0 ‘Z862S9ET



VERAZA ET AL.

12 of 19
290 | \WiLE Y- [

Author Year Selection Comparability Outcome
Snook 1994 2 NA 3
Aller 2004 2 NA 2
Bijkerk 2009 2 NA 3
Park 2010 2 NA 8
Hsueh 2011 3 NA 2
Ligaarden 2011 2 NA 2
Williams 2011 1 NA 3
Mazzawi 2013 2 NA 2
Zanini 2013 2 NA 3
Bohn 2015 2 NA 8
Pilipenko 2015 2 NA 2
Laatikainen 2016 2 NA 8
Storsrud 2016 2 NA 2
Laatikainen 2017 2 NA 8
Nybacka 2018 3 NA 2
Zahedi 2018 2 NA 8
Lopes 2019 2 NA 1
Paduano 2019 2 NA 8
Solar 2019 1 NA 2
Thalha 2019 1 NA 2
Yilmaz 2019 2 NA 1
Eswaran 2020 8 NA 2
Guerreiro 2020 2 NA 2
Algera 2021 1 NA 2
Goyal 2021 3 NA 1
Stenlund 2021 2 NA 2
Magdy 2022 2 NA 2
Miryan 2022 2 NA 3
Rej 2022 2 NA 3
Saadati 2022 2 NA 2
Tuck 2022 2 NA 3

(p=0.87). There were no significant differences across guideline re-

gion or study quality subgroups.

3.5.6 | Micronutrients

There were no significant differences in intake levels for vitamin A,
B vitamins, vitamin C, vitamin D or vitamin E, iron, magnesium, so-
dium, zinc, or potassium between participants with IBS and controls.
Calcium intake was analyzed from seven studies!®184%54.63.98.104
(N=3162 participants with IBS, N=38,102 controls). Lower cal-
cium intake was observed in participants with IBS with moderate
heterogeneity (MD: -52.0mg; 95% Cl: -100.9, -3.2; ?=56%). Meta-
regression and subgroup analyses of differences in micronutrient
intake values and comparisons of other micronutrient intake values

were not performed due to the low number of studies.

Total assessment

TABLE 5 Quality assessment of cohort
without comparator studies using the
modified Newcastle Ottawa Scale.

Final quality

5/6 High
4/6 Moderate
5/6 High
5/6 High
5/6 High

4/6 Moderate
4/6 Moderate
4/6 Moderate

5/6 High
5/6 High
4/6 Moderate
5/6 High
4/6 Moderate
5/6 High
5/6 High
5/6 High
3/6 Moderate
5/6 High

3/6 Moderate
3/6 Moderate
3/6 Moderate
5/6 High

4/6 Moderate
3/6 Moderate
4/6 Moderate
4/6 Moderate
4/6 Moderate

5/6 High
5/6 High
4/6 Moderate
5/6 High

4 | DISCUSSION

In this SRMA, we examined baseline dietary intake of adults with IBS
and compared nutrient intake between adults with IBS and with non-
IBS controls. Most studies were of moderate to high quality. Pooled
assessment revealed that fiber and vitamin D intake failed to meet
DRV of most reference guidelines (five and six, respectively) for both
IBS and control populations. All six dietary reference guidelines pro-
vided recommended DRVs for most minerals and vitamins, except
for phosphorus (no DRV provided by WHO) and vitamin E (no DRV
provided by WHO and UK). However, overall intake of total energy,
total fat, carbohydrates, and protein met the recommended DRV for
at least one guideline. Micronutrients achieving recommended in-
take levels for all six guidelines were vitamin A, B2, B6, B12, C, and
zinc. Among the remaining micronutrients, recommended intake val-

ues were achieved according to some reference guidelines, but not
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FIGURE 2 Meta-regression of dietary intake values for (A) total fat intake, (B) total carbohydrates, and total (C) fiber before and (D) after

excluding outliers.

others. Therefore, we were unable to determine clear evidence of
inadequate intake of nutrients other than fiber and vitamin D.
Comparisons of dietary intake values between patients with
IBS and controls revealed lower total fiber intake in adults with
IBS, without significant differences in the intake of other macro-
and micronutrients with the exception of calcium for which intake
was lower in adults with IBS. Although intake of specific food types
were not examined in this review, lower calcium intakes could be
related to symptoms of lactose intolerance and reduced intake of
dairy foods or milk products that constitute major sources of cal-
cium. Lactose intolerance is frequently reported in IBS and may

106108 \yith nutritional implications

lead to altered eating patterns
including reduced calcium intake.1°”11% With regards to reduced
fiber intake, our findings are consistent with individual studies
that have previously reported inadequate fiber intake in IBS”? or
lower fiber intake in patients with IBS compared to controls.’® In

|15

contrast, Bohn et al.”” suggested no difference in fiber intake be-

tween IBS and controls; however, in their study it was observed

that neither participants with IBS nor controls met recommended
fiber intake values. Overall, our analysis suggests that although
overall dietary fiber intake may be inadequate in the general pop-
ulation, it is further diminished in IBS. Whether decreased fiber
intake is a result of dietary restriction or a causative factor leading
to symptoms is uncertain but deserves further study. Fermentable
dietary fiber and its by-products, such as short chain fatty acids,
can accelerate colonic transit and modulate the intestinal microbi-
ome to exert important effects on gastrointestinal physiology and
bowel function.'** Increased fiber intake is commonly proposed as

113 we showed

treatment for IBS symptoms.112 In a previous study,
that habitual dietary fiber intake was negatively correlated with
ease of passage in IBS with constipation. In a SRMA, Moayyedi
et al.'** showed a significant effect in favor of soluble fiber com-
pared with placebo (RR: 0.86; 95% Cl: 0.80, 0.94) in IBS. Similarly,
a SRMA by Ford et al.**® showed evidence for efficacy with psyl-
lium (RR: 0.78; 95% Cl: 0.63, 0.96) in 591 patients with IBS. These

studies and our current findings may suggest inadequate fiber
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IBS Control Weight Mean Difference Mean

