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Abstract: The diverse community of microorganisms residing in the human digestive tract, known as the intestinal
microbiome, plays a crucial role in the development and progression of various liver diseases. Disruptions in the
gut-liver axis have been associated with various liver conditions, including non-alcoholic fatty liver disease, alco-
holic liver disease, viral hepatitis, cirrhosis of liver, and hepatocellular carcinoma. Intestinal dysbiosis can worsen
liver disease by promoting systemic inflammation, influencing immune responses, and altering metabolic pathways.
This review explores the intricate connection between gut microbiome and liver diseases, highlighting fecal micro-
biome transplantation as a potential therapeutic approach. Considering search through databases using keywords
including “liver disease” AND “microbiome” we found 62 clinical trials out of total 3,303 articles on microbiome
changes to find promising treatment of liver disease. Totally 55 articles were assessed, of which most of the studies
were about using probiotics, the diet and exercise, and finally FMT. NAFLD was the most predominant liver disease
targeted for intervention and treatment. Most of studies (47/55: 85.45%) reported targeting microbiome as an
effective and promising treatment. Probiotics and prebiotics also show promise in mitigating liver dysfunction by
modulating gut microbiome and influencing adipokines, key regulators in metabolic and inflammatory processes.
Despite advancements, significant gaps persist, particularly regarding FMT applications in chronic viral hepatitis
and HCC. Further clinical trials are essential to optimize gut microbiome-targeted therapies for liver disease man-
agement. This review emphasizes the need for a multidisciplinary approach to bridge the gap between microbial
science and therapeutic innovations in hepatology.
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1. Introduction

As obesity rates continue to rise worldwide [1], there has been a parallel increase in associated health com-
plications and mortality [2]. Obese individuals face a higher risk of developing health complications such as non-
alcoholic fatty liver disease, cardiovascular diseases, and diabetes [3,4]. Non-alcoholic fatty liver disease is now
the most prevalent liver disorder and a major contributor to chronic liver disease [5]. It is considered the hep-
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atic manifestation of metabolic syndrome [6], characterized mainly by the excessive buildup of free fatty acids and
triglycerides in liver tissue. Visceral obesity is associated with non-alcoholic fatty liver disease, and when both
conditions coexist, the likelihood of advancing to severe liver disease increases considerably. Currently, NAFLD
poses health challenges globally and stands out as a significant contributor to mortality rates, being acknowledged
as one of the primary causes of death [7]. Non-alcoholic fatty liver disease leads to elevated transaminase levels
and takes a vital role in cryptogenic cirrhosis as well as hepatocellular carcinoma [8]. An examination of the link
between NAFLD, metabolic syndrome, and genetic factors reveals that visceral obesity is notably influential in the
development of non-alcoholic fatty liver disease [9]. Investigation made on a cohort of individuals suffering from
non-alcoholic fatty liver disease indicated a notable correlation between NAFLD and the levels of serum adipokines
[10]. Recent systematic reviews highlight the potential of microbiome-targeted therapies (MTTs) in liver cirrhosis
and NAFLD. Jiang et al. (2022) proposed a comprehensive meta-analysis on probiotics, prebiotics, synbiotics, and
FMT in cirrhosis, while Naghipour et al. (2023) found significant improvements in lipid profiles of NAFLD patients
receiving microbial therapy [11,12].

