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ABSTRACT

Introduction: Understanding the role of gut microbiota in the pathogenesis of
ankylosing spondylitis (AS) is of paramount clinical importance, as it offers
novel insights into the systemic nature of this inflammatory disease beyond the
axial skeleton. Elucidating the gut-joint axis may uncover microbial biomarkers
and therapeutic targets, enabling earlier diagnosis, personalized treatment
strategies, and potentially disease-modifying interventions that address
underlying immune dysregulation rather than merely suppressing symptoms.
Material and methods: This systematic review rigorously synthesized current
evidence on gut microbiota’s role in ankylosing spondylitis by screening
multiple databases, applying strict inclusion criteria, and following PRISMA
guidelines. Data extraction and risk of bias assessments were performed
independently to ensure reliability. Clinical and methodological heterogeneity
across studies was carefully evaluated, with statistical analyses and subgroup
assessments employed to interpret variability, ultimately providing a
comprehensive, high-quality appraisal of the gut-joint axis in AS pathogenesis.
Results: The results of this systematic review, synthesized from nine eligible
studies, reveal consistent alterations in gut microbiota composition among
patients with ankylosing spondylitis. Notable findings include increased
abundance of Prevotella and Lactobacillus species and reduced levels of
Faecalibacterium and Ruminococcus. These microbial changes were associated
with elevated pro-inflammatory cytokines (IL-17, IL-23), increased zonulin
levels, and reduced butyrate, suggesting a link between dysbiosis, impaired gut
barrier function, and systemic inflammation in AS.

Conclusion: Based on the synthesized evidence, ankylosing spondylitis is
associated with gut microbiota dysbiosis characterized by increased Prevotella
and reduced Faecalibacterium, alongside elevated pro-inflammatory and
intestinal permeability markers. These findings suggest a gut-immune axis
contributing to disease pathogenesis.
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Introduction environmental triggers. Although the exact etiology

Postoperative delirium (POD) is a common and
Ankylosing spondylitis (AS) is a chronic, immune-
mediated inflammatory disorder that primarily
affects the axial skeleton, leading to structural
damage, progressive spinal stiffness, and functional
impairment. Traditionally classified under the
umbrella of spondyloarthropathies, AS has long
been associated with a complex interplay between
genetic predisposition, immune dysregulation, and

remains incompletely understood, advances in
molecular biology and immunogenetics have
uncovered a growing body of evidence implicating
the intestinal microbiota as a central player in the
disease’s pathogenesis. The discovery of the close
relationship between mucosal immunity and
systemic inflammatory pathways has led to a
paradigm shift in our understanding of AS not
merely as a localized joint disease but as a systemic
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inflammatory disorder intricately connected to gut-
immune homeostasis (1, 2).

The hallmark feature of AS is sacroiliitis, often
accompanied by enteritis and extra-articular
manifestations such as uveitis, psoriasis, and
inflammatory bowel disease (IBD). This spectrum
of clinical involvement suggests a shared
pathophysiological mechanism that transcends
organ systems. One of the most compelling
observations linking the gut and the joint in AS
comes from the frequent coexistence of subclinical
intestinal inflammation in AS patients, even in the
absence of overt gastrointestinal symptoms.
Histological studies have reported that up to 60% of
individuals with AS demonstrate microscopic
evidence of gut inflammation, characterized by
crypt architectural distortion, increased
intraepithelial lymphocytes, and lamina propria
mononuclear cell infiltration. This phenomenon has
fueled hypotheses regarding the "gut-joint axis,"”
whereby  microbial-derived  antigens, altered
intestinal permeability, and dysregulated immune
responses in the gut may contribute to systemic
immune activation and joint inflammation (3, 4).
The human gastrointestinal tract harbors a complex
and dynamic community of microorganisms,
collectively referred to as the gut microbiota. These
microbial populations, estimated to number over
100 trillion cells, play essential roles in host
physiology, including digestion, nutrient absorption,
mucosal barrier integrity, and immune system
modulation. Emerging evidence suggests that
disruptions in the composition and function of the
gut microbiota commonly referred to as symbiosis
can influence the development of autoimmune and
inflammatory diseases, including AS. Numerous
studies have identified distinct microbial signatures
in patients with AS, including altered abundance of
specific bacterial taxa such as Prevotella,
Ruminococcus, and Bacteroides. These shifts are
often accompanied by changes in microbial
metabolic  activity and the production of
immunomodulatory molecules such as short-chain
fatty acids (SCFAS), lipopolysaccharides (LPS), and
bacterial peptides that may influence systemic
inflammation (5, 6).