Study Mean SD Total Mean SD Total (Random) Random, 95% CI Difference
Aasbrenn 2017 320 9.0 27 330110 70 36% -1.0[-5.3; 3.3]

Altomare 2021 120 58 28 140 51 21 46% -2.0[-5.1; 1.1]

Barandouzi 2021 184 10.0 80 198 91 21 34% -1.3[-5.8; 3.1]

Béhn 2013 19.0 7.3 187 16.2 51 374 6.1% 2.8[ 1.6; 4.0]

Calderon 2022 127 76 30 18.0 203 18 1.2% -5.2[-15.0; 4.5]

Fielding 1979 202 74 25 226 41 25 43% -24[-5.7; 0.9]

Hajishafiee 2020 217 88 748 229 98 2615 6.3% -1.2[-1.9;-0.5]

Halmos 2014 240 76 30 206 53 8 3.4% 34[-1.2; 8.0]

Hillman 1982 168 75 30 181 47 25 44% -1.3[-4.6; 2.0]

Jung 2014 212113 35 159 71 35 3.4% 54 0.9; 9.8]

Kamp 2021 237 78 45 255110 28 3.3% -1.8[-6.5; 2.9]

Khayyatzadeh 2016 228 102 828 229 97 3018 6.3% -0.1[-0.9; 0.7]

Lambert 1991 154 109 72 17.7 102 23 31% -2.3[-7.2; 2.6]

Lenhart 2022 229 14.0 346 255 19.7 170 4.4% -2.7[-6.0; 0.6]

Malhotra 2004 81 24 33 157 45 33 57% -7.6[-9.3;-5.9]

McCoubrey 2008 206 109 34 204 78 17 2.9% 0.2[-5.0; 5.4]

Rezazadegan 2022 16.1 82 61 175105 61 43% -14[-48; 1.9]

Singh 2008 517 231 81 523216 89 21% -06[-7.3; 6.1]

Stevenson 2014 15.1 13.1 103 175 6.0 19 40% -24[-6.1; 1.3]

Sulaberidze 2017 179 58 98 216 89 100 54% -3.7[-5.8;-1.6]

Vozzella 2013 185 59 95 225 6.9 147 58% -4.0[-5.6;-2.4]

Wasiluk 2017 11.3 121 32 175 78 32 3.1% -6.2[-11.2;-1.2]

de Graaf 2022 205 71 261 247 85 195 59% -42[-5.6;-2.7]

@stgaard 2012 308 143 79 325130 35 28% -1.7[-7.0; 3.7]

Random effects model 3388 7179 100.0% -1.8[-3.0; -0.6] ! [ - l i

Heterogeneity: 12 = 85% [79%; 90%), = = 5.7529
Test for overall effect: t53 =-3.02 (p < 0.01)

-10 -5 0 5 10
Control is higher IBS is higher

FIGURE 3 Forest plot of fiber intake comparison between irritable bowel syndrome (IBS) patients and controls.

intake is associated with IBS, but responses to dietary fiber or
supplementation may depend on the predominant bowel distur-
bance as well as the type of fiber ingested. Different fibers may
vary in their functional characteristics. For example, it is recog-
nized that individual fiber types may exhibit distinct effects on
bowel habits, colonic transit, luminal volume, and the gut microbi-
ome and metabolome according to their bulking effects, viscosity,

116 Thus, selecting optimal fibers

and fermentability (reviewed in
and regimens for treatment of IBS may need to be individualized
according to patients' symptoms and characteristics.

Vitamin D was the only micronutrient failing to meet all rec-
ommended DRVs in adults with IBS. However, our results did not
provide clear evidence of lower vitamin D intake in adults with IBS
compared to controls. Low vitamin D status has been implicated in

1

several colorectal disorders including colon cancer!'” and inflam-

118 3nd has also been hypothesized to play a

matory bowel disease,
role in IBS through modulation of serotonin production, patholog-
ical gene expression,119 mucosal immunity, barrier function, and
intestinal microbial composition.'?° Observational studies have
reported vitamin D deficiency in the IBS population.'?*1?2 Two
randomized trials conducted in an Iranian population with vita-
min D deficiency described improvement in IBS symptom severity

score and quality of life with vitamin D supplement:ation.123'124 In

| 125

contrast, Williams et a showed no difference in change of IBS

symptom severity or quality of life scores between participants

with IBS randomized to treatment versus placebo. Total dosages
of vitamin D administered were similar between studies, rang-
ing from 150,000 to 250,0001U over the course of 6-12weeks,
respectively. It is also conceivable that inadequate vitamin D in-
take may be influenced by restricted intake of dairy and/or milk.
Whether reduced vitamin D intake is related to higher rates of
lactose intolerance in patients with IBS leading to restricted in-
takes or if it plays a direct role in the pathogenesis of IBS merits
further study.

In our SRMA, most of the included studies had a female-predom-
inant population which is not surprising as many studies, including a
recent paper by Oka et al.,'?® have consistently demonstrate a higher
prevalence of IBS among women. We observed that female propor-
tion was positively correlated with total fat intake and negatively
correlated with carbohydrate intake, suggesting that excess or in-
adequate intake of these macronutrients in IBS may differ by sex.
Future studies of diet and dietary therapies in IBS should take sex
into consideration.

Epidemiological studies have examined differences in IBS preva-
lence rates across the globe to observe variable rates by region and
by diagnostic criteria.?*7*?? However, no studies have systemati-
cally examined regional differences in dietary intake among individ-
uals with IBS. Our results showed differences in total energy, fat,
carbohydrate, and protein intake as well as in the intake of niacin
(vitamin B3) and zinc across regions. Findings suggest that the role
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of diet in IBS pathophysiology may be affected by geographical and
cultural factors, or that dietary practice patterns could be linked to
prevalence rates of IBS across countries.

