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Abstract

Background Irritable bowel syndrome (IBS) is a debilitating disorder affecting 4-9% of the global population. It

is a multifaceted disorder with complex and varied causes. This review aims to consolidate the evidence regarding IBS
risk factors by examining existing systematic reviews and meta-analyses, covering potential genetic, immunological,
psychological, and dietary causes.

Methods Systematic literature searches were conducted in MEDLINE, Embase and Cochrane library databases. Study
selection and data extraction were conducted independently by four authors, with discrepancies resolved by consen-
sus with a senior author. Systematic reviews examining risk factors of IBS development were eligible for review. Results
were narratively synthesized. Quality of reviews were analysed using AMSTAR 2, and evidence were appraised using
GRADE methodology.

Results A total of 69 systematic reviews were included in this study. Most reviews were of “critically low" quality,
while the remaining were “low” quality. Common shortcomings included the absence of a list of excluded studies
with justifications for their exclusion and inadequate consideration of the risk of bias in individual studies. Eight major
categories of risk factors for IBS identified were as follows: dietary, genetic, environmental, psychological, gut microbi-
ome, socio-economic, physiological, and pathological, albeit overlaps exist. The most frequently reported risk factors
for IBS development were female gender and anxiety disorders, with overall GRADE evaluation of “low”; depression
and gastroenteritis, with overall GRADE evaluation of ‘moderate”.

Conclusions Clinical practice should prioritize recognition of these risk factors. Future reviews should improve their
reporting of results based on the PRISMA guidelines, to enhance the quality of research in this field.

Protocol registration PROSPERO CRD42023493739.
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Background

Irritable bowel syndrome (IBS) is a disorder of the gut-
brain axis diagnosed through the symptom cluster out-
lined in the ROME 1V criteria [1, 2]. It is an exceedingly
common condition, affecting some 4—9% [3] of the global
population, and with significant adverse effects and
impediments. Research has consistently shown that IBS
reduces the quality of life related to health [4] and con-
tributes to workplace absenteeism at a societal level [5],
underlining its economic burden [6]. Additionally, the
global trend towards adopting a Western diet and life-
style [7] is expected to increase the incidence of IBS.
Given its rising prevalence [7] and the chronic nature of
this condition [8], this necessitates further research into
the risk factors for new-onset IBS to develop preventive
measures against the onset of the condition.

At present, the causes of IBS are varied, complex, and
incompletely understood [9]. Research continues to
explore a broad range of risk factors, including genetic
[10], immunological [11], psychological [12], and dietary
elements [13]. Recent years have seen burgeoning inter-
est in understanding how the gut microbiota [14], the
interactions between the gut and the brain [15], and gas-
trointestinal motility [16] contribute to the development
of IBS. Furthermore, the field of exposomics [17, 18],
which examines the influence of environmental factors
on disease development, is shedding new light on new
risk factors for IBS. For instance, air pollution, already
linked to various health issues, is now being investigated
for its potential role in altering the gut microbiome and
increasing the risk of IBS in previously healthy individu-
als [19, 20]. The expanding body of research underscores
the relevance and timeliness of an overview of systematic
reviews on these topics, which would help synthesize and
critique current knowledge and findings.

Addressing this gap, this study attempts a umbrella
review of existing systematic reviews [21], specifically
focusing on risk factors associated with the onset of IBS
in individuals who were previously healthy. These find-
ings aim to bridge the gap between research on IBS risk
factors and their applications in clinical settings, enhance
current preventive strategies, and inspire further investi-
gations into this critical area.

Methods

Search strategy

We searched MEDLINE, Embase, and Cochrane library
databases from database inception to November 11,
2024. This current systematic review was performed with
reference to the latest Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) statement
[22], with search terms including but were not limited to
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“Irritable Bowel Syndrome”, “Risk Factors” and “System-
atic Review” The search strategy was developed in con-
sultation with an information management specialist,
and the full search strategy is available in the Supplemen-
tary Material (Table S1). The study protocol was pro-
spectively registered in PROSPERO (registration number
CRD42023493739).

Eligibility and selection criteria

All search results were imported into Covidence (Mel-
bourne, Victoria, Australia) for the identification and
removal of duplicates. To ensure consistency and rig-
our, the Covidence software was set to ensure that each
article was reviewed independently by two review-
ers independently at every stage, including both the
title and abstract screening and the full-text review
phases. For the title and abstract screening, five review-
ers (FS, TOSK, ASPT, JQ, and DTL) were involved to
ensure comprehensive coverage of the large number
of search results and to identify a wider pool of poten-
tially eligible studies before reaching consensus with
a senior reviewer. Discrepancies at both stages were
resolved through consensus with a senior author (QXN
or KTHS). Only original systematic reviews of obser-
vational studies, including cohort, case—control and
cross-sectional studies, or interventional studies in Eng-
lish or with an English translation were included. Non-
systematic narrative reviews, editorials, opinion pieces
and case reports were excluded from the study. Studies
which investigated primary risk factors of IBS in previ-
ously healthy individuals which may include but were
not limited to dietary factors, psychosocial factors, gas-
trointestinal infections, certain medication uses, life-
style factors such as physical activity and sleep patterns,
genetic predisposition, environmental factors and soci-
oeconomic factors. Studies without a clear diagnosis of
IBS, those that examined non-specific exposures, inter-
ventions for managing IBS, secondary risk factors (that
might affect the course or management of IBS), animal
studies, or those involving pediatric populations were
excluded.

Data extraction and outcomes

The primary outcomes of interest in this paper include
the measure of the strength of association between
the defined risk factor(s) and the development of IBS,
reported in relative risks (RR), odds ratios (OR), or preva-
lence/incidence rates in the reviewed studies. Narrative
synthesis of collected data was conducted. Study char-
acteristics, populations, risk factors examined, IBS out-
come measures and key findings would be extracted from
included papers, with similar risk factors being grouped
together (e.g. dietary, psychological, early life exposures)
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across different studies. We also provided a summary of
the evidence supporting each category and evaluated the
strength of association with developing IBS.

Quality assessment and risk of bias

The Measurement Tool to Assess Systematic Reviews
(AMSTAR2) tool was used for quality assessment
and check for robustness of evidence provided in the
studies included in this systematic review [23]. The
AMSTAR? tool comprises 16 items that evaluate vari-
ous aspects of a systematic review’s methodology, such
as the comprehensiveness of the literature search, the
justification of excluded studies, the appropriateness of
the methods used to synthesize results, and the assess-
ment of the risk of bias in individual studies. This pro-
duces an overall grading of an article: high, moderate,
low or critically low. To comprehensively evaluate the
level of evidence for frequently mentioned risk factors,
the Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) framework was used
[24]. The GRADE framework evaluates evidence in five
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domains, namely: Risk of bias, inconsistency, indirect-
ness, imprecision and publication bias.

Results

Summary of included studies

The initial search from the Embase, MEDLINE and
Cochrane Library databases yielded 4903 articles. Ref-
erences were imported into Covidence, resulting in the
automated removal of 1119 duplicates. Further screen-
ing resulted in the manual removal of 3784 articles
not meeting the including criteria during the title and
abstract sieve, with 101 articles remaining for full-text
screening. Grey literature was also searched, identifying
two articles for review, one of which was not retriev-
able. Finally, a total of 69 systematic reviews [2, 25-92]
published between 2002 and 2024 were included. The
process of literature search and article selection is sum-
marized in Fig. 1. A summarized list of studies and their
reason(s) for exclusion after full-text review is detailed
in the Supplementary Material (Table S2).

[ Identification of new studies via datab and registers ] [ Identification of new studies via other methods ]
'
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Fig. 1 PRISMA flowchart showing the study search and selection process



Sulaimi et al. BMC Medicine (2025) 23:103

Appraisal of quality of reviews

As rated using the AMSTAR? tool, all studies were cat-
egorized as “low” (15 studies, 22%) or “critically low” (53
studies, 77%) or moderate (1 study, 1%). More than half
the studies adhered to the population, intervention, com-
parator group, outcome (PICO) framework for research
questions, explained the selection of study designs for
inclusion, performed study selection and data extraction
in duplicate, report sources of funding, utilize the appro-
priate statistical combination of results in meta-analysis,
provide satisfactory explanation and discussion of het-
erogeneity, adequately investigate publication bias and
report potential conflict of interest, including funding
for the study. More than half, at least partially, adhered
to having an explicit statement of review methods and
reporting deviation from study protocol, have a compre-
hensive literature search strategy, describe included stud-
ies in adequate detail and use a satisfactory technique for
assessing risk of bias (ROB) in individual studies. How-
ever, the most common critical flaws were not prospec-
tively registering their study protocols, providing a list of
excluded studies and justifying the exclusions and pro-
viding an account for the ROB in individual studies when
interpreting/discussing the results of the review. The
details of the AMSTAR?2 results of included reviews are
explained in Table 1.

Significant factors across reviews

The included reviews have analysed the literature across
some 30 databases, with most studies analysing litera-
ture from PubMed, MEDLINE, Embase, Cochrane, Web
of Science, Scopus and Google Scholar. Collectively, the
literature was searched from inception to 2023. Most of
the reviews analysed purely observational studies, while
three reviews [27, 54, 55] included interventional stud-
ies in their analysis. The risk factors identified from the
included reviews have been grouped into eight common
themes listed below. The summary of findings is shown
in Table 2.

Dietary factors

High ultra-processed food consumption [28] and fatty
food [40] were reported as significantly associated with
IBS development. Alcohol consumption [30, 50, 79] were
reported as risk factors of IBS. Food allergy [87] was also
reported as a common risk factor.