The microbiome encompasses the diverse community of microorganisms, including bacteria, viruses, and
fungi, that reside within the human body. The gut serves as both the primary digestive organ and a significant
component of the immune system, housing about 80 percent of the human microbiome [13]. More than 99% of
the microorganisms located in the human GI tract consist of bacteria, along with other types such as fungi and
viruses [13]. The digestive tract is home to around 1,000 species of bacteria, each consisting of two thousands of
genes. On average, the human gut contains approximately 2 million genes, a figure that exceeds the estimated num-
ber of human genes by a factor of 100. Within these bacterial populations, some serve as probiotics while others
act as pathogens. The intricate equilibrium among various bacterial species within the gut is crucial for preserv-
ing its overall health and functionality, which in turn influences essential processes such as digestion, metabolism
(energy production and metabolic functions), and immune responses in the body. Various elements, including nu-
trition, pharmaceuticals, illnesses, metabolic conditions, and autoimmune disorders, have a significant influence on
the development of this gut-related balance [14]. Disruptions in the normal gut microbiome play a role in the de-
velopment and progression of several intestinal and systemic disorders, including disorders of the liver, DM, WBC
disorders, and septic conditions. Consequently, changing or modifying the gut microbiome may aid in addressing
conditions related to intestinal dysbiosis. Several strategies have been employed to influence and manage both the
composition and metabolic activity of gut microorganisms; these include dietary changes, prebiotics, probiotics,
and antibiotics [15,16]. Even though the previously mentioned methods have achieved a series of therapeutic ef-
fects, the results have not been as satisfactory as they should have been. Fecal microbiome transfer (FMT) may
date back about 1700 years; however, it has only recently attracted the attention of doctors and researchers. FMT
can be considered a reliable therapeutic method or regimen for directly regulating the intestinal microbiome [17].
This approach involves transferring processed fecal material from well-matched donors to recipients to restore
and enhance the composition and diversity of their gut microbiome. There is widespread agreement that fecal
microbiome transfer is an effective treatment for resistant and persistent Clostridium difficile infection. Recently,
increasing evidence suggests that FMT can successfully alleviate and manage conditions such as severe constipa-
tion, inflammatory bowel disorders (IBD), excess weight, and DM type two. Moreover, the link between intestinal
dysbiosis and various liver diseases has underscored the potential of FMT as a therapeutic approach for hepatic
disorders. The imbalance of intestinal microbiome is closely associated with the development, progression, and
outcomes of several liver diseases, including acute hepatic injury, viral hepatitis, cirrhosis of liver, autoimmune
liver conditions, alcohol-related liver disorders, and metabolic-associated fatty liver disease (MAFLD) [18,19]. Fe-
cal microbiome transfer plays a crucial role in promoting recovery from diseases by re-establishing the normal
balance of the intestines in individuals suffering from liver conditions [20].

Aims: This review explores the relationship of gut microbiome and various liver diseases.

2. Methods

This review was conducted using PubMed and Scopus databases. A systematic search was performed using the
keywords “gut microbiome,” “fecal microbiome transplantation,” “liver diseases,” and “probiotics.” The inclusion cri-
teria for article selection were: studies published between 1998 and 2024, peer-reviewed clinical trials, systematic
reviews, and meta-analyses focusing on microbiome and liver diseases, and studies evaluating interventions such
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as probiotics, prebiotics, and FMT in liver disease management. Exclusion criteria included: non-peer-reviewed
articles, editorials, and opinion pieces, animal studies without direct clinical application, studies lacking primary
data or clear methodological descriptions, duplicates, or retracted publications.

3. The Relationship Between Liver Diseases and Intestinal Microbiome

The liver, the body’s primary digestive organ, plays a vital role in the defending of body and maintains a strong
connection with the gut. Studies suggest that intestinal dysbiosis is linked to the development of various hepatic
disorders [20,21]. Moreover, this dysbiosis influences the extent and severity of liver fat accumulation (steatosis),
inflammation, fibrosis, and even the progression to liver cancer. It exerts these effects through complex interactions
with the host immune system and various cell types. The connection between hepatic disorders and intestinal mi-
crobiome involves different types of mechanisms that remain inadequately defined and comprehended [22]. Liver
disorders can cause a disruption in the intestinal microbiome, and this disturbance may further aggravate liver
disease progression, thereby intensifying the effects of these conditions as they advance.

3.1. The Gut-Liver Axis: A Two-Way Communication System

First identified in 1987, the intestinal-liver connection represents a two-way signaling network between the
liver and intestine, functioning in a continuous cycle. In normal physiological circumstances, the liver releases bile
acids (BAs) along with various bioactive substances into the intestine to facilitate nutrient absorption and metabolic
processes. Throughout this mechanism, both liver metabolites and intestinal byproducts enter the bloodstream
from the gastrointestinal tract; additionally, exotoxins also reach the liver through this route, impacting overall
systemic homeostasis of the organism. In healthy individuals, the intestinal structure primarily consists of mucosal
epithelial cells, intestinal mucosa layers, and a balanced microbiome which collectively function as a protective
mucosal barrier. This physiological gut protective layer takes a crucial place in restricting the entry of bacterial
substances. However, conditions such as liver disease can compromise this mucosal barrier (see Figure 1). The
movement of bacteria from the intestine into the circulatory system or through the intestine-hepatic connection
may worsen pathological conditions.
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Figure 1. The Underlying Cause of Interaction Between the Microbiome and the Liver.