There were several limitations to this SRMA. Seven different
IBS diagnostic criteria were used across studies including Rome Il
(n=9), Rome Ill (h=28), Rome IV (n=18), and not defined (n=46).
However, the majority utilized validated diagnostic symptom-based
criteria. Studies also used a large range of diet assessment tools
including FFQ, food diary, and dietary recall that may vary in ac-
curacy. The different FFQ of studies included in this SRMA may
not be validated for certain reported nutrients which would affect
the validity of our findings. However, most studies used FFQ and
food diaries (n=51) developed to provide reasonable estimates of
dietary intake. Although no language limitations were imposed,

130 that was ul-

translation could not be obtained for one article
timately excluded. Inconsistent reporting of outcomes across
studies precluded several studies?®2>2628-30.33 from jinclusion
that may have otherwise been eligible. Additionally, we included
studies spanning 1979 to 2022 during which dietary patterns may
have changed and treatments for IBS have evolved. We were un-
able to explore sources of heterogeneity through subgroup or
meta-regression analyses by IBS subtype due to insufficient data.
Due to the lack of individual participant data, we were unable to
generate estimates for the proportion of individuals meeting DRV
thresholds without making strong assumptions about distribu-
tion. Therefore, we elected to generate meta-analytic estimates
for mean intake values and provide descriptive comparisons with
available guidelines. There were not enough studies to perform a
sub-analysis by country. However, studies were grouped by region
based on dietary reference guidelines, which may serve as a rea-

sonable reflection of regional dietary practices.

5 | CONCLUSION

In summary, our study provides evidence of suboptimal total di-
etary fiber and vitamin D. Specifically, our most important finding
appears to be evidence for lower fiber intake in adults with IBS
those without IBS. Habitual intake of other macronutrients and
micronutrients does not appear to differ significantly between
adults with and without IBS with the exception of calcium intake,
which was lower in IBS. Overall, however, individuals with IBS
do not appear to be at risk of major nutritional deficiencies. Our
study also suggests that sex and geographical region may influ-
ence the association between diet and IBS. Future studies should
continue to examine the role of fiber and vitamin D intake in IBS
pathophysiology.

AUTHOR CONTRIBUTIONS

Study design and protocol (AS and GC), data extraction (GC, CJK,
RA, and DIV), literature review (EDF, GC, CJK, and DIV), data analy-
sis (HX), manuscript writing, and critical revisions (GC, CJK, RA, DIV,
ED, HX, AB, and AS).

150f 19
T W 1 £y

ACKNOWLEDGMENTS

We thank Dr. Eswaran (Division of Gastroenterology and Hepatology,
University of Michigan), Dr. Guerreiro (Faculdade de Medicina da
Universidade de Lisboa), Dr. Halmos (Department of Medicine, Eastern
Health Clinical School, Monash University), Dr. Harvie (Department
of Medicine, Dunedin School of Medicine, University of Otago), Dr.
Solar(Faculdade de Ciéncias Aplicadas, UNICAMP), Dr. Stevenson
(Division of Human Nutrition, Faculty of Medicine and Health Sciences,
Stellenbosch University), Dr. Hujoel (Division of Gastroenterology
and Hepatology, Mayo Clinic), and Dr. Bodil Ohlsson (Department of
Internal Medicine, Skane University Hospital, Sweden) for providing
the requested missing data to complete this project.

FUNDING INFORMATION
AS is supported by NIDDK K23DK122015.

CONFLICT OF INTEREST STATEMENT
The authors have no competing interests.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

ORCID
Andrea Shin " https://orcid.org/0000-0001-7284-3398
REFERENCES

1. Ford AC, Sperber AD, Corsetti M, Camilleri M. Irritable bowel syn-
drome. Lancet. 2020;396:1675-1688.

2. Camilleri M. Management options for irritable bowel syndrome.
Mayo Clin Proc. 2018;93:1858-1872.

3. Sullivan MA, Cohen S, Snape WJ Jr. Colonic myoelectrical activity
in irritable-bowel syndrome. Effect of eating and anticholinergics.
N Engl J Med. 1978;298:878-883.

4. Simren M, Abrahamsson H, Bjornsson ES. An exaggerated sensory
component of the gastrocolonic response in patients with irritable
bowel syndrome. Gut. 2001;48:20-27.

5. David LA, Maurice CF,Carmody RN, etal. Dietrapidly and reproduc-
ibly alters the human gut microbiome. Nature. 2014;505:559-563.

6. Spiller R. Impact of diet on symptoms of the irritable bowel syn-
drome. Nutrients. 2021;13:575.

7. Francis CY, Whorwell PJ. Bran and irritable bowel syndrome: time
for reappraisal. Lancet. 1994;344:39-40.

8. Bohn L, Storsrud S, Tornblom H, et al. Self-reported food-related
gastrointestinal symptoms in IBS are common and associated
with more severe symptoms and reduced quality of life. Am J
Gastroenterol. 2013;108:634-641.

9. Maintz L, Novak N. Histamine and histamine intolerance. Am J Clin
Nutr. 2007;85:1185-1196.

10. Fritscher-Ravens A, Schuppan D, Ellrichmann M, et al. Confocal en-
domicroscopy shows food-associated changes in the intestinal mu-
cosa of patients with irritable bowel syndrome. Gastroenterology.
2014;147:1012.e4-1020.e4.

11. 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.e5-75.e5.

12. Black CJ, Staudacher HM, Ford AC. Efficacy of a low FODMAP
diet in irritable bowel syndrome: systematic review and network
meta-analysis. Gut. 2022;71:1117-1126.

85U80|7 SUOWILLOD 3AIIERID 8(edt(dde ay) Aq pauenob aJe Saonte O ‘8SN JO SN 10} A%eIq1T8UIIUO A8]1/V UO (SUORIPUOD-PpUe-SWRI W0 A8 | 1M AeIq 1 BulUO//SANY) SUORIPUOD Pue SWB L 84} 89S *[£20Z/0T/TE] uo AriqiT8ullu A1IM ‘869K T OWU/TTTT OT/I0P/0D A8 | 1M AReIq1jeut|uoy/:Sdny Wouy pepeoiumod ‘0 ‘Z862S9ET


https://orcid.org/0000-0001-7284-3398
https://orcid.org/0000-0001-7284-3398

16 of 19
o0 | \WiLE Y- [

13.
14.
15.
16.

