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ABSTRACT

KEYWORDS

Importance: Many individuals with irritable bowel syndrome (IBS) have insufficient or deficient
serum 25-hydroxyvitamin D [25(0H)D] status; however, it is not clear if improved vitamin D
nutritional status through higher intake can improve symptom severity and quality of life.
Objective: This systematic review and meta-analysis aimed to identify if changes in vitamin D
intake or status affect symptom severity and quality of life in adults with IBS.

Data Sources: MEDLINE®, Cochrane Central Register of Controlled Trials, Global Health, EMBASE, and
Web-of-Science databases were systematically searched for relevant articles to August 12, 2024, in
the English language.

Study Selection: Clinical trials, prospective observational studies, and Mendelian randomization (MR)
analyses reporting the effect of vitamin D intake or status on IBS-related outcomes were included.
Data Extraction and Synthesis: Article review and data extraction were conducted by 2 authors
following the PRISMA guidelines. Random effects meta-analyses and the Nutrition Quality Evaluation
Strengthening Tools to assess risk of bias were employed for randomized controlled trials.

Main Outcome(s) and Measure(s): Primary outcomes included measures of serum 25(OH)D status,
symptom severity, and quality of life.

Results: 12 studies from 15 articles were included (n=7 RCTs; n=3 single-arm interventions; n=2 MR).
Seven study populations had deficient (<20ng/mL) and three had insufficient (21-29ng/mL) baseline
serum 25(0OH)D status. RCTs measured changes in serum 25(0H)D after 6-26 wks with 3,000IU daily to
50,0001U bi-weekly vitamin D dosages. Meta-analyses of low risk-of-bias RCTs revealed increased 25(0OH)
D levels in groups treated with oral vitamin D compared to placebo (n=5; Pooled mean difference
[95% CIJ: 20.33 [12.91, 27.74] ng/mL; ? = 97.9%). Quality of life scores improved significantly in deficient
populations (n=3; 3.19 [2.14, 4.24]; P = 0.0%). Non-significant decreased trends in IBS symptom severity
were shown across populations (n=6: —25.89 [-55.26, 3.48]; I* = 92.8%).

Conclusion: Moderate level evidence indicate vitamin D supplementation may improve status in
adults with IBS and quality of life in those with deficient status at baseline.

KEY POINTS

Question: Do changes in vitamin D intake or status affect symptom severity and quality of life in
adults with irritable bowel syndrome?

Findingsin this systematic review and meta-analysis, moderate level evidence supports vitamin D
supplementation for improving serum 25-hydroxyvitamin D status in adults with IBS and for
increasing quality of life scores in those with deficient status at baseline.

Meaning: Vitamin D supplementation may improve quality of life in IBS patients with deficient
serum 25-hydroxyvitamin D status.

Vitamin D; irritable bowel
syndrome; IBS; quality of life;
nutritional status

Introduction

Irritable Bowel Syndrome (IBS) is a chronic condition marked
by persistent abdominal pain and irregular bowel habits,
occurring without any identifiable organic etiology (Canavan,
West, and Card 2014). This syndrome significantly impacts
patients’ quality of life (QoL) and imposes a financial burden
on individuals and society as a whole (Peery et al. 2022).

Research suggests that approximately 10%-25% of the popula-
tion experiences symptoms consistent with IBS (Canavan,
West, and Card 2014). Although not all individuals seek med-
ical attention, those affected represent a significant portion of
outpatient visits to gastroenterology clinics (Peery et al. 2022).
Based on current Rome IV diagnostic criteria, symptoms typ-
ically include constipation, diarrhea, or a mix of constipation
and diarrhea, and abdominal bloating/distention (Grad and
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Dumitrascu 2020). As such, the disorder encompasses three
primary subtypes: IBS with predominant constipation (IBS-C),
IBS with predominant diarrhea (IBS-D), and IBS with mixed
symptoms (IBS-M), also referred to as alternating IBS (IBS-A).
IBS with bowel habits not fitting the above categories is diag-
nosed as Unspecified (IBS-U).

IBS is a complex disorder with multiple factors contribut-
ing to its symptomatology. These factors include gastrointes-
tinal dysmotility, inflammation, visceral hypersensitivity, and
dysregulated gut-brain axis (Grad and Dumitrascu 2020).
Dietary patterns and exposure to stress have also been iden-
tified as potential contributors (Heitkemper, Jarrett, and Jun
2013). Furthermore, genetic predisposition and environmen-
tal factors, such as familial susceptibility and psychosocial
stressors, are thought to play roles in its pathogenesis
(Fukudo and Kanazawa 2011; Ng et al. 2024). As a result,
treatment options are mainly aimed at managing symptoms
(Grad and Dumitrascu 2020). Pharmaceutical approaches
may include the use of anti-spasmodic and anti-depressive
medications. Dietary regimens, like low-FODMAP diets and
other exclusion-based approaches, are also used for symp-
tomatic management (Whelan et al. 2018). Additionally, dis-
ruptions in the gastrointestinal tract can lead to intestinal
hyperpermeability and result in malabsorption of nutrients
in patients with IBS (Zhou et al. 2019), so supplementation
methods, such as probiotics and prebiotics (Ford et al. 2018),
glutamine (Zhou et al. 2019), and especially vitamin D
(Chong et al. 2022) have gained recent increased interest
among scientists and clinicians.

Vitamin D is a prohormone that can be obtained through
dietary sources or synthesized endogenously, with the latter
serving as the primary source for most individuals, and a
large majority of individuals falling short of recommended
dietary intakes (Bouillon et al. 2019). The process involves
the photoconversion of 7-dehydrocholesterol, a derivative of
cholesterol, within the skin’s sebaceous glands, leading to the
formation of vitamin D3. Subsequent hepatic and renal
hydroxylation result in its conversion to 25-hydroxyvitamin
D (abbreviated 25(OH)D) and then to 1,25(OH)D. Guidelines
from authoritative bodies widely recognize serum 25(OH)D
as the best indicator of nutritional status, and the Endocrine
Society designates levels below 20ng/mL as deficient,
between 21-29ng/mL as insufficient, and between 30-100ng/
mL as sufficient and safe for use in clinical practice (Sempos
and Binkley 2020); these levels are slightly higher than the
National Academy of Medicine’s public health guidelines.
Aside from its fundamental role in maintaining mineral
(e.g., calcium, magnesium, and phosphorus) homeostasis,
vitamin D may directly or indirectly influence the immune
system, inflammatory processes, gut microbiome, and release
of antimicrobial peptides. Vitamin D receptors (VDRs) has
been identified as critical to maintaining intestinal mucosal
barrier homeostasis and in restoring the healing capacity of
the colon (Kong et al. 2008). Observational studies further
suggest patients with IBS have a higher risk of inadequate
serum 25(OH)D levels (Khayyat and Attar 2015; Nwosu,
Maranda, and Candela 2017); and therefore, augmentation
through clinically supervised supplementation may have util-
ity as a therapeutic adjuvant for this condition.

Supplementation has been suggested to be beneficial for
repleting individuals with low 25(OH)D status (Bouillon
et al. 2019), but it is not clear if this improvement impacts
symptom severity and quality of life for patients with IBS.
Augmentation of inadequate serum 25(OH)D levels through
clinically supervised supplementation could provide addi-
tional therapeutic effects as an adjuvant strategy for improv-
ing symptom severity and quality of life in patients with IBS.
While recent systematic reviews of randomized controlled
trials have been conducted on this topic (Chong et al. 2022;
Huang et al. 2022; Abuelazm et al. 2022), a high-quality
comprehensive review on the totality of evidence across
study designs does not yet exist. Therefore, our objective
was to conduct a systematic review of all available literature
on the effect of vitamin D intake and in adults with IBS and
to conduct a meta-analysis to identify whether improved
vitamin D nutritional status leads to changes in IBS symp-
tom severity and quality-of-life. We hypothesized that dietary
vitamin D augmentation would improve serum 25(OH)D
status, symptom severity, and quality-of-life in adult patients
with IBS.

Methods

This study followed the National Academy of Medicin€’s
Standards for Systematic Reviews (Institute of Medicine (US)
Committee on Standards for Systematic Reviews of
Comparative Effectiveness Research 2011) and was con-
ducted in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions, version 6.4 (“Cochrane
Handbook for Systematic Reviews of Interventions version
6.4 (updated August 2023)” 2023), and the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (Page et al. 2021). The review protocol
was registered on The International Prospective Register of
Systematic Reviews prior to data extraction (https://www.crd.
york.ac.uk/prospero/; PROSPERO CRD42023492631), and
we did not deviate from or amend the protocol.

