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ABSTRACT

Introduction: Probiotics are microorganisms that help the body process nutrients,
support the immune system, and maintain the health of the intestinal wall. If this
balance is disrupted, a condition called dysbiosis can lead to problems not only in
the gut but also throughout the body. Results: This review checks out studies
published between January 2015 to May 2025, looking at how certain types of
bacteria and yeast can help the gut's barrier work better. Research shows that
certain types of friendly bacteria can help with some health problems caused by
antibiotics, such as diarrhoea, irritable bowel syndrome and inflammatory bowel
disease. They can also help control blood sugar levels. There is new evidence to
suggest that this could have a positive influence on mental health by adjusting the
connection that exists to the brain from the gut. Conclusion: Probiotics demonstrate
favorable safety profiles with predominantly mild, transient adverse effects.
Continued rigorous research and evidence-based clinical guidelines remain
essential to optimize therapeutic applications. Personalized probiotic interventions
and advanced delivery formulations represent promising areas for future

development.

Keywords: probiotics; gut microbiota; gastrointestinal disorders; meta-analysis;

evidence-based medicine

1. INTRODUCTION

Scientists have discovered a lot more about how probiotics work and how they can
be used to treat people. Most recent research examines Lactobacillus,
Bifidobacterium, and Saccharomyces strains and how they can help protect the
intestinal barrier (Bordalo Tonucci et al., 2017). All these tiny organisms work
together to stop harmful bacteria in their tracks, boost the immune system and
influence how the body breaks down food. Probiotics are good for the gut and can
help stop illness (Pace et al., 2020).

Prebiotics are parts of food that cannot be digested. They help certain good
bacteria to grow in a person's gut. A mix of prebiotics and probiotics (synbiotics)

can help to restore microbial balance more effectively (Chandrasekaran et al., 2024;
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Wang et al.,, 2021). Microencapsulation stabilises probiotics for storage and digestion. This makes them more effective in the body
(Chandrasekaran et al., 2024). Just because probiotics work for some people doesn't mean they'll work for everyone. Factors include:
bacteria type; amount taken; genes; gut bacteria composition; diet; lifestyle. These affect the microbes in the gut and the body's ability
to fight off disease. It is very important to check the data before using it in the clinic (Su et al., 2020; Salgaco et al., 2019).

Science currently shows that probiotics can help stop and reduce the symptoms of diarrhoea caused by antibiotics and other
infectious diseases, like traveller's diarrhoea. These bacteria can help with IBS symptoms, reduce inflammation in people with IBD, and
improve blood sugar levels. They can also change the levels of fats in the body, which can help with metabolic syndrome and type 2
diabetes (Kim et al., 2019; Feng et al., 2018). The positive effects on health probably result from changes in the microbes in the gut,
better protection of the gut lining, and reduced inflammation. Researchers are looking into how probiotics affect the communication
between the gut and brain. The first signs suggest that it could help people who are feeling worried or sad, and people who are finding
it hard to remember things. But this is not used very often because there are no standard rules for choosing the types of yeast, how the
products are made, how much is used, and how long the treatment should be taken for. We don't have long-term safety data yet,

especially for people with weak immune systems.

2. REVIEW METHODS
This review method was based on the 2020 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

We searched lots of online databases, like PubMed, Google Scholar, Web of Science, and Scopus, to find relevant research. The
researchers looked at publications from January 2015 to May 2025 to include the latest developments and ensure that the research on

probiotics was included.

Search Strategy
The search incorporated the following keywords and combinations: Some of the words and phrases that you might come across

"o "o none "o

include "probiotics", "gut microbiota", "inflammatory bowel disease", "irritable bowel syndrome", "metabolic syndrome", "type 2

diabetes", "prebiotics”, "synbiotics", and "clinical trials". The search was made more precise using Boolean operators 'AND' and 'OR'.
The review included original research articles, systematic reviews, meta-analyses, and high-quality narrative reviews. These

reviews looked at how probiotics affect gut microbiota, metabolism, immune function, and digestive disorders. Our studies looked at

people of all ages and focused on gastrointestinal health or metabolic conditions. Studies on animals and in the lab were reviewed to

understand how the mechanisms work. Only articles published in peer-reviewed journals were included to make sure the research was

accurate and easy to understand.

