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Abstract

The gut microbiome is increasingly recognized as an
active mediator between diet and immune regulation
rather than a passive bystander. Disruption of this
ecosystem may contribute to impaired barrier integrity
and chronic inflammatory tone-mechanisms highly
relevant to autoimmune disease pathophysiology. This
structured review synthesizes mechanistic and clinical
evidence regarding the role of fermented foods,
specifically yogurt, kefir, and sauerkraut, in the context
of Hashimoto’s thyroiditis, rheumatoid arthritis, and
multiple sclerosis.

More than 100 scientific sources were consulted
through structured searches in PubMed/MEDLINE,
Scopus, Science Direct, and Google Scholar. Research
suggests that fermented foods influence the gut-
immune axis by supporting epithelial barrier
integrity, modulating inflammatory signaling,
and affecting the Treg/Th17 balance via microbial
metabolites like short-chain fatty acids. These
foods act as whole-matrix interventions, providing
organic acids and bioactive peptides beyond
just live microbes. A central debate is whether
dysbiosis drives autoimmunity or results from it;
we argue this relationship is bidirectional, where
dysbiosis both reflects and amplifies autoimmune
processes, while diet-derived modulation remains
biologically plausible but clinically variable. The
evidence indicates relevant mechanistic potential for
fermented foods, particularly through microbiome-
related and barrier-supportive pathways. Currently,
yogurt has the most consistent human support
for safety and modest immunomodulatory effects,
including favorable changes in inflammatory
mediators. Kefir and sauerkraut show promising
signals regarding microbial diversity and metabolite
production, though evidence remains limited and

methodologically heterogeneous. While supporting
a rational adjunctive role for these foods within
personalized nutrition, the literature highlights a
lack of large, long-term, disease-specific randomized
controlled trials (RCTs).

Fermented foods represent a scientifically plausible
and safe adjunct for autoimmune diseases but should
not substitute standard medical therapy. Yogurt
currently holds the strongest support, while kefir and
sauerkraut remain promising but under-investigated.
Future research should prioritize rigorous RCTs using
standardized matrices and integrated biomarker
monitoring to determine true clinical effect sizes.

Keywords: Fermented foods, Gut microbiome,
Autoimmune diseases, Yogurt, Kefir, Sauerkraut.

1. Introduction

Autoimmune diseases comprise a heterogeneous
group of chronic disorders in which immune tolerance
to self-antigens is disrupted, leading to persistent
inflammatory responses and progressive tissue injury.
Their development cannot be attributed to a single
cause; rather, it reflects a complex interaction among
genetic susceptibility, environmental exposures,
lifestyle, immune dysregulation, and microbiome-
related factors [1 - 4]. Within this multifactorial
framework, the gut microbiome has emerged as a
biologically relevant mediator linking diet to immune
homeostasis. Acting at the interface between dietary
inputs, epithelial barrier integrity, mucosal immunity,
and systemic immune signaling, the intestinal
microbiome helps shape inflammatory tone and
immuneregulation[5,6].Whenthisecosystemisdiverse
and functionally stable, it supports epithelial integrity
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and balanced immune responses, partly through the
production of short-chain fatty acids (SCFAs) and other
bioactive metabolites [7 - 9]. Conversely, disruption
of the dietary-microbial relationship, dysbiosis, and
increased intestinal permeability have been associated
with impaired barrier function, enhanced immune
activation, and mechanisms relevant to autoimmune
pathophysiology [10 - 13]. Microbial metabolites
have also been shown to promote regulatory T-cell
generation, providing an important mechanistic
link between commensal metabolism and immune
tolerance [14].

Against this background, fermented foods have
attracted growing scientific interest as whole-matrix
dietary exposures capable of influencing the gut-
immune axis through more than one pathway [15 - 18].
Depending on the product and processing method,
they may provide live microorganisms, organic acids,
peptides, exopolysaccharides, and other fermentation-
derived compounds with potential relevance for
microbial ecology and host signaling [15, 17, and 18].
Importantly, fermented foods are not synonymous
with probiotics, and their biological effects are not
uniform. They depend on the food matrix, microbial
composition, preparation method, dose, processing
conditions, and host-related factors [15 - 18]. Human
intervention evidence further suggests that diets rich
in fermented foods may increase gut microbiome
diversity and reduce selected inflammatory proteins,
although these findings cannot be directly translated
into disease-specific therapeutic claims [19].

This structured review synthesizes mechanistic and
human evidence on three widely recognized fermented
foods: yogurt, kefir, and sauerkraut, in relation to three
autoimmune conditions: Hashimoto's thyroiditis,
rheumatoid arthritis, and multiple sclerosis. The aim
is to examine how fermented foods may interact
with microbiome-related pathways, epithelial barrier
function, inflammatory signaling, and regulatory
T-cell/T helper 17 (Treg/Th17) balance, and to clarify
where the evidence is consistent, where it remains
limited, and how these findings may be interpreted
within a personalized nutritional approach rather than
as a substitute for standard medical therapy.