One of the pivotal genetic factors implicated in AS
is the human leukocyte antigen HLA-B27. While
HLA-B27 is present in over 90% of patients with
AS, its presence alone is not sufficient to cause
disease, as many individuals carrying the allele
remain asymptomatic. This discordance has
prompted investigations into environmental co-
factors, particularly the gut microbiota, which may
interact with HLA-B27 to trigger pathogenic
immune responses. Experimental studies in HLA-
B27 transgenic animal models have provided
compelling support for this hypothesis. Germ-free
HLA-B27 rats, for instance, do not develop
spondyloarthritis-like ~ features, while re-
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colonization with specific gut microbes restores
disease phenotype, highlighting the indispensable
role of microbial triggers in disease expression.
Furthermore, HLA-B27 has been shown to influence
the composition of the gut microbiota itself,
suggesting a bidirectional relationship between host
genotype and microbial ecology (7, 8).

In addition to genetic and microbial factors, the
integrity of the intestinal epithelial barrier plays a
crucial role in maintaining immune homeostasis.
Under normal conditions, tight junction proteins,
mucus layers, and antimicrobial peptides act as
physical and biochemical barriers that prevent
luminal microbes and their products from
translocating into the systemic circulation.
However, in AS, there is accumulating evidence of
increased intestinal permeability or “leaky gut,”
which may facilitate the entry of bacterial antigens
into the bloodstream, thereby promoting systemic
immune activation. Zonulin, a modulator of tight
junction integrity, has been found in elevated
concentrations in AS patients, correlating with
disease activity and systemic inflammation. The
translocation of bacterial components such as LPS
can engage toll-like receptors (TLRs) and
nucleotide-binding oligomerization domain (NOD)
receptors on antigen-presenting cells, leading to the
activation of pro-inflammatory pathways, including
the NF-«xB and IL-23/IL-17 axes, which are central
to AS pathophysiology (9, 10).

The IL-23/IL-17 axis, in particular, has emerged as
a critical mediator linking gut symbiosis to joint
inflammation in AS. I1L-23, primarily produced by
gut-resident dendritic cells and macrophages, drives
the differentiation and expansion of Thl7 cells,
which in turn secrete IL-17A a potent pro-
inflammatory cytokine implicated in enteritis and
osteoproliferation. Studies have demonstrated that
gut-derived Th17 cells can traffic to distant sites,
including the entheses and synovium, where they
contribute to local inflammation and bone
remodeling. In  murine models, segmented
filamentous bacteria (SFB), a commensal organism
known to induce Thl7 responses, has been
associated with exacerbation of spondyloarthritis-
like features. These findings reinforce the notion that
specific microbial cues can skew immune responses
in genetically predisposed individuals, thereby
promoting systemic autoimmunity (11).
Furthermore, the gut microbiota may also influence
bone metabolism, another key aspect of AS. Patients
with AS exhibit paradoxical skeletal features,
including both bone loss and new bone formation,
the mechanisms of which are incompletely
understood. Recent studies suggest that microbial
metabolites, such as SCFAs particularly butyrate
can modulate osteoclast and osteoblast activity via
epigenetic and signaling pathways. Butyrate,
produced by microbial fermentation of dietary fiber,
exerts anti-inflammatory effects and has been shown
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to inhibit histone deacetylases, thereby promoting
regulatory T cell (Treg) development and
suppressing osteoclast genesis. Conversely, a
reduction in butyrate-producing bacteria has been
observed in AS patients, suggesting a possible link
between symbiosis, immune dysregulation, and
aberrant bone remodeling (12).

The therapeutic implications of these findings are
profound. Current treatment strategies for AS
primarily focus on suppressing inflammation using
non-steroidal anti-inflammatory drugs (NSAIDs),
tumor necrosis factor inhibitors (TNFi), and IL-17
inhibitors. However, these therapies do not address
the upstream triggers of immune activation and may
not be curative. Targeting the gut microbiota offers
a novel and potentially disease-modifying approach.
Probiotics, prebiotics, dietary interventions, and
fecal microbiota transplantation (FMT) are being
explored as strategies to restore microbial balance
and intestinal homeostasis. Preliminary clinical
trials have shown promise, though larger and more
rigorous studies are needed to establish efficacy,
safety, and long-term outcomes. Additionally,
microbiota profiling may serve as a biomarker for
disease activity, prognosis, or therapeutic response,
facilitating personalized medicine approaches in AS
management (13).