Exclusion criteria:

- not include studies that did not focus on probiotic interventions or gut microbiota modulation.

- not include non-English publications without available translations.

-not include abstracts without accessible full texts.

-not include case reports with fewer than five subjects.

-not include studies with unclear methodology or diagnostic criteria.

Screening

The first database search found 2,145 relevant references. After removing duplicates, 1,307 studies were left for screening. Reviewers
checked the titles and summaries of the studies to see how they related to the effects of probiotics on gut health and related diseases.
During the screening process, 908 articles were not included because they did not meet the necessary standards. After that, we checked
the full texts of the remaining 399 articles to see if they met the requirements. In the end, 142 top-quality publications met all the
requirements to be included in the final summary. We searched four online databases — PubMed, Google Scholar, Web of Science, and
Scopus — and found a total of 2,145 records. After removing 838 copies of the same entry, 1,307 different records were sent to the
screening phase. Titles and summaries that met the set standards were chosen. At this stage, 908 records were judged irrelevant and
excluded. The rest of the articles were found and checked to see if they met the requirements. Of all the studies, 257 were not included
in the end for the following reasons: they did not focus enough on probiotic treatments or gut bacteria, they were in a language other
than English and could not be translated, they were only published as short summaries, they were not available in full, they only had

case reports with less than five people in them, or the way they were done was unclear.
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In total, 142 studies met all the inclusion criteria and were included in the final analysis. Together, they show the current best
evidence about how probiotics affect the composition of gut microbiota, gastrointestinal disorders, and metabolic outcomes.The study

selection process is illustrated in the flow diagram (Figure 1), developed in accordance with PRISMA guidelines.
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Figure 1. Flow diagram of the study selection process

3. RESULTS & DISCUSSION
Probiotics are a group of microorganisms that, when given in the right amounts, can make a noticeable difference to the health of the
person. The genera that are written about most in medical literature are Lactobacillus, Bifidobacterium, and Saccharomyces. Each of
these has its own way of spreading and working in the body. In recent years, however, scientists have become increasingly interested
in two species that have recently been discovered — Akkermansia muciniphila and Faecalibacterium prausnitzii. These have been found to
have a connection in scientific studies with the health of the gut barrier and the immune system in the gut.

Probiotics protect us in a number of ways. First, they compete directly with harmful organisms for places to attach to the intestinal
epithelium, while also releasing chemicals that kill bacteria and reduce the acidity of the local area to restrict the growth of pathogens
(Bordalo Tonucci et al., 2017). Secondly, at the structural level, probiotic strains encourage the production of tight junction proteins

such as occludin and claudin. These proteins make the epithelial barrier more effective and reduce the permeability of harmful
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substances and endotoxins (Wang et al., 2021). Thirdly, probiotics influence the immune system by affecting special cells in the gut,
which in turn affects the balance of different types of immune cells, helping to keep things under control. Fourth, when the non-
digestible dietary fibres are fermented, the probiotic bacteria make short-chain fatty acids (SCFAs), like butyrate, propionate, and
acetate. Butyrate is the main energy source for colonocytes (the cells that line the colon), supports regeneration of the epithelial cells,
and has effects on glucose homeostasis (the balance of glucose in the blood) and adipose tissue metabolism (the tissue that stores fatty
acids) (Pace et al., 2020).

A decrease in the variety of microbes, along with an increase in harmful bacteria, is a key part of what causes many stomach and
intestinal problems. Dysbiosis disrupts the balance of bacteria in the gut, creating conditions that can lead to infection, chronic
inflammation, and impaired mucosal healing. Probiotic supplementation has been shown to reverse these changes, increasing the
number of beneficial species and reducing the number of harmful ones (Chandrasekaran et al., 2024). Some types of bacteria, like
Bifidobacterium and Lactobacillus, have been shown to help people with irritable bowel syndrome (IBS) and inflammatory bowel
disease (IBD) feel better (Zhang et al., 2021).