Data sources and searches

Search strategies were developed in consultation with two
university librarians. The initial search strategy was devel-
oped for bibliographic databases on the Ovid platform
including MEDLINE' (1946 to August 12, 2024), Cochrane
Central Register of Controlled Trials (1991 to August 12,
2024), and Global Health (1910 to August 12, 2024). The
strategy was then adapted for searching Embase (1974 to
August 12, 2024) and the Web-of-Science databases includ-
ing the “Core Collection” (1900 to August 12, 2024) and “All
Databases” (1637 to August 12, 2024). Search strategies
included keywords related to all forms of dietary and sup-
plemental vitamin D (e.g., cholecalciferol, 25-hydroxyvitamin
D), keywords related to all forms of IBS and associated
symptoms (e.g., IBS-C, IBS-D, constipation, diarrhea), and
indexing terms tailored to each database (e.g., Medical
Subject Headings [MeSH] for MEDLINE and Emtree terms
for Embase). No limitations were applied to the searches
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(e.g., no language or publication date limits). The complete
Ovid MEDLINE' search strategy is included in the
Supplemental Materials as an example. In addition to
searching bibliographic databases, we performed reference
mining in relevant former narrative and systematic reviews
to ensure no relevant studies were missed.

Study selection

Abstracts and titles from database searches were screened by
two independent investigators using Rayyan online software
(Ouzzani et al. 2016), and conflicts were resolved by consen-
sus. For included abstracts and all records identified through
reference mining, full-text articles were pulled and screened
for eligibility criteria by the lead investigator (KCC).
Exclusion of any article at this stage was confirmed by a
second investigator (SFT), and there were no disagreements.
Eligibility criteria, presented in Table 1, followed the
Population Intervention/Exposure Comparator Outcome
(PI/ECO) framework which is recommended for compre-
hensive systematic reviews (Methley et al. 2014).

Studies of vitamin D interventions or exposures in adult
populations (> 18years of age) with IBS, or healthy cohorts
prospectively followed for IBS outcomes, were eligible for
inclusion in this review. We excluded nonhuman studies and
human studies on infants, children, adolescents, or popula-
tions with diseases other than IBS. Eligible study designs
included clinical trials of any form (i.e., parallel or crossover
randomized controlled trials; non-randomized controlled tri-
als such as quasi-experimental, crossover, and controlled
before-after studies; and uncontrolled trials including single
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arm studies), prospective cohort studies, nested case-control
studies, case-cohort studies, and Mendelian randomization
studies. Studies reporting only cross-sectional associations or
not reporting associations between vitamin D intake or sta-
tus and IBS outcomes were excluded. To be included, study
reports needed to quantify serum vitamin D or dietary
intake of vitamin D from foods, beverages, or supplements
and quantify change in serum vitamin D and/or any
IBS-related outcomes. We included studies examining differ-
ent doses, sources, and status of vitamin D as well as those
comparing vitamin D intake to a placebo or no comparator.
However, studies that compared vitamin D interventions/
exposures only to other vitamins, multivitamins, other mixed
supplements, or non-vitamin supplements were excluded.

Data extraction

We created separate data extraction tables for study and par-
ticipant characteristics and quantitative results. Study charac-
teristics data included registration number, location, funding
source, design, duration, and cohort description or data
source (where relevant). We also extracted data for the vita-
min D intervention/exposure source, type, dose, frequency,
dietary assessment tool, and serum vitamin D assessment
method; the comparator type and description; and each
study’s primary and secondary outcome(s). Participant char-
acteristics data included sample size enrolled/randomized
and analyzed, percent male, race/ethnicity, health status, and
how presence of IBS was determined in the study. We also
extracted mean baseline data for age, body mass index
(BMI), and serum 25(OH)D levels.

Table 1. Criteria used to determine eligibility for inclusion in the systematic review'.

Category Inclusion criteria

Exclusion criteria

Study participants
Age of study participants

Human subjects

Adults (=18years) including populations with:
+ Mean/median age >18years

+ Age range mid-point >18years

Irritable bowel syndrome (IBS) at baseline
Healthy (prospective cohorts)

Health status of
participants
Intervention or exposure

Comparator Different vitamin D doses, sources, and status
Placebo
No comparator

Outcomes Vitamin D status changes

IBS diagnosis (prospective cohorts)

Dietary vitamin D intake from foods, beverages, or supplements
Vitamin D status (e.g., serum vitamin D or 25-OH-D)

Non-human subjects (animals or cells)

Infants

Children

Adolescents

Populations with diseases other than IBS
Populations with IBS in addition to other diseases
No quantified vitamin D intake or status

Other vitamins

Multivitamins

Other mixed supplements or non-vitamin supplements

No IBS-related outcomes and no post-intervention
vitamin D outcomes

IBS symptom severity or activity scores (e.g., ROME criteria)

Quality of life scores

Any reported |BS-associated outcomes (e.g., constipation, diarrhea, etc.)

Study design Clinical trials including:

« Randomized controlled trials (parallel or crossover)
+ Non-randomized controlled trials including quasi-experimental,

crossover, and controlled before-after studies
+ Uncontrolled trials (e.g., single arm studies)
Mendelian randomization studies
Prospective cohort studies
Nested case-control studies
Case-cohort studies

Publication status Articles published in peer-reviewed journals

Language of publication English

Retrospective cohort studies

Case-control studies

Cross-sectional studies

Narrative reviews

Systematic reviews

Meta-analyses

Letters to the editor

Case studies or case series

Conference proceedings

Abstracts

Articles not published in peer-reviewed journals,
including unpublished data, manuscript reports,
abstracts, pre-prints, and conference proceedings

Languages other than English

"No restrictions for study duration, sample size, date of publication, or study country.
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Quantitative results were extracted for outcomes reported
by three or more RCTs. If studies reported multiple analysis
models, we extracted results from the most adjusted model.
For studies with repeated measures, we extracted only base-
line and endpoint results and/or reported change statistics
(e.g., mean change). Quantitative data were extracted by one
investigator (KCC) and exhaustively checked by another
investigator for agreement (SFT and HFA). Only one error
was detected and was resolved by consensus. When relevant
data were only presented in figures, we extracted those data
using WebPlotDigitizer online software, version 4.6 (Rohatgi
2022). We contacted study authors for clarification or addi-
tional data when published results were not reported with
sufficient details.

Meta-analyses

To prepare data from RCTs for meta-analysis, we performed
several assumptions-free calculations. Serum 25(OH)D val-
ues in nmol/L were divided by 2.496 and converted to ng/
mL (Young 1990). One article reported IBS Quality of Life
scores on a scale of 34 to 170 with higher scores indicating
lower quality of life (Khalighi Sikaroudi, Mokhtare, Shidfar,
et al. 2020a), so these scores were reversed then converted
to a scale of 0-100 to match what was reported in all other
studies. Reported median and IQR values were converted to
mean and SD using the methods and calculator provided by
Wan, et al. (Wan et al. 2014), and reported SE was con-
verted to SD by a standard equation (\/nxSE). When arti-
cles did not report mean differences, we calculated these
from available baseline and endpoint data. Estimating SD of
change for these mean differences required an assumption.
Data from included studies where SD of change was reported
showed Pearson’s r=0.99 between study arms. We used a
more conservative r=0.90 to impute SD of change with this
equation: [SD? +SD? —(2xrxSD, xSD, ), where SD, rep-
resents the standard deviation at baseline, and SD, represents
the standard deviation at endpoint for one study arm. In
sensitivity analyses, we repeated all meta-analyses where SD
of change was imputed with more conservative values of
r=0.8 and r=0.7, when two articles with data reporting
issues were removed (Tazzyman et al. 2015; Jalili et al. 2016),
and when one article with some potential for bias was
included (Zeid et al. 2020). Conclusions from sensitivity
analyses for imputed SD of change were similar to those
from primary analyses, so we have reported the primary
results. For conclusions changed by the addition or exclusion
of individual articles, we present findings from both primary
and sensitivity analyses.

In light of clinical heterogeneity (e.g., differences in vita-
min D intake and status and in study populations across
studies), random-effects meta-analyses were conducted using
the restricted maximum likelihood (REML) method and
unstandardized mean differences when >3 clinical trials with
low potential risk-of-bias reported the same outcome of
interest (“Cochrane Handbook for Systematic Reviews of
Interventions version 6.4 (updated August 2023)” 2023).
These mean differences were based on change-from-baseline
measures to estimate the degree to which vitamin D

interventions changed each outcome on average compared to
a placebo (“Cochrane Handbook for Systematic Reviews of
Interventions version 6.4 (updated August 2023)” 2023). We
avoided double counting of participants from studies
reported in more than one publication by only analyzing
data from different outcomes reported in those
publications.