2. The gut-immune axis and fermented foods
in autoimmune disease

This structured review was based on literature
searches conducted in PubMed/MEDLINE, Scopus,
ScienceDirect, and Google Scholar. The search focused
on combinations of terms related to fermented foods,
yogurt, kefir, sauerkraut, gut microbiome, dysbiosis,
intestinal barrier, immune regulation, Hashimoto's
thyroiditis, rheumatoid arthritis, and multiple sclerosis.

84

Priority was given to peer-reviewed review articles,
systematic reviews, randomized controlled trials,
human intervention studies, and mechanistic studies
relevant to the gut-immune axis. Due to heterogeneity
in study design, fermented-food definitions, disease
populations, and reported outcomes, the evidence
was synthesized narratively rather than through meta-
analysis.

2.1 Gut microbiome, immune homeostasis, and
epithelial barrier function

The gut microbiome represents a highly complex
ecological system composed of bacteria, archaea,
fungi, and viruses that coexist with the host and
participate in physiological processes relevant
to nutrition, metabolism, epithelial integrity, and
immune regulation [2 - 6]. It functions as an active
biological interface between diet and the immune
system, continuously shaping mucosal and systemic
immune responses through direct cellular interactions
and metabolite-mediated signaling [3 - 6].

A key part of this interaction is the intestinal epithelial
barrier, which acts as a selectively permeable interface
between the luminal environment and the internal
milieu. This barrier is made up of a single layer of
epithelial cells connected by tight junction proteins
and supported by mucus, antimicrobial peptides, and
secretory immunoglobulin A, all of which help promote
immune tolerance while preventing unnecessary
inflammatory activation [4, 6, and 9]. Under normal
conditions, the barrier allows for controlled nutrient
absorption and prevents excessive transfer of
microbial products and other luminal antigens. Its
functional integrity is crucial for maintaining immune
balance. Conversely, disrupting the dietary-microbial
relationship, including chronic low-fiber intake, may
weaken mucus integrity and increase host exposure to
luminal content [10].

The gut microbiome contributes to immune balance
through  several complementary mechanisms.
Commensal microorganisms interact with innate
immune receptors, influence antigen-presenting cell
activity, support mucus production, and participate in
the maintenance of epithelial integrity [4 - 9]. At the
same time, microbial metabolites, particularly SCFAs
such as acetate, propionate, and butyrate, play an
important regulatory role in host physiology. SCFAs
serve not only as products of microbial fermentation
of dietary fiber, but also as signaling molecules that
support epithelial barrier function, modulate cytokine
production, and influence immune-cell differentiation
[7, 8]. Among them, butyrate has received particular
attention because it serves as a major energy source for
colonocytes and is strongly linked to anti-inflammatory
and barrier-supportive effects [7, 8]. Through these
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pathways, the microbiome helps maintain a controlled
relationship between immune surveillance and
immune tolerance.

2.2 Dysbiosis and autoimmune relevance

Dysbiosis refers to a disruption in the composition and
functional balance of the gut microbiome that may
compromise immune regulation, promote chronic
inflammation, and increase susceptibility to immune-
mediated disease [11, 12]. This disturbance may involve
reduced abundance of microorganisms associated
with anti-inflammatory functions, expansion of
opportunistic taxa, altered microbial metabolite
production, or a combination of these changes.
Importantly, dysbiosis should not be interpreted as
a uniform or disease-specific phenomenon. Rather,
it represents a spectrum of ecological and functional
perturbations whose clinical relevance depends on
host context, underlying disease, medication exposure,
diet, and other environmental factors [11, 12].

One of the most biologically relevant consequences
of dysbiosis is impaired barrier integrity. When the
intestinal barrier becomes functionally weakened,
microbial components and luminal antigens may
more easily interact with the mucosal immune system,
favoring activation of innate inflammatory pathways
and sustained immune reactivity [10, 12, and 13].
Increased intestinal permeability is therefore often
discussed as a potential cofactor in autoimmune
pathophysiology, not necessarily as an isolated
cause, but as a permissive condition that may amplify
inflammatory signaling in susceptible individuals [12,
13]. Lipopolysaccharide and other microbial molecules
may further reinforce this process by stimulating
pattern-recognition receptors and sustaining a pro-
inflammatory milieu.

Dysbiosis may also alter the balance between
regulatory and effector immune pathways. Reduced
production of SCFAs, particularly butyrate, is of special
relevance because these microbial metabolites are
linked to epithelial support, immune tolerance, and
the regulation of T-cell differentiation [7, 8, and 14]. A
shift away from SCFA-producing or anti-inflammatory
commensals may therefore contribute to a more
reactive immune environment, including disturbance
of the Treg/Th17 equilibrium frequently implicated in
chronicinflammatory and autoimmune states [7, 8,and
14]. Current human evidence suggests that dysbiosis
is associated with several autoimmune diseases, but
causal interpretation remains difficult [11, 12]. Taken
together, these findings support the view that dysbiosis
is best understood as a biologically relevant and
potentially amplifying factor in autoimmunity, while
the precise direction of causality remains unresolved
and likely bidirectional rather than linear [11, 12].

