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Abstract

Background: Inflammatory bowel disease (IBD) is
conventionally explained as a genetically deter-
mined disorder, a classical autoimmune disease, or
a largely idiopathic condition. Current evidence
challenges all three.

Methods: Literature was searched from inception
through January 2026 across epidemiology, genet-
ics, immunology, and toxicology. IBD-associated
antibodies were evaluated against the Rose and
Bona criteria for classical autoimmunity. For mold
and mycotoxin exposure, converging mechanisms
were drawn from immunology and toxicology liter-
ature.

Results: First, IBD is not genetically determined.
Heritability is modest (h?>=0.25), only 20-40% of
NOD2 homozygotes develop CD, twin concordance
is 20-50%/10-19% for CD/UC, and immigrant
children develop IBD at host-population rates
within one generation. Prevalence has compounded
from 2—4 to >1,000 per 100,000 (1950s-2035) in

early industrialized countries, incompatible with
monogenic determinism. Second, IBD fails classi-
cal autoimmune criteria. IBD-associated antibodies
(ASCA, pANCA, anti-OmpC, anti-CBirl, anti-gly-
can ALCA/ACCA/AMCA) target microbial and en-
vironmental antigens, not self. Pathogenic transfer
is not demonstrated, supporting an immune-medi-
ated rather than autoimmune classification. Third,
IBD is not idiopathic. Smoking (OR 1.76), antibi-
otic exposure (OR 1.74), urbanization, oral contra-
ceptives, ultra-processed food, air pollution, and
psychological stress are confirmed contributors.
Shared mechanisms point to mold and mycotoxin
exposure via Th17/Thl polarization, NF-xB activa-
tion, and barrier disruption.

Conclusions: 1BD is environmentally driven, im-
mune-mediated rather than classically autoimmune,
and partially heritable but not genetically deter-
mined. This reframing supports a prevention-ori-
ented clinical and public health agenda.
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Introduction

Inflammatory bowel disease (IBD) affects more
than 7 million people worldwide and is one of the
fastest-growing chronic diseases globally. (1,2) It is
conventionally placed into three categories: a ge-
netic disorder of inherited susceptibility (>240 risk
loci identified); (3—8) a chronic autoimmune disease
driven by an immune system attacking its own tis-
sues; (3—8) and a condition with a large idiopathic
component. (3—8) These framings shape which re-
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search questions get funded, how clinicians counsel
patients, and whether prevention is considered pos-
sible.

This perspective argues that each of the three fram-
ings is now contradicted by converging evidence.
The aim is not to deny that genetics matter, that im-
mune dysregulation occurs, or that some triggers re-
main to be identified. It is to reject three stronger
claims: that IBD is genetically determined, that IBD
is classically autoimmune in the Witebsky-Rose-
Bona sense, (9) and that the remaining disease bur-
den is idiopathic. A synthesis then proposes a uni-
fied model: genes establish susceptibility, environ-
mental exposures determine expression through ep-
igenetic and microbiome-mediated pathways, and
the resulting immune response is mediated rather
than autoimmune. (10-17)

Position relative to prior work

Each of the three pillars has been engaged sepa-
rately in the recent literature, but never jointly.
Cadwell and Loke (2025) (12) and Bai and col-
leagues (2025) (11) establish gene-environment in-
teractions but do not engage the autoimmune classi-
fication or the idiopathic residual. Fiocchi (2015)
(18) and Wen and Fiocchi (2004) (19) question
whether IBD meets autoimmune criteria, but do not
address genetic determinism. Piovani and col-
leagues (2019) (20) catalog environmental risk fac-
tors but engage neither the autoimmune nor genetic
framings. Noble and colleagues (2023) (10) and the
IOIBD consensus (21) integrate genome, epige-
nome, and environment but retain the conventional
pathogenic categories. No prior review has evalu-
ated all three framings simultaneously and con-
cluded that the conventional pathogenic model fails
as a coherent whole. The implication is not that the
conventional model needs updating; it needs replac-
ing.

Methods

This perspective synthesizes evidence across immu-
nology, genetics, epidemiology, toxicology, and
gastroenterology to test each conventional patho-
genic framing of IBD. Systematic reviews are the
right method to ask whether any single exposure is
associated with IBD; such reviews already exist.
(11,20,22-25) A perspective is the right method to
ask whether the three framings jointly survive cur-
rent evidence, because that question requires cross-
disciplinary conceptual integration that systematic
methods are not designed to deliver. This work uses
systematic reviews and meta-analyses as inputs, but
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its claim is about how IBD should be classified ra-
ther than which factors associate with it.

Literature Search

PubMed, Scopus, Web of Science, and Embase
were searched from inception to January 2026.
Search terms combined “inflammatory bowel dis-
ease,” “Crohn’s disease,” and “ulcerative colitis”
with key terms covering heritability, autoimmune
criteria, serologic markers, gene-environment inter-
actions, environmental triggers, stress, pollution,
mycotoxin, mold, microbiome, and antibiotics. Pri-
ority was given to meta-analyses, systematic re-
views, umbrella reviews, genome-wide association
studies, and large prospective cohorts.

Evaluation Frameworks

Pillar 1 (genetic determination) was evaluated using
pooled heritability estimates, penetrance data, twin
concordance, immigrant cohort studies, and time-
series epidemiology. Pillar 2 (classical autoimmun-
ity) was evaluated using the Rose and Bona criteria
(Witebsky’s postulates revisited): (9) direct evi-
dence (pathogenic antibody or T-cell transfer repro-
duces disease), indirect evidence (the disease is re-
produced in animals using a defined autoantigen),
and circumstantial evidence (HLA association, lym-
phocytic infiltration, response to immunosuppres-
sion, co-occurrence with autoimmune disease).
Each IBD serologic marker was mapped onto these
criteria. Pillar 3 (idiopathy) was evaluated using
umbrella reviews and meta-analyses of environ-
mental risk factors. For mold and mycotoxin expo-
sure, where direct meta-analytic evidence is una-
vailable, a mechanistic pathway convergence ap-
proach was applied (explicitly hypothesis-generat-

ing).

Results

Pillar 1: IBD is not genetically determined

Pooled heritability of IBD is approximately 0.25
(95% CI 0.20-0.30; I1>=75%), meaning genetics ex-
plain roughly a quarter of disease risk. (26,27) Ge-
nome-wide association studies have identified more
than 240 risk loci that together account for only
about 13% of CD heritability and 8% of UC herita-
bility; (26-28) the remainder is attributable to envi-
ronmental factors and gene-environment interac-
tion. (10-12) Only 20—40% of individuals homozy-
gous for NOD?2 risk variants develop Crohn’s dis-
ease, (26-29) inconsistent with deterministic ge-
netic causation. Monozygotic twin pairs are dis-
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cordant for IBD in most cases, with concordance
just 20-50% for CD and 10-19% for UC. (30,31)
And in population-based cohorts in Canada and
Denmark, children of immigrants from low-inci-
dence countries develop IBD at host-population
rates within one generation, (32,33) a window too
short for population genetic architecture to shift.