17.
18.

19.
20.
21.
22.

23.

24,

25.
26.

27.
28.
29.

30.

31.

32.

VERAZA ET AL.

Simons M, Taft TH, Doerfler B, et al. Narrative review: risk of
eating disorders and nutritional deficiencies with dietary ther-
apies for irritable bowel syndrome. Neurogastroenterol Motil.
2021;34:€14188.

Williams EA, Nai X, Corfe BM. Dietary intakes in people with irri-
table bowel syndrome. BMC Gastroenterol. 2011;11:9.

Bohn L, Storsrud S, Simren M. Nutrient intake in patients with
irritable bowel syndrome compared with the general population.
Neurogastroenterol Motil. 2013;25:23.e1-30.e1.

Tigchelaar EF, Mujagic Z, Zhernakova A, et al. Habitual diet and
diet quality in irritable bowel syndrome: a case-control study.
Neurogastroenterol Motil. 2017;29:e13151.

Staudacher H, Ross FS, Briscoe ZM, Irving PM, Whelan K, Lomer
MC. Advice from a dietitian regarding the low FODMAP diet
broadly maintains nutrient intake and does not alter fibre intake.
Gut. 2015;64:A143-A144.

Torres MJ, Sabate JM, 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;11:1756283X17746625.
Bek S, Teo YN, Tan XH, Fan KHR, Siah KTH. Association between
irritable bowel syndrome and micronutrients: a systematic review.
J Gastroenterol Hepatol. 2022;37:1485-1497.

Shin A. Nutritional intake in adults with irritable bowel syndrome:
a systematic review and meta-analysis. PROSPERO 2020.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration.
Ann Intern Med. 2009;151:W65-W9%4.

Landis JR, Koch GG. An application of hierarchical kappa-type sta-
tistics in the assessment of majority agreement among multiple
observers. Biometrics. 1977;33:363-374.

Ali RAR, Shafiee NH, Mokhtar NM. An evaluation of dietary
intake, macro and micronutrients adequacy among patients
with constipation-predominant irritable bowel syndrome and
healthy subjects: real WORLD data in Malaysia. Gastroenterology.
2019;156:5-480-5-481.

Hujoel IA. Nutritional deficiencies in irritable bowel syndrome:
a north American population-based study. Am J Gastroenterol.
2019;114:S274.

Jung HJ, Park MI, Moon W, et al. Are food constituents rele-
vant to the irritable bowel syndrome in young adults? A Rome
Il based prevalence study of the Korean medical students. J
Neurogastroenterol Motil. 2011;17:294-299.

Spencer MA, Chey WD, Evans SJ, Han-Markey T, Ball S, Eswaran
SL. Differences in nutrient intake between irritable bowel syn-
drome (IBS) patients and healthy volunteers. Gastroenterology.
2015;148:5489-5490.

NaW, Lee Y, Kim H, Kim YS, Sohn C. High-fat foods and FODMAPs
containing gluten foods primarily contribute to symptoms of irrita-
ble bowel syndrome in Korean adults. Nutrients. 2021;13:1308.
Jarnerot G, Jarnmark I, Nilsson K. Consumption of refined sugar by
patients with crohn's disease, ulcerative colitis, or irritable bowel
syndrome. Scand J Gastroenterol. 1983;18:999-1002.

Prescha A, Pieczynska J, llow R, et al. Assessment of dietary intake
of patients with irritable bowel syndrome. Rocz Panstw Zakl Hig.
2009;60:185-189.

Taft TH, Guadagnoli L, Doerfler B, Mutlu EA. Patients with irrita-
ble bowel syndrome (ibs) consume a considerably healthier diet
than the general us population. poster sessions. Neurogastroenterol
Motil. 2019;31:e13658.

James SC, Fraser K, Young W, et al. Concentrations of fecal bile
acids in participants with functional gut disorders and healthy con-
trols. Metabolites. 2021;11:612.

Nilholm C, Larsson E, Sonestedt E, Roth B, Ohlsson B. Assessment
of a 4-week starch- and sucrose-reduced diet and its effects on

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

gastrointestinal symptoms and inflammatory parameters among
patients with irritable bowel syndrome. Nutrients. 2021;13:416.
Hujoel IA. Nutritional status in irritable bowel syndrome: a north
American population-based study. JGH Open. 2020;4:656-662.
Wells GA, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in me-
ta-analyses. 2021. Accessed May 25, 2023. Available at Ottaw
aHospitalResearchlnstitute(ohri.ca

NIH. Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies. 2021. Available at www.NIH Accessed
May 25, 2023.

World Health Organization Nutrition and Food Safety. Diet, nu-
trition, and the prevention of chronic diseases. Report of a WHO
study group. World Health Organ Tech Rep Ser. 1990;797:1-204.
Authority EFS. Dietary reference values for nutrients summary
report. EFSA Support Publ. 2017;14:e15121E.

National Health and Medical Research Council AGDoHaA, New
Zealand Ministry of Health. Nutrient Reference Values for Australia
and New Zealand. National Health and Medical Research Council;
2006.

Dietary reference values for food energy and nutrients for the
United Kingdom. Report of the panel on dietary reference values
of the committee on medical aspects of food policy. Rep Health Soc
Subj (Lond). 1991;41:1-210.

Medicine lo. Dietary Reference Intakes: the Essential Guide to
Nutrient Requirements. The National Academies Press; 2006.
Nordic  Council of Ministers NCoMS. Nordic Nutrition
Recommendations 2012: Integrating Nutrition and Physical Activity.
Nordisk Ministerrad; 2014.

Higgins JP, Thompson SG, Spiegelhalter DJ. A re-evaluation
of random-effects meta-analysis. J R Stat Soc Ser A Stat Soc.
2009;172:137-159.