To explore potential sources of heterogeneity, we origi-
nally planned to conduct dose-response meta-regressions
and perform multiple subgroup analyses. However, due to
differences in study designs and a small number of included
studies addressing each outcome, meta-regression was
deemed inappropriate, and subgroup analyses were not pos-
sible for certain characteristics (e.g., sex and vitamin D
intervention dose, frequency, and duration). We were able to
conduct subgroup analyses for baseline vitamin D status and
BMI status, which we planned for the following reasons: (1)
subjects with deficient or insufficient serum 25(OH)D status
often have an enhanced response to oral vitamin D therapy,
and (2) differences in treatment effects have been reported
between individuals with normal and high BMI due to the
simple volumetric dilution of this fat-soluble vitamin in fat
tissue. Included studies used various ranges to define vita-
min D status in their study populations. To standardize defi-
nitions for deficient and insufficient vitamin D status for the
purpose of our analyses, we applied the Endocrine Society
guidelines, which were designed for clinical practice, rather
than the National Academy of Medicine public health guide-
lines, which were designed for the generally healthy
non-diseased population (Institute of Medicine (US)
Committee to Review Dietary Reference Intakes for Vitamin
D and Calcium 2011; Holick et al. 2011).

Meta-analysis results were deemed statistically significant
if the confidence intervals for pooled effect sizes excluded
zero. Cochrane’s Q statistic was calculated to quantify het-
erogeneity where p<0.1 was considered significant, and I
values of 25%, 50%, and 75% were interpreted as low, mod-
erate, and high heterogeneity, respectively. Stata SE software
(version 18.0; Stata Corp., College Station, TX) was used for
all calculations and meta-analyses.

Risk-of-bias and strength-of-evidence

For all included randomized controlled trials, two investiga-
tors independently performed risk of bias (ROB) assessments
at the study and outcome levels using the Nutrition Quality
Evaluation Strengthening Tools (NUQUEST) for RCTs (Kelly
et al. 2021). Studies were assessed on 14 total items across
four domains measuring potential bias due to the selection
of  participants, comparability of study  groups,
nutrition-specific considerations, and the ascertainment of
outcomes. An internally developed scoring system and rating
algorithm was then applied where each ROB item was
assigned a score based on the following answer choices: yes,
probably yes, probably no, and no. One item in the “compa-
rability of study groups” domain was not applicable to
included RCTs so was removed from scoring. Total scores
were tallied across the 13 remaining items, and ratings of
good (low ROB), neutral (some ROB), or poor (high ROB)



were assigned to the four domains and the study overall
The scoring system and rating algorithm are presented in
Supplemental Tables S1 and S2.

For each outcome included in our meta-analyses, we
used the Grades of Recommendation, Assessment,
Development, and Evaluation (GRADE) approach (Guyatt
et al. 2011; Guyatt et al. 2008) to determine collective
strength-of-evidence (SoE) across the clinical trials. MR
studies were excluded from the GRADE evaluation. SoE
profile tables were compiled to report the number and
design of studies measuring each outcome; the overall lim-
itations, imprecision, inconsistency, indirectness, and publi-
cation bias identified in this review; summary of findings
statements; and SoE grades (i.e., very low, low, moderate, or
high). These grades indicate our degree of confidence that
estimated effects from reviewed evidence were close to the
true effect.

Results
Study and participant characteristics

After screening 954 records, we included 15 articles report-
ing on 12 studies in this systematic review (n=7 RCTs; n=3
single arm interventions; n=2 MR) (Figure 1). Although
prospective observational studies were eligible for this review,
none met our inclusion criteria. Articles excluded during the
full-text extraction stage (n=12) are listed with their exclu-
sion reasons in Supplemental Table S3. Included RCT and
single arm intervention studies ranged in size from 40 to
135 participants in populations aged 18 to 75years, as shown
in Table 2. The two MR studies ranged in size from 187,028
to 496,946 and did not report age ranges. Based on reported
mean BMI, studies were conducted in populations with

[ Identification of studies via databases and
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overweight (n=3) or healthy weight (n=2; n=7 did not
report BMI). Mean (SD) baseline serum 25(OH)D levels for
intervention study groups ranged from 11.68 (8.17) to 21.33
(5.54) ng/mL with all populations having deficient (<20ng/
mL, n=7) or insufficient (21 to 29ng/mL, n=3) baseline
vitamin D status according to Endocrine Society standards
(Sempos and Binkley 2020; Holick et al. 2011). One MR
study was conducted in a population with insufficient base-
line vitamin D status (28.04+13.9ng/mL) (Xu et al. 2023),
while the second MR study (Xie et al. 2022) and one RCT
(Zeid et al. 2020) did not report 25(OH)D levels. Most stud-
ies were conducted in countries from the greater Middle
East (Iran, n=4; Egypt, n=2; Pakistan, n=1) with others
conducted in China (n=2), the UK (n=2), and the US
(n=1).

Although all studies included participants with IBS, the
predominant symptoms in the study populations varied
(IBS-C, n=4; IBS-D, n=6; IBS-M or IBS-A, n=4; IBS-U,
n=1) with several studies conducted in populations with
multiple IBS subtypes (n1=4) or subtypes that were not spec-
ified (n=6). Two studies included only participants with
IBS-D (Khalighi Sikaroudi, Mokhtare, Shidfar, et al. 2020a;
Khalighi Sikaroudi, Mokhtare, Janani, et al. 2020b; Kesavan
et al. 2023). For the interventions, IBS status was evaluated
by Rome III (n=4) or Rome IV (n=3) diagnostic criteria
and/or clinical diagnosis (n=4). These studies investigated
effects of daily, weekly, or bi-weekly vitamin D supplemen-
tation administered over 6 to 26 wks. Four intervention
studies administered supplementation of 3,000-5,0001IU vita-
min D daily, four administered 50,000 1U weekly or bi-weekly,
and one administered 42,000IU weekly (Ibrahim et al. 2020).
One study specified four VD injections provided weekly and
two subsequent doses monthly but did not report dose
administered (Alvi et al. 2022).

Identification of studies via other methods

Records identified from*;

Identification

Mediine (n = 115)

Cochrane Central {n = 53)

Global Health (n = 171)

Embase (n = 637)

Web of Science, Core
Collection (n = 156)

Web of Science, All Databases
(n=481)

Records removed before
screening:
Duplicate records removed in
EndNote (n = 638)
Duplicate records removed in
Rayyan (n = 25)

Records identified from citation
searching (n = 4}

v

Records screened

{n=0950)
:

Records excluded™*
(n =827}

Reports sought for retrieval

Reporis not retrieved

Reports sought for retrieval

h i

Reports not retrieved

Figure 1. Flowchart of the literature search and study selection process.
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Randomized controlled trials

Altogether, seven RCTs reported in 10 articles were included
in this review (see Table 2). The most reported outcomes
across studies were change in serum 25(OH)D levels (n=5),
IBS quality of life (n=5), IBS symptom severity (n=7), and
individual IBS symptoms (n=6) including abdominal disten-
sion severity, abdominal pain duration, abdominal pain
severity, bowel habit satisfaction, life disruption, flatulence,
and rumbling. Three articles reported on various inflamma-
tion and oxidative stress measures (Amani et al. 2018; Jalili
et al. 2019b; Khalighi Sikaroudi, Mokhtare, Janani, et al.
2020b), while one other paper reported on stress and depres-
sion, visceral sensitivity, serum serotonin, and 5-hydroxyindole
acetic acid (Khalighi Sikaroudi, Mokhtare, Shidfar, et al
2020a). Risk of bias was found to be low for most studies
(n=6) with one study rated as neutral due to some potential
for bias in the selection of participants and high potential
for bias in the nutrition-specific domain (Zeid et al. 2020).
ROB results are presented in Supplemental Table S4. Due
to a lack of complete results reported for other outcomes,
we only meta-analyzed results for changes in serum 25(OH)
D, IBS quality of life, and IBS symptom severity reported in
six RCTs with low risk of bias (Abbasnezhad et al. 2016;
Jalili et al. 2016; Jalili et al. 2019a; Khalighi Sikaroudi,
Mokhtare, Shidfar, et al. 2020a; Tazzyman et al. 2015;
Williams, Williams, and Corfe 2022). Results from these
meta-analyses are presented by outcome in Figure 2
and below.