2.3 Fermented foods as whole-matrix microbiome
modulators

Fermented foods are increasingly being investigated as
microbiome-relevant dietary exposures because their
biological effects extend beyond the simple delivery
of live microorganisms [15, 17, and 18]. According to
contemporary scientific definitions, fermented foods
and beverages are produced through the controlled
growth of microorganisms and the enzymatic
transformation of food components, resulting in
biochemical changes that can modify the sensory,
nutritional, and functional properties of the original
matrix [15, 17, and 18]. This distinction is important
because fermented foods are not synonymous with
probiotics. A product may be fermented without
meeting the formal probiotic definition, which
requires the presence of specific live microorganisms
administered in adequate amounts and shown to
confer a health benefit on the host [15, 16].

From a mechanistic perspective, fermented
foods may influence the gut ecosystem through
several complementary pathways. Some products,
particularly those that are unpasteurized or minimally
processed, may provide viable microorganisms
capable of transient interaction with the host gut
environment. Fermentation also generates a wide
range of biologically active compounds, including
organic acids, bioactive peptides, exopolysaccharides,
and other small metabolites that may affect microbial
ecology, epithelial signaling, and inflammatory tone
[15, 17, and 18]. In addition, fermentation alters the
food matrix itself, potentially influencing digestibility,
nutrient availability, and the metabolic context in
which host-microbe interactions occur. For this reason,
fermented foods are best understood as whole-matrix
interventions rather than as simple microbial carriers.

Their biological activity depends not only on whether
live microorganisms are present, but also on the food
substrate, fermentation process, final metabolite
profile, degree of processing, and the characteristics
of the individual consuming them [15, 17, and 18].
Accordingly, the effects of fermented foods cannot be
assumed to be uniform across products or populations.
Human evidence, although still limited, supports their
plausibility as modulators of microbiome-related and
immune-related pathways. In a controlled dietary
intervention, a diet high in fermented foods was
associated with increased microbiome diversity and
reductions in several inflammatory proteins in healthy
adults, suggesting that fermented foods may influence
both microbial ecology and host immune status [19].
At the same time, systematic and critical reviews
emphasize that the current evidence base remains
heterogeneous, with important differences in product
definition, microbial viability, dose, duration, and
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measured outcomes [17, 18]. The principal pathways
through which fermented foods may interact with the
gut-immune axis are summarized in Figure 1.

Fermented foods such as yogurt, kefir, and sauerkraut
may affect autoimmune-relevant pathways through
combined matrix effects, including live microorganisms
when present, fermentation-derived metabolites, and
food-structure-related interactions. These inputs may
influence gut microbiome composition and function,
microbial metabolite production, epithelial barrier
integrity, and immune regulation, including Treg/
Th17-related pathways, thereby contributing to the
modulation of inflammatory tone in Hashimoto's
thyroiditis, rheumatoid arthritis, and multiple sclerosis.

Fermented foods

* Yogurt
» Kefir
* Sauerkraut

U

Fermentation-related inputs

» Live microorganisms
+ Organic acids
» Bioactive compounds

* Matrix effects

Gut microbiome

* Increased diversity
» Functional stability
* Selective taxonomic shifts
* Host—microbe interactions

U

Microbial metabolites

* SCFAs
» Butyrate, propionate, acetate
» Other signaling metabolites

~

Barrier support
= Tight-junction support
* Mucosal integrity

» Reduced permeability
* Reduced local inflammation

+ &

Immune regulation
» Ireg/Th17 modulation
* Cytokine balance

» Reduced inflammatory tone
* Relevance in HT, RA, and MS

Figure 1. Proposed pathway from fermented food
consumption to immune regulation via the gut
microbiome. SCFAs, short-chain fatty acids;

HT, Hashimoto’s thyroiditis; RA, rheumatoid arthritis;
MS, multiple sclerosis; Treg, regulatory T cell;
Th17,T helper 17 cell
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2.4 Yogurt, kefir, and sauerkraut as relevant
fermented-food models

Yogurt, kefir, and sauerkraut were selected as the
principal fermented-food models in this review
because together they capture both the diversity of
fermented food matrices and the current spectrum of
evidence relevant to the gut-immune axis [17, 18]. They
represent two major categories of fermented foods
with distinct biological characteristics: fermented
dairy matrices and fermented vegetable matrices. This
distinction matters because microbial composition,
fermentation chemistry, nutrient background, and host
tolerance may differ substantially across product types,
potentially influencing their effects on microbiome-
related and immune-related pathways [17, 18].