Fielding JF, Melvin K. Dietary fibre and the irritable bowel syn-
drome. J Hum Nutr. 1979;33:243-247.

Hillman LC, Stace NH, Fisher A, Pomare EW. Dietary intakes and
stool characteristics of patients with the irritable bowel syndrome.
Am J Clin Nutr. 1982;36:626-629.

Lambert JP, Brunt PW, Mowat NA, et al. The value of prescribed
'high-fibre' diets for the treatment of the irritable bowel syndrome.
Eur J Clin Nutr. 1991;45:601-609.

Evans JM, Fleming KC, Talley NJ, Schleck CD, Zinsmeister AR,
Melton LJ Ill. Relation of colonic transit to functional bowel dis-
ease in older people: a population-based study. J Am Geriatr Soc.
1998;46:83-87.

Aller R, de Luis DA, lzaola O, et al. Effects of a high-fiber diet on
symptoms of irritable bowel syndrome: a randomized clinical trial.
Nutrition. 2004;20:735-737.

Malhotra S, Rana SV, Sinha SK, Khurana S. Dietary fiber assess-
ment of patients with irritable bowel syndrome from northern
India. Indian J Gastroenterol. 2004;23:217-218.

McCoubrey H, Parkes GC, Sanderson JD, Lomer MCE. Nutritional
intakes in irritable bowel syndrome...Selected abstracts from the
British dietetic association conference 2008. J Hum Nutr Diet.
2008;21:396-397.

Singh N, Makharia GK, Joshi YK. Dietary survey and total dietary
fiber intake in patients with irritable bowel syndrome attending a
tertiary referral hospital. Indian J Gastroenterol. 2008;27:66-70.
Park HJ, Jarrett M, Heitkemper M. Quality of life and sugar and
fiber intake in women with irritable bowel syndrome. West J Nurs
Res. 2010;32:218-232.

Hsueh H-F, Jarrett ME, Cain KC, Burr RL, Deechakawan W,
Heitkemper MM. Does a self-management program change di-
etary intake in adults with irritable bowel syndrome? Gastroenterol
Nurs. 2011;34:108-116.

Ligaarden SC, Farup PG. Low intake of vitamin Bé is associated with
irritable bowel syndrome symptoms. Nutr Res. 2011;31:356-361.

85U80|7 SUOWILLOD 3AIIERID 8(edt(dde ay) Aq pauenob aJe Saonte O ‘8SN JO SN 10} A%eIq1T8UIIUO A8]1/V UO (SUORIPUOD-PpUe-SWRI W0 A8 | 1M AeIq 1 BulUO//SANY) SUORIPUOD Pue SWB L 84} 89S *[£20Z/0T/TE] uo AriqiT8ullu A1IM ‘869K T OWU/TTTT OT/I0P/0D A8 | 1M AReIq1jeut|uoy/:Sdny Wouy pepeoiumod ‘0 ‘Z862S9ET


https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.nih

VERAZAET AL.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

@stgaard H, Hausken T, Gundersen D, El-Salhy M. Diet and effects
of diet management on quality of life and symptoms in patients
with irritable bowel syndrome. Mol Med Rep. 2012;5:1382-1390.
Mazzawi T, Hausken T, Gundersen D, El-Salhy M. Effects of di-
etary guidance on the symptoms, quality of life and habitual di-
etary intake of patients with irritable bowel syndrome. Mol Med
Rep. 2013;8:845-852.

Vozzella L, Pesce M, Zito FP, et al. Subjects with uninvestigated
irritable bowel syndrome have an altered nutrients intake. Dig Liver
Dis. 2013;45:5127.

Zanini B, Bresadola I, Basche R, Ricci C, Lanzini A. Lowfodmaps
diet for irritable bowel syndrome: a prospective cohort study
in patientswith abdominal distension and bloating. Dig Liver Dis.
2013;45:5130.

Jung KW, Cho YH, Park YO, et al. Prevalence of fructose malab-
sorption in patients with irritable bowel syndrome after excluding
small intestinal bacterial overgrowth. Neurogastroenterol Motil.
2014;26:43.

Stevenson C, Blaauw R, Fredericks E, Visser J, Roux S. Randomized
clinical trial: effect of Lactobacillus plantarum 299 v on symptoms
of irritable bowel syndrome. Nutrition. 2014;30:1151-1157.

Bohn L, Storsrud S, Liljebo T, et al. Diet low in FODMAPs reduces
symptoms of irritable bowel syndrome as well as traditional di-
etary advice: a randomized controlled trial. Gastroenterology.
2015;149:1399.e2-1407.e2.

Pilipenko V, lIsakov V. Nutritional patterns in IBS patients
with H2/CH4 hyperproduction. United Eur Gastroenterol J.
2015;3:A686-A687.

Zheng Z, Huang C, Guo Y, et al. Staple foods consumption and irri-
table bowel syndrome in Japanese adults: a cross-sectional study.
PLoS One. 2015;10:e0119097.

Khayyatzadeh SS, Esmaillzadeh A, Saneei P, Keshteli AH, Adibi P.
Dietary patterns and prevalence of irritable bowel syndrome in
Iranian adults. NeurogastroenterolMotils. 2016;28:1921-1933.
Laatikainen R, Koskenpato J, Hongisto SM, et al. Randomised clin-
ical trial: low-FODMAP rye bread vs. regular rye bread to relieve
the symptoms of irritable bowel syndrome. Aliment Pharmacol
Ther. 2016;44:460-470.

Storsrud S, Le Nevé B, Holmes B, et al. Correlation between food
intake and symptom severity in IBS. United Eur Gastroenterol J.
2016;4:A296.

Aasbrenn M, Hggestgl |, Eribe I, et al. Prevalence and predictors
of irritable bowel syndrome in patients with morbid obesity: a
cross-sectional study. BMC. Obesity. 2017;4:22.