Serum 25(0OH)D or vitamin D status

Five RCTs assessed the effects of vitamin D supplementation
on change in serum 25(OH)D levels (Abbasnezhad et al
2016; Jalili et al. 2019a; Khalighi Sikaroudi, Mokhtare, Shidfar,
et al. 2020a; Tazzyman et al. 2015; Williams, Williams, and
Corfe 2022). All had low risk of bias so were included in
meta-analyses. Random-effects meta-analysis results (pooled
mean difference [95% CI]) indicated a significant increase in
25(OH)D levels in groups treated with vitamin D compared
to a placebo (n=5; 20.33 [12.91, 27.74] ng/mL), and hetero-
geneity across populations was high (P = 97.89%). Findings
from subgroup analyses showed similar results across popula-
tions with deficient baseline vitamin D status (n=4; 21.58
[12.50, 30.66] ng/mL, > = 98.11%) and healthy BMI (n=2;
22.28 [11.29, 33.27] ng/mL, P = 98.13%) or overweight BMI
status (n=2; 23.05 [7.93, 38.17] ng/mL, I = 97.96%; n=1 did
not report BMI). See Supplemental Figures S1 and S2.

IBS quality of life

Five RCTs with low ROB reported on the effect of treatment
with vitamin D on change in IBS Quality of Life (IBS-QoL)
with scores ranging from 0 (poor quality of life) to 100
(great quality of life). Results from a random-effects
meta-analysis (pooled mean difference [95% CI]) revealed
no difference in IBS-QoL scores for participants treated with
vitamin D compared to a placebo (n=5; —0.05 [-10.62,
10.53]), and high heterogeneity across populations (P =
97.45%). Subgroup analyses similarly showed no effects in

Mean diff. Weight
Study Analyzed, n BMIi status  VitD status Vit Ddose, IU  Duration, wk with 95% CI (%)
25-hydroxyvitamin D
Abbasnezhad, et al. (2016) 85 Overweight Deficient 50,000 bi-weekly 26 - 3084 27.10, 34.58] 6.68
Jalill, et al. (2019a) 116 Overweight  Insufficlent 50,000 weekly 6 - 15.41[ 13.25, 17.57] 6.70
Khalighi Sikaroudi, et al. (2020a) 74 Healthy Deficient 50,000 weekly 9 - 2791 25659, 30.23] 670
Tazzyman, et al. (2015) 35 Unknown Deficient 3,000 dally 12 - 11.10[ 8.53, 13.67] 6.70
Williams, et al. (2022) 125 Healthy Deficient 3.000 dally 12 L 16.69[ 14.78, 18.60] 671
Heterogeneity: 1" = 69.84, ' = 97.89%, H' = 47.43 < 20.33[ 1291, 27.74]
IBS-Quality of Life
Abbasnezhad, et al. (2016) 85 Overweight Deficient 50,000 bi-weekly 26 = 326 211, 441] 671
Jaliili, et al, (2016) 50 Overweight  Insufficient 50,000 bi-weekly ] —-— -2211[-31.48, -12.74] 652
Jalili, et al. (2018a) 116 Overweight Insufficient 50,000 weekly G —— 1285] 1.20, 24.70] 642
Khalighi Sikaroudi, et al. (2020a) T4 Healthy Deficient 50,000 weekly L - 245[ -3.18, B8.09] 664
Williams, et al. (2022) 125 Healthy Deficient 3.000 dally 12 - 285 012, 578 6.70
Heterogenelty: T° = 132.89, | = 97.45%, H' = 39.22 <> -0.05[-10.62, 10.53]
IBS-Symptom Severity Scale
Abbasnezhad, et al. (2016) 85 Overweight  Deficient 50,000 bi-weekly 26 —-— -36.97 [ -47.24, -26.70] 648
Jaiili, et al. (2016) 50 Overweight  Insufficient 50,000 bi-weekly @ —_— -50.05 [ -85.65, -14.45] 4.71
Jalili, et al. (2019a) 116 Overweight  Insufficient 50,000 weekly 6 ——=—— 2591([-13.03, 64.85] 445
Khalighl Sikaroudi, et al. (2020a) 74 Healthy Deficient 50,000 weekly L] —a— -66.67 | -82.41, -50.93] 6.20
Tazzyman, et al. (2015) 35 Unknown Deficient 3,000 daily 12 —_— -38.00 [ -63.35, -12.65] 552
Williams, et al. (2022) 125 Healthy Deficient 3.000 daily 12 —— 16.63[ 027, 32.99] 6.16
Heterogeneity: T = 1185.58, " = 92.80%, H’ = 13.89 _ -25.89 [ -55.26, 3.48]
T T T
100 -50 0 50

Random-effects REML model

Figure 2. Random effects meta-analysis with pooled mean differences between vitamin D and placebo groups for change in primary outcomes: serum 25(0OH)D

levels, IBS quality of life, and IBS symptom severity.
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Mean diff. Weight
Study Analyzed, n BMI status Vit D dose, IlU  Duration, wk with 95% CI (%)
Deficient
Abbasnezhad, et al. (2016) 85 Overweight 50,000 bi-weekly 26 . 326 211, 441 2185
Khalighi Sikaroudi, et al. (2020a) 74 Healthy 50,000 weekly 9 —a— 245[ -3.18, 8.09] 20.63
Williams, et al. (2022) 125 Healthy 3,000 daily 12 - 295 012, 578] 21.57
Heterogeneity: T° = 0,00, " = 0.00%, H* = 1.00 0 319 214, 4.24)
Insufficient
Jalili, et al. (2016) 50 Overweight 50,000 bi-weekly 6 R -22.11[-31.48, -12.74] 18.70
Jalili, et al. (2019a) 116 Overweight 50,000 weekly 6 —=s—— 1295[ 1.20, 24.70] 17.25
Heterogeneity: 1° = 585.21, I" = 85.22%, H” = 20.91 ———— 4 77 [-39.12, 29.59]
Overall T -0.05[-10.62, 10.53]
Heterogeneity: 1° = 132.89, I” = 97.45%, H™ = 39.22

&i{} —éU 0 20

Random-effacts REML model

Figure 3. Random effects meta-analysis with pooled mean differences between vitamin D and placebo groups for change in IBS quality of life scores by baseline

vitamin D status subgroups.

populations with overweight BMI status (n=3; —2.03 [-22.08,
18.02], > = 95.40%; Supplemental Figure S3). However,
compared to a placebo, oral treatment with vitamin D sig-
nificantly improved IBS-QoL for populations with deficient
serum 25(OH)D status at baseline (n=3; 3.19 [2.14, 4.24];
Figure 3) with no heterogeneity across studies (> = 0.00%).
In sensitivity analyses, where one study with data reporting
issues was removed (Jalili et al. 2016), the conclusion for
IBS-QoL changed to show significantly improved IBS-QoL
scores in participants (regardless of baseline status) treated
with vitamin D compared to a placebo (n=4; 3.27 [2.22,
4.31]) and no heterogeneity across studies (* = 0.00%;
Supplemental Figure S4).

IBS symptom severity

Seven studies assessed the effects of vitamin D supplemen-
tation on IBS symptom severity, and all seven used the IBS
symptom severity scale (IBS-SSS) which uses a 100-mm
visual analogue scale to measure the severity of symptoms
across five areas for a total score ranging from 0 (no symp-
toms) to 500 (severe symptoms). We meta-analyzed six of
these studies with low risk of bias. To avoid double-counting
participants from one study reported in two articles (Khalighi
Sikaroudi, Mokhtare, Janani, et al. 2020b; Khalighi Sikaroudi,
Mokhtare, Shidfar, et al. 2020a), we only analyzed results
from the article reporting the most complete data across
outcomes of interest (Khalighi Sikaroudi, Mokhtare, Shidfar,
et al. 2020a). As depicted in Figure 2, random effects
meta-analysis results (pooled mean difference [95% CIJ)
indicated a non-significant decrease in symptom severity for
participants treated with vitamin D compared to a placebo
(n=6; —25.89 [-55.26, 3.48]), and heterogeneity across pop-
ulations was high (P> = 92.80%). Subgroup analyses showed
similar results for populations with deficient baseline vita-
min D status (n=4; —-31.22 [-65.61, 3.18], I = 94.77%;
Supplemental Figure S5) and with overweight BMI status
(n=3; -22.23 [-65.03, 20.56], > = 85.73%; Supplemental
Figure S6). It is worth noting that when one study with

neutral risk of bias was included in meta-analyses (Zeid
et al. 2020), the overall pooled effect showed significantly
decreased symptom severity after treatment with vitamin D
compared to a placebo (n=7; —43.42 [-86.82, —0.01], I* =
97.07%), but results from subgroup analyses remained
non-significant (Supplemental Figures S7 and S8).