Genetic factors

Genetic factors are being female [2, 30, 40, 45, 47-49,
51, 79, 81], having a family history of IBS [49, 50, 87] and
TNESF15 polymorphism [82]. Conflicting evidence sur-
rounds 5SHTTLPR as most studies [26, 72, 80] did not
report it as a risk factor, the SLC6A4 [82] polymorphism
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is significantly associated with IBS development.
GNB3 C825T [41, 59, 82], IL-10 rs1800871 [62, 82],
IL-10 rs1800870 [62], IL-10 rs1800872 [62] and TNF-«
rs1800629 [82] polymorphisms were found not to be risk
factors for IBS. Conversely, COMT rs4680 [82] and IL-10
rs1800896 [82] were found to be significantly associated
with decreased IBS development.

Environmental factors

Smoking [87], air pollutants [50, 89], sharing a bedroom
up to age 5 years old [89], raising herbivorous pets [50,
89] or history of pet ownership [89], poor sanitation [89]
and shorter period of breastfeeding [50] were found to
have significant association with IBS development.

Psychological factors

Anxiety disorders [30, 40, 45, 67, 79, 87], depression [30,
40, 45, 58, 67, 79, 87], neuroticism [45], somatization at
the time of infectious enteritis [45], stress [30, 40, 87],
binge-eating disorder, anorexia nervosa and eating dis-
orders not otherwise specified [38] were found to have
significant association with IBS development. Post-trau-
matic stress disorder (PTSD) [57], history of past trauma
[90] and history of childhood sexual abuse [85] were
found to be a significant risk factor of IBS.

Gut microbiome

Clostridioides difficile (C. difficile) [64] infection for
longer than 7 days was found to be a significant risk fac-
tor for IBS. A history of colonic spirochetosis [33], antibi-
otic exposure [45, 50], infective gastroenteritis [30, 37, 45,
50, 71, 89], Blastocystis spp. [63, 73], C. difficile, Salmo-
nella spp., Shigella spp., Escherichia coli (E. coli) [70] and
Helicobacter pylori [88] were found to have significant
associations with IBS development. Levels of Bifidobacte-
rium spp. [73, 83] were reported to be significantly lower
in patients with IBS compared to patients without IBS.
Severe acute respiratory syndrome coronavirus 2 (SARS-
COV2) was also associated with a higher incidence of IBS
[53]. A significant proportion of the IBS population was
also observed to have gut dysbiosis [89].

Socio-economic factors

Child abuse, childhood living density of less than one per-
son per room, parental deprivation, childhood affluence
[29, 50], social learning of illness behaviours, parental
reinforcement (rejection, hostility, parental punishment,
over interference, overprotection), parental coping strat-
egies (family history of mental illness/alcohol, substance
use problems), psychological distress during childhood
(e.g. parental history of anxiety/ depression/somatiza-
tion, family stress, childhood, introverted personality)
and children with mothers who were young (less than



Page 5 of 22

(2025) 23:103

Sulaimi et al. BMC Medicine

MO SOA SIA SIA SOA SIA SIA SOA  SoA|enled  S9A |elled ON S9A SSA Sokleled ON  SaA|ened  SSA [¢S] €207 '|e 19 OdBSEIRN
MOjAjedaD  SSA ON ON ON  ON  ON  ON ON  saA [ened ON ON S9A sofjeiued  SoA ON  S3A [15]Z10¢ [e1s ljozuen
Mo A|[ed1uD SIA - OoN SOA - - ON - safjended ON ON S3A SoA|elled  SoA ON  S9A [05] 0207 '|e 19 MO
MOJ A|[eand SOA SOA SOA OoN oN SOA oN oN SOA ON SOA SOA SoAleled  SaA  SaA|eled  SOA [87] 4Z10T ‘|8 12 ||9A0T
MOJ A|[eo13D SOA SOA OoN ON OoN ON ON ON  S9A [eiMed ON S9A ON SOA  SOA ON  SOA [6%] €Z10T |8 12 ||9AOT

MO SIA SOA SIA SIA SOA SIA OoN SOA  SoA |eled ON S9A ON S9kjeled ou SOA  SOA [/¥] T20Z e 1@ NI
MOJ A|[eD13D SOA OoN SOA OoN SOA SOA SOA ON  SoA |eiied ON S9A SOA Sakjenued  ON ON  SoA [o¥] 0Z0Z 1”3 1
MOJ A[[eD131D SOA - SO\ SOA - - ON  SoA |enued SIA ON S9A S°9A S9A  ON ON  SOA [16] 8107 e 19 Yyoaa]
MO A|[e211D SOA SOA SOA OoN OoN SIA SOA ou SOA ON S9A  S9A SOA  SOA ON  SOA [S¥] £10T ‘| 19 Wy
Moj AJjed1D SOA SOA SOA OoN ON SOA SOA  S9A |enued SOA ON SSA SOA sokjelued SaA  SoAlened  SOA [#7] 0207 ' 32 winyf
MOJ A||ealD SIA SIA OoN OoN OoN OoN OoN ON S |eled ON ON ON SoAlelled  SaA ON  S9A [2/] £00T '|e 19 USAOUM oY
MOJ A|jeaD SOA ON SOA SOA SOA SOA ON  SoA |enled SOA ON SOA SOA SoA|eled  SaA  SaK|elLed  SOA [£%] #7102 [ 32 uljyuay|
MOJ A|jead SIA OoN SIA SO\ OoN SOA SIA SOA oA |eled ON S9A S9A S9kjeled  ON ON  S9A [58] €207 '|e 19 preunf
MOJ A|[eaiD SOA SOA SOA SIA SOA SIA SOA  SoA|elled sk |eled ON ON S9A SOA SO ON  SoA [c¥] 7207 "|e 19 93Yysor
Mo A|[eo1ud SIA SO\ SOA ON OoN SOA ON S9N S9A |elled ON S9A ON SaKk|eled  ON ON  S9A [L¥] £10T e 10 Buelr
mo| AjlediD oA - ON  ON - - ON ON ON ON ON ON sdAjeied S3A  SoA[eled  S9A [0¥] 9107 wiyeiq)

MO SOA - ON SOA - - SOA SOA SOA ON SOA SOA SOA  S9A  SoAlelled  S9A [8€] 1707 ‘e 12 |]aueH

MO SIA - SIA SIA - - S9N S9A |elned SIA ON SOA SSA Sdok|elled  SoA SOA  SOA [6€] €207 | 12 sbupimeH
MOJAJBoID  SBA SSA S?A ON ON  ON  ON ON SOA ON SSA SoA  soAjeied  ON ON  S3A [£€] 900€ "[e 32 UOSIOAleH

MO SOA SIA SO\ SOA SOA SIA SOA oA |enled SO\ ON S9A S9A  Sak|elled  SIA SOA  S9A [9€] 120T [’ 32 OND

MO SOA SOA SIA SOA SOA SOA SOA SOA SOA ON S9A S9A SOA  SOA  SoAjeled S [S€] 120T | 32 lypueD)
MoJ AJ[ed1D SOA SOA ON OoN ON OoN SOA ON  SoA |elled ON SSA SOA saf|elued  ON ON  S9A [#€] 6007 '|e 32 pio4
MOJ A|[ea3lD SIA SIA SOA OoN OoN SOA SIA oN OoN ON S9A S9A Sok|eled  SOA  SaA|enled  SSA [€€] 20T '|p 19 UeS
MO AlledniD)  SaA - ON ON - - SoA ON  S9A |ered ON ON SaA soAjeiued  ON ON  SSA [2€] 600¢ '[e 13 beIas-[3
MOJ A|jeand SIA OoN OoN SO\ SOA SOA S9N S9A |elled SIA ON SOA  SoA ON S9A SaAjended  S9A [1€] 5107 |2 32 e||ehOZD
MOJ A|eaid oN - OoN OoN - - oN SOA  SoA |elled ON ON ON Sdkjeled  SoA ON  So9A [0€]1 6107 '|p 12 Pa21)
moj Ajjesnid SOA - SOA ON - - SOA ON  saf |eied ON ON ©ON ON ©ON ON  S9A [67] €10T "|e 1= _IRYUYD

MO SOA - SIA SOA - - SOA SIA SOA ON SOA SSA Soklelled ON  SaA|ened  SSA [82]1 00T e 1@ UayD
MOJ AJ[ed131D SOA SOA SOA SOA SOA SOA SOA  S9A |enued OoN ON ON SoA SaA|elued  ON ON  SOA [98] €207 '|e 12 pieulag
MO A|[eo1D SIA - OoN OoN - - SOA ON  SoA |elued ON ON S9A Sak|eled ON ON  S9A [/8] #207 "|e 19 Jnosuewl|y
MOJ A||eand SOA SOA SOA OoN OoN OoN SOA OoN SOA ON SO9A ON SoA|elled  SoA SOA  SOA [97] €107 '|° 19 1ysaaly
MOJ A|jead SOA SOA SOA SOA OoN SOA ON ON ON ON SOA  SOA S9N ON ON  S9A [06] 7107 '|e 19 ey
MOJ A|jead SIA SOA SIA OoN oN SIA SIA ON  SoA |enJed ON SOA  SoA S9N ON ON  SoA [52] 120T ‘| 19 Ipaqy

AenpjessAn0 91D SO vLD €D TLD LLD 0OLD 60 80 L0 90 <O YO €0 70 1O Jes) ‘loyiny

PIPN|DUI SMIIADI 10§ JUBWISSISSE Alllenb zYVISY L djgeL



Page 6 of 22

(2025) 23:103

Sulaimi et al. BMC Medicine

MO SOA  S9A OoN sak ON SIA ON SOA SOA ON SSA SOA sokjened  san  safjeied  sop [£2] 9zz0T |8 3o buek