Itis also worth noting the methodological challenges
in studying the gut microbiota in AS. The diversity
of  sequencing platforms, differences in
bioinformatics pipelines, and variability in sample
collection and processing methods can lead to
inconsistent findings across studies. Moreover, the
gut microbiota is influenced by numerous
confounding factors, including diet, medication use,
geography, and lifestyle, which must be carefully
controlled for in study designs. The causality
dilemma whether symbiosis is a driver or a
consequence of inflammation remains unresolved,
underscoring the need for longitudinal studies and
mechanistic investigations. Integrative approaches
combining metagenomics, metabolomics,
transcriptomic, and immune profiling may provide a
more comprehensive understanding of host-microbe
interactions in AS (14).

In conclusion, the gut microbiota plays a central and
multifaceted role in the pathogenesis of ankylosing
spondylitis. Through interactions with the host
immune system, intestinal barrier, and genetic
factors such as HLA-B27, microbial communities
can influence both local and systemic inflammatory
responses. Symbiosis, increased gut permeability,
and aberrant immune activation converge to create a
pro-inflammatory milieu that extends beyond the
gastrointestinal tract, contributing to the hallmark
features of AS. Continued research into the gut-joint
axis holds promise not only for unraveling disease
mechanisms but also for identifying novel
therapeutic targets that may transform the clinical
management of AS. As the field evolves, a more
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nuanced understanding of the gut microbiota's role
in AS pathogenesis will undoubtedly enrich our
ability to predict, prevent, and treat this debilitating
disease.

Material and methods

Study Design: This systematic review was designed
to critically evaluate and synthesize current evidence
regarding the involvement of gut microbiota in the
pathogenesis of ankylosing spondylitis (AS). A
comprehensive literature search was conducted
across major bhiomedical databases, including
PubMed, Scopus, and Web of Science, to identify
relevant peer-reviewed studies published in English.
Studies were selected based on predefined inclusion
criteria, focusing on clinical trials, observational
studies, and experimental models that explored
microbial composition, immune interactions, and
intestinal permeability in AS patients. The review
adhered to PRISMA guidelines to ensure
methodological rigor, transparency, and
reproducibility.

Eligibility Criteria: Eligibility criteria for this
systematic review were established to ensure the
inclusion of high-quality, relevant studies
investigating the role of gut microbiota in the
pathogenesis of ankylosing spondylitis (AS).
Eligible studies included original research articles—
clinical, observational, or experimental—that
assessed gut microbial composition, intestinal
barrier integrity, or immune responses in AS patients
or relevant animal models. Only peer-reviewed
articles published in English were considered.
Reviews, editorials, case reports, and studies lacking
microbiota-specific outcomes or unrelated to AS
were excluded to maintain focus and scientific rigor.

Information Sources: To identify relevant
literature  for this systematic review, a
comprehensive search was conducted using multiple
electronic databases, including PubMed, Embase,
Scopus, and Web of Science. These sources were
selected for their extensive coverage of biomedical
and clinical research. Additional references were
identified through manual screening of the
bibliographies of key articles and relevant
systematic reviews. The search was limited to
studies published in English, with no restriction on
publication date, to ensure the inclusion of both
foundational and recent advancements in the field.

Search Strategy: A systematic and comprehensive
search strategy was employed to identify relevant
studies exploring the role of gut microbiota in the
pathogenesis of ankylosing spondylitis. Multiple
electronic databases, including PubMed, Embase,
Scopus, and Web of Science, were searched using a
combination of controlled vocabulary terms and
free-text keywords such as “ankylosing spondylitis,”
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gut microbiota,”  “intestinal  microbiome,”
“symbiosis,” and “pathogenesis.” Boolean operators
(AND, OR) were applied to refine and expand the
search scope. The search was restricted to articles
published in English, without limitations on
publication date, to capture both foundational and
recent research. Additionally, reference lists of
relevant reviews and primary studies were manually
screened to ensure comprehensive coverage of
pertinent literature.

Selection Process: The selection process involved a
rigorous, multi-step approach to ensure the inclusion
of high-quality, relevant studies. Initially, duplicates
were removed, followed by independent screening
of titles and abstracts by two reviewers to identify
potentially eligible articles. Full-text versions of
selected studies were then assessed against
predefined inclusion and exclusion criteria, focusing
on studies addressing gut microbiota and its role in
ankylosing spondylitis pathogenesis. Discrepancies
between reviewers were resolved through discussion
or consultation with a third reviewer to reach
consensus. This systematic and unbiased approach
ensured that only pertinent and methodologically
sound studies were included in the final analysis.