Single-arm interventions

Three single arm intervention studies were included in this
review. The first study examined the effects of vitamin D
replacement over 3months (four injections weekly then two
injections monthly; dose not reported) in consecutively treated
patients with IBS and deficient vitamin D status at baseline
from a hospital in Pakistan (Alvi et al. 2022). Of 97 analyzed
patients, 56.7% showed complete relief from IBS symptoms
(abdominal fullness, bloating, heartburn, constipation, and
diarrhea), while 36.1% showed considerable improvement and
6.2% showed moderate relief. The second study was from a
medical university in Egypt and involved 40 undergraduate
medical students with IBS, based on Rome IV criteria, and
with deficient vitamin D status at baseline (Ibrahim et al.
2020). After 12 wks supplementation with 42,0001U/week
cholecalciferol (oral drops) and advice to increase intakes of
vitamin D rich foods, 97.5% of participants showed replete
vitamin D status (>40ng/mL), 47.5% showed no IBS symp-
toms, and 52.5% showed partial relief of symptoms (symp-
toms not specified). Participants with no IBS symptoms had
significantly higher 25(OH)D levels compared to those with
partial relief (p=0.01). The third single arm intervention
involved white, non-Hispanic, male US. veterans of the Gulf
War (n=69) who had diarrhea predominant IBS (IBS-D) and
deficient vitamin D status at baseline (Kesavan et al. 2023).
The study reported that after vitamin D supplementation at
3,000 to 5,000 units (based on weight; duration not reported),
the veterans' vitamin D levels increased significantly
(p<0.0001), and their number of bowel movements per day
decreased significantly (p<0.0001).


https://doi.org/10.1080/10408398.2024.2400603
https://doi.org/10.1080/10408398.2024.2400603
https://doi.org/10.1080/10408398.2024.2400603
https://doi.org/10.1080/10408398.2024.2400603
https://doi.org/10.1080/10408398.2024.2400603
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Mendelian randomization studies

Two MR studies were included in this review. One con-
ducted a bi-directional two-sample MR analysis in a popu-
lation of 496,946 European descendants drawn from the
European Bioinformatics Institute (EBI) database (Xie et al.
2022). This study first explored the effects of genetic instru-
mental variables (IVs) related to vitamin D status from
serum 25(OH)D levels on genetically predicted risk of IBS
and found no causal association across three analysis meth-
ods: inverse variance weighted (p=0.94), MR Egger (p=0.95),
and weighted median (p=0.76). Next, the study explored
IBS as a risk factor of genetically predicted levels of vitamin
D and again found no causal association across the same
three methods (p>0.5 for all). The second study conducted
a two-sample MR analysis of 187,028 European descendants
drawn from the FinnGen biobank (Xu et al. 2023). This
study examined the effects of genetic IVs for both vitamin
D intake and serum 25(OH)D on IBS. Vitamin D intake was
not causally association with IBS across six analysis methods
(p>0.1 for all), and serum 25(OH)D was not causally asso-
ciation with IBS across four analysis methods (p>0.05 for
all). However, serum 25(OH)D showed a negative causal
relationship with IBS using the inverse variance weighted
(fixed effects) method (OR = 0.83; 95% CI: 0.70, 1.00;
p=0.04, adjusted p=0.17) and the maximum likelihood
method (OR = 0.83; 95% CI: 0.70, 0.99; p=0.04).

Strength-of-evidence

SoE was assessed using GRADE criteria for the three out-
comes included in our meta-analyses: change in 25(OH)D
levels, IBS quality of life, and IBS symptom severity. For each
outcome, we summarized the SoE across all intervention stud-
ies in this review, including single-arm studies reporting out-
come results, and the GRADE SoE is summarized in Table 3.
For the assessment of study limitations, single-arm interven-
tions were automatically determined to have high risk of bias
due to the lack of randomization and controls in the study
design. SoE across five RCTs and two single-arm studies was
found to be moderate and indicated that treatment with vita-
min D supplementation may increase serum 25(OH)D in
adults with IBS regardless of insufficient or deficient baseline
vitamin D status. Across five RCTs reporting IBS quality of
life outcomes, SoE was rated as very low and indicated that
treatment with vitamin D may have no effect on quality of
life in adults with IBS overall; however, for populations with
deficient vitamin D status at baseline, moderate SoE from
three RCTs suggested that treatment with vitamin D may
improve quality of life. For IBS symptom severity, SoE from
seven RCTs and two single-arm interventions was found to be
very low and indicated that treatment with vitamin D may
have no effect on IBS symptom severity in adults with IBS
regardless of baseline vitamin D status.

Discussion

This systematic review and meta-analysis show oral vitamin
D supplementation to be effective in repleting serum 25(OH)

D levels in adult IBS patients with inadequate or deficient
status (moderate SoE), and that repletion in patients with
deficient (but not inadequate) serum 25(OH)D levels may
improve self-reported quality of life (very low SoE) but not
symptom severity (very low SoE). Future research in this
area is important, as augmentation of inadequate serum
25(OH)D levels through clinically supervised supplementa-
tion could provide additional therapeutic effects as an adju-
vant strategy managing IBS. Our results should come as no
surprise to those in the field; IBS is a multifaceted disease
and vitamin D, much like other classic nutrients, exhibits
innate complexities in its actions and interactions, influenc-
ing countless biological mechanisms. It is important to note
that international recommendations for adequate serum
25(OH)D status, including those from the Endocrine Society,
are based on bone-related outcome measures (Holick et al.
2011) and not IBS. It is likely that (if present) vitamin D
asserts a threshold effect; therefore, consideration of partici-
pant baseline status in the inclusion and exclusion criteria of
future trials can help ensure accuracy of the response to
treatment with vitamin D. Vitamin D, like many other nutri-
ents, has also been known to display a non-linear relation-
ship with health outcomes, where low and high levels are
associated with suboptimal physiological function, and opti-
mal function occurs over a range of intake (Institute of
Medicine (US) Committee to Review Dietary Reference
Intakes for Vitamin D and Calcium 2011). In recent years,
the utility of administering pharmacological mega-doses
vitamin D, as seen in the majority studies included this our
systematic review, may place patients at increased risk of
adverse effects, particularly hypercalcemia (Malihi et al
2019; Taylor and Davies 2018; Rizzoli 2021). Several other
nutrients are known to interact with vitamin D and its
metabolism and can likely modulate individual response to
vitamin D supplementation. For example, several steps in
vitamin D metabolism are dependent of magnesium, a nutri-
ent low in the diets of IBS patients (Roth et al. 2022;
El-Salhy et al. 2012), as a cofactor, including the binding of
vitamin D to vitamin D binding protein, 25(OH)D synthesis,
and vitamin D receptor activation that is needed for cellular
effects (Lemay and Gascon-Barre 1992; Zitterman 2013).
Our findings differ from those of a former small system-
atic review that combined RCTs of adult (n=3) and adoles-
cent (n=1) populations with IBS and showed improvement in
both symptom severity and quality of life (Huang et al. 2022).
Our findings also differ from another recent systematic review
of adult patients with IBS that suggests vitamin D supplemen-
tation improves symptom severity but not quality of life
(Chong et al. 2022). However, the approach of using pooled
standardized mean differences within the meta-analyses pres-
ent in this systematic review is problematic for analyzing data
from small RCTs, where variability across study populations is
expected to be high (“Cochrane Handbook for Systematic
Reviews of Interventions version 6.4 (updated August 2023)”
2023). Since all studies included in our meta-analyses used
the same IBS-SSS and IBS-QoL, we pooled non-standardized
mean differences; this approach better accounts for actual
variability among study participants. Similar to our findings,
another systematic review of RCTs in adults and adolescents
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found no difference in symptom severity between but
improvement in IBS-QoL (Abuelazm et al. 2022). This sys-
tematic review also included a GRADE SoE assessment and,
like our study, found SoE for serum 25(OH)D to be moderate
and SoE for symptom severity and quality of life overall to be
very low. However, unlike our study, this review did not
include subgroup analyses to identify potential sources of het-
erogeneity (they did perform leave-one-out analyses). Our
approach suggests baseline vitamin D status may influence
vitamin D treatments effectiveness, at least in regard to
self-reported quality of life. None of the former systematic
reviews employed RoB tools designed for nutrition studies.
There are known factors such as uncertainties in dietary
intake assessment, interrelated biological functions of nutri-
ents, and baseline nutritional status that can influence RoB in
nutrition-related research (Lichtenstein, Yetley, and Lau 2008).