MOJ A|[ealD SO\ SOA SOA ON ON SOA ON S9N S9A |elued ON SSA S9A Sok|eled  SOA  SaA|eled  SSA [6/]©720C ‘|2 12 buej
MO SOA SO SOA SOA S9A SO S9A  sak|epued SOA ON SSA S9A SaAjenied San sk |elled  S9A [8/] 220T "|e 32 Inyenbuop

mo| Ajjeon) - seA - ON ON - - ON ON ON ON ON SeA ON S3A SoAjeled  SeA [££]1TOOT "[e 18 pesyalym
MO SOA  SSA SOA SSA SOA SSA  SOA Sk |enued SOA ON ON ON 9L ON SOA S9A [88] €207 '|e 12 Buep

MOJ A|[eD131D SON  SOA  S9A ON OoN SOA  S9A SOA SOA ON S9A SOA sSah|elued SsA SoA|enled  SoA [9/1 €207 '|e 32 buep
MOJ A[[e2131D SON SA  S9A OoN ON SOA S9A SOA  sak jenued ON S3A SOA sah|enued  S9A SOA  S9A [5/19¢z0T ‘e 12 Buep
MO AJjedid SOA ON SSA SSA SOA  SOA SOA SOA Sk |ened ON SSA SSA sak|eiled S9A  Sakjened  SSA [¥7/] ©220T ‘|8 12 buepp
MO S9N SSA S9A  SOA  SSA SaA SR SIA SOA ON SSA SOA sakjelued ON  SaA|eied  SoA [€/16107 '|e 12 Buep

MO| A[[BOID  SOA - OoN ON - - SoA SOA ON ON SSA ON SaAjeied Son  safk |eied  S9A [d] 20T '|e 12 edUSjeA
MO S9N SSA S9A  SOA ON SOA ON SOA SOA ON SSA SOA saf|eleqd  SsA  sak|elded  SaA [L£] /00T "|e 12 sueqgey |

MO A|[ROIID  SOA SBA SSA SO oN SOA ON OoN ON ON S3A S S9A  ON ON  S9A [26] 110T 232 3eL
MO A|[eD131D OoN SOA ON ON OoN SOA OoN SOA SOA ON ON ON SOA SO SOA  SOA [0/]1 6107 "2 3 USSPUBAS
MO[A|[e2nD S - OoN OoN - - S3A ON SOA ON SSA SOA sakjerued  san  SsaA|eied  SOA [69] 120 '|e 12 213|nduelS
mo| Ajjeond - SoA - ON ON - - ON ON  soA |eed ON ON ON ON  ON ON  S9A [78] £20T ' 13 eAlIS
MOJA|[BDIID  SaA - S3A ON - - S3A SsaA|eied SOA ON SSA SoA saf|elued  ssA sak|ended  SaA [89] /107 | 32 IS
MOJA|[BDIID  SOA  SSA SOA OoN SO SOA  SOA  SoA |elued SOA ON SSA S9A saAlenled  SoA SOA  SOA [£9] 910 e 18 1]|291S
MOJ A|[eD131D SOA  SA  S9A ON ON SO S9A Sk |ended SOA ON S9A S9A SoAleled  SoA  SoAeled  SIA  [99] GLOT [ 19 IUNIY-3||IMYIS
MOJ A|[e2131D SOA ON SOA oN SOA SSA S9A SOA  sak jenued ON S3A  SoA SOA SO SOA SO [59] 0Z0Z "2 12 1pIes
MOJ A[[ed13D ON ON ON SOA SOA  S9A SOA SOA SIA ON S9A SOA sSoAjelued  SsA  SoAjenled  SoA [#9] 7Z0T '|e 1 eyes
MO SOA  SSA S3A  SOA SSA SaA SR SOA SOA ON SSA SOA sakjelued  san  SaA|eied  SOA [€9] 107 '|e 33 1weisoy

Moy Ajlesnd ON SO S9A ON ON SOA ON SOA ON ON S3A S9A sof|eied  S9A  Ssakjened  SSA [29] €107 e 3@ UID
moj Ajjesid ON - SeA ON - - ON SoA  sok |ened ON ON ON sdAlemied  S9A ON  S°A [19] 7107 e 32 Aje|g-naxdld
mo| Ajleand  oN - ON  ON - - seA sakjenied ON ON ON ON ON ON ON  S9A [09] S00T ‘(e 19 }ied
MOJ A|[eD13D OoN SOA SOA OoN ON SIA ON ON S/ |eiieg ON S9A SOA SaA|eied  SaA ON  SSA (651 107 |8 32 ued
MOJ A|[e2131D SOA ON SOA OoN OoN SOA ON OoN SIA ON SSA SOA saAjelueqd  ssA  SsaAjenled  SoA (851 20T |2 32 eAOJONIN
31eI9PON SOA - OoN SON SSA S9A SOA SOA SN SOAlelRd  SOA  SOA SSA S9A SOA S9A [68] #20Z '|e 12 BN
MoJ Aj[ed1D SOA  SSA S9A S ON ON OoN ON  SaA |eled ON ON SoA SOA  SOA SO S9A [95]1 6107 ‘|2 19 BN
MO|A|[RDIID  SOA SSA S9A ON ON SOA SOA  sak|enued SOA ON SSA  S°A SO SoA  SoA|enled  SoA [£5]1810Z |e 12 BN
MO[A|[BDRD SO - S9A SS9 - - OoN SOA ON ON SOA SO SO S9A  SoAlelled  SoA (5519007 e 32 upjseiseN
MO[A|[eonID  SaA oN SOA ON OoN SOA ON saA|eiued  saA |eiey ON SSA SoA sah|elueq  soA sak|ended  SoA [1S] €202 '|e 12 eameIO
MO AjlediD  SaA ON ON ON S9N SOA ON SOA SIA ON S9A SOA SoA|eied  SoA SOA S9A [€5] ¥207 '|e 1@ Inyiepy
Ayenpjeslsn0 91D SO ¥LD €D 7LD LLD 0OLD 60 80 L0 90 <O YO €0 70 1D 1e9) ‘loyiny

(Panunuod) | 3|qel



Page 7 of 22

103

(2025) 23

Icine

t al. BMC Med

Imie

Sula

$M31A31 33 BudNPUOD 0§ PaAIdaL A3y Bulpuny Aue Buipn|dul ‘13133l JO 1D13UOD JO S2UNOS [eulod Aue 11odal sIoyINe MIASI 3Y) PIJ :9LD

$M3IAS1 3Y3 JO S}NS3J 33 Uo 3dedwi |31 SH SSNISIP pue (seiq Apnis |[ews) seiq uoiedlignd jo uonebiisaaul a)enbape ue In0 A1ied SI0YINe M3IASI SY3 PIpP SISSYIUAS dAieIIueNnb pawioyiad A3uy 4 151D

$M3IAD1 3Y3 JO SINS3I B} Ul PRAISSFO A12uab01313Y Aue Jo uolssNdsIp pue 1oy uoiieue|dxa £101desiies e apiaoid SI0YINe MIASI 3Y) PId ‘v LD

$M3IARI BY1 JO S} Nsal a3 buissndsip /6uriaidialul usym sa1pnis [enPIAIPUL Ul gOY 1O JUNODIE SIOYINe M3IASI Y} PIJ i€ 1D

SISOYIUAS 9DUDPIAS IDY10 JO SIsA[eue-19W Y3 JO S} NS 3] UO SIIPNIS [enpIAIpUl Ul goy 4O 1oedwii [erualod ay) ssasse sioyine MaIASI 33 PIP ‘PawI0yIad sem sishjeue-e1aw 4| :Z LD

£S){NS21 JO UOIIRUIGUIOD [BD13S1BYS 40} SpoyIdwW dletidoidde 3sn SI0YINe MIIASI S} PIp PaWI0yIad sem sisKjeue-e3aw §| | LD

{MB3IAS1 Y} U PPN S3IPNIS DY} J0j BUIpUNy JO S92INOS 33 UO 31031 SIOYINE M3IASI Y3 PIA :0LD

{MB3IADI B} Ul PAPN|DUI 219M 1Y) SIIPNIS [BNPIAIPUL Ul (§OY) SeIq JO s ay3 Buissasse 1oy anbiuyda) A1010ejsiies e asn sioyine MaiAdl ay1 pid 60

¢|1e19p S1enbape Ul saIpN1s PapN|dUl Y1 9GLIISIP SIOYINe M3IARI 3Y) PId 8D

suoIsn|dxa ay3 AJusn( pue saipnis papn|dxa Jo 1si| e 3pIAoid SI0YINe MIASI dY) PId LD

£91e211dNp Ul UoND.IIXS BIEP W0 SI0yINe M3IASA 3} PI 190D

91ed11dnp ul uon3RSs Apnis Wioyiad sIoyINe M3IA3L Y3 pIA SO

iABa1e11s Ydieas injeldll] dAIsuaya1dwod e 3sn SI0YIne MaIAI Y3 pIQ +D

{M3IA31 3y} Ul Uoisn|dul 10j subisap Apnis Y3 JO UOIIRISS J19Y) ule|dXd SI0YINe MIIARI 3Y) PIC ‘€D

£1020301d 33 Wouy suoneIAp Juedyiubls Aue Ayasn( 110da1 Y3 PIP pUB MIIASI 3Y3 JO 1INPUOD 3Y3 03 Jolid PAYSI|RISS 2I9M SPOYISW MBIASI DY} 3By} JUSWIYE]S 31D1|dXd Ue UIRIU0D M3IASI dY3 JO 110ddi 3Y) PId :ZD

;(dwodino pue dnoib Jojesedwod ‘Uonuaaiiul ‘uolieindod) ODId 4O SIUSUOWOD SYI SPN|PUI MBIASI B} 40§ BISIID UOISN|DUI PUE SUOISIND Yd1easal Y3 pId i LD

