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Abstract: The body's immune system destroys the pancreatic beta cells that produce insulin in type 1 diabetes mellitus (T1DM), a chronic
autoimmune illness. Previously believed to be mostly a genetic condition, TIDM is now recognised to be significantly influenced by
environmental factors, with the gut microbiota emerging as one of the most researched. Long before clinical symptoms appear, children
who eventually develop type 1 diabetes exhibit altered gut microbial patterns, including decreased microbial diversity and fewer butyrate-
producing bacteria such as Faecalibacterium and Roseburia. Several mechanisms have been proposed to link gut dysbiosis to beta-cell
destruction, including increased intestinal permeability with translocation of bacterial products, molecular mimicry between microbial
and self-peptides, loss of short-chain fatty acids that support regulatory T cells, and altered innate immune responses. The broader hygiene
hypothesis is supported by the fact that environmental factors that influence the early microbiota, such as formula feeding, caesarean
delivery, and antibiotic exposure, also impact TI1DM risk. Probiotics, dietary fibre, prebiotics, and faecal microbiota transplantation are
examples of early therapeutic techniques that have demonstrated promising but early outcomes. This review identifies areas that require

more research and summarises the available data on the relationship between gut microbiota and type 1 diabetes.
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1. Introduction

The body's immune system targets and kills the pancreatic
beta cells that produce insulin in type 1 diabetes mellitus
(TIDM), a chronic autoimmune disease. Patients become
reliant on lifelong insulin therapy when blood glucose levels
rise substantially in the absence of insulin. Type 1 diabetes
typically begins in childhood or adolescence and is not
brought on by anything the child or family did incorrectly, in
contrast to type 2 diabetes, which is strongly associated with
weight and lifestyle choices (1).

Globally, the number of children with type 1 diabetes has
been gradually increasing. Children under the age of 15 are
diagnosed with roughly 78,000 new cases annually, and in
many countries, this number is rising by 3 to 5 percent
annually (2). India bears a disproportionate amount of this
burden. The Indian Council of Medical Research (ICMR)
reports that approximately 16,000 new instances of T1DM are
diagnosed annually, and approximately 95,600 children under
the age of 14 had the disease in 2022. As a result, India is the
nation in South-East Asia with the greatest number of
children with TIDM (3). The frequency is around 17.9 per
100,000 children in Karnataka and 10.2 per 100,000 in
Karnal, Haryana, with higher rates in urban than in rural
areas, according to regional research (4).

Why TIDM is becoming more common is not fully
understood. Genetic risk is involved; the strongest known risk
factors are variations in HLA class II genes, primarily HLA-
DR3 and HLA-DR4. However, since the human gene pool
has not changed significantly in a few decades, genes alone
cannot account for the increasing numbers. This makes it very
evident that a youngster who is genetically predisposed to the
condition is affected by environmental -circumstances.
Although the precise causes are still being determined, early
life nutrition, antibiotic exposure, viral infections, and
alterations in the gut microbiota have all been proposed (5).

The gut microbiota, the large community of bacteria, viruses,
and fungi that live in our intestines, has drawn growing
interest in recent years. The gut is home to most of the body's
immune cells, and the bacteria that live there help shape how
the immune system develops, especially in early childhood.
When this microbial community is disturbed, a state called
dysbiosis, the immune system may behave abnormally.
Several studies have now shown that children who go on to
develop T1DM have a different gut microbiota compared to
healthy children, often well before clinical symptoms appear

(6).

This review brings together current evidence on how the gut
microbiota may be involved in the development of TIDM. It
looks at what is different about the gut bacteria of TIDM
patients, the possible biological pathways linking dysbiosis to
beta-cell destruction, the environmental factors that affect
both the microbiota and TI1DM risk, and the early efforts to
use microbiota-based approaches as a way to prevent or treat
the disease.

2. The Gut Microbiota in Healthy Children vs
T1DM

The human gut is home to trillions of microbes that live
alongside us from the moment we are born. In a healthy child,
this microbial community is made up mostly of Firmicutes
and Bacteroidetes, with smaller numbers of Actinobacteria
and Proteobacteria. The makeup of the gut microbiota
changes a lot during the first three years of life and slowly
settles into an adult-like pattern by around age three (7). This
early window is also the time when the immune system is
learning what to attack and what to leave alone, which is why
disturbances in the microbiota during this period are thought
to matter so much for later autoimmune disease.