Our study has several strengths and limitations. The
major strength of our study was the rigorous design that
enabled a thorough review of the peer-reviewed English lan-
guage scientific literature. Sub-analyses by baseline 25(OH)D
status increases the accuracy of results owing to the hetero-
geneity between these groups. Several major limitations are
also apparent. Low statistical power, due to the small sample
sizes present within included trials, likely affected our ability
to detect modest effects and further explore heterogeneity
using meta-regression or subgroup meta-analysis techniques.
A major limitation of involved incomplete reporting of
results among included articles, which restricted our ability
to perform meta-analyses on individual IBS symptoms.
Along these lines, two articles reported conflicting data
between figures, tables, and text (Tazzyman et al. 2015; Jalili
et al. 2016), and based on our sensitivity analyses, these dis-
crepancies are likely to influence quality of life findings. We
took these limitations into consideration when making SoE
evaluations.

Conclusion

Moderate SoE demonstrates oral vitamin D supplementation
to be effective in repleting serum 25(OH)D levels in adult
IBS patients with inadequate or deficient status. Very low
SoE supports repletion of deficient (but not inadequate)
25(OH)D levels improve self-reported quality of life but not
symptom severity in adult patients with IBS. Future RCTs
with sufficient power are greatly needed to fully elucidate
the effects of vitamin D supplementation, past repleting
inadequate or deficient serum 25(OH)D levels, in adults
with IBS.

Author contributions

Taylor C. Wallace and Kelly C. Cara contributed to the study concep-
tion and design. Data collection was performed by Kelly C. Cara,
Salima E Taylor, and Haya F. Alhmly. Material preparation and analyses
were performed by Kelly C. Cara. The first draft of the manuscript was
written by Kelly C. Cara, Salima E Taylor, and Haya E Alhmly, and all
authors commented on previous versions of the manuscript. All authors
read and approved the final manuscript.

Disclosure statement

TCW previously received funding from Nestlé Health Science for a sys-
tematic review on a topic unrelated to the current review: Cara KC,
Beauchesne AR, Wallace TC, Chung M. Safety of Using Enteral
Nutrition Formulations Containing Dietary Fiber in Hospitalized
Critical Care Patients: A Systematic Review and Meta-Analysis. J
Parenter  Enteral Nutr. 2021;45(5):882-906. do0i:10.1002/jpen.2210.
Additional information can be found on his website
drtaylorwallace.com. All other authors declare no conflicts of interest.

WWw.

Funding

Funding for this study was provided through an unrestricted grant
from Nestlé Health Science U.S. to Think Healthy Group, LLC. The
sponsor had no role in the study design; the collection, analysis, and
interpretation of data; the writing of the manuscript; or the decision
where to submit the paper for publication. The authors strictly adhered
to the American Society for Nutrition’s trust and integrity in nutrition
science guidelines (https://nutrition.org/trust/).

ORCID

Kelly C. Cara
Salima F. Taylor
Haya E Alhmly
Taylor C. Wallace

http://orcid.org/0000-0003-1491-9539
http://orcid.org/0000-0002-8819-6049
http://orcid.org/0000-0003-3493-4285
http://orcid.org/0000-0002-9403-2745

Data availability

All data collection forms, extracted data from included studies, data
used for analyses, and the analytic code are available upon reasonable
request from the corresponding author.

References

Abbasnezhad, A., R. Amani, E. Hajiani, P. Alavinejad, B. Cheraghian,
and A. Ghadiri. 2016. Effect of vitamin D on gastrointestinal symp-
toms and health-related quality of life in irritable bowel syndrome
patients: A randomized double-blind clinical trial. Neurogastro-
enterology  and  Motility 28  (10):1533-44.  doi:10.1111/
nmo.12851.Abuelazm, M., S. Muhammad, M. Gamal, F Labieb, M.
A. Amin, B. Abdelazeem, and J. R. Brasi¢. 2022. The effect of vita-
min D supplementation on the severity of symptoms and the quali-
ty of life in irritable bowel syndrome patients: A systematic review
and meta-analysis of randomized controlled trials. Nutrients 14
(13):2618. doi:10.3390/nu14132618.

Alvi, H., G. Alj, S. Igbal, M. N. Ahsan, Avinash, >M. A. Siddiqui, T.
A. Kirmani, G. Irshad, H. Baktashi, M. S. Asghar. 2022. Role of
25-hydroxyvitamin D in irritable bowel syndrome patients. Journal
of Family Medicine and Primary care 11 (12): 7975-7978. doi:10.4103/
jfmpc.jfmpc_1336_22.

Amani, R., A. Abbasnezhad, E. Hajiani, B. Cheraghian, Z. Abdoli, and
R. Choghakhori. 2018. Vitamin D3 induced decrease in IL-17 and
malondialdehyde, and increase in IL-10 and total antioxidant capac-
ity levels in patients with irritable bowel syndrome. Iranian Journal
of Immunology: IJI 15 (3):186-96. doi:10.22034/IJ1.2018.39388.

Bouillon, R., C. Marcocci, G. Carmeliet, D. Bikle, J. H. White, B.
Dawson-Hughes, P. Lips, C. E Munns, M. Lazaretti-Castro, A.
Giustina, et al. 2019. Skeletal and extraskeletal actions of vitamin D:
Current evidence and outstanding questions. Endocrine Reviews 40
(4):1109-51. doi:10.1210/er.2018-00126.

Canavan, C., J. West, and T. Card. 2014. The epidemiology of irritable
bowel syndrome. Clinical Epidemiology 6 (null):71-80. doi:10.2147/
CLEP.S40245.


http://www.drtaylorwallace.com
http://www.drtaylorwallace.com
https://nutrition.org/trust/
https://doi.org/10.1111/nmo.12851
https://doi.org/10.1111/nmo.12851
https://doi.org/10.3390/nu14132618
https://doi.org/10.4103/jfmpc.jfmpc_1336_22
https://doi.org/10.4103/jfmpc.jfmpc_1336_22
https://doi.org/10.22034/IJI.2018.39388
https://doi.org/10.1210/er.2018-00126
https://doi.org/10.2147/CLEP.S40245
https://doi.org/10.2147/CLEP.S40245

Chong, R. I. H,, C. Y. L. Yaow, C. Y. L. Loh, S. E. Teoh, Y. Masuda, W.
K. Ng, Y. L. Lim, and Q. X. Ng. 2022. “Vitamin D supplementation
for irritable bowel syndrome: A systematic review and meta-analysis.
Journal of Gastroenterology and Hepatology 37 (6):993-1003.
doi:10.1111/jgh.15852.

Cochrane Handbook for Systematic Reviews of Interventions version
6.4 (updated August 2023). 2023. Cochrane. www.training.cochrane.
org/handbook.

El-Salhy, M., H. Ostgaard, D. Gundersen, J. G. Hatlebakk, and T.
Hausken. 2012. The role of diet in the pathogenesis and manage-
ment of irritable bowel syndrome. International Journal of Molecular
Medicine 29 (5):723-31. doi: 10.3892/ijmm.2012.926.

Ford, A. C,, L. A. Harris, B. E. Lacy, E. M. M. Quigley, and P. Moayyedi.
2018. Systematic review with meta-analysis: The efficacy of prebiot-
ics, probiotics, synbiotics and antibiotics in irritable bowel syndrome.
Alimentary ~ Pharmacology &  Therapeutics 48  (10):1044-60.
doi:10.1111/apt.15001.

Fukudo, S., and M. Kanazawa. 2011. Gene, environment, and brain-gut
interactions in irritable bowel syndrome. Journal of Gastroenterology
and Hepatology 26 (Suppl 3):110-5. doi:10.1111/j.1440-1746.2011.
06631.x.

Grad, S., and D. L. Dumitrascu. 2020. Irritable bowel syndrome sub-
types: New names for old medical conditions. Digestive Diseases
(Basel, Switzerland) 38 (2):122-7. doi:10.1159/000505287.

Guyatt, G. H., A. D. Oxman, G. E. Vist, R. Kunz, Y. Falck-Ytter, P.
Alonso-Coello, and H. J. Schunemann. 2008. GRADE: An emerg-
ing consensus on rating quality of evidence and strength of rec-
ommendations. BMJ (Clinical Research ed.) 336 (7650):924-6.
https://www.ncbi.nlm.nih.gov/pubmed/18436948. doi:10.1136/
bmj.39489.470347.AD.