:puaba

MOJ A|[ed1D ON ON SOA SOA SOA SOA ON ON SOA ON S9A SOA sokjelied  SaA  SoA|eled  SoA [€8] £10¢ "|e 19 buenyz
MO SOA SOA SOA SOA SOA SOA S9N SoAjenued  soA |enued ON S9A S9A SoA|eled  SSA Sk |elied  S9A [z8]16107 |21 NYzZ

MOJ A|jead SOA ON ON ON ON ON ON ON  S9A |elnied ON ON S9A Sok|elled  SoA ON  S9A (18] #10Z |e 1@ NYZ
MO SOA SOA SOA SOA SOA SOA ON SoA|enued  sof |erled ON SOA S9A Soklelled SaA  SoA|eled SO [08] #7107 "|e 12 Bueyz
AyenpjesdA0 91D SLD ¥LD €10 TID LLD OLD 60 80 L0 90 SO ¥O €0 70 1O Jes) loyiny

(pPanuiuod) L 3|qel



Page 8 of 22

103

(2025) 23

Icine

t al. BMC Med

Imie

Sula

9583SIP JAAI| JIUOIYD -
auelbiw -

sa19qelp -

ewiyise -

siaplosip daays -

(Jopuosip

(WL pue eibjeAwoliqy bul
-pN|oUl) SIPIOSIP Uled -
21edY3[eay JO asn Jusanbal -
(snuaiusonsed 6a)

SISPIOSIP [RUNSSIUIONSED) -
uolssaidap pue A19

-IXUB ‘510552115 [e2160]0YASH -
9be Jabunoy -

‘30U8IDS Jo

Kbojoyied -

Kbo|oIsAyd -

J012e4 DIWOUOII-010S -
awolq
-0J21W-1ND/ABO[OIGOIDIN -
51030e4 [e2ID0JOYDASH -
101284 [eIUSWUOIIAUS -
5101284 Dl19USN) -

MO AJ[ea131D J19pusb sjewaS - 8¢ S3IPN3S 1oYyoD 6107 01 8661 QM ‘DUBIYD0D) ‘BUlpay s1010e4 K131 - [0£] 610T “|e 32 paa1d
inoineysq
ssau||l Jo Buiuies| [eos -
uonealdap [eyusied -
9SNQe |eUOIIOWD PUE [BCUIA
‘[ea1sAyd ‘|lenxas pooypjiyd -
Kouejui bul
-Inp 6005 | >1ybremyg -
(s1say10dAy aua1BAH)
2ouanyje pooypjiy> -
woou sad uosiad | >Jjo ABojoIsAyd -
Ausuap Buial] pooypiy> - 74 [euoneAIBSGO £00T 019961 3SVAWT ‘dulipay 10124 DIWOU03-010S - [62] £10T “[e 32 e1euyD
ERIETRINTe]
MO S4dn Jo uopdwnsuod ybiH - oc 10YOD '[BUONIBS-5S0ID) 6107 03 uondadyl g3M ‘ISVENI ‘PRINGNG si010e4 Alesaid - [82] 020 "2 33 U3YD
|BUOI1D35-5501) asequig
‘|013U0D-3580) 'aueIY20D
Mo| A|[eanud Ayredoiynieolfpuods - oL ‘1104yoD €207 03 uondadu| ‘Pawgng [ed1bojoyled - [98] €207 e 12 pieuiag
MO AJ[eanuD - 4 |011U0d—35eD) €10z 01 uondadu| asequuy ‘aul|pay 5101284 D13USY) - [97] €107 “[e 32 Iysaaly
uled [euiwopqy -
35e3SIP DIUOIYD) -
SNII|[SIA S919qeIq -
ayas-
$S3S -
by -
uonednddQ -
PEOPHOM -
SUWOdUI MOT -
uolssaidap pue A1aIxuy - sndods Abojoyred -
Bupows - ‘1ewn|n THYND JUSWUOIIAUT -
K101s1y Ajiute - ‘90UBIDS JO g S$J112USD) -
Moj AjjeanuD ABiz|je pood - s [BUOND3S-5501) #2072 01 610C ‘Pagnd 1810 - [£8] ¥20T [e 32 Inosuew|y
ewnes} 1ejoyds 9j60o) pue
MmoJ A[leanud panodal Jo A01sly 1sed - 1 10y0D '|01U0D 358D 7107018761 O4NIAsd 'ININAIN/Pawgng [e2160j0ydAsq - [06] #10T '[e 33 ey
10yod 159ND0ld A319 uadp
'|PUOND35-5501D) “Iejoyds 316009 ‘sndods ‘9us awolq
MO| AJ[eanD uonayul “ds sisAo01s0)g - 43 ‘|0Ju0d-95eD) 170z 01 uondadu|  -19 Jo ga ‘ISYEINT ‘PRGN -0121W-INS/ABOJOIGOIIN - [S2] LZ0T “|e 12 Ipaqy
papnpul

Ayjenb jjesano

2510128} Ys11 Juedyiubis

40 S3IPN]s JO JSqUINN

papnppui saipnis Jo (s)adAL

sajep ydieas

(s)aseqeiep yoieas

paipnis (s)i010e4

1eaf Joyiny

SBUIPUY JISY31 PUB SM3IASI PaPN|DUl JO AlewWnS g 3jqeL



Page 9 of 22

103

(2025) 23

Icine

t al. BMC Med

Imie

Sula

Mol Ajleanud

Mol A|[esnud

Mmoj A[enud

moj Ajjeanud

MO A|[ean1D

MO

moj Ajjesntd

MO

MO

Mo| A|[eanud

Mmo| A|[eanud

MO Aj[eanu>

Mo A|leonud

asNge [eNxas pooypiyd -

Sgl YIM S9[eUID) Ul 95U
-119dxa POOYP|IYd ISIDAPY -

(LL+1DsADD) a-Sg1 pue
adA1ouab DD pue g-sg| -
:UOIBIDOSSE SANISOd
(1'sA D) D-SgI pue

1578 €gNDJO9J3|[e D -
:uonernosse aAnebaN

si9piosip da9)|s

‘uoissaldap A1aIxue 'ssaliig -
'Sg1 40 A1osiy Ajiueq -
‘SJUSPNIS [BDIPAW SewW -
Ausago

‘pooy A11ey jo uondwnsuo) -
AuAnisuasiadAy pood -

11994ul
T-N\0D-SYVS SnolAdId -
(39)) shuuaonsed
SNONDBJUI JUIPIDAUY -

SWOIPUAS D3| Ssa159Y -
(@-59110u ">-5g| A]jedY1d
-ads) 0g|S aAnIsod-aueyia|\-

04IS 104 1531 SAINISO -

“dds siso1apy0.1ds d1uoj0) -

ag3o-

6£8€9CYSI GL4SANL -

(Sglor
Bujurenad 6 Yaiym jo) L€

Sy

9

¢-agi+sgl
Gl-sdl

4t

SL
Ak

$|0J1UOD 35eD PauLIoyad-j|as
Z+paysiignd Ajsnoinaid z |

|011U0D-35RD) ‘|PUONDISS-SSOID)

|0)3UOd—-sseD)

|euonRAIISGO

|PUOI1D95-SS0ID)
‘loJjuod-ase)

|euondas
-$501) "1OY0D) ‘|01U0D-35eD)

|0)3UOd—sseD)

|043U0D—35B)) ‘[PUONIDAS-SS0ID)

|011U0d—356)

‘1I0Y0D) ‘[eUO1D35-550.1D)
1104oD)

|0J3U0d-35€7)

‘11040D) ‘[eUONI3S5-S501D)
[eUOND3S

-§5017) "10Y0D) '|0IIU0D 358D

|0IUOD—-35RD 'S3IaS 358D

S3119G 3B |01IU0D—-358D)

|0J1UOD—35D PA1SAN HOYOD

|013UOd—ase)