Several studies have now compared the gut microbiota of
children who develop TIDM with that of healthy children.
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One of the most important is the DIABIMMUNE study,
which looked at children in Finland, Estonia, and Russia,
three countries with very different TIDM rates. The
researchers found that children from Finland, where T1DM is
most common, had a different microbial pattern early in life,
with more Bacteroides and fewer Bifidobacterium species
compared to Russian children, who have the lowest rates of
TIDM (8). The TEDDY study (The Environmental
Determinants of Diabetes in the Young), one of the largest
birth cohort studies in this area, also showed reduced
microbial diversity in children who later developed islet
autoimmunity (9).

Kostic and associates monitored the intestinal flora of a small
group of infants from birth. They found that there was a
significant decrease in microbial diversity and an increase in
microorganisms associated with inflammation prior to the
development of TIDM (10). According to other research,
Bacteroides species are frequently more prevalent in TIDM
patients than butyrate-producing bacteria such as
Faecalibacterium prausnitzii and Roseburia species (11).
Reducing butyrate intake may be very important because it is
a short-chain fatty acid that promotes anti-inflammatory
immune responses and helps maintain gut lining health.

Overall, the pattern that emerges from these studies is fairly
consistent: children who develop TIDM tend to have lower
microbial diversity, fewer beneficial bacteria, and more pro-
inflammatory species, and these changes often appear well
before any clinical signs of diabetes.

3. How Microbiota May Trigger TIDM
(Mechanisms)

What role do gut microorganisms play in pancreatic damage?
Over the past ten years, this question has been the subject of
extensive investigation, and a number of potential avenues
have emerged. The microbiota most likely influences T1DM
through a variety of pathways that cooperate in a child who is
genetically predisposed; no single mechanism most likely
operates alone.

1) Leaky Gut and Immune Activation

Like a tight wall, a healthy gut lining allows nutrients to enter
the bloodstream while preventing bacteria and their
byproducts from doing so. This wall becomes more
permeable in TIDM, a condition known as "leaky gut."
Studies have demonstrated that children with T1DM, and
even those who are still in the pre-diabetic stage with islet
autoantibodies, have higher amounts of zonulin, a protein that
controls the openings between gut cells (12). Bacterial
compounds like lipopolysaccharide (LPS) can enter the
bloodstream when the gut becomes leaky and activate
immune cells via toll-like receptors. The autoimmune assault
on beta cells may be initiated by this low-grade
inflammation(13).

2) Molecular Mimicry

Another idea is molecular mimicry- the immune system
attacks a bacterial protein, but because that protein looks
similar to one in the body, it ends up attacking the body too.
Certain gut bacteria carry peptides that resemble parts of the
insulin molecule or other beta-cell proteins. T cells trained

against these bacterial peptides may then cross-react with the
pancreas (14). This idea has been supported by both animal
studies and human data, though it is not yet fully proven.

3) Loss of Short-Chain Fatty Acids and Treg Cells
Short-chain fatty acids (SCFAs), especially butyrate, are
produced when gut bacteria ferment dietary fibre. Butyrate
has a calming effect on the immune system: it feeds the gut
lining, supports regulatory T cells (Tregs) that suppress
autoimmune responses, and lowers production of
inflammatory cytokines (15). In children who develop
T1DM, butyrate-producing bacteria are reduced, which
means less butyrate is available to keep the immune system
in check. The result is fewer Tregs and a tilt toward
inflammation, both of which favour autoimmune destruction
of beta cells.

4) Disturbed Innate Immunity

The microbiota also shapes how innate immune cells like
dendritic cells and macrophages behave. In germ-free mice,
which have no gut bacteria, the development of TIDM in the
non-obese diabetic (NOD) mouse model is altered, showing
that gut microbes directly influence the disease course (16).
In NOD mice given certain commensal bacteria, the rate of
diabetes development drops, while exposure to other bacteria
speeds it up. These animal findings, although not perfectly
translatable to humans, point to a direct role for gut microbes
in shaping autoimmune attack on the pancreas.

Taken together, the gut microbiota seems to influence T1DM
through several connected routes: gut barrier breakdown,
immune cross-reactivity, loss of anti-inflammatory
metabolites, and direct effects on immune cells. These
pathways do not act in isolation, and the relative importance
of each is still being worked out.

4. Environmental Factors Affecting Microbiota
and T1DM Risk

If the gut microbiota plays a role in T1DM, then anything that
shapes the microbiota in early life could, in turn, affect
disease risk. A number of such environmental factors have
been studied, and many of them line up with the rise in TIDM
cases seen over the past few decades.