3.2. Impact of Gut Microbiome Alterations on Liver Disorders

Metabolic-associated fatty liver disease (MAFLD) is a prevalent clinical disorder that arises from factors un-
related to alcohol intake or any established hepatic injury. Studies suggest that changes in gut microbiome may
play a key role in both the development and progression of NAFLD. Approximately two decades ago, studies re-
ported that probiotics have the potential to inhibit not only fat accumulation but also lipid transformation around
the liver [23]. Le Roy et al. demonstrated that microbiome of intestine contributes to the onset of non-alcoholic
fatty lover diseases in germ-free mice, independent of obesity [24]. Along with that, Gomez-Hurtado et al. showed
that microbial antigenic rearrangements cause widespread inflammatory response with NAFLD [25]. Other hep-
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atic disorders are associated with changes in the composition of the gut microbiome communities as well [26].
Multiple studies revealed that individuals with NAFLD exhibit gut microbiome dysbiosis, marked by a decreased
presence of Bacteroidetes and Akkermansia muciniphila [27], along with an increased abundance of Proteobacteria
[28]. Individuals diagnosed with PBC experience microbial imbalance, characterized by reduced microbial variety
in comparison to well-balanced individuals. Conversely, those suffering from PSC demonstrate an increased pres-
ence of specific bacterial groups, including Enterococcus and Veillonella while showing a diminished quantity of the
commensal Clostridium [29]. Patients suffering from acute and chronic liver damage linked to hepatitis B exhibit
elevated concentrations of DNA of bacteria in the bloodstream and a reduction in bacterial variety when compared
to healthy individuals [30-32]. Additionally, research conducted by Wang et al. revealed that those with cirrhosis
of liver possess a distinct microbiome of intestine profile, characterized by increased amounts of Prevotella, Strep-
tococcus, Staphylococcus, and Enterococcus alongside decreased levels of Ruminococcus and Clostridium [33]. Aside
of that, multiple studies have demonstrated that A. muciniphila supplementation can alleviate ethanol-induced liver
disorders, emphasizing its potential as a probiotic [34]. Thus, imbalances of the microbiome of intestine have been
identified in a different type of hepatic disorders and may take a critical place in disease development.

4. The Role of Gut Microbiome in Liver Damage and Chronic Liver Diseases

The imbalance of microbiome of intestine can worsen damage to liver and is probably linked to the advance-
ment of several chronic liver conditions, like alcoholic liver disease and non-alcoholic fatty liver disease [35,36], pri-
mary biliary cholangitis [37,38], viral hepatitis [33], cirrhosis [39], particularly in relation to hepatic encephalopa-
thy [40,41].