Harvie RM, Chisholm AW, Bisanz JE, et al. Long-term irritable
bowel syndrome symptom control with reintroduction of selected
FODMAPs. World J Gastroenterol. 2017;23:4632-4643.
Sulaberidze G, Okujava M, Liluashvili K, Tughushi M, Abramashvili
M. Impact of food enriched with dietary fiber on patients with
constipation predominant irritable bowel syndrome. Georgian Med
News. 2017;264:132-135.

Wasiluk D, Ostrowska L, Stefanska E, et al. Diet for women with
irritable bowel syndrome - a preliminary study. Rocz Panstw Zakl
Hig. 2017;68:151-160.

Guerreiro MM, Santos Z, Carolino E, et al. Effectiveness of two
dietary approaches on the quality of life and gastrointestinal
symptoms of individuals with irritable bowel syndrome. J Clin Med.
2020;9:9.

Nybacka S, Storsrud S, Liljebo T, et al. Within- and between-sub-
ject variation in dietary intake of fermentable oligo-, di-, mono-
saccharides, and polyols among patients with irritable bowel
syndrome. Curr Dev Nutr. 2019;3:3.

Oskouie FH, Vahedi H, Shahrbaf MA, et al. Dietary fiber and risk
of irritable bowel syndrome: a case-control study. Gastroenterol
Hepatol Bed Bench. 2018;11:520-524.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

17 of 19
T W 1 L EY-

Torres MJ, Sabate JM, 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-Santé
study. Therap Adv Gastroenterol. 2018;11:1756283X1774662.
Zahedi MJ, Behrouz V, Azimi M. Low fermentable oligo-di-mo-
no-saccharides and polyols diet versus general dietary advice in
patients with diarrhea-predominant irritable bowel syndrome: a ran-
domized controlled trial. J Gastroenterol Hepatol. 2018;33:1192-1199.
Lopes SS, Miszputen SJ, Sachs A, et al. Evaluation of carbohydrate
and fiber consumption in patients with irritable bowel syndrome in
outpatient treatment. Arq Gastroenterol. 2019;56:3-9.

Solar |, Santos LAO, Yamashita LM, et al. Irritable bowel syn-
drome: associations between FODMAPS intake, problematic
foods, adiposity, and gastrointestinal symptoms. Eur J Clin Nutr.
2019;73:637-641.

Staudacher HM, Ralph FSE, Irving PM, Whelan K, Lomer MCE.
Nutrient intake, diet quality, and diet diversity in irritable bowel
syndrome and the impact of the low FODMAP diet. J Acad Nutr
Diet. 2019;120:535-547.

Stevenson C, Blaauw R, Fredericks E, Visser J, Roux S. Probiotic
effect and dietary correlations on faecal microbiota profiles in irri-
table bowel syndrome. South Afr J Clin Nutrs. 2019;34:84-89.
Yilmaz B, Akbulut G, Yurtdas G. Evaluation of dietary fiber intake
and gastrointestinal symptoms of patients with irritable bowel
syndrome. Clin Nutr. 2019;38:5115.

Eswaran S, Dolan RD, Ball SC, Jackson K, Chey W. The impact of
a 4-week low-FODMAP and mNICE diet on nutrient intake in a
sample of US adults with irritable bowel syndrome with diarrhea. J
Acad Nutr DietNutrDiets. 2019;120:641-649.

Snook J, Shepherd HA. Brain supplementation in the treatment of
irritable bowel syndrome. Aliment Pharmacol Ther. 1994;8:511-514.
Bijkerk CJ, de Wit NJ, Muris JW, et al. Soluble or insoluble fibre
in irritable bowel syndrome in primary care? Randomised placebo
controlled trial. BMJ. 2009;339:b3154.

Paduano D, Cingolani A, Tanda E, Usai P. Effect of three diets
(low-FODMAP, gluten-free and balanced) on irritable bowel syn-
drome symptoms and health-related quality of life. Nutrients.
2019;11:11.

Laatikainen R, Koskenpato J, Hongisto SM, et al. Pilot study: com-
parison of sourdough wheat bread and yeast-fermented wheat
bread in individuals with wheat sensitivity and irritable bowel syn-
drome. Nutrients. 2017;9:1215.

Thalha AMM, Majid HA, Leow HR, et al. Compliance with a low
FODMAP diet and symptom improvement in Malaysian IBS pa-
tients: preliminary data from a multi-Centre study. J Gastroenterol
Hepatol. 2019;34:181.

Hajishafiee M, Keshteli AH, Saneei P, Feinle-Bisset C, Esmaillzadeh
A, Adibi P. Healthy lifestyle score and irritable bowel syndrome:
a cross-sectional study in adults. Neurogastroenterol Motil.
2020;32:e13793.

Kamp KJ, Cain KC, Utleg A, et al. Bile acids and microbiome among
individuals with irritable bowel syndrome and healthy volunteers.
Biol Res Nurs. 2021;23:65-74.

Algera JP, Storsrud S, Lindstrom A, Simrén M, Térnblom H. Gluten
and fructan intake and their associations with gastrointestinal
symptoms in irritable bowel syndrome: a food diary study. Clin
Nutr. 2021;40:5365-5372.

Altomare A, Del Chierico F, Rocchi G, et al. Association between
dietary habits and fecal microbiota composition in irritable bowel
syndrome patients: a pilot study. Nutrients. 2021;13:1479.
Barandouzi ZA, Lee J, Maas K, Starkweather AR, Cong XS. Altered
gut microbiota in irritable bowel syndrome and its association with
food components. J Pers Med. 2021;11:1-19.

de Graaf MCG, Spooren CEGM, Hendrix EMB, et al. Diet qual-
ity and dietary inflammatory index in Dutch inflammatory

85U80|7 SUOWILLOD 3AIIERID 8(edt(dde ay) Aq pauenob aJe Saonte O ‘8SN JO SN 10} A%eIq1T8UIIUO A8]1/V UO (SUORIPUOD-PpUe-SWRI W0 A8 | 1M AeIq 1 BulUO//SANY) SUORIPUOD Pue SWB L 84} 89S *[£20Z/0T/TE] uo AriqiT8ullu A1IM ‘869K T OWU/TTTT OT/I0P/0D A8 | 1M AReIq1jeut|uoy/:Sdny Wouy pepeoiumod ‘0 ‘Z862S9ET



18 of 19
290 | \WiLE Y- [

92.