In early industrialized countries, IBD incidence has
compounded from approximately 2—4 per 100,000
in the 1950s (34,35) to current US prevalence of 721
per 100,000 (~1 in 139 people, ~2.4 million Ameri-
cans), (36) with intermediate data points docu-
mented in Olmsted County. (35,37-39) Canadian
prevalence rose from ~400 per 100,000 in 2002 to
825 per 100,000 in 2023 and is projected to exceed
1,098 per 100,000 (>1% of the population) by 2035
(Figure 1). (40,41) Scotland projects similar 1%
prevalence by 2028. (42) Newly industrialized
countries across Asia, Latin America, Africa, and
the Middle East are now experiencing the same ac-
celerated incidence. (43—47) Human population ge-
netics do not shift on this timescale, and the magni-
tude of increase exceeds what any plausible change
in genetic architecture could produce. The trajectory
is incompatible with primarily genetic causation
and consistent with environmental drivers acting on
a stable susceptible-genotype background.

Pediatric-onset IBD incidence is rising worldwide,
(48) and sex-based differences in incidence patterns
shift with industrialization and reproductive-hor-
mone exposure. (49) Both observations are difficult
to reconcile with fixed genetic causation alone, but
readily reconciled with environmental drivers act-
ing on susceptible genotypes.

Pillar 2: IBD does not meet classical autoimmune
criteria

Rose and Bona, revisiting Witebsky’s postulates,
defined three categories of evidence required to es-
tablish a human disease as autoimmune: (9) direct
evidence (transfer of pathogenic autoantibody or T
cells reproduces disease in a naive recipient), indi-
rect evidence (the disease is reproduced in experi-
mental animals using a defined autoantigen), and
circumstantial evidence (HLA association, lympho-
cytic infiltration, response to immunosuppression,
co-occurrence with autoimmune disease). Diseases
that meet category (3) (e.g., myasthenia gravis,
Graves’ disease) are unambiguously autoimmune.
Diseases meeting only category (5) are more accu-
rately termed immune-mediated inflammatory dis-
eases. (18)

Pathogenic transfer of IBD by purified antibody, or
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by adoptive transfer of patient T cells into a naive
recipient, has not been demonstrated. Animal mod-
els of colitis depend on barrier disruption, microbial
dysbiosis, or genetic disruption of regulatory im-
munity. They do not depend on the introduction of
a defined autoantigen-specific lymphocyte clone.
(2,3,18,30) This is a real failure of the criterion, not
a technical limitation.

No defined autoantigen reliably reproduces IBD
when used to immunize experimental animals.
Where animal models do reproduce IBD-like in-
flammation, the trigger is microbial or environmen-
tal (chemical colitogens, microbiota transfer, gnoto-
biotic dysbiosis) rather than autoantigen exposure.
(12,18,50) This pattern is more consistent with an
antigen-driven, environmentally activated immune
response against luminal targets than with classical
autoreactivity.

T-cell transfer colitis (CD45RBhi naive T cells into
immunodeficient hosts) and IL-10 knockout repro-
duce colitis but depend on absence of regulatory T
cells in a microbially replete environment, not on
introduction of an autoantigen-specific clone.
(4,12,50) Disease can be prevented by regulatory T-
cell transfer, germ-free rearing, or microbiota deple-
tion, none of which would rescue a classical auto-
immune disease driven by a defined autoantigen.
These models reproduce IBD-like inflammation
through tolerance failure to luminal antigens, not
autoreactivity.

The serologic markers historically cited as evidence
of IBD autoimmunity recognize microbial or envi-
ronmental targets rather than self (Table 2). ASCA
(anti-Saccharomyces cerevisiae antibodies) recog-
nize mannan, a fungal cell-wall glycan, and is by
definition an anti-microbial response, not autoreac-
tivity; (51) sensitivity for CD is ~50-60%, with
specificity rising only when combined with addi-
tional anti-microbial markers. (52,53) pANCA in
IBD lacks a consistent self-antigen with established
pathogenic transfer, shows heterogeneous reactivity
patterns, and has not been demonstrated to appear
before clinical disease; reactivity also occurs in con-
ditions such as ankylosing spondylitis without IBD.
(19,52,54,55) Anti-OmpC and anti-CBirl target
bacterial outer membrane porin C of Escherichia
coli and commensal bacterial flagellin, respectively,
both microbial antigens. (51,52) Anti-glycan anti-
bodies ALCA, ACCA, and AMCA target lami-
naribioside, chitobioside, and mannobioside, all
carbohydrate epitopes of fungal cell walls; Dotan
and colleagues established these as serologic mark-
ers of Crohn’s disease, (56) and Mitsuyama and col-
leagues documented them as fungal-antigen re-
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sponses within the IBD antibody panel. (53) None
of these markers are autoantibodies in the classical
sense.

Anti-tropomyosin antibodies (anti-hTMS5) reported
in ulcerative colitis have been proposed as evidence
of self-reactivity. (18,19) However, pathogenic
transfer has not been demonstrated, antibody titer
does not consistently predict disease activity or on-
set, and tropomyosin reactivity does not satisfy the
direct-evidence criterion. (9) The pattern is con-
sistent with epitope spreading from chronic mucosal
inflammation, not primary autoreactivity initiating
disease, a distinction Witebsky himself emphasized.

©)

IBD shows some features of category (5) circum-
stantial evidence, such as modest HLA associations,
lymphocytic infiltration, response to immunosup-
pression, and co-occurrence with classical autoim-
mune conditions in a subset of patients. However,
these features are shared by many immune-medi-
ated inflammatory diseases that are not autoim-
mune, including immune-mediated reactive ar-
thritides and granulomatous disorders of microbial
origin. Circumstantial evidence alone, without cate-
gories, (3,4) is insufficient to support classical auto-
immune classification under the Rose-Bona frame-
work. (9)

Pillar 3: IBD is not idiopathic

An umbrella review of 53 meta-analyses spanning
71 risk factors identified a coherent panel of modi-
fiable exposures that contribute to IBD risk (Table
1). (20) Smoking confers OR 1.76 for CD and is
protective for UC (OR 0.58), interacting with
NOD2 and ATG16L1 variants. (11,20,57) Antibi-
otic exposure confers OR 1.74 for CD via dysbiosis-
driven amplification of NOD2/IRGM defects, with
independent meta-analyses reporting OR 1.7-2.8
depending on timing and class. (20,24,25,58) Urban
environment confers OR 1.17-1.20, (20) oral con-
traceptives OR 1.28-1.46, (57,59) and appendec-
tomy is protective for UC (OR 0.40). (20) Breast-
feeding shows consistent protective effects (OR
0.67 for CD, 0.77 for UC), (60) though one recent
multi-cohort analysis found no association with du-
ration alone, suggesting a more nuanced relation-
ship. (61)

Ultra-processed food intake is significantly associ-
ated with increased IBD risk and promotes dysbio-
sis with altered ATGI16L1/IRGM expression.
(11,23,62,63) Mediterranean-pattern adherence was
associated with favorable microbiome composition
and reduced subclinical inflammation, (64) and
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healthy lifestyle adherence was associated with sub-
stantially reduced IBD risk in a Nurses’ Health
Study analysis. (65) Air pollution exposure is asso-
ciated with IBD incidence, flares, and hospitaliza-
tions through oxidative stress, barrier disruption,
and dysbiosis, (22,66) with Mendelian randomiza-
tion providing support for causal inference. (67)

Treatment-naive microbiome analysis of new-onset
Crohn’s disease identifies distinct microbial signa-
tures before any therapeutic exposure. (50) Faecal
microbiota from IBD patients induce inflammatory
Th17 responses in animal models. (12) Dysbiosis is
therefore not merely a consequence of disease. It is
a contributor to its initiation.