6107 01 uondadu|

/007 03 uopdadu|

| L0z 01 uondadu|

120z 01 100C

0C0C 01 /6l

/10 03 uopdadu|

SLOZ 010661

€C0C 01 610¢

S00C 01 0561

0207 03 uondadu|

20T 01 9961

800C 010561

20T 01 L1961
/007 03 uondadu|

pa1e1s JON 03 pa1eIs 10N

THYNID

‘sndods ‘aurlyd0) ‘PaNgNd
90UdIS JO

QM "BUllpal ‘pawIgngd
S1oensqy

KBojouyds| pue A134es poo4
122110geD e|0dUbY ‘PaNgNd
sndodg

‘lejoyds s|6ooo

‘9DUBIDS JO g3

‘asequiy

‘Sulipsiy

O4NI2Asd Uejoyds

36009 3SVFINT ‘PaNGNd

Buejuep

‘1n1on.1seluU| 9bps|mouy
|euoneN asaulyd 10aig
2DUSIDS ‘asequi ‘PaNgNd

lejoyds 316009 ‘pIND
'32U312S JO g ‘DUBIYD0D
‘asequug ‘aullpaiN ‘PaNgNd

sndods ‘aulpay ‘PaNGNd
3URIYD0D) ‘asequil
‘SulIps PIO ‘BuUllP3N

THVNID 1ejoys
36005 ‘92U312S JO g
‘sueIY20D ISYGNT ‘PINANd

3SVEINI Pulpa

ISVENI Pullpa

THYNID ‘92U

-1 JO 99M 'ISYENT ‘BUlPAN

asequi3 ‘pawigng

Paand

-01IW-1N5/ABojol

5101284 D12UID) -

awolq
-001W-IN5/ABOJOIGOIDI -

|e2160j0YIASH -

10124 DIWOU0I2-01D0S -

101284 dl18USH) -
KbBojoyied -

Kbo|oIsAyd -

J012B4 DIWOUOI-01D0G -
awolq
-0J21W-IND/ABOJOIGOIDIN -
51010e [e2ID0JOYDASH -
101284 [eIUSWUOIIAUS -
5101284 Dl19USN) -

5101064 AIR3I( -

awolq
-0I01W-IND)/ABOJOIGOIIN -

awolq
-0I01W-IND)/ABOJOIGOIIN -

ABojoued -

awolq
-0U21W-IND/ABO[OIGOIDIN -

awolq
-0U21W-IND/ABOJ0IGOIDIN -

awolq
-0101W-IND/ABOJOIqOII -

ABojoyied -

5101284 D12USD) -

[ 070T “|e 32 wiy

[2£] £00T “[e 32 USAOY3LIRY

[€7] #7102 “[2 39 Uy

[S8] €20T '[e 32 preunr

[2v] 720z “|e 12 93ysor

[L¥] 2102 “[e 32 Buelr

[0ov] 910C "wiyeiq|

[6€] €20T "[e 12 sbupjmer

[£€] 900T “|© 19 UOSIOA|eH

[9€] 120

12 0n9

[S€] 120z " 32 Iypue

[¥€1 600¢ “[e 12 pio4

g€ 720z "fe 1 ueg
[2€] 600 “[e 19 Be1as-3

[1€] 510z "2 32 B||ebozD

Ayjenb jjesanQ

510108} ysu Juedyiubls

papnpul
0 SaIpN1s JO JIAqWINN

papnjpul saipnis Jo (s)adAL

sajep ydieas

(s)aseqerep yoieas

paipnis (s)103de4

aeak Joyiny

(panunuod) g ajqel



Page 10 of 22

103

(2025) 23

Icine

t al. BMC Med

Imie

Sula

05 Mo[aq abe Jabunoy -

|ed1sse

Kbo|oisAyd -
J1012B4 DIWOUOI3-010S -

Mmoj Ajjeanud Jlewa - 18 SASAINS [RUOIIDSS-5501) 1102 O} /¥61 3sequug ‘2sequu3 ‘aul|pay S101DB4 D13USD) - [8%] GZ 10T ‘e 32 ||]2A07
1107 03 8761 ANMAIN ‘L61 [edisse|)
MO AJ[ean1D Slewad - 89 [PUOND3S-SS01)  :3SYGINT PUB DIsSe|D ISYFINT 35equIg ‘95equu3 ‘dulpay 5101284 D13URY) - [6¥] BZ10T [P 12 [|9AOT
Auenb das|s
100d YiIm JJe1s [edIpal -
SIDIOM UIYS [BIIPIN - 95U3IDS JO G ‘BURIYD0D) 5101284 DIUWLOU0II-0120S -
MO JJe1S [eDIPRW 9fewWa - Ll SA9AINS [RUOIIDSS-5501) 170 01 uondadu| [QuIIPs PIO ‘PRNGNd $1010B4 D139USD) - [/¥] T2oz “[e 2 N
EN[Vplep) awolq
Mmoj A|[eanud - <] |ouod-3se) 610z 01 uondaduy ‘9sequug ‘uIpay ‘Pawgng -0U21W-IND)/ABOJOIGOIIN - [or]) 0Z0Z “le1e
d3any
|BUOI1935-5501)) ‘asequi3
Awjge 10yod ‘pawignd
-awiad [eurisaiul paseanu| - 8 ‘011U0D-958) 810z 01 uondadu| ‘Qulpay KbojoisAyd - [16] 810T |8 39 Y299
-S4l-1d 40 Wi sy 3e
2insodxa dnoigiue ‘001s
Apoo|q ‘sKep / Uey) 10w 1o}
eaoylelp ‘uled [eujwopqy -
SNOII23)ul JO W 3Y) 18
uonesewos ‘uolssaidaq -
EMIEIE]
SNoNd3JUI 01 2INsodx] -
SINpY -
SDu1eIpakd -
Sal-Id Jo swin syi je
2insodxa d1oIgnuy -
|001s Apoo|g -
skep / ueyy
2I0W Joj eR0OYJIRI] -
uted [euiwopqy -
WISIDNOINSN - ABojoyred -
SI1I21UD SNOND3JUI JO Kbo|oIsAyd -
S 31 1B UOIESIIPWIOS - awolq
uolssaidaq - -0.01W-INS/ABOJOIGOI -
SIDEMIE] 10104 |e2160|0YdASH -
SNOND3JuUl 01 2INsodxd - PIAQ ‘@2UaIds JO 510128 [PIUSWIUOIIAUT -
MO[ AJ[eanuD PENETEIEN [ 1oyodH 5107 01900 M 'BUBIYD0D) ‘Bsequu] 101284 D1BURH) - [S¥] 2107 “[e 12 Wy
papnpul

Ayjenb jjesang

510108} ysu Juedyiubis

0 S31PN]s JO JaqUINN

papnjpui saipnis jo (s)adAL

sajep ydieas

(s)aseqerep yoieas

palpnis (s)103de4

aeak Joyiny

(panunuod) g ajqey



Page 11 of 22

103

(2025) 23

Icine

t al. BMC Med

Imie

Sula

Moy Ajjedntd -

25easIp J1bI3|[e JO

K101S1Y B )M SI3|00YDSald -
1yBIom YuIg Mo -
JUSWIUOIIAUD

JuaN|ye Ul pasiel ualpiyd -
sieak 7| —Q| JO uonesnpa
ue Ylim pue ‘pamopim 1o
Pa2IOAIP ‘(07 >) BunoA a1am
OYM SIaUI0W Yim Uaip|iyDd -
syl

-u0135e6 [e1IBIDRQ AINDY -
SUONd3YUI

Jeunsaiulonsed pooypjiyd -
Sg|Jo Aioisiy ‘6 swordwiAs
Sg| Jo Buljlepow [eluaied -
Aujeuosiad pavsronu| -
uon

-ealdsp [eyusied pooyp|iyd -
SSaNS Ajlwied -

uopnesnewos
/uoissaidap/A1aIxue Jo Aioisiy
|eruased 62 pooypjiyd bui
-INp $sa41s1p [e2160[oYIASd -
uonnijod ury -

s19d snoJonigiay buisiey -
anbiey

'S$3UP|0d 01 2INsodxa ‘$I110
-IgIIUe JO 3SNISAO ‘Uolesado
|euIopae ‘A11uasAp Jo A101
-sIy 63 S2INS0dXa ISI2APY -
(ellete]

-oyaAsd Jo |edisAyd ‘uon
-OW?a '[enxas) asnqe piyD -
woou sad uosiad | <jo
Ausuap BuiAll yum swioy

e Ul 10 INOGje| [ENUBW U]
Buppiom Jayie) e yum dn
uUMoIB aARY OYM SINPY -
swa|qoid asn axueIsqns -
|oyod[e/ssaul|l

|eIUSW JO AIo3sIy Ajlwey 62
sa1ba1e))s buidod [ejuased -
U01129101d19A0 ‘DU
-134431u1 490 swysiund
[eyuaied ‘Aynsoy ‘uondofe
'6'9 JUBWIADIOUIRI [eIUlR -
Buipasy

15314 Jo pouad Jarioys -
bupjows -

Ws|OYody -

Jaddad jo axelul aAls

MO| A|leonD  -S92Xa SE UNS Sligey poo -

LZ

|BUOI1D35-SS01D)

11040)) |011U0d-3567)

/107 03 uondadu|

8107 019961

sndods ‘aulpapy

9DU3IDS JO GO
‘3UeIYDOD ‘Dsequi] ‘pawgng

$1010e4 dl1vduULY -

ABojoyred -

AKbojoisAyd -

10128 JIUOU0I3-0120S -
awolq
-0I21W-IND)/ADOJOIGOIIN -
101284 [PJUSWUOIIAUT -
5101284 D13USY) -

si010e4 AIe3aIg -

[15]£10z "[e 19 1jozuepy

[05] 020C “[p 10 MO

Ayjenb jjesang

510108} ys11 Juedyiubls

papnpul
O S3IPN1S JO JIAqWINN

papnui saipnis o (s)adAL

sa)ep ydieas

(s)aseqerep yoieas

palpnis (s)103oe4

Jeak Joyiny

(penunuod) zajqeL



Page 12 of 22

103

(2025) 23

Icine

t al. BMC Med

Imie

Sula

MO AJ[ean1D -

Mo| A|[eanud uojssaidaq -

SISOIQSApP IND) -

2UBIBAY pue UOIIRIIUBS J0Od -
S1LISIUS011SED) -

19d snoioniqiay e

BulumQ ‘diysiaumo 194 -

plo sieak g abe 01 dn
wooIpaq e bulieys -

212I9PON syueinjiod ary -

1I0JAd “H annisod-yHed -
‘syuaiied
Suieipaed ul suondaul

Mol Alednud  (LojAd H) LojAd 12100qodija -

(@sLd) 12p

MO| \A:NUE\_U -10SIp SSai3s dliewnel}-1sod -

Mo| A|[eanud -
Jo1dadal

HYUD pue Hyuo surebe
salpognue b -

MoJ Ajjleonu

eLI211D A SWoy 01 pased

L

(sisAjeue aaneIUeND JO§
Pasn a1am 71 YIYM J0) 07

Sl

(s1sAjeue-e1aw ul
PapNPUl8IeM ¥ YDIym JO) §

|013U0d-358)

|01UOD—-358D)
|PUOIIS-5501D) HOYOD

|ed160j003
‘|PUOND3S-5501)
|01U0d—35eD)

|eUOI1235-SS0ID) |01U0D-35eD)

|euondas
-§501D) '|0J3U0-358D) ‘HOY0D)

|01IU0D
—35€7) ‘[eU011235-5504D ‘| DY

|PUONID35-5501)
'|0U0d-35eD) 10Y0D ‘| DY

€107 03 uondadu|

00z 01 uondadu|

€207 01 uondadu|

810Z 010961

810 018861

AJuo 00z :A1eIgI] aUeIyd0D)
900¢ :2deaspajy

¥00¢

DUIDIPSN Paseg-2ouspIng
900¢ “THVYNID

00C HYISHLIVIH

900 BUllpaN

900

ISVEING 01 8661 :2dedspapy
L1661

DUIP3N Paseg-aouapIng
7861 “THVYND

S/61 *gVISHLIVAH

9961 Bullpay

0861 :3SVaN3

palels JON O3 palels 10N

Jejoyds 91boon
‘PIAQ ‘BURIYD0D) ‘@IN1DNIIS
-elju| abpajmous| [euonen
9SaUlYD ISYEING ‘PRINANd