One study found that eight weeks of taking probiotics every day increased the amount of a type of bacteria called Faecalibacterium
prausnitzii in the intestines by 30%. This increase was linked to a decrease in certain substances found in the faeces and markers of
intestinal inflammation seen during a test of the intestines (Szajewska et al., 2023). This finding is particularly important because F.
prausnitzii is one of the most common butyrate-producing bacteria in the healthy human colon, and it has been seen that there is less of
it in patients with active Crohn's disease.

Akkermansia muciniphila is a type of bacteria that lives in the intestinal mucus layer. It has been shown to play a key role in
maintaining gut barrier function and metabolic health. High levels of this species have been linked to obesity, insulin resistance and
ongoing low-grade inflammation in the body. This suggests that it could be a useful marker for diagnosing metabolic diseases and a
target for treatment. It can help to renew the mucus layer and strengthen the tight junctions in the gut. This makes it a good candidate
for a probiotic that could be used in the future.

AAD is one of the medical conditions for which probiotics are most commonly prescribed (Table 1). Information from 35 trials
(4,800 people) showed that probiotics reduced the number of AAD cases by 42% (RR 0.58; 95% CI: 0.50-0.67). Of all the types of bacteria
and yeast that were tested, Lactobacillus rhamnosus GG and Saccharomyces boulardii were the most effective at protecting patients. The
suggested process involves stopping the commensal microbiota from being killed off by antibiotics, which limits the space available for
Clostridioides difficile and other harmful bacteria to live.

In both children and adults, probiotic supplementation shortened acute infectious diarrhoea by an average of 24 hours compared to
placebo or standard care (Su et al., 2020). Although a day's reduction might seem small, it is very important for public health, especially
in places with limited healthcare resources. It is particularly important for young children, as long-term diarrhoea can lead to
dehydration and malnutrition, which can be fatal. The effect was most obvious in cases of viral gastroenteritis, with the evidence

pointing most strongly to Lactobacillus rhamnosus GG.

Table 1. Summary of selected meta-analyses on probiotics in gastrointestinal disorders

NUMBER OF MAIN RELATIVE RISK (95%
CONDITION KEY PROBIOTIC STRAINS
STUDIES OUTCOMES CI) / EFFECT SIZE
Antibiotic- Reduced
Associated 35 L. rhamnosus GG, S. boulardii incidence of RR 0.58 (0.50-0.67)
Diarrhea (AAD) AAD
Infectious 20 Various Lactobacillus and Shortened Mean reduction 24h
Diarrhea Bifidobacterium spp. diarrhea duration | (p<0.001)
Irritable Bowel . . L Symptom .
15 Multi-strain probiotics . Effect size 0.45 (SMD)
Syndrome improvement:

Medical Science 30, e68ms3820 (2026) 40f8
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pain, bloating
Ulcerative Colitis L Increased
. 12 E. coli Nissle 1917, VSL#3 o RR 1.28 (1.10-1.48)
(Maintenance) remission rates

IBS is a complicated condition that has many causes (Table 1). It is linked to changes in the bacteria in the gut, the body being more
sensitive to pain, and long-lasting swelling of the mucosa. In several well-designed studies, probiotics made up of different strains of
bacteria helped people with IBS by reducing their symptoms, like stomach pain, bloating, and having stools that were hard or loose.
About 60% of the people in the probiotic groups had a positive response, compared to about 30% in the placebo groups (Pace et al.,
2020). This is more than we would expect to see naturally, so it seems like the treatment really is working. The results of the study
(SMD 0.45) are similar to those achieved with other well-known treatments, such as antispasmodics, and they don't have the same
negative side effects.