A systematic review of 38 prospective studies found
that perceived stress preceded IBD exacerbation,
(68,69) and bidirectional meta-analysis demon-
strated approximately two-fold increased risk of
subsequent IBD with depression (HR ~2.0). (70)
The IOIBD formally recognizes stress as a modifia-
ble factor warranting clinical attention. (21) Chronic
stress activates the HPA axis, suppresses regulatory
T cells, promotes NF-xB and Thl7 polarization
through IL-6 and IL-1f, and skews immunity to-
ward Th2 dominance via STAT6, the same path-
ways dysregulated in IBD. (12,71)

The exposures above rest on quantified meta-ana-
lytic and prospective-cohort data. The category that
follows (mold and mycotoxin exposure) is explic-
itly hypothesis-generating and represents a dedi-
cated research target rather than a confirmed expo-
sure.

Mold and mycotoxin exposure: dedicated research
target with mechanistic pathway convergence

No published meta-analysis directly quantifies the
relationship between mold or mycotoxin exposure
and IBD onset, but mechanistic pathway conver-
gence supports biological plausibility warranting
epidemiological investigation. Deoxynivalenol
(DON) induces Th17 differentiation and increases
susceptibility to intestinal inflammatory disease in
animal models. (72,73) DON and ochratoxin A en-
hance IL-1p, IL-6, and TNF-a (the same cytokines
targeted by IBD biologics), drive Th1/Thl7 differ-
entiation via STAT signaling, disrupt Th1/Th2 bal-
ance through IL-12 suppression, promote NF-kB-
driven inflammation, and compromise barrier integ-
rity. (72,73) CARD9, a top IBD risk locus critical
for antifungal immunity, provides a plausible ge-
netic link, (12,29) and the anti-glycan antibodies
ALCA, ACCA, and AMCA in IBD patients are
themselves fungal-antigen responses. (53,56) This
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convergence supports mold and mycotoxin expo-
sure as a biologically plausible, currently uncon-
firmed environmental contributor requiring dedi-
cated epidemiological study.

Therapeutic-pathway concordance

The immune pathways activated by mycotoxin ex-
posure are the same pathways targeted by FDA-ap-
proved IBD biologics. Mycotoxin-activated Th17
(72,73) is targeted by ustekinumab and risanki-
zumab. Mycotoxin-driven TNF-a (73) is targeted
by infliximab, adalimumab, certolizumab, and goli-
mumab. Mycotoxin-driven barrier disruption and
altered chemokine signaling (72) align with vedoli-
zumab. STAT signaling targeted by JAK inhibitors
(tofacitinib, upadacitinib) is the same pathway my-
cotoxins use to drive Th1/Th17 polarization. (73)
Equivalent concordance maps to stress, ultra-pro-
cessed diet, and dysbiosis, each of which activates
Th17, NF-xB, and barrier-disruption pathways tar-
geted by existing therapies. (12,62,63,71) This is
supportive mechanistic evidence, not proof of cau-
sation.

Maternal smoking during pregnancy is associated
with offspring CD via oxidative stress and epige-
netic modification. (74,75) Breastfeeding shows
consistent protective effects in long-running meta-
analyses, (60,76) though one recent cohort analysis
adds nuance. (61) Early antibiotic exposure confers
OR 1.7-2.8 for new-onset CD, depending on timing
and class. (20,25,58) Khakoo and colleagues
demonstrated that early-life environmental expo-
sures, more than genetic predisposition, influenced
age of IBD diagnosis in a diverse cohort of 2,952
patients. (77) Early disruption of the developing mi-
crobiome compounds functional defects in
NOD2/IRGM pathways. (11,12)

Discussion

A unified model

The three pillars converge on a single coherent
model: IBD is a partially heritable, environmentally
activated, immune-mediated inflammatory disease.
Genes establish baseline susceptibility (h? around
0.25). Environmental exposures that induce dysbio-
sis, disrupt the barrier, or polarize immunity deter-
mine whether and when disease becomes clinically
manifest. (10-12) The resulting immune response is
mediated rather than autoimmune, driven by aber-
rant reactivity to luminal microbial and environ-
mental antigens rather than to defined self-antigens.
(9,18,19,51,52,54,55) This model fits the data more
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simply than the three conventional framings alone
and explains the modest heritability, twin discord-
ance, immigrant-cohort effects, the global com-
pounding of prevalence, the antigen targets of the
IBD antibody panel, the failure of pathogenic trans-
fer, the environmental rather than autoantigen de-
pendence of animal models, and the mechanistic
convergence of stress, mycotoxins, dysbiosis, and
ultra-processed diet on shared immune pathways.
(12,71-73)

The mucosal mechanism connecting the three pil-
lars is loss of tolerance to luminal antigens through
barrier disruption and altered short-chain fatty acid
signaling: environmental triggers reduce microbial
diversity and impair butyrate production, weaken-
ing the epithelial barrier and Treg-mediated toler-
ance to luminal microbial and dietary antigens. Ge-
netically susceptible immune systems respond to
the resulting antigen leak with the aberrant
Th17/Thl inflammation described across the three
pillars.

Testable predictions

Four predictions distinguish the unified model from
the conventional framings and can be tested with
available methods.

e Prediction 1. Patients carrying CARDO risk var-
iants with elevated anti-glycan antibody titers
(ALCA, ACCA, AMCA) should show higher
rates of documented fungal/mycotoxin expo-
sure than antibody-negative IBD patients and
non-IBD controls. Testable with existing bi-
obanks linked to exposure questionnaires and
urinary or indoor-air mycotoxin measurement.

e Prediction 2. IBD patients stratified by sero-
logic profile and exposure history should show
differential responses to immune-modulating
therapies. Anti-glycan/CARD9-positive sub-
groups should respond preferentially to Th17-
axis therapies and antigen-source modification.
Testable through post hoc analyses of existing
biologic-trial cohorts.

e Prediction 3. Prospective trials reducing identi-
fied environmental triggers (antibiotic steward-
ship, breastfeeding support, ultra-processed
food reduction, mold remediation, microbiome-
supportive interventions) should measurably re-
duce population-level IBD incidence over 5—10
years. The conventional framings do not predict
this; the unified model does.

e Prediction 4. The compounding-prevalence tra-
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jectory in newly industrialized countries should
track measurable environmental transitions ra-
ther than any shift in population genetic archi-
tecture. Testable using existing population-
based registries. (43,44)

Implications  for  clinical ~ communication,
therapeutic logic, and public health

e C(Clinical communication. Patients are com-
monly told IBD is “genetic, autoimmune, and
idiopathic.” A more accurate framing is: genes
raised your risk, environmental exposures acti-
vated it, and your immune system is reacting to
luminal microbial and environmental antigens
rather than attacking itself. This framing identi-
fies levers patients can act on.