Yogurt was prioritized because it remains the most
widely studied and clinically accessible fermented dairy
product, with the strongest human evidence for safety,
tolerability, gastrointestinal relevance, and modest
immunomodulatory potential [18, 20 - 22]. Its microbial
profile is relatively standardized compared with many
otherfermented foods,and human studies suggest that
yogurt consumption may be associated with favorable
shifts in gut microbiome composition, metabolic
output, and selected immune-related markers [20,
21]. Evidence from fermented milk interventions also
supports the broader gastrointestinal relevance of this
matrix, although such findings should not be directly
extrapolated to autoimmune disease outcomes [22].

Kefirwasincluded becauseitrepresentsamore complex
fermented dairy ecosystem than yogurt. It contains a
broader and more variable consortium of lactic acid
bacteria and yeasts, with the potential to generate
a wider array of fermentation-derived metabolites
[23, 24]. Metagenomic and microbiological analyses
further demonstrate that kefir microorganisms may
differ substantially across products and production
methods, which is important when interpreting
biological effects [25]. Human and preclinical studies
suggest that kefir and kefir-associated microorganisms
may exert anti-inflammatory, barrier-supportive, and
microbiome-modulating effects, which makes kefir
highly relevant from a mechanistic perspective [26,
27]. However, compared with yogurt, the human
evidence remains more limited and methodologically
less consistent.

Sauerkraut was selected as the representative
fermented vegetable because it provides an
important contrast to dairy-based fermented foods
and reflects a traditional plant matrix rich in fiber,
organic acids, and fermentation-derived metabolites.
Microbial community analyses show that sauerkraut
fermentation can rapidly establish a stable lactic acid
bacteria-dominated community, while compositional
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studies suggest that sauerkraut brine contains
metabolites with potential gut-health relevance [28,
29]. Emerging human data from non-autoimmune
populations, including proof-of-concept and pilot
follow-up studies in athletes, further suggest that
sauerkraut may influence gut microbial composition,
although autoimmune-specific evidence remains
lacking [30, 31]. Review-level evidence also highlights
sauerkraut as a fermented vegetable with nutritional
and functional relevance, while emphasizing variability
related to preparation and processing [32].

Taken together, these three foods were chosen not
because they provide identical effects, but because
they offer complementary scientific value: yogurt
contributes the strongest human and translational
support, kefir contributes mechanistic richness
through its complex microbial ecosystem, and
sauerkraut contributes matrix diversity and a non-
dairy fermented model with growing mechanistic
relevance.

2.5 Hashimoto’s thyroiditis: microbiome-related
mechanisms and fermented-food relevance

Hashimoto's thyroiditis is the most common
autoimmune thyroid disorder and a leading cause
of primary hypothyroidism. It is characterized by
chronic lymphocytic infiltration of the thyroid gland,
progressive destruction of thyroid tissue, and loss of
immune tolerance to thyroid antigens, particularly
thyroid peroxidase and thyroglobulin [33 - 35].
Although geneticsusceptibilityisimportant, the clinical
expression of the disease is increasingly understood
as the result of interactions between inherited risk,
environmental exposures, immune dysregulation, and
possibly microbiome-related factors [33, 34].

Growing attention has been directed toward the
possible contribution of the gut microbiome to
autoimmune thyroid disease. Systematic review-level
evidence suggests that patients with autoimmune
thyroid disorders may exhibit microbiota alterations,
although findings differ across studies and do not
establish causality [36]. The thyroid-gut axis has been
proposed as a bidirectional interface through which
microbiota composition, intestinal permeability,
immune signaling, and micronutrient handling may
influence thyroid physiology and thyroid autoimmunity
[37]. In patients with Hashimoto’s thyroiditis, human
studies have reported alterations in gut microbiota
composition, reduced ecological stability, and changes
in taxa associated with immune and metabolic
regulation [38]. These findings support the concept
that the intestinal microbiome may participate in
thyroid autoimmunity through mechanisms involving
barrier dysfunction, altered immune signaling, and
chronic low-grade inflammation.

Microbiome-related mechanisms may also intersect
with thyroid metabolism and nutrient physiology.
Microbiome-derived metabolites have been linked to
thyroid dysfunction and may influence immune and
metabolic pathways relevant to autoimmune thyroid
disease [39]. Infectious and microbial exposures have
also been explored in the context of autoimmune
thyroid disorders, including associations with Yersinia
enterocolitica, although such relationships remain
complex and should not be interpreted as direct
causation [40]. In addition, gastrointestinal and
microbiome-related factors have been discussed as
potential contributors to interindividual variability
in thyroid hormone handling and enterohepatic
recycling, further emphasizing the clinical relevance
of the gut environment in patients with autoimmune
thyroid disease [41]. Meta-analytic evidence reinforces
that gut microbiota alterations are repeatedly
observed in autoimmune thyroid disorders, while also
highlighting heterogeneity and the need for better-
controlled studies [42].