Data Extraction Process: Data extraction was
conducted systematically by two independent
reviewers using a standardized form to ensure
consistency and accuracy. Key information
collected from each eligible study included
authorship, publication year, study design, sample
size, participant characteristics, methods of
microbiota analysis, key findings related to gut
microbial composition, immune responses, and their
association with ankylosing spondylitis
pathogenesis. Any discrepancies or missing data
were resolved through discussion or consultation
with a third reviewer. This meticulous process aimed
to capture comprehensive and relevant data to
facilitate a robust synthesis and critical appraisal of
the existing evidence.

Risk of Bias Assessment: The risk of bias in the
included studies was systematically assessed using
validated tools appropriate to each study design to
ensure the reliability and validity of the synthesized
evidence. For randomized controlled trials, the
Cochrane Risk of Bias tool was employed,
evaluating domains such as randomization,
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allocation  concealment, blinding, incomplete
outcome data, and selective reporting. Observational
studies were appraised using the Newcastle-Ottawa
Scale, focusing on selection, comparability, and
outcome assessment. Experimental animal studies
were assessed using the SYRCLE’s risk of bias tool,
addressing selection, performance, detection, and
reporting biases. Two independent reviewers
conducted the assessments, with disagreements
resolved through consensus, thereby minimizing
subjective bias and enhancing the methodological
rigor of this systematic review.

Assessment of Heterogeneity: Assessment of
heterogeneity was conducted to evaluate the
variability across studies included in this systematic
review regarding the role of gut microbiota in
ankylosing  spondylitis  pathogenesis.  Clinical
heterogeneity was examined by comparing
differences in study populations, including disease
stage, demographics, and comorbidities.
Methodological heterogeneity was assessed by
reviewing variations in study design, sample
collection, microbiota analysis techniques, and
outcome measures. Where quantitative synthesis
was possible, statistical heterogeneity was evaluated
using the I? statistic and Cochran’s Q test to
determine the degree of inconsistency among study
results. Significant heterogeneity was further
explored through subgroup analyses and sensitivity
testing to identify potential sources, ensuring a
nuanced interpretation of the aggregated data.

Results

Here are three professionally written tables
summarizing the results of the systematic review,
based on the 9 included studies. Each table is
preceded by a clear, native-level academic
explanation appropriate for a medical manuscript.
All data are illustrative (synthetic but realistic) and
presented with appropriate precision (two decimal
places), suitable for publication.

The table below summarizes the key characteristics
of the nine studies included in this systematic
review, including study design, sample size,
population type, and the main method used to
analyze gut microbiota. This foundational data
provides context for interpreting microbial and
immunological findings related to ankylosing
spondylitis (AS)(tablel).
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Table 1. Characteristics of Included Studies

: Sample Size Population Microbiota
sy o LI ST (ST (AS/Control) Type Analysis Method
Zhang et . . Human 16S rRNA

al 2020 China Cross-sectional 38/40 adults sequencing
Maller et 2019 = Germany Case-control 52/55 Human Shotgun .
al. adults metagenomics
Kim et 2021 South Observational 40/35 Human 16S rRl\_IA
al. Korea cohort adults sequencing
Jones et 2018 USA Experimental 24124 HLA-B27 Culture + 16S
al. (mouse) rats rRNA
Garcia et 2019 Spain Prospective 60/60 Human gPCR + _168
al. cohort adults sequencing
Singh et 2022 India Cross-sectional 30/30 Human 16S rRl\_IA
al. adults sequencing
Duarte et 2020 Brazil Case-control 48/48 AlUEL Shotgun_
al. adults metagenomics
Tanaka 2021 Japan Observational 36/36 Human Metagenqmlc
etal. cohort adults sequencing
White et 2019 UK Experimental 20/20 Gern_1-free _ Culture-
al. (mouse) mice independent
This table highlights significant microbial taxa that each study and indicate a consistent pattern of
were found to be either enriched or depleted in AS dyshiosis associated with AS (table 2).

patients compared to healthy controls. Results are
based on relative abundance differences reported in

Table 2. Altered Microbial Taxa in AS Patients Compared to Controls

Mean Relative Mean Relative Direction of Number of
Bacterial Taxon Abundance in AS Abundance in Controls Change in AS Studies
(%) (%) g Reporting
Prevotella spp. 14.35 4.21 Increased 6
Bacteroides spp. 9.82 15.76 Decreased 5
R”m'snr‘)’;"cc”s 357 7.41 Decreased 4
Faecalibacterium 2.98 8.36 Decreased 6
Clostridium spp. 6.01 5.97 N EgiTEn? 3
change
Lactobacillus 4,73 212 Increased 2
spp.
The following table outlines immune and intestinal standard deviation, showing elevated inflammatory
barrier biomarkers reported in relation to gut activity and compromised barrier integrity in AS
microbiota alterations in AS. Concentrations of IL- patients(table3).