e Therapeutic logic. Classical autoimmunity im-
plies suppressing self-reactivity. The immune-
mediated reframing implies restoring tolerance
to luminal antigens. This makes sense of bio-
logic therapy (anti-TNF, anti-IL-12/23, anti-in-
tegrin) and creates explicit space for antigen-
source modification (microbiome restoration,
barrier repair, removal of mycotoxin or mold
exposure, dietary deprocessing) as primary ra-
ther than add-on intervention. (18)

e Public health. If multiple environmental factors
carry OR 1.5-2.0 and are widely prevalent, the
share of disease they could account for is sub-
stantial. Reducing unnecessary antibiotic pre-
scribing, supporting breastfeeding, minimizing
ultra-processed food consumption, addressing
air pollution and indoor mold exposure, and in-
tegrating stress management could measurably
reduce population-level IBD incidence, a target
unreachable under any framing of the disease as
genetic, autoimmune, or idiopathic.

e These findings align with Noble and colleagues,
(10) Bai and colleagues, (11) Cadwell and
Loke, (12) Piovani and colleagues, (20) and the
IOIBD consensus, (21) all of which converge
on environmental and gene-environment causa-
tion. The contribution here is to make the three-
pillar reframing explicit and to apply the Rose-
Bona criteria (9) directly to the IBD serologic
panel.
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Limitations

As a perspective rather than a systematic review,
this work synthesizes evidence through expert inter-
pretation. The mold and mycotoxin pathway-con-
vergence analysis is hypothesis-generating and does
not replace direct epidemiological evidence. The
stress-IBD relationship lacks a single pooled odds
ratio for primary disease onset due to heterogeneity
in stress measurement. (68) Most included studies
are observational, with potential for recall bias for
early-life exposures. No randomized trials have
shown that removing identified environmental trig-
gers prevents IBD onset; Mendelian randomization
(67) and prospective intervention studies may
strengthen causal inference. The relative contribu-
tion of each factor likely varies by individual, pop-
ulation, and disease phenotype.

Conclusions

Inflammatory bowel disease is not genetically de-
termined, does not meet the classical criteria for au-
toimmunity, and is not idiopathic. It is a partially
heritable, environmentally activated, immune-me-
diated inflammatory disease in which luminal mi-
crobial and environmental antigens drive an aber-
rant immune response in genetically susceptible
hosts. The therapeutic implication is that treatment
goals shift from suppressing self-directed autoim-
munity to restoring tolerance to luminal antigens
through barrier repair, microbiome restoration, and
removal of identifiable environmental triggers. This
reframing is consistent with current epidemiology,
genetics, immunology, and toxicology. It directly
supports a prevention-oriented clinical and public-
health agenda that the three conventional framings
preclude.
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Table 1. Selected IBD risk genes with effect sizes and representative environmental triggers

Gene Function Risk effect (Odds Ratio) Environmental Triggers
NOD2 Bacterial sensing, autoph- | CD ~2—4 (heterozygous); Dysbiosis, smoking, antibi-
agy ~17-40 (compound/homozy- |otics, Western diet
gous); UC ~1 (8,12,20,29)
ATGI16L1 Autophagy CD ~1.3-1.5; UC ~1 Western diet, smoking,
dysbiosis (12,20)
IL23R Immune regulation (Th17) | Protective variant (R381Q) Psychological stress,
~0.2-0.5 CD; risk variants dysbiosis (20,68,71)
~1.3-1.5 CD/UC
IRGM Autophagy, immunity CD ~1.3-1.4; UC ~1 Antibiotics, diet, microbi-
ome disruption
(12,20,25,58)

TLR4 Pathogen recognition CD~1.2-14;UC~1.2-14 Air pollution, environmen-
tal toxins (13,22,66)

HLA- Antigen presentation CD ~1.5; UC ~3-5 Dysbiosis, environmental

DRB1*01:03 antigens (12,27)

FUT2 Microbiome composition |CD ~1.3—1.5; UC ~1 Antibiotics, dietary changes

(secretor status) (12,25,58)
CARDY Fungal immunity CD ~1.3-1.5; UC ~1.3-1.5 Mycotoxins, fungal dysbio-
sis (12,72)
PTPN22 T-cell regulation CD ~1.3-1.5; UC variable Psychological stress, brain-
gut axis dysregulation
(3,68,71)
MST1 Macrophage function CD~1.2-14;UC~1.2-14 Pollutants, oxidative stress

(13,22,66)

Odds ratios compiled from IBD genome-wide association study literature. Effect sizes for common risk vari-
ants are modest (mostly OR 1.2-2), consistent with genetics contributing to susceptibility rather than deter-
mining disease. The NOD2 compound heterozygous state is the outlier with high OR but low population fre-
quency. Environmental triggers are cited from gene-environment interaction studies, IBD-specific environ-
mental risk factor reviews, and mechanistic literature relevant to each gene's function.
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Table 2. IBD-associated serologic markers, prevalence in Crohn's disease and ulcerative colitis, and environ-
mental/microbial correlates

Marker

Prevalence (CD / UC)

Environmental/Microbial Correlates

ASCA

~40-70% CD / ~5-15%
ucC

Anti-Saccharomyces cerevisiae antibodies cross-reacting
with Candida and related fungal antigens; (51,52,53) West-
ern and ultra-processed dietary patterns altering microbiota;
(23,62,63) antibiotic exposure disrupting commensal bal-
ance; (25,58) prenatal and early-life environmental expo-
sures (24,74,75)

pANCA

~10-25% CD / ~50—
80% UC

Neutrophil-directed antibodies documented in IBD sero-
logic-marker literature; (52,53) antibiotic exposure altering
gut barrier and microbiome; (25,58) environmental pollu-
tion and benzene exposure increasing oxidative and inflam-
matory burden; (13,22,66) prenatal maternal smoking and
perinatal exposures (74,75)

Anti-OmpC

~40-55% CD / ~5-10%
ucC

Response to bacterial outer membrane porin epitopes docu-
mented in IBD serologic literature; (52,53) antibiotic-driven
microbiome disruption; (25,58) prenatal and early-life envi-
ronmental exposures (24,74,75)

Anti-CBirl, Anti-
A4-Fla2, Anti-
FlaX

~40-60% CD (each) /
<10% UC

Antibody responses to bacterial flagellin variants docu-
mented in IBD serologic literature; (52,53) Western and ul-
tra-processed dietary patterns altering microbiota composi-
tion toward flagellated species; (23,62,63) antibiotic expo-
sure altering commensal-pathobiont balance; (25,58) prena-
tal and early-life environmental exposures (24,74,75)

Anti-12

~30-55% CD / ~5-10%
ucC

Antibody response to Pseudomonas fluorescens 12-associ-
ated sequence documented in IBD serologic literature;
(52,53) antibiotic exposure permitting pathobiont expan-
sion; (25,58) Western and ultra-processed dietary patterns
altering microbiota; (23,62,63) prenatal and early-life envi-
ronmental exposures (24,74,75)