Against this background, fermented foods are
of interest as adjunctive dietary exposures that
may support eubiosis, epithelial integrity, and
immunoregulatory signaling. However, the evidence
specific to Hashimoto’s thyroiditis remains limited.
At present, no large randomized clinical trials are
demonstrating that fermented foods directly improve
thyroid-specific outcomes such as thyroid-stimulating
hormone, free thyroxine, anti-thyroid peroxidase
antibodies, or thyroglobulin antibodies in this
population [36, 39, and 42]. Their relevance is therefore
indirect but biologically coherent. Fermented foods
may contribute to a more favorable gut milieu through
live microorganisms when present, fermentation-
derived metabolites, and matrix-related effects on
host-microbe interactions [15,18]. Human dietary
intervention data showing that fermented-food-rich
diets can increase microbiome diversity and reduce
selected inflammatory signals provide contextual
support for this hypothesis, but such findings cannot
be translated into disease-specific claims without
targeted trials in Hashimoto's thyroiditis [19].

2.6 Rheumatoid arthritis: mucosal inflammation,
dysbiosis, and fermented-food relevance

Rheumatoid arthritis (RA) is a chronic systemic
autoimmune disease characterized by persistent
synovial inflammation, progressive joint destruction,
and a broader inflammatory burden that extends
beyond the articular compartment [43]. Although its
most visible manifestations occur in the joints, current
pathogenic models increasingly support the view that
RA may begin, at least in part, at mucosal surfaces,
where environmental triggers, microbial factors, and
host susceptibility interact before clinically apparent
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arthritis develops [44]. This concept is consistent
with the observation that anti-citrullinated protein
antibodies can appear years before overt synovitis,
suggesting that early immune priming may occur
outside the joint itself [45].

Withinthisframework, thegutmicrobiomehasemerged
as one of the most relevant candidate mediators of
mucosal immune activation in RA. The mucosal origins
hypothesis provides a strong conceptual framework
for understanding how microbial and environmental
exposures may contribute to the transition from
immune tolerance to inflammatory autoimmunity
[45]. Human studies have described altered microbial
composition in affected individuals, particularly in
early or treatment-naive disease, with findings that
include expansion of Prevotella copri and changes in
other taxa associated with inflammatory signaling
and epithelial dysfunction [46]. Review-level and
mechanistic evidence further support the role of gut
microbiota in RA through pathways involving mucosal
immune activation, altered metabolite production,
and Th17-related responses [47]. Additional human
microbiome studies have reported expansion of rare
intestinal microbial lineages in RA, reinforcing the
concept that gut microbial ecology may be altered in
this disease [48].

This interpretation is strengthened by mechanistic and
intervention-level evidence suggesting that microbial
factors may participate in the generation and
amplification of autoimmunity. Dysbiosis may enhance
epithelial permeability, increase immune exposure
to microbial components, and favor inflammatory
cytokine networks that are central to RA pathogenesis,
particularly tumor necrosis factor-alpha (TNF-a),
interleukin-1 beta (IL-1B), and interleukin-6 (IL-6) [43,
45]. The reduced production of beneficial microbial
metabolites, such as SCFAs, may further weaken
barrier support and immunoregulatory balance [7, 8].
Fermented foods are therefore of particular interest
in RA, although the current evidence is stronger for
microbiome-targeted interventions in general than for
specific foods themselves.

Direct trials using yogurt, kefir, or sauerkraut as isolated
interventionsinRAarestill scarce.However,randomized
trials of probiotic supplementation, including
Lactobacillus casei, have reported improvements in
disease activity and inflammatory cytokines in some
patients [49]. Meta-analyses of randomized controlled
trials further suggest that probiotic supplementation
may have modest benefits in RA, although effects vary
by intervention, population, and outcome measure
[50, 51]. Synbiotic supplementation has also been
studied in RA. It may influence clinical and metabolic
responses, providing additional support for the broader
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concept that microbiome-directed interventions
can affect inflammatory disease pathways [52]. More
recent systematic reviews and meta-analyses across
inflammatory arthritis and autoimmune/rheumatic
diseases suggest that gut microbiota-based therapies
are generally feasible and may show modest efficacy
signals, while also emphasizing heterogeneity and the
need for better standardization [53, 54].

For this reason, fermented foods in RA are best
interpreted as potentially supportive elements
within a broader anti-inflammatory dietary pattern
rather than as stand-alone therapeutic agents. Their
relevance lies in translational plausibility: they may
contribute to a more favorable gut environment, but
current data do not justify claims of direct disease
modification.

2.7 Multiple sclerosis: the microbiome-gut-brain
axis and fermented-food relevance

Multiple sclerosis (MS) is a chronic immune-mediated
disease of the central nervous system characterized
by inflammatory demyelination, neuroaxonal injury,
and progressive neurological dysfunction [55, 56].
Although its clinical manifestations are centered in
the brain, spinal cord, and optic pathways, current
pathogenic models increasingly recognize that MS is
shaped by systemic immune dysregulation rather than
by isolated central nervous system events alone [55,
56]. Within this broader framework, the microbiome-
gut-brain axis has emerged as a biologically relevant
interface linking intestinal ecology, immune signaling,
barrier function, and neuroinflammation [57].