JIelValS
96009 'ISygIN3 dulpaN

saseqelep aueiyd0)
‘sndoog

‘ISvan3

‘aulpa

Jejoyds 3|6009) ‘95UaIdS JO
Qo ‘aueIy20)) ‘Burjuep
‘35eqUI ‘DUl|P3IN ‘PaWIgnd
O4NPASd

“lejoyds 9600 ‘9dua

-12S JO gapA ‘10211 9dUBIDS
‘ISVENG SUlIP3N ‘PIINGNd

adedspapy

‘SUIDIP3IN Paseg aouapIng
YYLSHLTVIH THYNID
‘dUeIYD0D ‘ISYGINT BUllpaN

pIAQ ‘sndods
'92U8IDS JO g PINGNd

lejoyds
916009 ‘sndodg ‘92ualds Jo

5101084 D12UID) -

5101064 [e2160]0YDASH -

|PIUSWIUOIIAUT -
awolq
-001W-IND)/ABOJOIGOIDIN -

awolq
-011W-IND/ABOJOIqOIDIA -

5101084 [E2160]0YdAS -

Abojoyied -

Kbojoyied -

awolq
-0121W-IND)/ABOOIGOIIA -
101284 [EJUSWUOIIAUT -

[65] 10T “[e 1 ued

[851 720 " 12 RAO|OMIN

[68] #20C ‘e 32 BN

[95] 6107 “[e 32 BN

[£51810Z e 19 BN

[G51900C “[e 12 upjseiseN

[#75] €207 “[e 12 eamelo|y

-W0D BLRID ||| SWOY JO IS - €l 140y0D) |0U0dI—-35eD) €202 016102 QM ‘DUBIYD0D) ‘BUlpay 5101284 D19USN) - [€5] #20T “[e 32 inyie
awolq
MO - oL |013U0D—-358D) 220z 03 uondadul sndods ‘ISygng ‘dulipay ~010]W-IN5/ABOJOIGOIN - [2S) £20T “|e 19 0deseiepy
papnp>

Ayjenb jesang 510108} ys11 Juedyubls

0 S31pNIs Jo JdquINN

papnui salpnis o (s)adAL

sa)ep ydieas

(s)aseqeiep yoieas

palpnis (s)103de4

1eaf loyiny

(panunuod) g ajqey



Page 13 of 22

103

(2025) 23

Icine

t al. BMC Med

Imie

Sula

abe JaBbUNOA -

uoND3jul [eUNSaIUI

-150d suoneinp Ja1oys -
SUOIIAUI

|eunsa1uUl JO 9duUssald -

|011U0D-358)

/00T 010861 -osequiy

AbBojoIsAyd -
awol
-0J21W-IND)/ABOJOIGOIDIN -

Mo 8l ‘1oyod 9961 =UllpsN ISYEINT Sulpay [L£] £00T “|e 12 auegey |
O4NIASd
‘asequij
- 8 |0U0d-358) 600C 03 0961 ‘QulPan ABojoisAyd - [¢6] L10Z [e1a el
11023 -
-dds pjjabiys -
“dds pjjauowps -
‘YIp D - 610 01 (°5eqW3) ¥/61 swolq
mo| Ajjeanud “dds sa100q0jAdwp) - %3 10yod (SUlIpPaN) 9961 3sequig ‘aul|pay -0I01W-IND/ABOJOIGOIDI - [0/] 610T “Ie 12 USSPUIAS
(Sg1 01 utewad Yd21ym 4o ) |013U0>—35eD) A3|IM
MO AJ[e2111D - 67 11040 ‘[euo235-5501) P31eIS JON 01 PaIRISION  ‘DURIYD0D) ‘asequil ‘PaNand 5101284 |e2160JOYIAS] - [69] 1Z0T “|e 19 219|nduelS
1ioyod awolq
Moj A|jea1ud 61 pIA0D - 8 'lo1uod-ased €207 01 7207 ‘pawigng ~012IW-IND/ABOJOIGOIIA - [78] €20T ‘e 13 eAIS
|0U0D—-358D) sndodg
mo| A|[eanud - w '11040D) ‘|PUOIDIS-5501D) 910¢ 03 uopdadu| ‘9DU3IDS JO gapA ‘PaNgNd 5101084 [PIUSWIUOIIAUT - [89] /10T “|e 18 LIS
uojssaidaq - O4NIAsd 9dud
Moj A|jea1uD Aaixuy - Ll |03U0>-358D) "LOYOD GL0OZ 0yuondadu|  -IDS JO G 'ISYEINT ‘BUllpa 5101084 [e2160]0YdASd - [£91910Z "B 12 112015
O4NIPAsd ‘sndodg [99]
Mo Ajjednt. B30I S J3)|9ARI] - 9 Apn1s 110Yod ‘|0U0d-35eD) pa1e1S JON 01 PalRIS 10N ‘DUBIYD0D) ‘Bul|paly ‘PRNgNd Abojoyred - GLOT “[P 19 HIUNIY-D|IMYDS
1104yod 9OU3IDS JO
Mmoj Aj[eanud sisoulauwopuy - €l 9587 '|03U0D-35eD) ‘LOoYOD) 6107 03 uondadu| g3/ ‘asequil ‘pauigng Abojoyred - [59] 00T e 12 IpleS
skep / < uoneinp woidwAs
(1) uond34ul LYIP D - ABojoyed -
pue 31025 A1a1xue JaybiH - Kbo|oIsAyd -
‘siuIU0115eH SNONDAU| - awolq
agl- 22U3IDS JO G -0101W-IN5/ABOJ0IGOI -
MO AJ[ean1D ‘NG JYBIH - €l 10yod 0¢0z 0y uondadul  ‘DueIYD0D) ‘BSequuT ‘dUl|PalN 101084 |e2160|0YdAS - [#9] 220T “[e 13 pYyES
‘ds si3sAd sndodg
-015e|g 4O € pue | sadAigns - ¥ s)16y g ‘92UIIDS JO gapA ‘DURIYD0D awolq
MO suonoayul “dds sisA201s0/g - /| s11s£0150)9 |01u0d-3a5e) /10¢ 01 uondaduj ‘102J120UaIdS ‘PaNgNd -0I01W-IND)/ABOJOIGOIDIN - [£9] 210 e 32 Iwr1SOY
(dnoibgns
uelsy Ajjeayidads) wsiyd
-lowAjod 7/8008154 01-1I -
“UOIIRID0SSe SAINSOd
(dnoibgns
uesedned) Ajjesyidads) wsiyd
~lowiA|jod 0/8008151 OL-11 -
Mmoj Aj[eanud :UOIRIDOSSe dAIIRDIN 3 |onuod-ased) €10z 01 uondadu| 3URIY0D) ‘ISYINT ‘PRINGNd S1012B4 DI12USD) - [29] €107 " 312 UiD
S1ISS 358D
MoJ Ajjeaud - Ll '013u0d 358D ‘|eUOIDS-SSOID 7107 010861 ENEIERCIVISEIN] ABojoisAyd - [19] #10T ‘A|2%elg-1a3id
Auan
-IsuasiadAy parelpaw-36| pue
Mol Aleanud - $ob| Aq pasned ABiajje poo- - 4 salpnis |euswiadxy S00T 01996 aulpaN Abojoyred - [09] S00T “[e 12 Yied
papnpul

Ayjenb jjesanQ

510108} s JuesyIub)

40 S3IPN]S JO JSqUINN

papnppui saipnis Jo (s)adAL

sajep ydieas

(s)aseqerep yoieas

paipnis (s)i010e4

1eaf Joyiny

(pPanuiuod) zajqel



Page 14 of 22

103

(2025) 23

Icine

t al. BMC Med

Imie

Sula

SI9PIOSIP UWIOJOIRWOS -
Aaixue -

J9pIosIp SAISsaidap Jofew -
'SI9pIOSIP

JuIeIYASd pigliowiod
Buipas|q [eniisusw-uou -
elunaJedsAp -

29U LIOUSWISAD -

SWIOIPUAS [eniisuswaid -
ured oeq pariodai-|as -
SIISAD [ennsIaUL -
J3pIOSIP [INL-