PAB (anti-GP2)

~30-40% CD / <5% UC

Antibodies to glycoprotein-2, a receptor for bacterial FimH
on Peyer's patch M cells, documented in IBD serologic lit-
erature; (52,53) microbial adhesion and pathobiont expan-
sion driven by antibiotic exposure and dysbiosis; (25,58)
Western and ultra-processed dietary patterns altering micro-
biota; (23,62,63) prenatal and early-life environmental ex-
posures (24,74,75)

ALCA/ACCA/
AMCA

~15-30% CD / <5% UC

Anti-glycan antibodies to fungal cell-wall components
(laminaribioside, chitobioside, mannobioside); (55,56)
mold and mycotoxin exposure with dysregulated immunity;
(72) antibiotic exposure disrupting bacterial-fungal balance
(25,58)

Prevalence ranges compiled from IBD serologic-marker systematic reviews. Each marker targets a microbial
or environmentally-derived antigen (or, in the case of PAB, a host receptor for bacterial adhesion), consistent
with an antigen-driven rather than classically autoimmune pathogenesis. Individual prevalence estimates vary
by cohort and assay across the cited literature.
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Figure 1. Compounding prevalence of IBD in North American populations, 1955-2035

IBD prevalence trajectory in North American populations, 1955-2035
Per 100,000 population (Olmsted County / US / Canada data)

1200 1 == Observed prevalence 1098
. >
=0 Projected (Coward 2024) ‘

=

.2 1000 -

K

3

Q

o

j=X

o 800 A

o

<

o

o

-l

o 600 A

o

[

Q

=

2

[} -

8 400

[

S

Q.

B

= 200 A

~15
* Crohn’s disease only for 1976 data point
0 Y T T T T T T T
1955 1976 1980 1991 2002 2011 2023 2035
Sedlack Sedlack Loftus Shivashankar Lewis Coward
1972 1980 Loftus 1998/2000 2017 Shivashankar 2023 2024
1998 2017

Data from Olmsted County, Minnesota (1955-2011), national US estimates (2023), and Canadian forecasting
models (2035 projection, dashed line). *Crohn's disease only for 1976 data point. Sources: Sedlack 1972/1980,
(34,35) Loftus 1998/2000, (38,39) Shivashankar 2017, (37) Lewis 2023, (36) Coward 2024. (41)

J Indep Med 2026 Vol. 2 No. 4 https://doi.org/10.71189/JIM/2026/V02N04A 10 377



https://doi.org/10.71189/JIM/2026/V02N04A10

References

L.

10.

11.

378

Ng SC, Shi HY, Hamidi N, Underwood FE,
Tang W, Benchimol EI, et al. Worldwide inci-
dence and prevalence of inflammatory bowel
disease in the 21st century: a systematic review
of population-based studies. The Lancet. 2017
Dec;390(10114):2769-78. doi:10.1016/S0140-
6736(17)32448-0

Lamb CA, Titterton C, Banerjee R, Gomberg A,
Rubin DT, Hart AL. Inflammatory bowel dis-
ease has no borders: engaging patients as part-
ners to deliver global, equitable and holistic
health care. The Lancet. 2024
Aug;404(10451):414-7.  doi:10.1016/S0140-
6736(24)00983-8

Ananthakrishnan AN, Bernstein CN, Iliopoulos
D, Macpherson A, Neurath MF, Ali RAR, et al.
Environmental triggers in IBD: a review of pro-
gress and evidence. Nat Rev Gastroenterol
Hepatol. 2018 Jan;15(1):39-49.
doi:10.1038/nrgastro.2017.136

Xavier RJ, Podolsky DK. Unravelling the path-
ogenesis of inflammatory bowel disease. Na-
ture. 2007 Jul;448(7152):427-34.
doi:10.1038/nature06005

Zhang YZ. Inflammatory bowel disease: Patho-
genesis. World J Gastroenterol. 2014;20(1):91.
doi:10.3748/wjg.v20.11.91

Neurath MF. Cytokines in inflammatory bowel
disease. = Nat  Rev  Immunol. 2014
May;14(5):329—42. doi:10.1038/nri3661
Loddo I, Romano C. Inflammatory Bowel Dis-
ease: Genetics, Epigenetics, and Pathogenesis.
Front Immunol. 2015 Nov 2;6.
doi:10.3389/fimmu.2015.00551

Cleynen I, Boucher G, Jostins L, Schumm LP,
Zeissig S, Ahmad T, et al. Inherited determi-
nants of Crohn’s disease and ulcerative colitis
phenotypes: a genetic association study. The
Lancet. 2016 Jan 9;387(10014):156-67.
doi:10.1016/S0140-6736(15)00465-1

Rose NR, Bona C. Defining criteria for autoim-
mune diseases (Witebsky’s postulates revis-
ited). Immunol Today. 1993 Sep;14(9):426-30.
doi:10.1016/0167-5699(93)90244-F.  PMID:
8216719.

Noble AJ, Nowak JK, Adams AT, Uhlig HH,
Satsangi J. Defining Interactions Between the
Genome, Epigenome, and the Environment in
Inflammatory Bowel Disease: Progress and
Prospects. Gastroenterology. 2023
Jul;165(1):44-60.¢2.
doi:10.1053/j.gastro.2023.03.238

Bai J, Bouwknegt DG, Weersma RK, Dijkstra

https://doi.org/10.71189/JIM/2026/V02N04A10

12.

13.

14.

15.

16.

17.

18.

19.

20.

G, Van Der Sloot KW]J, Festen EAM. Gene-En-
vironment Interactions in Inflammatory Bowel
Disease: A Systematic Review of Human Epi-
demiologic Studies. J Crohns Colitis. 2025 Jun
4;19(6):jjat061. doi:10.1093/ecco-jcc/jjaf061
Cadwell K, Loke P. Gene-environment interac-
tions shape the host-microbial interface in in-
flammatory bowel disease. Nat Immunol. 2025
Jul 1;26(7):1023-35. doi:10.1038/s41590-025-
02197-5

Estevinho MM, Midya V, Cohen-Mekelburg S,
Allin KH, Fumery M, Pinho SS, et al. Emerging
role of environmental pollutants in inflamma-
tory bowel disease risk, outcomes and underly-
ing mechanisms. Gut. 2025 Mar 1;74(3):477.
doi:10.1136/gutjnl-2024-332523

Ventham NT, Kennedy NA, Nimmo ER,
Satsangi J. Beyond Gene Discovery in Inflam-
matory Bowel Disease: The Emerging Role of
Epigenetics. Gastroenterology. 2013
Aug;145(2):293-308.
doi:10.1053/j.gastro.2013.05.050

Howell KJ, Kraiczy J, Nayak KM, Gasparetto
M, Ross A, Lee C, et al. DNA Methylation and
Transcription Patterns in Intestinal Epithelial
Cells From Pediatric Patients With Inflamma-
tory Bowel Diseases Differentiate Disease Sub-
types and Associate With Outcome. Gastroen-
terology. 2018 Feb;154(3):585-98.
doi:10.1053/j.gastro.2017.10.007

Dipasquale V, Romano C. Genes vs environ-
ment in inflammatory bowel disease: an update.
Expert Rev Clin Immunol. 2022 Oct
3;18(10):1005-13.
doi:10.1080/1744666X.2022.2108407

Danese S, Sans M, Fiocchi C. Inflammatory
bowel disease: the role of environmental fac-
tors. Autoimmun Rev. 2004 Jul;3(5):394-400.
doi:10.1016/j.autrev.2004.03.002

Fiocchi C. Inflammatory bowel disease patho-
genesis: where are we? J Gastroenterol Hepatol.
2015 Mar;30 Suppl 1:12-8.
doi:10.1111/jgh.12751. PMID: 25827798.