The gut microbiome may influence MS through
several interconnected mechanisms. Microbiome-
related factors may affect epithelial and endothelial
barrier integrity, including the intestinal barrier and,
indirectly, the blood-brain barrier, thereby influencing
systemic immune activation and central inflammatory
susceptibility [58]. Microbial metabolites and microbial-
associated signals can also shape peripheral immune
responses, including the balance between regulatory
and pro-inflammatory T-cell pathways that are highly
relevant to autoimmune neuroinflammation [57, 59].
Among microbiome-derived metabolites, SCFAs are
of particular interest. Reduced propionate availability
has been reported in MS, and clinical supplementation
with propionic acid has been associated with favorable
immunomodulatory shifts, including effects on Treg/
Th17 balance and signals suggesting a more favorable
disease course [59].

Human and experimental evidence support the view
that the gut microbiome is altered in MS and may
play more than a passive associative role. Functional
experiments have shown that gut microbiota
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derived from patients with MS can modulate host
immune responses and exacerbate autoimmune
neuroinflammation in animal models, providing
stronger biological support for a contributory role
of dysbiosis in disease-related immune imbalance
[60]. In this context, fermented foods are of growing
interest as adjunctive microbiome-supportive
exposures. However, direct trials evaluating yogurt,
kefir, or sauerkraut specifically in MS are still scarce.
Most available intervention data come instead from
broader microbiome-targeted strategies, including
probiotic, prebiotic, and related supplementation
approaches. A randomized clinical trial of probiotic
supplementation in MS reported changes in clinical
and para-clinical outcomes, although interpretation
remains limited by study design and heterogeneity
[61]. A randomized crossover trial of prebiotics
and probiotics in MS further supported feasibility
and tolerability, with some signals of symptom
improvement [62]. Systematic reviews of probiotic
interventions and MS-related microbiome research
indicate encouraging but still insufficient evidence
for strong clinical conclusions [63, 64].

Fermented foods in MS should therefore be interpreted
as potentially useful components of a personalized
dietary strategy aimed at supporting microbiome
diversity, barrier function, and immune regulation,
while standard disease-modifying therapy remains
central to care.

2.8 Comparative synthesis across the three diseases

Across Hashimoto’s thyroiditis, rheumatoid arthritis,
and multiple sclerosis, a common conceptual pattern
emerges: all three conditions involve chronic immune
dysregulation in which the gut microbiome may act as
a biologically relevant mediator rather than a passive
correlate [12, 36, 45, and 57]. In each disease, dysbiosis
has been linked, directly or indirectly, to altered barrier
function, abnormal inflammatory signaling, and
disruption of regulatory immune pathways. Although
the affected target tissues differ substantially, namely
the thyroid gland, synovium, and central nervous
system, the upstream logic of the gut-immune
interface shows considerable overlap.

Oneofthestrongest shared themesis theimportance of
epithelial and mucosal integrity. In all three conditions,
impaired barrier function is discussed as a permissive or
amplifying factor that may increase immune exposure
to luminal antigens and microbial products [9, 10,
13, 36, 45, and 58]. A second common theme is the
relevance of microbial metabolites, especially SCFAs,
which connect dietary pattern, microbiome activity,
epithelial support, and immunoregulation [7, 8, 14, 57,
and 59]. A third recurring theme is the involvement
of Treg/Th17-related immune balance, which appears

repeatedly across thyroid autoimmunity, inflammatory
arthritis, and neuroinflammation, although the
disease-specific expression of this imbalance is not
identical [14, 34, 45, and 59].

Despite these overlaps, the diseases also differ in how
strong and how direct the available microbiome-
related evidence is. In Hashimoto's thyroiditis, the gut-
thyroid axis is biologically plausible and supported
by associative evidence, systematic reviews, human
microbiome studies, and mechanistic interpretation,
butdirectdisease-specificfermented-foodintervention
data remain sparse [36 - 42]. In rheumatoid arthritis,
the mucosal origins hypothesis, early autoantibody
development, altered gut microbial composition,
Prevotella copri expansion, and microbiome-targeted
intervention studies provide a stronger framework for
linking dysbiosis with disease initiation, amplification,
and potential modulation [44 - 54]. In multiple
sclerosis, the evidence is particularly compelling from
a mechanistic standpoint because the microbiome-
gut-brain axis integrates immune, metabolic, barrier-
related, and neuroimmune signaling, and because
experimental and clinical studies suggest that disease-
relevant microbiota and microbial metabolites can
influence  autoimmune neuroinflammation and
immune balance [55 - 64]. Thus, while all three
conditions support microbiome relevance, the level
of mechanistic depth and translational support is not
uniform.