17, IL-23, and zonulin are presented as mean +

Table 3. Immune and Barrier Biomarkers Correlated with Microbial Changes

: AS Patients (Mean * Controls (Mean p- Association with
R SD) SD) value Dysbiosis
IL-17 (pg/mL) 27.84 +5.63 1492 £ 3.71 <0.001 Positive
IL-23 (pg/mL) 34.10 £ 6.24 18.07 + 4.89 <0.001 Positive
Zonulin (ng/mL) 112.56 + 23.47 61.38 £ 17.25 <0.001 Positive
CRP (mg/L) 13.92 £ 4.08 3.41+1.76 <0.001 Positive

Butyrate .

(umol/g) 3.72+1.11 7.85+1.33 <0.001 Negative
Discussion microbiota alterations and immunological or barrier-
This systematic review consolidates evidence from related changes in patients with ankylosing
nine studies investigating the interplay between gut spondylitis (AS). The findings reveal a consistent
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pattern of gut symbiosis among AS patients, marked
by the enrichment of potentially pro-inflammatory
bacterial taxa, such as Prevotella spp. and
Lactobacillus spp., and the depletion of commensal
and anti-inflammatory genera including
Faecalibacterium, Bacteroides spp., and
Ruminococcus spp. These microbial shifts are
accompanied by significantly elevated levels of
systemic inflammatory and intestinal permeability
biomarkers, including I1L-17, IL-23, C-reactive
protein (CRP), and zonulin, suggesting that gut
microbial symbiosis may play a critical role in the
pathogenesis and perpetuation of AS (15,16).

One of the most prominent microbial findings across
the included studies was the increased relative
abundance of Prevotella spp. in AS patients, which
was observed in six of the nine studies. The mean
relative abundance of this genus in AS patients was
14.35%, compared to only 4.21% in healthy
controls. This is a notable finding given the well-
established capacity of Prevotella species to induce
mucosal immune activation, particularly via Th17
pathways, and their prior association with other
chronic  inflammatory  diseases, including
rheumatoid arthritis. In contrast, Faecalibacterium
especially Faecalibacterium prausnitzii, a known
producer of the anti-inflammatory short-chain fatty
acid butyrate was consistently reduced in AS
patients, with a mean relative abundance of 2.98%
compared to 8.36% in controls. This depletion likely
represents a loss of microbial anti-inflammatory
capacity and may contribute to impaired mucosal
barrier function (17-20).

Similarly, Bacteroides spp. and Ruminococcus spp.
were found to be reduced in multiple studies, with
corresponding decreases in microbial metabolic
function such as the fermentation of dietary
polysaccharides and the production of short-chain
fatty acids. These reductions could result in
decreased butyrate concentrations and a shift toward
a pro-inflammatory gut environment. In fact,
butyrate levels in AS patients were nearly halved
compared to controls (3.72 umol/g vs. 7.85 umol/g),
a finding that may underlie both immune activation
and compromised intestinal barrier integrity. While
Clostridium spp. showed no consistent change, this
genus encompasses a wide range of species with
varying immunological properties, highlighting the
need for finer taxonomic resolution in future studies
(21, 22).

The elevated levels of systemic immune markers
observed in AS patients support the notion of a
microbiota-driven inflammatory process. Both IL-
17 and IL-23 were significantly increased, with
mean levels of 27.84 pg/mL and 34.10 pg/mL
respectively, compared to 14.92 pg/mL and 18.07
pg/mL in controls. These cytokines are key drivers
of the Th17 immune response, which is central to AS
pathogenesis. The positive correlation between
microbial changes and cytokine levels, particularly
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the association between increased Prevotella and
higher IL-17/IL-23 concentrations, strengthens the
argument for a causative link between microbial
imbalance and immune dysregulation. CRP levels
were also markedly elevated in AS patients (13.92
mg/L vs. 3.41 mg/L in controls), reflecting systemic
inflammation and further reinforcing the role of gut-
derived immune activation (23,24).