Wen Z, Fiocchi C. Inflammatory Bowel Dis-
ease: Autoimmune or Immune-mediated Patho-
genesis? J Immunol Res. 2004 Jan;11(3—
4):195-204. doi:10.1080/17402520400004201
Piovani D, Danese S, Peyrin-Biroulet L, Ni-
kolopoulos GK, Lytras T, Bonovas S. Environ-
mental Risk Factors for Inflammatory Bowel
Diseases: An Umbrella Review of Meta-anal-
yses. Gastroenterology. 2019 Sep;157(3):647—
659.e4. doi:10.1053/j.gastro.2019.04.016

J Indep Med 2026 Vol. 2 No. 4



https://doi.org/10.71189/JIM/2026/V02N04A10

21. Ananthakrishnan AN, Kaplan GG, Bernstein 29. Kayali S, Fantasia S, Gaiani F, Cavallaro LG,
CN, Burke KE, Lochhead PJ, Sasson AN, et al. de’Angelis GL, Laghi L. NOD2 and Crohn’s
Lifestyle, behaviour, and environmental modi- Disease Clinical Practice: From Epidemiology
fication for the management of patients with in- to Diagnosis and Therapy, Rewired. Inflamm
flammatory bowel diseases: an International Bowel Dis. 2025 Feb 6;31(2):552-62.
Organization for Study of Inflammatory Bowel doi:10.1093/ibd/izae075
Diseases consensus. Lancet Gastroenterol 30. Halfvarson J, Bodin L, Tysk C, Lindberg E, Ji-
Hepatol. 2022 Jul;7(7):666-78. merot G. Inflammatory bowel disease in a Swe-
doi:10.1016/S2468-1253(22)00021-8 dish twin cohort: a long-term follow-up of con-

22. Olstrup H, Mohamed HAS, Honoré¢ J, cordance and clinical characteristics. Gastroen-
Schullehner J, Sigsgaard T, Forsberg B, et al. terology. 2003 Jun;124(7):1767-73.

Air pollution exposure and inflammatory bowel doi:10.1016/S0016-5085(03)00385-8

disease: a systematic literature review of epide- 31. Spehlmann ME, Begun AZ, Burghardt J,
miological and mechanistic studies. Front Envi- Lepage P, Raedler A, Schreiber S. Epidemiol-
ron Health. 2024 Sep 20;3:1463016. ogy of inflammatory bowel disease in a German
doi:10.3389/fenvh.2024.1463016 twin cohort: Results of a nationwide study. In-

23. Narula N, Chang NH, Mohammad D, Wong flamm Bowel Dis. 2008 Jul;14(7):968-76.
ECL, Ananthakrishnan AN, Chan SSM, et al. doi:10.1002/ibd.20380
Food Processing and Risk of Inflammatory 32. Benchimol EI, Mack DR, Guttmann A, Nguyen
Bowel Disease: A Systematic Review and GC, To T, Mojaverian N, et al. Inflammatory
Meta-Analysis. Clin Gastroenterol Hepatol. Bowel Disease in Immigrants to Canada And
2023 Sep;21(10):2483-2495.¢e1. Their Children: A Population-Based Cohort
doi:10.1016/j.cgh.2023.01.012 Study. Am J Gastroenterol. 2015 Apr;110(4):

24, Agrawal M, Sabino J, Frias-Gomes C, Hillen- 553-63. doi:10.1038/ajg.2015.52
brand CM, Soudant C, Axelrad JE, et al. Early 33. Agrawal M, Corn G, Shrestha S, Nielsen NM,
life exposures and the risk of inflammatory Frisch M, Colombel JF, et al. Inflammatory
bowel disease: Systematic review and meta- bowel diseases among first-generation and sec-
analyses. EClinicalMedicine. 2021 Jun;36: ond-generation immigrants in Denmark: a pop-
100884. doi:10.1016/j.eclinm.2021.100884 ulation-based cohort study. Gut. 2021 Jun

25. Dar SH, Maniya MT, Merza N, Musheer A, Za- 1;70(6):1037. doi:10.1136/gutjnl-2020-321798
hid M, Ahmed F, et al. The association of anti- 34. Sedlack RE, Nobrega FT, Kurland LT, Sauer
biotic exposure with new-onset inflammatory WG. Inflammatory colon disease in Rochester,
bowel disease: A systematic review and meta- Minnesota, 1935-1964. Gastroenterology. 1972
analysis. Clin Res Hepatol Gastroenterol. 2023 May;62(5). PMID: 5029078.
Jun;47(6):102129. 35. Sedlack RE, Whisnant J, Elveback LR, Kurland
doi:10.1016/j.clinre.2023.102129 LT. Incidence of Crohn’s disease in Olmsted

26. Chen GB, Lee SH, Brion MJA, Montgomery County, Minnesota, 1935-1975. Am J Epi-
GW, Wray NR, Radford-Smith GL, et al. Esti- demiol. 1980 Dec;112(6):759—63.
mation and partitioning of (co)heritability of in- doi:10.1093/oxfordjournals.aje.al 13048
flammatory bowel disease from GWAS and im- 36. Lewis JD, Parlett LE, Jonsson Funk ML,
munochip data. Hum Mol Genet. 2014 Sep Brensinger C, Pate V, Wu Q, et al. Incidence,
1;23(17):4710-20. doi:10.1093/hmg/ddul74 Prevalence, and Racial and Ethnic Distribution

27. The International IBD Genetics Consortium of Inflammatory Bowel Disease in the United
(IIBDGC), Jostins L, Ripke S, Weersma RK, States. Gastroenterology. 2023 Nov;165(5):
Duerr RH, McGovern DP, et al. Host—microbe 1197-1205.€2.
interactions have shaped the genetic architec- doi:10.1053/j.gastro.2023.07.003
ture of inflammatory bowel disease. Nature. 37. Shivashankar R, Tremaine WJ, Harmsen WS,
2012 Nov;491(7422):119-24. doi:10.1038/na- Loftus EV. Incidence and Prevalence of
ture11582 Crohn’s Disease and Ulcerative Colitis in

28. De Lange KM, Moutsianas L, Lee JC, Lamb Olmsted County, Minnesota From 1970
CA, Luo Y, Kennedy NA, et al. Genome-wide Through 2010. Clin Gastroenterol Hepatol.
association study implicates immune activation 2017 Jun;15(6):857-63.
of multiple integrin genes in inflammatory doi:10.1016/j.cgh.2016.10.039
bowel disease. Nat Genet. 2017 Feb;49(2):256— 38. Loftus EV, Silverstein MD, Sandborn WJ, Tre-
61. doi:10.1038/ng.3760 maine WJ, Harmsen WS, Zinsmeister AR.