Probiotics can be especially useful in managing ulcerative colitis by helping to keep symptoms under control. Several trials have
shown that Escherichia coli Nissle 1917 and the multi-strain formulation VSL#3 are just as good as mesalamine, the standard first-line
maintenance therapy, in preventing relapses, over follow-up periods of 12 months (RR 1.28; 95% CI: 1.10-1.48) (Zhang et al., 2021). This
probably happens by suppressing NF-kB-mediated inflammation, restoring mucosal IgA to normal, and eliminating the harmful
bacteria that contribute to UC. These findings have helped to include certain types of friendly bacteria in international guidelines for
treating people with mild to moderate UC.

The positive effects of probiotics on the body go beyond just the gut. There is growing evidence that certain types of bacteria can
have a significant impact on metabolic health, particularly in people with type 2 diabetes, metabolic syndrome, and obesity. In these
groups, probiotic use has been linked to better insulin sensitivity, lower blood sugar levels, and better cholesterol and fat levels,
including lower LDL cholesterol and triglycerides and higher HDL cholesterol (Bordalo Tonucci et al., 2017; Abenavoli et al., 2019).

These improvements in the body's ability to use energy seem to be caused by a number of different processes. Restoring the gut
barrier can stop lipopolysaccharide (LPS) from getting into the blood from the intestinal lumen. LPS is a structural component of gram-
negative bacterial cell walls. High levels of a substance in the body called LPS can trigger a reaction in certain cells, which contributes
to the ongoing low-grade inflammation that is characteristic of metabolic syndrome. By limiting this translocation, probiotics reduce a
key cause of metabolic inflammation (Salgaco et al., 2019). At the same time, increased production of short-chain fatty acids (SCFAs),
especially propionate and butyrate, causes the release of glucagon-like peptide-1 (GLP-1) and peptide YY (PYY) from special cells in the
gut. These help to produce insulin, reduce appetite and improve how the body uses glucose. Butyrate also acts as a histone deacetylase
inhibitor, which controls how genes are expressed in the liver and fat tissue, telling the body to burn fat instead of storing it (Salgago et
al., 2019).

Some studies have shown that a mix of different types of bacteria, like Lactobacillus acidophilus, L. casei, and Bifidobacterium lactis,
have had the most consistent metabolic effects in trials where patients are randomly divided into groups. But the way these bacteria are
chosen, how much is used, and how long they are used for are not all the same in the research papers (Abenavoli et al., 2019). The role
of Akkermansia muciniphila as a new type of metabolic probiotic is interesting scientists. Research has shown that taking pasteurised
A. muciniphila can reduce insulin resistance, decrease belly fat and lower inflammation in people with insulin resistance. Other studies
have now shown the same results (Chandrasekaran et al., 2024).

The immune system in the gut has to keep telling the difference between good and bad microbes, as well as real pathogens. This
depends a lot on the types and activity of the bacteria in the gut. Probiotics help with this process by interacting directly with the gut,
which triggers a reaction in the immune system that affects more than just the mucosal surface.

At the cellular level, good bacteria help T cells to become regulatory T cells (Tregs). These cells inhibit the immune system from
becoming overly active by producing IL-10 and TGF- (Kim et al, 2019). This change in the rules is especially important in
autoimmune and allergic conditions, such as atopic dermatitis, allergic rhinitis, and asthma, where a response from the immune system
called Th2 dominance causes the disease. Studies on people have shown that taking probiotics can reduce symptoms and lower certain
antibodies in the blood, but the results are different for each person depending on the type of probiotics and the person's age (Kim et
al., 2019).

Probiotics also help to produce a special antibody called secretory IgA (sIgA) at the surface of the gut. This helps to protect against
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harmful bacteria in the food we eat without causing inflammation throughout the body. Research has shown that people who take
probiotics are less likely to get upper respiratory infections, and if they do, the symptoms won't last as long. This suggests that
probiotics might help to protect the immune system in the lungs and intestines, which is known as the "gut-lung axis" (Wang et al.,
2021). Even though there are some good signs, we still don't fully understand how probiotics change the immune system. At the
moment, we don't have enough evidence to suggest specific probiotics for immune-related health problems other than in the gut
(Szajewska et al., 2023).