uted diafad d1uoIYd -
QWOIpUAS anbiiey dU0IYD -

eibjeAwolqy -
suon 510308 [P2IDOJOYDASY -
-IPUOD D11BWIOS PIGIOUWIOD) p=1e15 10N |eUONBAISSAO 7007 039961 ABojoued - [££] 200T '@ 19 peayauym
Buejuep
‘(dIA) euinor ABo
-Jouyda] pue 3JUIS BUIYD
‘(DIND) ®In1onIIseluIECOT,
abpa|Mmouy| [euoieN asaulyd
‘Kleigl) aueynod)
[BUOID35-5501) ‘ISVaN3 awolq
MO HOJAd 'H - ks ‘|0uU0d-3se) 120z 03 uondadul ‘PaNgNd -0I21W-1ND/ABOJOIGOIDIN - [88] €207 ‘e 19 Buep
sndodS 'a2u3IdS JO G awolq
Mol A|[eanud - 7L |eulpnybuoT ‘[eUOID95-550.) Zz0z oruondadul  ‘Duelyd0) ‘asequid ‘pawigng -0U21W-1ND/ABOJOIGOIDIN - [9/] €207 ‘e 19 Buep
[eUOND3S
MO AJ[ea131D 9|NP3AYDS FIOM YIYS - 8  -5501D 100D |0JU0D-35eD) 120z 01 uondadul BN NERCTIISEIN 101284 DWOU0II-0120S - [S/19220T ‘[e 12 Buep
(@-sg110j Je| swolq
Mmo| A|jeanud  -ndnued ul) uondajul LojAd ‘H - €l |013UOD—35eD) 6107 01 uoidadu| 3UeJYD0)) ‘DSeqUIT ‘PauIgnd -0U21W-1N5)/ABOJOIGOIIN - [¥/] ®TZOT '|e 32 Buepp
9DaDD1IIIDQOIAIUT -
1j0373 -
1JO S|aA3| JaybIH
‘dds wnua10qopyIg - nobs|e
“dds snyjppgoinT - -] [eD1UlD '92UdIDS JO g awolq
MO 1JO S|2A3] JaMO| €z |011U0d—35eD) 810z 01 uondadu|  ‘BurIY0D ISYGINT Ul|PRN -0101W-IN5/ABOJOIGOI - [€/1610T “[e 12 Buep
ANADISUSSIadAY [RIDSIA -
SONQ3 ‘esonlau
BIWING ‘BSOAIIN BIXIOUY - ABojoyred -
swoydwiAs Japiosip bul |RUOIIURAIDIU| KbojoisAyd -
-1e3 "apiosip bunes-abulg - 1loday 357 ‘|0Nu0d-358) 9DU3IDS JO G 5101264 [e2160]0YIAS -
MO A1saqQ - o€ ‘|BUONDSS-5501D) ‘1I0Y0D 120 01 uondasul ‘9seqUIg ‘BUlPa ‘PawIgng 5101284 D18USY) - [8€] LZ0T “[e 13 USIAIA
AUARISUSSIadAY [BIDSIA -
e-4N L pue ‘z-|
'|-71 Jo uolissaidxa pasealdu] - 11040D) '|PUONDS-5501D) AbBojoyed -
elbjeAwoiqi - 'SMIIASI D1RWIISAS ‘SMIIASI QueIYd0D) Kbo|oisAyd -
MO[ Aj[ean1D J9pusb sjewsaS - 54 SAIIIEN ‘|0JIU0D 358D 220201 /102 QUIIPAA DN ‘PRGN 5101284 J19USD) - [] 220z “|e 12 eIDUSJRA
papnpul

Ayjenb jjesano

2510108} ys1 JuedIubIS

4O saIpnis Jo 1dquInN

papnppui saipnis o (s)adAL

sajep ydieas (s)aseqeiep ydieas

palpnis (s)101de4

aeaf Joyiny

(Panunuod) z sjqeyL



Page 15 of 22

103

(2025) 23

Icine

t al. BMC Med

Imie

Sula

G4l 40§ S10308} X{SI 0} 12§31 S10108) ‘PaYIAdS SSIMISYIO SSI|UN o

Xapul ssew Apog (g ‘payIdads asiMIaY30 10U siapiosip buizeg SONGT 1oplosip Buies g7 ‘sexapul awodu| pue uoizesnp3 ‘YiesH /gH ‘s1iia1uaoiiseb snofidsyu| 7o) ‘sa1dads “dds ‘uondajul ajnLyip saploipliso)D [dD
‘asesaysueiyAy1dw-o-joydaied JWOD ‘swsiydiowAjod apiroadINU-3|6UIS SINS “49PIOSIP SSIIS DI1BWINRII-ISOd (SId ‘Dseasip Xnyal |eabeydosaonsen gy3go ‘suowoy Buiseajpi-suowloy uidosjopeuon Hyuo ‘adusiay
-JIp UBSW PazIpIePURIS STS ‘Iulof Jeingipuewoiodwal [ ‘SHORY [9MOQ PAXIW YIM SWOIPUAS [9MOq d|qeld| -S4/ ‘Uoniediisuod Yim SWOoIpuAs [9mMOod 3|qeiiil| J-Sg/ ‘ea0yieip Yiim sWolpuAs [9mod 3|qeiil] g-Sg/
‘SWOIPUAS [9MOQ 3|qe3iLl SNOIIIBJUI-ISOJ Sg/-Id ‘DIUD1IBAXS POOYP(IYD 3SIDAPY JDV ‘YIMOIBISAO [9MOQ SUNISSIUI [[BWS OFS ‘SPO0) Passad01d-BIYN S4df) ‘DWOIPUAS [9MOQ d|qelii| Sg/ ‘suun Buiuiioy-Auojod N4 pusba

‘dds sapjoua1o0g -

-dds pua1opqopuig -
uosiedwod suoibal JlsYy10
‘dds apadpuaidpqOIRIUT -

110373~ UONRWIOJU| dIA ‘PRINOUIS
“dds snjjppgo1onT - ‘sndodg ‘suelyd0)) ‘buejuepy
‘dds puaipqopyg - ‘1n1ona1selu| sbpsimouy auwolq
MO AJ[ean1D sjuaned sg| asaulyd /L |01U0d—-35eD) G10z 01 uondadu) |euoneN asaulyD ‘pauigng -0101W-IND/ABOJOIGOIIA - [€8] /10T ‘e 12 Buenyz
968008151 0111 -
089%SI LINOD -
:SUOIIRIDOSSE SAlROSN
8018/%951 G14SINL -
6€8E9CHSI GL4SANL -
dd1LLH-S V9IS - [BUL [BDIUI]D SDUSIDS JO G
Mol SUOIRIDOSSe 9AISOd 8¢ |01U0d>-ase) 810C 010007  'dUeIY20D ‘ISYGNT ‘PIINGNd 5101584 di_ULY - [c8l610C 212 NyZ
$9113UNod padojsnsp
-1apun ‘sA padojaAsp ul 10w
Apuesyiubis sgj jo adusjeaaud
S[ew 01 3[ews) JO OlleyY -
sa111unod pado
-]anapiapun sa padojansg
Sdl
dojanap 01 sajew ueyy Aja| KbojoIsAyd -
210w Apuedyjubis ssjewa - €102 018761 ANINAIN Lr6L [e31sse|d 101564 51UIOUO3-0120G -
MO AJ[ean1D 2dus|enald sgj 6/ SA9AINS [BUOIDDS-SSOID  ISYAWT Pue dIsse|D ISy 95eqUIg ‘95eqUU3 ‘SUlpa 5101284 D19URY) - [18] #10T [r 32 NYZ
92UBIDS JO G 4N1DNIIS
-eJju| 9bpajMmouy| [euoieN
Mol - ST [013U0d>-3seD €10¢ 01 uondadu 95aUlYD ISYEINI ‘PRINGNd 5101584 dR|ULY - [08] 7107 '[e 12 Bueyz
[BUL [eaIUlD
'32UIDS JO gaAA 'BURIYD0D
‘31n1oNu1seIU| 3Bps|mouy
Mol Aduayap @ uiwelA - 4 SLOY 120z 03 uondadu| [eUONRN 9SaUlYD BUlIPaly ABojoued - [£21 azzoz "o 19 buei
uolssaidap
‘A19IXUY 1S311PIGIOWO)) -
Bupows - ONVANYM 1010e4 DIWIOU0I3-0120G -
siofews [eIIPa - ‘ndigp “THYNID ‘@4n1onaisesu| 510104 |B2160|0YDASH -
SIUSPNIS 21enpelb-150d - 2bpajmousy| [euonen ‘asaulyd 5101284 D13URY) -
MO AJ[eanu>D 19puab sjewa - 44 11040 ‘|_UOIIIS-5501D) 120z 01 uondadu| 'ISYFW3 ‘DUllpaN ‘PaNgnd s1012e4 AIe3aIq - [6/] e720T "I 12 BuRA
S41Jo usu
-dojaAsp yum paredosse si Jejoyds
MO aulesbiu Jo yuawdolpna( - Ll [EUONPAISSJO 070z 031 uondadu| 916009 ‘ISygNT DuUlPaN Abojoyred - [8/] 7Z0T |8 33 |nesbuop
papnpul

Ayjenb jjesano

2510108} ys1 JuedIubIS

4O saIpnis Jo 1dquInN

papnppui saipnis o (s)adAL

sajep ydieas

(s)aseqeiep ydieas

palpnis (s)101de4

aeaf Joyiny

(penunuod) zajqeL



Sulaimi et al. BMC Medicine (2025) 23:103

20 years old), divorced or widowed, and with an educa-
tion of 10 to 14 years [50] were reported as risk factors
of IBS. Shift work [47, 74], students in medical majors
[40, 79], postgraduate students [79], poor sleep quality
[47] and frequent use of healthcare [30] had significant
associations with IBS development. High workload, low
income and occupation types were commonly reported
features of IBS populations [87].

Physiological factors

Low birth weight [29, 50] and increased intestinal per-
meability [91] were found to have significant positive
association with IBS. There is inconclusive evidence of
increasing age [2, 30, 45, 48, 71, 81, 87] as a risk factor for
IBS.

Pathological factors

Gastroesophageal reflux disease (GERD) [32, 55, 87],
migraine [30, 78], vitamin D deficiency [79], the pres-
ence of [gM antibodies against gonadotropin hormone-
releasing hormone (GnRH) and GnRH receptor [54],
preschoolers with a history of atopy/allergy [50], women
with endometriosis [65], asthma [30], diabetes [30, 87],
previous abdominal operation and exposure to coldness
and fatigue [50] were found to be significant risk factors
for IBS development. Temporomandibular joint (TM]J)
disorder [30, 77], fibromyalgia syndrome [2, 30, 77], vis-
ceral hypersensitivity [2, 38], food hypersensitivity [40,
60], sleep disorders [30, 40], spondyloarthropathy [86],
chronic liver disease [30], a history of dysentery [45],
restless leg syndrome [36], having diarrhoea for more
than 7 days [45] and abdominal pain [45, 87] had a sig-
nificant association with IBS development. A history of
chronic disease was also reported as a common risk fac-
tor for IBS development [87].