A similar hierarchy is seen when the evidence is
examined by the fermented-food matrix. Yogurt
currently has the most consistent translational support
becauseitis the most standardized and mostfrequently
studied fermented product in humans, with signals
for safety, tolerability, gastrointestinal relevance, and
modest immunomodulatory effects [20 - 22]. Kefir
is mechanistically attractive because of its complex
microbial ecosystem and broad metabolite profile,
but it remains less standardized and is supported
more strongly by compositional, microbiological,
preclinical, and limited clinical evidence than by large
clinical trials [23 - 27]. Sauerkraut adds important
matrix diversity and a non-dairy fermented model rich
in fiber and fermentation-derived metabolites, yet its
autoimmune relevance remains largely inferential and
mechanistic rather than clinically established [28 - 32].
Taken together, these patterns suggest that fermented
foods are best understood not as interchangeable
interventions, but as heterogeneous matrices
with different degrees of biological plausibility,
standardization, and clinical support. A comparative
overview of microbiome-related mechanisms, immune
pathways, and the current relevance of fermented
foods across the three autoimmune diseases is
presented in Table 1.
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Table 1. Comparative overview of microbiome-related mechanisms and fermented-food relevance in selected
autoimmune diseases

Autoimmune

disease

Main
microbiome-related
findings

Key
immune/barrier
mechanisms

Fermented-food
relevance

Current interpretation
of evidence

Hashimoto’s

Alterations in gut

Possible mechanisms

Fermented foods

Indirect but biologically

reported in MS, and
experimental transfer
studies suggest

that MS-associated
microbiota can
influence autoimmune
neuroinflammation. The
microbiome-gut-brain
axis provides a strong
mechanistic framework.

of peripheral immune
responses, Treg/Th17
balance, SCFA-related
immunometabolic
signalling, intestinal
and blood-brain
barrier effects, and
neuroimmune
communication.
Reduced propionate
availability has been
linked with MS-relevant
immune imbalance.

thyroiditis microbiota composition, |include impaired may support a more coherent evidence.
reduced ecological intestinal barrier favourable gut Fermented foods
stability, and changes integrity, increased environment through may be considered as
in taxa associated with exposure to microbial live microorganisms adjunctive components
immune and metabolic | antigens, altered when present, of a personalized anti-
regulation have been inflammatory signalling, |fermentation-derived inflammatory dietary
reported in autoimmune | and disturbance of Treg/ | metabolites, and matrix- | strategy, but they cannot
thyroid disease. The Th17-related immune related effects. However, |be claimed to directly
gut-thyroid axis is balance. Microbiome- direct trials with yogurt, |improve TSH, free
biologically plausible, related factors may also | kefir, or sauerkraut in thyroxine, anti-TPO, or
but evidence remains influence micronutrient | Hashimoto's thyroiditis | thyroglobulin antibodies
mostly associative. handling and thyroid are still lacking. without disease-specific
hormone metabolism. trials.
Rheumatoid | Dysbiosis has been Relevant mechanisms Direct trials using Moderate translational
arthritis described particularly include impaired fermented foods as plausibility.
in early or treatment- epithelial barrier isolated interventions Fermented foods are
naive RA, including function, increased in RA are scarce. best interpreted as
expansion of Prevotella | immune exposure to However, probiotic supportive elements
copri and other microbial | microbial components, |and synbiotic trials within a broader anti-
shifts associated with activation of pro- suggest that targeted inflammatory dietary
inflammatory signalling | inflammatory cytokine | microbial interventions | pattern, not as stand-
and mucosal immune networks, and Th17- may modestly improve | alone disease-modifying
activation. The mucosal | skewed immune disease activity and therapy.
origins hypothesis responses. Reduced inflammatory biomarkers
provides a strong SCFA production may in some patients.
framework for gut- further weaken immune
immune involvement. tolerance and barrier
support.
Multiple Gut microbiome Key mechanisms Direct studies of yogurt, | Mechanistically
sclerosis alterations have been include modulation kefir, or sauerkraut in compelling but clinically

MS are limited. Most
available evidence
comes from broader
microbiome-targeted
interventions, including
probiotic, prebiotic,
and metabolite-based
approaches. Fermented
foods may support
microbiome diversity,
barrier function, and
immune regulation,
but disease-specific
clinical evidence remains
insufficient.

incomplete evidence.
Fermented foods

may be considered as
supportive components
of personalized nutrition
in MS, while standard
disease-modifying
therapy remains central
to care. Larger disease-
specific randomized
controlled trials are
needed.

Legend: SCFAs, short-chain fatty acids; HT, Hashimoto's thyroiditis; RA, rheumatoid arthritis; MS, multiple sclerosis; Treg, regulatory T cell; Th17,

T helper 17 cell.

Overall, the comparative evidence supports a cautious
but meaningful conclusion: fermented foods appear
most credible as adjunctive dietary tools capable
of interacting with barrier-related, microbiome-
related, and immune-regulatory pathways across
autoimmune diseases, but the current literature does
not justify uniform or disease-specific therapeutic
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claims.