Probiotics are usually well tolerated by most patients. The most common reported side effects are mild, short-lived, and
gastrointestinal in nature — usually bloating, wind, or loose stools during the first one to two weeks of supplementation, after which
symptoms usually get better without treatment (Szajewska et al., 2023). These reactions probably show short-term changes in how
fermentation works as the gut microbiota gets used to new microbes.

Serious adverse events are rare and only happen in certain high-risk groups. Some people with weak immune systems, including
those having chemotherapy, people with HIV, and babies with short bowel syndrome, have had problems with bacteria or fungus in
their blood because of probiotic organisms. These organisms can also get into the blood of patients with central venous catheters, which
are tubes put into a vein to help with chemotherapy or other treatments (Pace et al., 2020). Some patients with heart problems have also
had a type of heart infection called Lactobacillus endocarditis. These findings show how important it is to do a very careful check-up
before starting probiotic therapy in people who are at high risk, and to make sure that the probiotics are safe for all the different types
of bacteria, especially for new types like A. muciniphila and F. prausnitzii that we don't have as much information about yet
(Chandrasekaran et al., 2024).

The rules about what counts as a probiotic can be very different from one place to another. In most places, probiotics are seen as a
type of food supplement, but in a few countries they are also used as a medicine. This means that the rules about how to check their
quality can be different from one place to another. Problems with how cells are counted, contamination with other strains, and incorrect
labelling of storage conditions are ongoing challenges. These problems can affect how reliable the results are and patient safety (Su et
al., 2020).

Despite the good work documented in this review, there are still some important problems. The field still does not agree on the best
ways to select strains, the most effective dosing ranges, and the minimum treatment durations for specific clinical indications. Most of
the trials so far have been short-term, conducted with groups of people who are quite similar, and have used different methods to
measure outcomes. This makes it impossible to apply the results to the wider population or compare them with other studies.

The idea of using personalised probiotic therapy, where the type of probiotic bacteria used is chosen based on the individual's
microbiome, genetics, health history, and diet, is a really exciting area of research (Chandrasekaran et al., 2024). Thanks to advances in
metagenomics and metabolomics, it is now possible to study each patient's gut ecosystem in enough detail to predict how well they
will respond to specific treatments for their microbes. Combining probiotics with specific prebiotics has been shown to have a better
effect on the gut than probiotics alone, and this combination should be studied more in bigger trials (Zhang et al., 2021).

Technology used for deliveries is also improving all the time. There are different ways to protect probiotics (good bacteria) so that
they can survive on their travels through the stomach and small intestine. One way is to put them in tiny capsules. These capsules
protect the bacteria and help them to be released just in the right place at the end of the small intestine. It is thought that this is where
many of the bacteria's beneficial effects occur. In addition, there are genetically engineered probiotic strains that can produce
therapeutic molecules (such as anti-inflammatory cytokines or antimicrobial peptides) right where they are needed. This represents a

longer-term goal that links conventional probiotic therapy and the development of biopharmaceuticals (Chandrasekaran et al., 2024).

4. CONCLUSION

The evidence we have seen here shows that probiotics can be important in keeping the gut healthy and managing problems with the
stomach and metabolism. Lactobacillus, Bifidobacterium, and Saccharomyces act together to reduce the risk of AAD, ease IBS
symptoms, and better the outcome of IBD. It also has other health benefits, such as helping people with obesity and type 2 diabetes
become more sensitive to insulin and better control their cholesterol. Some other early studies also suggest that it could have effects on
the gut-brain axis and mental health. We need to do more research before we can update the guidelines. The safety data are good for

the general population, but it's still important to be careful for those at high risk.
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Future research should focus on standardizing strain selection criteria, characterizing mechanistic pathways, and long-term safety

surveillance. Combining probiotics and prebiotics (synbiotics) might work better than using them separately. Probiotics show great

promise as a preventative and therapeutic tool for gastrointestinal and systemic diseases.
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