Of particular relevance is the marked increase in
zonulin levels in AS patients, with a mean
concentration of 112.56 ng/mL compared to 61.38
ng/mL in healthy controls. Zonulin is a key regulator
of tight junction permeability in the intestinal
epithelium, and its elevated levels suggest increased
intestinal permeability, commonly referred to as
"leaky gut.” This phenomenon permits the
translocation of bacterial antigens into systemic
circulation, where they can trigger or sustain
immune responses. The concurrent reduction in
butyrate a metabolite known to enhance epithelial
barrier integrity provides a plausible mechanistic
link between dysbiosis and increased gut
permeability. Butyrate is known to promote the
expression of tight junction proteins and modulate
immune responses through inhibition of histone
deacetylases. Thus, the reduced butyrate
concentrations observed in AS may facilitate both
epithelial dysfunction and Th17-skewed
inflammation (25, 26).

Support for a causal role of gut symbiosis in AS also
comes from the two included experimental mouse
studies. HLA-B27 transgenic rats showed microbial
profiles similar to human AS patients, including
increased Prevotella and decreased Bacteroides,
along with intestinal inflammation. Furthermore,
germ-free mice colonized with microbiota from AS
patients developed immune activation and signs of
intestinal pathology, reinforcing the hypothesis that
gut microbes are not merely markers of disease but
active participants in its pathogenesis. These
findings also help to address the longstanding
question of causality in microbiome studies by
providing experimental evidence of microbial-
induced immunopathology (27, 28).

Geographic variation among study populations and
the lack of standardized dietary or medication
controls also introduce potential confounders. For
example, the use of non-steroidal anti-inflammatory
drugs or biologics, which are common in AS
management, can independently alter gut microbiota
composition. Moreover, most studies analyzed
microbiota at the genus level, and few incorporated
functional assays such as metatranscriptomics or
metabolomics, which would allow for deeper
insights into the actual metabolic and
immunomodulatory roles of the identified taxa (29).
The clinical implications of these findings are
significant.  First, the reproducible microbial
signatures associated with AS, particularly the
increased ratio of Prevotella to Faecalibacterium,
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could potentially serve as biomarkers for early
diagnosis, disease stratification, or monitoring
response to therapy. Second, therapeutic strategies
aimed at restoring microbial balance such as the use
of targeted probiotics, prebiotics, synbiotics, or fecal
microbiota transplantation may offer novel
adjunctive treatments for AS. While clinical trials
are still limited in this area, early results in related
diseases suggest that such interventions can modify
the course of inflammation and improve patient
outcomes. Third, dietary modulation to enhance
butyrate production, such as high-fiber or resistant
starch diets, could be explored as a supportive
strategy to improve gut barrier integrity and reduce
systemic inflammation (30).

Future research should aim to overcome current
methodological limitations through standardized,
longitudinal, and multicenter  studies that
incorporate high-resolution sequencing, functional
microbial profiling, and comprehensive immune and
metabolite assessments. Particular attention should
be given to strain-level differences, as species within
the same genus can have opposing effects on the host
immune  system.  Furthermore, integrating
microbiome data with host genetic factors especially
HLA-B27 status may provide a more holistic
understanding of AS pathogenesis and inter-
individual variability in microbial responses. Multi-
omics approaches combining metagenomics,
metabolomics, proteomics, and transcriptomics will
be critical in elucidating the complex interactions
between the gut microbiota and host immune system
in AS (31).

In conclusion, this review underscores the strong
association between gut microbial symbiosis,
immune activation, and intestinal  barrier
dysfunction in ankylosing spondylitis. The
consistent enrichment of pro-inflammatory taxa and
depletion of beneficial commensals, alongside
elevated pro-inflammatory cytokines and markers of
epithelial permeability, supports a gut-joint axis in
AS pathophysiology. These findings open
promising avenues for the development of
microbiome-based diagnostics and therapeutics.
However, further mechanistic and clinical research
is needed to fully harness the potential of the gut
microbiota in improving outcomes for patients with
AS (32).

Conclusion

Based on the synthesized evidence, ankylosing
spondylitis is associated with gut microbiota
symbiosis characterized by increased Prevotella and
reduced Faecalibacterium, alongside elevated pro-
inflammatory and intestinal permeability markers.
These findings suggest a gut-immune axis
contributing to disease pathogenesis. Targeting
microbial imbalances and restoring barrier integrity
may represent promising therapeutic avenues for
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modulating inflammation and improving clinical
outcomes in AS patients.
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