Empirical evidence and GRADE evaluation

Amongst the risk factors mentioned, female gender,
anxiety disorder, depression and gastroenteritis were
the most frequently mentioned across reviews. Depres-
sion and gastroenteritis were supported with relatively
higher evidence, with a “moderate score” when assessed
using GRADE. Depression had an association magnitude
ranging from RR 1.90 to RR 5.57 and OR 1.49 to OR 2.15,
while gastroenteritis had an association with magnitude
of RR 3.8 and OR 5.86 to OR 7.3 reported. Female gen-
der and anxiety disorder were supported by relatively
lower levels of evidence when assessed by grade, with a
“low” score attributed to both. Across reviews, female
gender had an association of magnitude OR 1.36 to OR
2.29 while anxiety disorder has an association magnitude
of RR 2.38 and OR 1.97 to 2.35. The results of GRADE
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evaluation for the aforementioned factors are summa-
rized in Table 3.

Discussion

This review of reviews provides an overview of the cur-
rent evidence regarding the risk factors for the IBS devel-
opment. Eight overarching categories of risk factors were
identified across the 69 included systematic reviews
in this study, as illustrated in Fig. 2. Amongst the vari-
ous risk factors mentioned, four were frequently identi-
fied across the included reviews, supported by robust
evidence for its position as a risk factor of IBS develop-
ment: female gender, anxiety disorder, depression and
gastroenteritis.

IBS has long been associated with female gender,
with an estimated 2-2.5:1 male-to-female ratio for IBS
development [93]. While the exact pathophysiology has
not been ascertained, a common mechanistic pathway
emphasized across literature are the hormonal differ-
ences between both genders [94]. In addition to the mod-
ulatory effect of progesterone on the 5-hydroxytrptamine
(5-HT) system that controls peristalsis [95], estrogen
and progesterone have an inhibitory effect on smooth
muscle contraction [94]. Consequently, IBS, especially
the constipation variant (IBS-C), has a higher incidence
in women compared to men [96]. While the interplay
between gender and IBS development highlights the
importance of this risk factor, the association with worse
outcomes further compels further effort in preventing
IBS development within this patient group. Fan et al.
reports higher IBS symptoms score and lower IBS-quality
of life (IBS-QOL) scores experienced in female patients
[97]. Cain et al. also reports more somatic symptoms
experienced by women afflicted with IBS, including joint
and muscle pain [98]. However, despite worse outcomes
in female populations, abdominal concerns are more
likely to be minimized by healthcare professionals [99].
Windrim et al. reports the internalization of normative
views regarding women’s pain of lower concern as a pos-
sible explanation. Given its significance as a risk factor
and outcome modulator, further emphasis on this risk
factor is necessitated in clinical guidelines aimed at pre-
vention of IBS development.

A bi-directional association has been established
between both mental conditions and IBS development
[45, 100]. Mechanistically, two pathways have been
described. The increased release of corticotropin-releas-
ing hormone (CRH) in response to stress [12] in anxiety
and depression causes hyperactivation of the hypotha-
lamic—pituitary—adrenal axis and autonomic nervous
system, consequently altering gut motility and increasing
visceral sensitivity [101]. Stress-induced microbiota dys-
biosis also causes gut barrier dysfunction and immune
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( External Factors )

Dietary Factors
« High ultra-processed food consumption
* Alcohol Consumption
« Fatty Food Consumption
« Excessive Pepper Intake

« Food Aller;
& d _/

Environmental Factors
* Air pollution
« Raising herbivorous pets
« History of pet ownership
* Shorter period of breastfeeding
* Smoking
* Sharing a bedroom up to age 5
« Poor Sanitation

24 : .
.é Socio-economic Factors

+ Child abuse * Divorced or widowed

« Childhood living density * Education of 10 to 14 years
(<1person /room) « Shift work

* Parental deprivation * Students in medical majors

« Childhood affluence * Postgraduate students

« Social learning of illness « Poor sleep quality
behaviours * Frequent use of healthcare

« Parental reinforcement « High workload

* Parental coping strategies * Lowincome

« Psychological distress during « Occupation types
childhood

* Children with mothers who
were young (<20 years old)

N
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C Intrinsic Factors )

« Anxiety disorders

« Depression

 Neuroticism

* Somatization at time of
infectious enteritis

e Stress

Psychological

Eating disorders

Post traumatic stress disorder
History of childhood sexual
abuse

Past History of trauma

* Genetic Factors
o Female
o Family history of IBS
o Genetic polymorphisms
(TNFSF15 rs4263839,
TNFSF15 rs6478108, 5-
HTTLPR SLC6A4)

Genetics & Physiology \
* Physiological Factors

o Low birth weight
o Increased intestinal
permeability

« Vitamin D deficiency
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Fig. 2 Overview of risk factors for IBS development based on existing systematic reviews

activation, further contributing to gut motility abnor-
malities [102]. The impact of IBS onset on individu-
als with anxiety and depression is extensive, as they are
more likely to experience reduced quality of life from the
symptoms of IBS and exhibit reduced treatment adher-
ence compared to those without anxiety or depression
[100, 103]. However, patients with undiagnosed anxi-
ety and depression who display symptoms of IBS are
only offered central neuromodulators and psychological
therapies when they fail to respond to pharmacotherapy
for symptomatic management of IBS [104]. The resultant
delay in resolution of IBS symptoms may cause patient
dissatisfaction and inadvertently lead patients to seek
alternative therapies which lack robust evidence, thereby
increasing the risk of harm [102]. This underscores the
need for more stringent screening of comorbid anxiety
and depression disorders in the diagnosis of IBS to allow
for accurate choice of pharmacotherapies and early refer-
ral for psychotherapies where required [105, 106].

In agreement with literature, acute gastroenteritis is a
common risk factor amongst various systematic reviews,
with reports approximating 10% pooled prevalence [107]
of post-infectious IBS (PI-IBS) in acute gastroenteritis
patients. Although the exact mechanism is poorly under-
stood, common pathophysiological hypotheses include pro-
longed imbalance of host immune cells and mediators that
affect inflammatory homeostasis, disruption to the intes-
tinal mucosal barrier and intestinal dysbiosis [108]. While

any pathogens may potentiate PI-IBS, notable pathogens
strongly associated with PI-IBS include as follows: Noro-
virus [109] and Rotavirus [110], E. coli [111], Salmonella
spp. [112], Campylobacter spp. and Giardia duodenalis
(G. duodenalis) [113]. Despite being a common risk factor,
gastroenteritis is however, an easily treatable cause of IBS
development. Epidemiological data would prove crucial
in capitalizing on this information for effective prevention
and treatment considering inter-region difference in infec-
tive gastroenteritis pathogen. In addition to gastroenteritis,
a patient’s gut microbiota also plays a role in IBS develop-
ment. Specifically, changes in prevalence of indigenous spe-
cies such as Faecalibacterium spp., Lactobacillus spp. and
Bifidobacteria spp. have been linked to IBS development
[73, 114]. As probiotics can modulate the composition of
gut microbiota, this has resulted in the recent interest for
probiotic trials of IBS relief observed in literature [115, 116].

Based on the findings of this study, the authors of this
study suggest that future systematic reviews on this topic
strongly adhere to the tenets of systematic reviews as
outlined by PRISMA-P guidelines. In particular, item 16b
and accounting for the biases in the discussion (part of
23b) are requirements that current reviews tend not to
fulfill. Furthermore, other requirements, such as 14, 18
and 24a-c, were only partially met. This may be attributed
to the multi-faceted nature of the requirement. Future
studies should take more care in adequately addressing
these criteria. To ensure quality of published literature, it
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is advised that journals actively require a protocol check-
list, ideally the PRISMA-P checKklist, to be submitted for
peer review. In agreement with the current stance on
study quality [117], adherence to such reporting stand-
ards should also have more weightage in a journal’s con-
sideration for publication of the report.

To the author’s best knowledge, this study presents the
first review of reviews to investigate the current evidence
of risk factors for IBS development. The findings from
this study were reported according to replicable method-
ology, which adhered to the PRISMA guidelines for sys-
tematic reviews [22], recent recommendations by Gates
et al. [118] and published literature. The authors of this
study also acknowledge the current limitations of this
review. Review of reviews focus on published systematic
reviews and meta-analyses; thus, more recent studies not
identified in original reviews may not have been included
in this umbrella review. Secondly, a loss of granularity is
apparent in some of the findings listed above, for example
the lack of clarity regarding the dose response of specific
risk factors including air pollution. Lastly, the evaluation
of article quality reveals low adherence to professionally
accepted guidelines in several of the systematic reviews
and meta-analyses reviewed. When evaluated holistically
using the GRADE evaluation model, the evidence ranged
between low to moderate for the major risk factors iden-
tified in this review. In view of the current limitations, the
authors of this review urge the readers to interpret the
presented findings with caution.

Conclusions

This umbrella review identified eight overarching cat-
egories of risk factors for IBS, of which female gender,
anxiety, depression and gastroenteritis were supported
by comparatively more robust evidence. While this
review attempts to further the understanding regard-
ing the significant risk factors for the development of
IBS and the current evidence landscape, the multi-fac-
torial nature of IBS demands continued research. Given
that several reviews did not satisfy the good practices
and recommendations for methodology as outlined by
the PRISMA guidelines [22], there is also a need for cau-
tion when interpreting the data contained within the cur-
rent reviews. The findings of this study also urge stronger
adherence to established guidelines for the methodology
of future research conducted in this area.
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