1) Mode of Delivery

The way a baby is born has a strong influence on the first set
of microbes that colonise the gut. Babies born by vaginal
delivery are exposed to the mother's vaginal and gut flora,
while those born by caesarean section pick up skin and
hospital-associated bacteria instead (17). Several studies have
reported that children born by caesarean section have a
slightly higher risk of developing T1DM, though the effect is
modest and not seen in every population.

2) Breastfeeding and Early Diet

Breast milk supports the growth of Bifidobacterium species
and contains immune-protective factors that help the gut
mature. Longer breastfeeding has been linked to lower TIDM
risk in some studies. Early introduction of cow's milk and
gluten (before 3—4 months of age) has been linked to a higher
risk, possibly because these foods can disturb the developing
microbiota and trigger early immune sensitisation (18).
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3) Antibiotic Exposure

One of the most potent changes to the gut microbiota is
frequent use of antibiotics during infancy. Many beneficial
bacteria are eliminated by antibiotics, which also decreases
the variety and can have long-lasting effects. Early-life
antibiotic exposure raises the incidence of diabetes, according
to studies in NOD mice and some human cohorts, albeit the
results are conflicting (19).

4) The Hygiene Hypothesis

The broader theory underlying these findings is the hygiene
hypothesis, which holds that early life exposure to fewer
microorganisms due to cleaner surroundings, fewer diseases,
smaller families, and increased antibiotic usage leaves the
immune system underdeveloped and more prone to target the
body's own tissues (20).

5. Microbiota- Based Approaches for TIDM

If gut dysbiosis contributes to T1DM, then correcting it may
help prevent or slow the disease. This idea is still in early
stages, but several approaches are being explored.

1) Probiotics

Live bacteria are administered as probiotics to rebalance the
gut. Certain strains of Lactobacillus and Bifidobacterium
have been demonstrated to postpone or prevent diabetes in
NOD mice (21). There are fewer and smaller human trials.
Early probiotic supplementation (before 27 days of life) was
associated with a lower rate of islet autoimmunity, according
to the PRODIA trial and the Trial to Reduce IDDM in the
Genetically at Risk (TRIGR) research, which examined
probiotic usage in infants at high genetic risk (22). Even these
results are encouraging, more extensive research is required
before probiotics may be suggested as a preventative
measure.

2) Diet and Prebiotics

One of the main factors influencing the gut microbiota is diet.
A diet high in fibre promotes a healthy gut lining by feeding
bacteria that generate short-chain fatty acids. Beneficial
bacteria are specifically fed by prebiotics, which are non-
digestible carbohydrates like fructo-oligosaccharides and
inulin. Although there is little evidence to prevent T1DM,
prebiotic-rich and high fibre diets may help lower
inflammation in those with the condition, according to
preliminary findings (23).

3) Faecal Microbiota Transplantation (FMT)

During FMT, a healthy donor's stool is put into the patient's
stomach. It is already used to treat recurrent Clostridium
difficile infections. A small study in newly diagnosed adult
T1DM patients in the Netherlands revealed that FMT could
preserve residual beta-cell function for up to 12 months,
despite uneven results (24). Since FMT is still experimental
for T1IDM, it should only be utilised in clinical trials.

6. Future Directions

Other approaches under study include postbiotics (purified
bacterial metabolites such as butyrate), engineered probiotics
designed to deliver insulin-protective signals, and dietary
interventions starting in pregnancy or infancy. Most of these

are years away from routine clinical use, but they reflect a
growing belief that the gut microbiota will become a real
therapeutic target in TIDM in the coming years (25).

7. Conclusion

It is no longer believed that type 1 diabetes solely affects the
pancreas. The development and course of the illness seem to
be significantly influenced by the gut and the microbes that
live there. Many routes, such as leaky gut, molecular
mimicry, loss of short-chain fatty acids, and altered innate
immunity, relate these microbial changes to beta-cell
destruction. Children who go on to develop type 1 diabetes
typically exhibit changes in their gut bacteria even before
clinical symptoms manifest. The broader hygiene hypothesis
is supported by the fact that environmental factors like
newborn feeding, mode of delivery, and antibiotic use can
influence both the microbiota and T1DM risk. Probiotics,
dietary modifications, and faecal microbiota transplantation
are examples of microbiota-based treatments that are still in
their infancy yet have great potential. To translate these early
findings into effective prevention and treatment efforts, larger
and longer research is now required, particularly in Indian
children, where the burden is substantial.
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