Their

strongest current justification
in biological plausibility, relative safety, and their
potential integration into personalized nutrition, while
the greatest unmet need remains rigorous, disease-
specific, long-term randomized clinical research using
clearly defined fermented matrices and harmonized
biomarker outcomes.

lies
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29 Current limitations,
unresolved questions

heterogeneity, and

Despite growing interest in the role of fermented foods
in immune-mediated disease, the current evidence
base remains limited by substantial methodological
and conceptual heterogeneity [17 - 19]. One of the main
challenges is that fermented foods are not uniform
interventions. Products classified under the same
general name may differ in microbial composition,
viability of microorganisms, fermentation conditions,
metabolite profiles, salt content, storage history,
and degree of processing, including pasteurization
[15, 17, and 18]. These differences make cross-study
comparisons difficult and limit the interpretation of
pooled conclusions.

A second limitation relates to study design. Much of the
available evidence is indirect, associative, preclinical,
or derived from broader microbiome-targeted
interventions rather than from well-controlled trials
using clearly defined fermented foods in specific
autoimmune diseases [19, 36, 52, 61, and 63]. Human
studies often differ in duration, sample size, baseline
dietary pattern, disease status, concurrent medication
use, and selected outcome measures. As a result,
the literature does not yet allow strong disease-
specific conclusions regarding whether yogurt, kefir,
or sauerkraut can meaningfully influence clinical
endpoints in Hashimoto’s thyroiditis, rheumatoid
arthritis, or multiple sclerosis [36, 50, 61, and 64].

Another unresolved issue concerns causality. Across
autoimmune diseases, dysbiosis is frequently
reported, yet it remains difficult to determine whether
these microbial alterations precede disease, result
from chronic inflammation and treatment exposure,
or reflect a bidirectional interaction between host
immunity and microbial ecology [12, 45, and 57]. This
question is particularly important when interpreting
nutritional interventions. Even when fermented foods
appear relevant from a mechanistic standpoint, the
extent to which they can reverse or meaningfully
modulate established autoimmune processes remains
uncertain. Product-specific effects, host-specific
responses, and background dietary context likely all
contribute to the variability of findings.

There is also a need for greater standardization of
biomarkers and endpoints. Future studies should
move beyond general inflammatory markers alone
and incorporate integrated outcome sets that include
microbiome profiling, barrier-related biomarkers,
immune-cell signatures, metabolite analysis, and
clinically meaningful disease measures [19, 36, 59,
and 61]. In autoimmune thyroid disease, this would
include thyroid-specific markers such as thyroid-
stimulating hormone, free thyroxine, anti-thyroid

peroxidase antibodies, and thyroglobulin antibodies.
In rheumatoid arthritis, disease activity indices
and inflammatory biomarkers should be evaluated
alongside microbiome outcomes. In multiple sclerosis,
future work should ideally include immune biomarkers
together with disability scores, relapse-related data,
and neuroimaging-relevant outcomes where feasible.

Taken together, the literature supports cautious
scientific optimism, but not overstatement. The most
important unanswered question is not whether
fermented foods are biologically interesting; they
clearly are, but rather which products, in which doses,
in which patient populations, and under which clinical
conditions can produce reproducible and clinically
meaningful effects. Resolving this question will require
larger, longer-term, disease-specific randomized
controlled trials using standardized fermented matrices
and harmonized methodological frameworks.

3. Conclusions

- Fermented foods are scientifically plausible adjuncts
in the context of autoimmune disease because they
may influence the gut-immune axis through multiple
interconnected pathways, including modulation
of microbial ecology, support of epithelial barrier
integrity, and effects on immune-regulatory signaling.
Across Hashimoto's thyroiditis, rheumatoid arthritis,
and multiple sclerosis, the current literature supports a
convergent mechanistic framework in which dysbiosis,
altered microbial metabolites, barrier dysfunction,
and disturbed immune balance may all contribute to
chronic inflammatory disease activity.

- At present, however, the strength of evidence is
not equivalent across diseases or across fermented-
food matrices. Yogurt has the most consistent human
support for safety, tolerability, gastrointestinal
relevance, and modest immunomodulatory potential.
Kefir is mechanistically promising because of its
complex microbial and metabolic profile, but remains
less standardized and less clinically established.
Sauerkraut provides important non-dairy matrix
diversity and strong mechanistic interest, especially
in relation to fermentation-derived metabolites and
barrier-relevant pathways, yet disease-specific clinical
evidence remains limited.

- The available data therefore support a careful
conclusion: fermented foods should not be viewed
as substitutes for standard medical therapy, but they
may represent rational components of a personalized
nutritional strategy in autoimmune care. Their greatest
current value lies in biological plausibility, accessibility,
and potential integration into broader anti-
inflammatory dietary patterns. Future progress in this
field will depend on rigorous, long-term randomized
clinical trials that use clearly defined fermented-
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food matrices and combine clinical outcomes with

microbiome, metabolite, and

immune biomarker

assessment.
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