Guyatt, G. H,, A. D. Oxman, H. J. Schiinemann, P. Tugwell, and A.
Knottnerus. 2011. “GRADE guidelines: A new series of articles in
the Journal of Clinical Epidemiology. Journal of Clinical Epidemiology
64 (4):380-2. doi:10.1016/j.jclinepi.2010.09.011.

Heitkemper, M., M. Jarrett, and S. E. Jun. 2013. Update on irritable
bowel syndrome program of research. Journal of Korean Academy of
Nursing 43 (5):579-86. doi:10.4040/jkan.2013.43.5.579.

Holick, M. E, N. C. Binkley, H. A. Bischoff-Ferrari, C. M. Gordon, D.
A. Hanley, R. P. Heaney, M. H. Murad, and C. M. Weaver. 2011.
Evaluation, treatment, and prevention of vitamin D deficiency: An
Endocrine Society clinical practice guideline. The Journal of Clinical
Endocrinology and Metabolism 96 (7):1911-30. doi:10.1210/jc.2011-
0385.

Huang, H., L. Lu, Y. Chen, Y. Zeng, and C. Xu. 2022. The efficacy of
vitamin D supplementation for irritable bowel syndrome: A system-
atic review with meta-analysis. Nutrition Journal 21 (1):24.
doi:10.1186/512937-022-00777-x.

Ibrahim, W. A, Y. M. Eid, D. Z. Zaky, N. M. Elsheikh, M. A.
El-Mohamdy, D. A. Abdelhakam, O. M. El Nabawy, and C. A.
Anwar. 2020. Effect of vitamin D on irritable bowel syndrome.
European Journal of Molecular and Clinical Medicine 7 (10):2557-64.

Institute of Medicine (US) Committee on Standards for Systematic
Reviews of Comparative Effectiveness Research. 2011. Finding what
works in health care: standards for systematic reviews. Ed. J. Eden, L.
Levit, A. Berg and S. Morton. Washington, DC: National Academies
Press (US).

Institute of Medicine (US) Committee to Review Dietary Reference
Intakes for Vitamin D and Calcium. 2011. Dietary reference intakes
for calcium and vitamin D, ed. A.C. Ross, C.L. Taylor, A.L. Yaktine
and H.B. Del Valle. Washington, DC: National Academies Press
(US).

Jalili, M., A. Hekmatdoost, H. Vahedi, H. Poustchi, B. Khademi, M.
Saadi, M. Zemestani, and L. Janani. 2016. Co-administration of soy
isoflavones and vitamin D in management of irritable bowel disease.
PloS one 11 (8):e0158545. doi:10.1371/journal.pone.0158545.

Jalili, M., H. Vahedi, H. Poustchi, and A. Hekmatdoost. 2019a. Effects
of Vitamin D supplementation in patients with irritable bowel syn-
drome: A randomized, double-blind, placebo-controlled clinical trial.
International Journal of Preventive Medicine 10 (1):16. doi:10.4103/
ijpvm.IJPVM51217.

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 13

Jalili, M., H. Vahedi, H. Poustchi, and A. Hekmatdoost. 2019b. Soy iso-
flavones and cholecalciferol reduce inflammation, and gut permeabil-
ity, without any effect on antioxidant capacity in irritable bowel syn-
drome: A randomized clinical trial. Clinical Nutrition ESPEN
34:50-4. doi:10.1016/j.cInesp.2019.09.003.

Kelly, S. E, L. S. Greene-Finestone, E. A. Yetley, K. Benkhedda,
S. P. J. Brooks, G. A. Wells, and A. ]. MacFarlane. 2021. NUQUEST—
NUtrition QUality Evaluation Strengthening Tools: Development of
tools for the evaluation of risk of bias in nutrition studies. The
American Journal of Clinical Nutrition 115 (1):256-71. doi:10.1093/
ajen/ngab335.

Kesavan, C., A. Das, P. Goyal, C. S. Jackson, D. D. Strong, and R. M.
Strong. 2023. Vitamin D deficiency (VDD) and benefits of supple-
mentation in veterans with IBS-D. Diagnostics (Basel, Switzerland) 13
(17):2807. doi:10.3390/diagnostics13172807.

Khalighi Sikaroudi, M., M. Mokhtare, F. Shidfar, L. Janani, A. Faghihi
Kashani, M. Masoodi, S. Agah, A. Dehnad, and S. Shidfar. 2020a.
Effects of vitamin D3 supplementation on clinical symptoms, quality
of life, serum serotonin (5-hydroxytryptamine), 5-hydroxy-indole
acetic acid, and ratio of 5-HIAA/5-HT in patients with diarrhea-
predominant irritable bowel syndrome: A randomized clinical trial.
EXCLI Journal 19: 652-667. d0i:10.17179/excli2020-2247.

Khalighi Sikaroudi, M., M. Mokhtare, L. Janani, A. H. Faghihi Kashani,
M. Masoodi, S. Agah, N. Abbaspour, A. Dehnad, and E Shidfar.
2020b. Vitamin D3 supplementation in diarrhea-predominant irrita-
ble bowel syndrome patients: The effects on symptoms improvement,
serum corticotropin-releasing hormone, and interleukin-6 - A ran-
domized clinical trial. Complementary Medicine Research 27 (5):302-
9. doi:10.1159/000506149.

Khayyat, Y., and S. Attar. 2015. Vitamin D deficiency in patients with
irritable bowel syndrome: Does it exist? Oman Medical Journal 30
(2):115-8. http://www.omjournal.org/fultext_PDFE.aspx?DetailsID=629
&type=fultext. doi:10.5001/0m;j.2015.25.

Kong, J., Z. Zhang, M. W. Musch, G. Ning, J. Sun, J. Hart, M.
Bissonnette, and Y. C. Li. 2008. Novel role of the vitamin D receptor
in maintaining the integrity of the intestinal mucosal barrier.
American Journal of Physiology. Gastrointestinal and Liver Physiology
294 (1):G208-G216. doi:10.1152/ajpgi.00398.2007.

Lemay, J. A. C. Q, and U. E. S. Gascon-Barré, M. 1992. Responsiveness
of the intestinal 1, 25-dihydroxyvitamin D3 receptor to magnesium
depletion in the rat. Endocrinology 130 (5):2767-77. doi: 10.1210/
endo.130.5.1315257.

Lichtenstein, A. H., E. A. Yetley, and J. Lau. 2008. Application of sys-
tematic review methodology to the field of nutrition. The Journal of
Nutrition 138 (12):2297-306. doi:10.3945/jn.108.097154.

Malihi, Z., Z. Wu, C. M. Lawes, and R. Scragg. 2019. Adverse events
from large dose vitamin D supplementation taken for one year or
longer. The Journal of Steroid Biochemistry and Molecular Biology
188:29-37. doi: 10.1016/j.jsbmb.2018.12.002.

Methley, A. M., S. Campbell, C. Chew-Graham, R. McNally, and S.
Cheraghi-Sohi. 2014. “PICO, PICOS and SPIDER: A comparison
study of specificity and sensitivity in three search tools for qualita-
tive systematic reviews. BMC Health Services Research 14 (1):579.
doi:10.1186/s12913-014-0579-0.

Ng, Q. X, C. Y. L. Yaow, ]. R. Moo, S. W. K. Koo, E. X. L. Loo, and
K. T. H. Siah. 2024. A systematic review of the association between
environmental risk factors and the development of irritable bowel
syndrome. Journal of Gastroenterology and Hepatology doi:10.1111/
jgh.16587.

Nwosu, B. U, L. Maranda, and N. Candela. 2017. Vitamin D status in
pediatric irritable bowel syndrome. PLoS Omne 12 (2):0172183.
doi:10.1371/journal.pone.0172183.

Ouzzani, M., H. Hammady, Z. Fedorowicz, and A. Elmagarmid. 2016.
Rayyan—a web and mobile app for systematic reviews. Systematic
Reviews 5 (1):210. doi:10.1186/s13643-016-0384-4.