J Indep Med 2026 Vol. 2 No. 4 https://doi.org/10.71189/JIM/2026/VO2N04A 10 379



https://doi.org/10.71189/JIM/2026/V02N04A10

39.

40.

41.

42.

43.

44,

45.

46.

47.

380

Crohn’s disease in Olmsted County, Minnesota,
1940-1993: Incidence, prevalence, and sur-
vival. Gastroenterology. 1998 Jun;114(6):
1161-8. do0i:10.1016/S0016-5085(98)70421-4
Loftus EV, Silverstein MD, Sandborn WJ, Tre-
maine WJ, Harmsen WS, Zinsmeister AR. Ul-
cerative colitis in Olmsted County, Minnesota,
1940-1993: incidence, prevalence, and sur-
vival.  Gut. 2000 Mar 1;46(3):336-43.
doi:10.1136/gut.46.3.336

Coward S, Clement F, Benchimol EI, Bernstein
CN, Avina-Zubieta JA, Bitton A, et al. Past and
Future Burden of Inflammatory Bowel Diseases
Based on Modeling of Population-Based Data.
Gastroenterology. 2019  Apr;156(5):1345—
1353.e4. doi:10.1053/j.gastro.2019.01.002
Coward S, Benchimol EI, Bernstein CN, Avina-
Zubieta A, Bitton A, Carroll MW, et al. Fore-
casting the Incidence and Prevalence of Inflam-
matory Bowel Disease: A Canadian Nationwide
Analysis. Am J Gastroenterol. 2024 Aug;119
(8):1563-70.
doi:10.14309/ajg.0000000000002687

Jones GR, Lyons M, Plevris N, Jenkinson PW,
Bisset C, Burgess C, et al. IBD prevalence in
Lothian, Scotland, derived by capture-recapture
methodology. Gut. 2019 Nov 1;68(11):1953.
doi:10.1136/gutjnl-2019-318936

Hracs L, Windsor JW, Gorospe J, Cummings
M, Coward S, Buie MJ, et al. Global evolution
of inflammatory bowel disease across epidemi-
ologic stages. Nature. 2025 Jun 12;642(8067):
458—66. doi:10.1038/s41586-025-08940-0
Kaplan GG. The global burden of inflammatory
bowel disease: from 2025 to 2045. Nat Rev
Gastroenterol Hepatol. 2025 Oct;22(10):708—
20. doi:10.1038/s41575-025-01097-1

Alatab S, Sepanlou SG, lkuta K, Vahedi H,
Bisignano C, Safiri S, et al. The global, re-
gional, and national burden of inflammatory
bowel disease in 195 countries and territories,
1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet Gastro-
enterol  Hepatol. 2020  Jan;5(1):17-30.
doi:10.1016/S2468-1253(19)30333-4

Kaplan GG, Windsor JW. The four epidemio-
logical stages in the global evolution of inflam-
matory bowel disease. Nat Rev Gastroenterol
Hepatol. 2021 Jan;18(1):56—66.
doi:10.1038/s41575-020-00360-x

Molodecky NA, Soon IS, Rabi DM, Ghali WA,
Ferris M, Chernoff G, et al. Increasing Inci-
dence and Prevalence of the Inflammatory
Bowel Diseases With Time, Based on System-
atic Review. Gastroenterology. 2012 Jan;142

https://doi.org/10.71189/JIM/2026/V02N04A10

48.

49.

50.

51.

52.

53.

54.

55.

56.

(1):46-54.e42.
doi:10.1053/j.gastro.2011.10.001

Kuenzig ME, Fung SG, Marderfeld L, Mak
JWY, Kaplan GG, Ng SC, et al. Twenty-first
Century Trends in the Global Epidemiology of
Pediatric-Onset Inflammatory Bowel Disease:
Systematic Review. Gastroenterology. 2022
Apr;162(4):1147-1159.e4.  doi:10.1053/j.gas-
tr0.2021.12.282

Shah SC, Khalili H, Gower-Rousseau C, Olen
O, Benchimol EI, Lynge E, et al. Sex-Based
Differences in Incidence of Inflammatory
Bowel Diseases. Pooled Analysis of Popula-
tion-Based Studies From Western Countries.
Gastroenterology. 2018  Oct;155(4):1079—
1089.€3. doi:10.1053/j.gastro.2018.06.043
Gevers D, Kugathasan S, Denson LA, Vazquez-
Baeza Y, Van Treuren W, Ren B, et al. The
Treatment-Naive Microbiome in New-Onset
Crohn’s Disease. Cell Host Microbe. 2014
Mar;15(3):382-92.
doi:10.1016/j.chom.2014.02.005

Sendid B, Cornu M, Cordier C, Bouckaert J,
Colombel JF, Poulain D. From ASCA break-
through in Crohn’s disease and Candida albi-
cans research to thirty years of investigations
about their meaning in human health. Autoim-
mun Rev. 2024 Feb;23(2):103486.
doi:10.1016/j.autrev.2023.103486

Prideaux L, De Cruz P, Ng SC, Kamm MA. Se-
rological Antibodies in Inflammatory Bowel
Disease: A Systematic Review. Inflamm Bowel
Dis. 2012 Jul;18(7):1340-55.
doi:10.1002/ibd.21903

Mitsuyama K, Niwa M, Takedatsu H, Yama-
saki H, Kuwaki K, Yoshioka S, et al. Antibody
markers in the diagnosis of inflammatory bowel

disease. World J Gastroenterol. 2016 Jan
21;22(3):1304-10.
doi:10.3748/wjg.v22.i3.1304. PMID:

26811667.

De Vries M, Van Der Horst-Bruinsma I, Van
Hoogstraten [, Van Bodegraven A, Von
Blomberg M, Ratnawati H, et al. pANCA,
ASCA, and OmpC Antibodies in Patients with
Ankylosing Spondylitis without Inflammatory
Bowel Disease. J Rheumatol. 2010 Nov;37(11):
2340-4. doi:10.3899/jrheum.100269

Ferrante M, Henckaerts L, Joossens M, Pierik
M, Joossens S, Dotan N, et al. New serological
markers in inflammatory bowel disease are as-
sociated with complicated disease behaviour.
Gut. 2007 Oct;56(10):1394-403.
doi:10.1136/gut.2006.108043

Dotan I, Fishman S, Dgani Y, Schwartz M,

J Indep Med 2026 Vol. 2 No. 4



https://doi.org/10.71189/JIM/2026/V02N04A10

57.

58.

59.

60.

Karban A, Lerner A, et al. Antibodies against
laminaribioside and chitobioside are novel sero-
logic markers in Crohn’s disease. Gastroenter-
ology. 2006 Aug;131(2):366-78.
doi:10.1053/j.gastro.2006.04.030.
16890590.