93.

94.
95.

96.

97.

98.

99.

100.

101.

102.

103.
104.
105.

106.
107.
108.

109.

VERAZA ET AL.

bowel disease and irritable bowel syndrome patients. Nutrients.
2022;14:1945.

Eslampour E, Ghanadi K, Aghamohammadi V, et al. Association be-
tween dietary inflammatory index (DII) and risk of irritable bowel
syndrome: a case-control study. Nutr J. 2021;20:1-9.

Goyal O, Batta S, Nohria S, et al. Low fermentable oligosaccharide,
disaccharide, monosaccharide, and polyol diet in patients with diar-
rhea-predominant irritable bowel syndrome: a prospective, random-
ized trial. J Gastroenterol Hepatol (Australia). 2021;36:2107-2115.
Lenhart A, Dong T, Joshi S, et al. Effect of exclusion diets on
symptom severity and the gut microbiota in patients with irritable
bowel syndrome. Clin Gastroenterol Hepatol. 2022;20:e465-e483.
Magdy R, Eid RA, Hassan M, et al. The potential impact of nutri-
tional intake on symptoms severity in patients with comorbid mi-
graine and irritable bowel syndrome. BMC Neurol. 2022;22:1-9.
Miryan M, Soleimani D, Alavinejad P, Abbaspour M, Ostadrahimi A.
Effects of propolis supplementation on irritable bowel syndrome
with constipation (IBS-C) and mixed (IBS-M) stool pattern: arandom-
ized, double-blind clinical trial. Food Sci Nutr. 2022;10:1899-1907.
Rej A, Sanders DS, Shaw CC, et al. Efficacy and acceptability
of dietary therapies in non-constipated irritable bowel syn-
drome: a randomized trial of traditional dietary advice, the low
FODMAP diet, and the gluten-free diet. Clin Gastroenterol Hepatol.
2022;20:2876.€15-2887.e15.

Rezazadegan M, Shahdadian F, Soheilipour M, Tarrahi MJ, Amani
R. Zinc nutritional status, mood states and quality of life in diar-
rhea-predominant irritable bowel syndrome: a case-control study.
Sci Rep. 2022;12:11002.

Saadati S, Sadeghi A, Mohaghegh-Shalmani H, et al. Effects of a
gluten challenge in patients with irritable bowel syndrome: a ran-
domized single-blind controlled clinical trial. Sci Rep. 2022;12:4960.
Stenlund H, Nilholm C, Chorell E, Roth B, D'Amato M, Ohlsson
B. Metabolic profiling of plasma in patients with irritable bowel
syndrome after a 4-week starch- and sucrose-reduced diet.
Metabolites. 2021;11:11.

Tuck CJ, Omar AA, De Palma G, et al. Changes in signalling from
faecal neuroactive metabolites following dietary modulation of
IBS pain. Gut. 2022;72:1678-1691.

Calderon G, Patel C, Camilleri M, et al. Associations of habit-
ual dietary intake with fecal short-chain fatty acids and bowel
functions in irritable bowel syndrome. J Clin Gastroenterol.
2022;56:234-242.

Jung KW, Cho YH, Park YO, et al. Prevalence of fructose malabsorp-
tion in patients with irritable bowel syndrome after excluding small
intestinal bacterial overgrowth. Gastroenterology. 2014;146:5-221.
Stevenson C, Blaauw R, Fredericks E, et al. Food avoidance in irri-
table bowel syndrome leads to a nutrition-deficient diet. South Afr
J Clin Nutr. 2014;27:25-30.

Lambert JP, Morrison V, Brunt PW, Mowat NAG, Eastwood MA,
Dickerson JWT. Dietary fibre intake of irritable bowel patients
prescribed a high fibre diet. J Hum Nutr Diet. 1991;4:155-164.
Yang J, Fox M, Cong Y, et al. Lactose intolerance in irritable bowel
syndrome patients with diarrhoea: the roles of anxiety, activation
of the innate mucosal immune system and visceral sensitivity.
Aliment Pharmacol Ther. 2014;39:302-311.

Varju P, Gede N, Szakacs Z, et al. Lactose intolerance but not
lactose maldigestion is more frequent in patients with irrita-
ble bowel syndrome than in healthy controls: a meta-analysis.
Neurogastroenterol Motil. 2019;31:€13527.

Jansson-Knodell CL, White M, Lockett C, Xu H, Shin A.
Associations of food intolerance with irritable bowel syndrome,
psychological symptoms, and quality of life. Clin Gastroenterol
Hepatol. 2022;20:2121.e3-2131.e3.

Hodges JK, Cao S, Cladis DP, Weaver CM. Lactose intolerance and
bone health: the challenge of ensuring adequate calcium intake.
Nutrients. 2019;11:718.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Nicklas TA, Qu H, Hughes SO, et al. Self-perceived lactose intoler-
ance results in lower intakes of calcium and dairy foods and is as-
sociated with hypertension and diabetes in adults. Am J Clin Nutr.
2011;94:191-198.

El-Salhy M, Ystad SO, Mazzawi T, Gundersen D. Dietary fiber in ir-
ritable bowel syndrome (review). Int J Mol Med. 2017;40:607-613.
Lacy BE, Pimentel M, Brenner DM, et al. ACG clinical guideline:
management of irritable bowel syndrome. Am J Gastroenterol.
2021;116:17-44.

Calderon G, Patel C, Camilleri M, et al. Associations of habitual di-
etary intake with fecal short-chain fatty acids and bowel functions
inirritable bowel syndrome. J Clin Gastroenterol. 2021;56:234-242.
Moayyedi P, Quigley EM, Lacy BE, et al. The effect of fiber supple-
mentation on irritable bowel syndrome: a systematic review and
meta-analysis. Am J Gastroenterol. 2014;109:1367-1374.