Page, M. ], J. E. McKenzie, P. M. Bossuyt, I. Boutron, T. C. Hoffmann,
C. D. Mulrow, L. Shamseer, J. M. Tetzlaff, E. A. Akl, S. E. Brennan,
et al. 2021. The PRISMA 2020 statement: An updated guideline for
reporting systematic reviews. BMJ (Clinical Research ed.) 372: N 71.
doi:10.1136/bmj.n71.


https://doi.org/10.1111/jgh.15852
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://doi.org/10.3892/ijmm.2012.926
https://doi.org/10.1111/apt.15001
https://doi.org/10.1111/j.1440-1746.2011.06631.x
https://doi.org/10.1111/j.1440-1746.2011.06631.x
https://doi.org/10.1159/000505287
https://www.ncbi.nlm.nih.gov/pubmed/18436948
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1016/j.jclinepi.2010.09.011
https://doi.org/10.4040/jkan.2013.43.5.579
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1186/s12937-022-00777-x
https://doi.org/10.1371/journal.pone.0158545
https://doi.org/10.4103/ijpvm.IJPVM51217
https://doi.org/10.4103/ijpvm.IJPVM51217
https://doi.org/10.1016/j.clnesp.2019.09.003
https://doi.org/10.1093/ajcn/nqab335
https://doi.org/10.1093/ajcn/nqab335
https://doi.org/10.3390/diagnostics13172807
https://doi.org/10.17179/excli2020-2247
https://doi.org/10.1159/000506149
http://www.omjournal.org/fultext_PDF.aspx?DetailsID=629&type=fultext
http://www.omjournal.org/fultext_PDF.aspx?DetailsID=629&type=fultext
https://doi.org/10.5001/omj.2015.25
https://doi.org/10.1152/ajpgi.00398.2007
https://doi.org/10.1210/endo.130.5.1315257
https://doi.org/10.1210/endo.130.5.1315257
https://doi.org/10.3945/jn.108.097154
https://doi.org/10.1016/j.jsbmb.2018.12.002
https://doi.org/10.1186/s12913-014-0579-0
https://doi.org/10.1111/jgh.16587
https://doi.org/10.1111/jgh.16587
https://doi.org/10.1371/journal.pone.0172183
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1136/bmj.n71

14 K.C.CARAETAL.

Peery, A. E, S. D. Crockett, C. C. Murphy, E. T. Jensen, H. P. Kim, M. D.
Egberg, J. L. Lund, A. M. Moon, V. Pate, E. L. Barnes, et al. 2022. Burden
and cost of gastrointestinal, liver, and pancreatic diseases in the United States:
Update 2021. Gastroenterology 162 (2):621-44. doi:10.1053/j.gastro.2021.10.017.

Rizzoli, R. 2021. Vitamin D supplementation: Upper limit for safety
revisited? Aging Clinical and Experimental Research 33 (1):19-24.
doi: 10.1007/s40520-020-01678-x.

Rohatgi, A. 2022. WebPlotDigitizer; Version 4.6. https://automeris.io/
WebPlotDigitizer.

Roth, B., E. Larsson, and B. Ohlsson. 2022. Poor intake of vitamins and
minerals is associated with symptoms among patients with irritable
bowel syndrome. Journal of Gastroenterology and Hepatology 37
(7):1253-62. doi: 10.1111/jgh.15830.

Sempos, C. T., and N. Binkley. 2020. 25-Hydroxyvitamin D assay stan-
dardisation and vitamin D guidelines paralysis. Public Health
Nutrition 23 (7):1153-64. doi:10.1017/5S1368980019005251.

Taylor, P. N, and J. S. Davies. 2018. A review of the growing risk of
vitamin D toxicity from inappropriate practice. British Journal of
Clinical Pharmacology 84 (6):1121-7. doi: 10.1111/bcp.13573.

Tazzyman, S., N. Richards, A. R. Trueman, A. L. Evans, V. A. Grant, L.
Garaiova, S. F Plummer, E. A. Williams, and B. M. Corfe. 2015.
Vitamin D associates with improved quality of life in participants with
irritable bowel syndrome: Outcomes from a pilot trial. BMJ Open
Gastroenterology 2 (1):e000052. doi:10.1136/bmjgast-2015-000052.

Vrani¢, L., I. Mikolasevi¢, and S. Mili¢. 2019. Vitamin D Deficiency:
Consequence or Cause of Obesity? Medicina (Kaunas, Lithuania) 55
(9):541. doi:10.3390/medicina55090541.

Wan, X., W. Wang, J. Liu, and T. Tong. 2014. Estimating the sample
mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Medical Research Methodology 14
(1):135. doi:10.1186/1471-2288-14-135.

Whelan, K., L. D. Martin, H. M. Staudacher, and M. C. E. Lomer. 2018.
The low FODMAP diet in the management of irritable bowel

syndrome: An evidence-based review of FODMAP restriction, rein-
troduction and personalisation in clinical practice. Journal of Human
Nutrition and Dietetics: The Official Journal of the British Dietetic
Association 31 (2):239-55. doi:10.1111/jhn.12530.

Williams, C. E., E. A. Williams, and B. M. Corfe. 2022. Vitamin D sup-
plementation in people with IBS has no effect on symptom severity
and quality of life: Results of a randomised controlled trial. European
Journal of Nutrition 61 (1):299-308. doi:10.1007/s00394-021-02633-w.

Xie, N., J. Xie, Z. Wang, Q. Shu, H. Shi, J. Wang, N. Liu, E Xu, and J.
Wu. 2022. The role of calcium, 25-hydroxyvitamin D, and parathy-
roid hormone in irritable bowel syndrome: A bidirectional
two-sample Mendelian randomization study. Nutrients 14 (23):5109.
do0i:10.3390/nu14235109.

Xu, S. B, Q. Y. Luo, J. He, X. Chen, S. M. Li, and Y. Bai. 2023. Causal
associations of 25-hydroxyvitamin d with functional gastrointestinal
disorders: A two-sample mendelian randomization study. Genes ¢
Nutrition 18 (1):14. doi:10.1186/s12263-023-00734-1.

Young, D. S. 1990. Implementation of SI units for clinical laboratory
data: Style specifications and conversion tables. The Journal of
Nutritional Biochemistry 1 (11):599-613. doi:10.1016/0955-2863(90)
90050-U.

Zeid, W., E. Ezzeldeen, M. Khattab, S. Ahmed, and M. Abdo. 2020.
Effect of vitamin D3 (cholecalciferol) supplementation on gastroin-
testinal symptoms in patients with irritable bowel syndrome attend-
ing El-Mahsama Family Practice Center, Ismailia, Egypt: A random-
ized clinical trial. Al-Azhar International Medical Journal.
doi:10.21608/aim;.2020.32333.1254.

Zhou, Q., M. L. Verne, J. Z. Fields, J. ]. Lefante, S. Basra, H. Salameh,
and G. N. Verne. 2019. Randomised placebo-controlled trial of di-
etary glutamine supplements for postinfectious irritable bowel syn-
drome. Gut 68 (6):996-1002. doi:10.1136/gutjnl-2017-315136.

Zittermann A. 2013. Magnesium deficit-overlooked cause of low vitamin D
status? BMC Medicine 11 (1):229. doi: 10.1186/1741-7015-11-229.


https://doi.org/10.1053/j.gastro.2021.10.017
https://doi.org/10.1007/s40520-020-01678-x
https://automeris.io/WebPlotDigitizer
https://automeris.io/WebPlotDigitizer
https://doi.org/10.1111/jgh.15830
https://doi.org/10.1017/S1368980019005251
https://doi.org/10.1111/bcp.13573
https://doi.org/10.1136/bmjgast-2015-000052
https://doi.org/10.3390/medicina55090541
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1111/jhn.12530
https://doi.org/10.1007/s00394-021-02633-w
https://doi.org/10.3390/nu14235109
https://doi.org/10.1186/s12263-023-00734-1
https://doi.org/10.1016/0955-2863(90)90050-U
https://doi.org/10.1016/0955-2863(90)90050-U
https://doi.org/10.21608/aimj.2020.32333.1254
https://doi.org/10.1136/gutjnl-2017-315136
https://doi.org/10.1186/1741-7015-11-229

	The effects of vitamin D intake and status on symptom severity and quality-of-life in adults with irritable bowel syndrome (IBS): a systematic review and meta-analysis
	ABSTRACT
	Introduction
	Methods
	Data sources and searches
	Study selection
	Data extraction
	Meta-analyses
	Risk-of-bias and strength-of-evidence

	Results
	Study and participant characteristics
	Randomized controlled trials
	Serum 25(OH)D or vitamin D status
	IBS quality of life
	IBS symptom severity

	Single-arm interventions
	Mendelian randomization studies
	Strength-of-evidence

	Discussion
	Conclusion
	Author contributions
	Disclosure statement
	Funding
	ORCID
	Data availability
	References