Chhibba T, Gros B, King JA, Windsor JW,
Gorospe J, Leibovitzh H, et al. Environmental
risk factors of inflammatory bowel disease: to-
ward a strategy of preventative health. J Crohns
Colitis. 2025 Apr 4;19(4):jjaf042.
doi:10.1093/ecco-jcc/jjatd42

Ungaro R, Bernstein CN, Gearry R, Hviid A,
Kolho KL, Kronman MP, et al. Antibiotics As-
sociated With Increased Risk of New-Onset
Crohn’s Disease But Not Ulcerative Colitis: A
Meta-Analysis. Am J Gastroenterol. 2014
Nov;109(11):1728-38.
doi:10.1038/ajg.2014.246

Ortizo R, Lee SY, Nguyen ET, Jamal MM,
Bechtold MM, Nguyen DL. Exposure to oral
contraceptives increases the risk for develop-
ment of inflammatory bowel disease: a meta-
analysis of case-controlled and cohort studies.
Eur J Gastroenterol Hepatol. 2017 Sep;29(9):
1064-70.
doi:10.1097/MEG.0000000000000915
Klement E, Cohen RV, Boxman J, Joseph A,
Reif S. Breastfeeding and risk of inflammatory
bowel disease: a systematic review with meta-
analysis. Am J Clin Nutr. 2004 Nov;80(5):
1342-52. doi:10.1093/ajcn/80.5.1342

PMID:

65.

66.

67.

68.

69.

70.

Lopes EW, Chan SSM, Song M, Ludvigsson
JF, Hakansson N, Lochhead P, et al. Lifestyle
factors for the prevention of inflammatory
bowel disease. Gut. 2023 Jun;72(6):1093—100.
doi:10.1136/gutjnl-2022-328174

Xiao ZH, Huang S, Zhao K, Zhang X, Li Z, Li
R, et al. Association between long-term ben-
zene exposure and inflammatory bowel disease
in a national cohort: The modifying effect of ge-
netic susceptibility. Ecotoxicol Environ Saf.
2025 May;296:118198.
doi:10.1016/j.ecoenv.2025.118198
Carreras-Torres R, Ibanez-Sanz G, Obon-San-
tacana M, Duell EJ, Moreno V. Identifying en-
vironmental risk factors for inflammatory
bowel diseases: a Mendelian randomization
study. Sci Rep. 2020 Nov 6;10(1):19273.
doi:10.1038/s41598-020-76361-2

Black J, Sweeney L, Yuan Y, Singh H, Norton
C, Czuber-Dochan W. Systematic review: the
role of psychological stress in inflammatory
bowel disease. Aliment Pharmacol Ther. 2022
Oct;56(8):1235-49. doi:10.1111/apt. 17202
Levenstein S, Prantera C, Varvo V, Scribano
ML, Andreoli A, Luzi C, et al. Stress and Exac-
erbation in Ulcerative Colitis: A Prospective
Study of Patients Enrolled in Remission. Am J
Gastroenterol. 2000  May;95(5):1213-20.
doi:10.1111/j.1572-0241.2000.02012.x
Bisgaard TH, Allin KH, Elmahdi R, Jess T. The
bidirectional risk of inflammatory bowel dis-
ease and anxiety or depression: A systematic re-

61. Agrawal M, Sterdal K, Vinkel Hansen A, view and meta-analysis. Gen Hosp Psychiatry.
Ostensson M, Brusco De Freitas M, Allin KH, 2023 Jul;83:109-16.
et al. Breastfeeding Duration Is Not Associated doi:10.1016/j.genhosppsych.2023.05.002
With Offspring Inflammatory Bowel Disease 71. Bonaz BL, Bernstein CN. Brain-Gut Interac-
Risk in Three Population-Based Birth Cohorts. tions in Inflammatory Bowel Disease. Gastro-
Clin Gastroenterol Hepatol. 2024 Dec;22(12): enterology. 2013 Jan;144(1):36-49.
2459-2467.e16. doi:10.1016/j.cgh.2024.04.013 doi:10.1053/j.gastro.2012.10.003

62. Rizzello F, Spisni E, Giovanardi E, Imbesi V, 72. Kraft S, Buchenauer L, Polte T. Mold, Myco-
Salice M, Alvisi P, et al. Implications of the toxins and a Dysregulated Immune System: A
Westernized Diet in the Onset and Progression Combination of Concern? Int J Mol Sci. 2021
of IBD. Nutrients. 2019 May 8;11(5):1033. Nov 12;22(22):12269.
do0i:10.3390/nu11051033 doi:10.3390/ijms222212269

63. Mentella MC, Scaldaferri F, Pizzoferrato M, 73. Jahreis S, Kuhn S, Madaj AM, Bauer M, Polte
Gasbarrini A, Miggiano GAD. Nutrition, IBD T. Mold metabolites drive rheumatoid arthritis
and Gut Microbiota: A Review. Nutrients. 2020 in mice via promotion of IFN-gamma- and IL-
Mar 29;12(4):944. doi:10.3390/nu12040944 17-producing T cells. Food Chem Toxicol.

64. Turpin W, Dong M, Sasson G, Raygoza Garay 2017 Nov;109:405-13.
JA, Espin-Garcia O, Lee SH, et al. Mediterra- doi:10.1016/j.fct.2017.09.027
nean-Like Dietary Pattern Associations With 74. Mallon KP, McBride C, O Morain CA, Doherty
Gut Microbiome Composition and Subclinical GA, Burns R. Parental and perinatal risk factors
Gastrointestinal Inflammation. Gastroenterol- associated with onset of IBD: a systematic liter-
ogy. 2022 Sep;163(3):685-98. ature review and meta-analysis. Front Gastroen-
doi:10.1053/j.gastro0.2022.05.037 terol. 2025 Oct 31;4:1621215.

J Indep Med 2026 Vol. 2 No. 4 https://doi.org/10.71189/JIM/2026/VO2N04A 10 381



https://doi.org/10.71189/JIM/2026/V02N04A10

75.

76.

382

Roberts SE, Wotton CJ, Williams JG, Griffith
M, Goldacre MJ. Perinatal and early life risk
factors for inflammatory bowel disease. World
J Gastroenterol. 2011 Feb 14;17(6):743-9.
doi:10.3748/wjg.v17.16.743

Xu L, Lochhead P, Ko Y, Claggett B, Leong
RW, Ananthakrishnan AN. Systematic review
with meta-analysis: breastfeeding and the risk
of Crohn’s disease and ulcerative colitis. Ali-
ment Pharmacol Ther.

77.

2017 Nov;46(9):780-9. doi:10.1111/apt. 14291
Khakoo NS, Beecham AH, Lyu J, Quintero
MA, Gomez L, Abreu MT, et al. Early Life and
Childhood Environmental Exposures, More
Than Genetic Predisposition, Influence Age of
Diagnosis in a Diverse Cohort of 2952 Patients
With IBD. Clin Gastroenterol Hepatol. 2024
Jul;22(7):1462—-1474.e5.
doi:10.1016/j.cgh.2024.01.020.

Journal

of INDEPENDENT MEDICINE *

Free from
conflicts of interest.

Support aur work

https://doi.org/10.71189/JIM/2026/V02N04A10

J Indep Med 2026 Vol. 2 No. 4



https://doi.org/10.71189/JIM/2026/V02N04A10

	
	
	
	
	
	
	
	
	
	
	
	
	
	