Ford AC, Talley NJ, Spiegel BM, et al. Effect of fibre, antispasmodics,
and peppermint oil in the treatment of irritable bowel syndrome:
systematic review and meta-analysis. BMJ. 2008;337:a2313.

So D, Gibson PR, Muir JG, Yao CK. Dietary fibres and IBS: translat-
ing functional characteristics to clinical value in the era of person-
alised medicine. Gut. 2021,;70:2383-239%4.

Wactawski-Wende J, Kotchen JM, Anderson GL, et al. Calcium
plus vitamin D supplementation and the risk of colorectal cancer.
N Engl J Med. 2006;354:684-696.

Guzman-Prado Y, Samson O, Segal JP, Limdi JK, Hayee B'H.
Vitamin D therapy in adults with inflammatory bowel disease: a
systematic review and meta-analysis. Inflamm Bowel Dis. 2020;26:
1819-1830.

Dussik CM, Hockley M, Grozic A, et al. Gene expression profiling
and assessment of vitamin D and serotonin pathway variations in
patients with irritable bowel syndrome. J Neurogastroenterol Motil.
2018;24:96-106.

Matthews SW, Heitkemper MM, Kamp K. Early evidence indicates
vitamin D improves symptoms of irritable bowel syndrome: nurs-
ing implications and future research opportunities. Gastroenterol
Nurs. 2021;44:426-436.

Yarandi SS, Christie JA. The prevalence of vitamin D deficiency in
patients with irritable bowel syndrome: 1870. Am J Gastroenterol.
2013;108:5565.

Khayyat Y, Attar S. Vitamin D deficiency in patients with irritable
bowel syndrome: does it exist? Oman Med J. 2015;30:115-118.
Tazzyman S, Richards N, Trueman AR, et al. Vitamin D associates
with improved quality of life in participants with irritable bowel
syndrome: outcomes from a pilot trial. BMJ Open Gastroenterol.
2015;2:e000052.

Jalili M, Hekmatdoost A, Vahedi H, et al. Co-Administration of
soy Isoflavones and Vitamin D in Management of Irritable Bowel
Disease. PloS One. 2016;11:e0158545.

Williams CE, Williams EA, Corfe BM. Vitamin D supplementa-
tion in people with IBS has no effect on symptom severity and
quality of life: results of a randomised controlled trial. Eur J Nutr.
2021;61:299-308.

Oka P, Parr H, Barberio B, Black CJ, Savarino EV, Ford AC. Global
prevalence of irritable bowel syndrome according to Rome Il
or IV criteria: a systematic review and meta-analysis. Lancet
Gastroenterol Hepatol. 2020;5:908-917.

Sperber AD, Dumitrascu D, Fukudo S, et al. The global preva-
lence of IBS in adults remains elusive due to the heterogeneity of
studies: a Rome foundation working team literature review. Gut.
2017;66:1075-1082.

Waehrens R, Ohlsson H, Sundquist J, Sundquist K, Zéller B. Low
prevalence of irritable bowel syndrome in primary health care in
four Swedish counties. Scand J Prim Health Care. 2013;31:132-137.
Vandvik PO, Lydersen S, Farup PG. Prevalence, comorbid-
ity and impact of irritable bowel syndrome in Norway. Scand J
Gastroenterol. 2006;41:650-656.

85U80|7 SUOWILLOD 3AIIERID 8(edt(dde ay) Aq pauenob aJe Saonte O ‘8SN JO SN 10} A%eIq1T8UIIUO A8]1/V UO (SUORIPUOD-PpUe-SWRI W0 A8 | 1M AeIq 1 BulUO//SANY) SUORIPUOD Pue SWB L 84} 89S *[£20Z/0T/TE] uo AriqiT8ullu A1IM ‘869K T OWU/TTTT OT/I0P/0D A8 | 1M AReIq1jeut|uoy/:Sdny Wouy pepeoiumod ‘0 ‘Z862S9ET



VERAZAET AL.

130. Shabanikia N, Memarmontazerin S, Saneei P, et al. Association of
dairy consumption and irritable bowel syndrome in Iranian adults.
JIsfahan Med Sch. 2016;34:1134-1143.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

19 of 19
T W 1 ey

How to cite this article: Veraza DI, Calderon G, Jansson-
Knodell C, et al. A systematic review and meta-analysis of
diet and nutrient intake in adults with irritable bowel
syndrome. Neurogastroenterology & Motility. 2023;00:e14698.
doi:10.1111/nmo.14698

85U80|7 SUOWILLOD 3AIIERID 8(edt(dde ay) Aq pauenob aJe Saonte O ‘8SN JO SN 10} A%eIq1T8UIIUO A8]1/V UO (SUORIPUOD-PpUe-SWRI W0 A8 | 1M AeIq 1 BulUO//SANY) SUORIPUOD Pue SWB L 84} 89S *[£20Z/0T/TE] uo AriqiT8ullu A1IM ‘869K T OWU/TTTT OT/I0P/0D A8 | 1M AReIq1jeut|uoy/:Sdny Wouy pepeoiumod ‘0 ‘Z862S9ET


https://doi.org/10.1111/nmo.14698

	A systematic review and meta-analysis of diet and nutrient intake in adults with irritable bowel syndrome
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Design
	2.2|Eligibility criteria
	2.3|Search strategy
	2.4|Study selection
	2.5|Data extraction
	2.6|Quality of evidence
	2.7|Study objectives
	2.8|Dietary reference values
	2.9|Data synthesis and statistical analysis

	3|RESULTS
	3.1|Literature search and study selection
	3.2|Study characteristics
	3.3|Study quality
	3.4|Baseline dietary intake in IBS
	3.5|Dietary intake in participants with IBS compared to controls
	3.5.1|Energy
	3.5.2|Total fiber
	3.5.3|Total fat
	3.5.4|Carbohydrates
	3.5.5|Protein
	3.5.6|Micronutrients


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

	REFERENCES