4.1. Gut Microbiome Alterations in Hepatic Encephalopathy

Hepatic encephalopathy is a severe disorder of the CNS that occurs because of liver failure and can arise from
different forms of both chronic and acute hepatitis, as well as decompensated cirrhosis. This condition exhibits sig-
nificant mortality rates and prevalence. The precise mechanism underlying HE remains unclear currently. Among
various proposed models or theories, ammonia toxicity stands out as the most recognized factor associated with
this disease. Elevated levels of ammonia in blood may heighten the risk of developing hepatic encephalopathy by
worsening edema of cerebellum. The situation is intricately linked to an imbalance in intestinal microbiome along
with changes in gut-brain communication pathways [42]. The makeup of the gut microbiome in individuals with
cirrhosis, hepatic encephalopathy (HE) shows notable differences compared to that found in healthy people; specif-
ically, there is an observed rise in Escherichia coli and Enterococcus [43]. The proliferation and appearance of bac-
teria can result in heightened ammonia levels. An imbalance within the gut microbiome may also compromise the
mucosal barrier, leading to greater integrity of the gut barrier and facilitating the movement of bacterial endotox-
ins. These factors significantly contribute to the onset of hepatic encephalopathy (HE). Conversely, poisoning from
endotoxins (endotoxemia) has been linked with liver failure and brings about complications like HE. Furthermore,
endotoxemia is a key factor in the hyperdynamic circulation noted among individuals suffering from cirrhosis [44].
Several researchers did emphasize that the intestinal-hepatic-cerebral connection can have significant and essen-
tial impacts on hepatic encephalopathy through the intestinal microbiome [45,46], and the pathogenesis of hepatic
encephalopathy is also related to the intestinal microbiome. In other words, the liver obtains 75-80 percent of
the liver or hepatic volume of blood through the vena portae, which later enters the circulatory system. In order to
prevent microbes from entering the circulatory system, the stability of the gut barrier is capable of isolating the con-
tents within the lumen (materials inside the intestine) from the internal environment. Proof suggests that hydrogen
nitride and bacterial toxins are linked to the progression and occurrence of HE in the event of impaired gut barrier
function [47]. When intestinal function is impaired, bacteria and their products migrate from the gastrointestinal
pathway to the hepatic organ. Ammonia, as the important byproduct of bacterial metabolism, may cause significant
hepatotoxicity. Also, neuroglial cellular structures are also stimulated by ammonia, resulting in the generation of
pro-inflammatory molecules. These factors cause damage to brain tissue, which leads to cognitive impairment in
the brain. In addition, a series of clinical and preclinical studies indicates a two-way or reciprocal relation of the
brain and the intestinal microbiom. It has been shown that intestinal microorganisms communicate with the brain
through neural, hormonal and immune signaling pathways. The nature and quantity of information and intestinal
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microbes signaling that reach the cerebrum largely depend on the microbes residing in that area of the intestine.
Alterations in intestinal microbiome can be linked to compromised cognitive function through the intestinal-brain
connection. According to Kang et al.,, dysbiosis within the intestinal microbiome can play a role to both widespread
inflammatory response and neuroinflammation associated with cirrhosis, influencing their development and pro-
gression [48]. Distinct changes in the gut microbiome influence various facets of brain function. This could provide
insight into the mechanisms associated with hepatic encephalopathy (HE) from a different viewpoint. Bajaj et al.
employed 16S rRNA sequencing to examine the fecal and oral microbiome of individuals with fibrosis, discover-
ing that patients exhibiting minimal or mild hepatic encephalopathy (MHE) exhibited an increased proportion of
Lactobacillaceae, which may enhance MHE diagnostic practices [49].

4.2. The Influence of Intestinal Microbiome in the Treatment of Liver Disorders

There is substantial proof showing that changes in gut microbiome, along with alterations in liver function,
are pivotal in the onset of numerous short-term and long-term hepatic disorders and their related consequences
[50,51]. Imbalances within the intestinal microbiome significantly play a role in the development of underlying
mechanisms of this condition. In individuals suffering from acute liver cirrhosis, these imbalances can result in sys-
temic inflammation and endotoxemia, which may cause related complications such as spontaneous peritonitis and
intestinal infections [52], which reduce the effectiveness of therapeutic interventions and may lead to exacerbation
of the disease and potentially fatal outcomes. The medical study indicated that individuals suffering from fibro-
sis frequently receive antibiotic treatment, which diminishes the richness and abundance of gut microbial species.
This alteration disrupts the general structure and variety of intestinal microbiome, ultimately influencing the effec-
tiveness of treatments. Consequently, microbial elements are regarded as significant contributors to various liver
diseases across all stages and levels of severity. These results carry significant therapeutic implications, highlight-
ing the necessity of placing greater emphasis on and valuing intestinal microbiome in hepatic disorders therapy.
Regulating and altering the microbiome through diverse approaches, such as probiotics, innovative probiotics, an-
tibiotics, or fecal microbiome transplantation, can be considered as a crucial treatment strategy. Regarding the
substantial impact of FMT, it is worth noting that this method could emerge as a leading solution and benchmark
for rectifying imbalances in gut microbiome in the future.

5. Recent Advances in the Therapy of Hepatic Disorders

5.1. Latest Medical Research Studies on Microbiome Changes to Find Promising Treatment of
Liver Disease

Considering search through databases using keywords including “liver disease” AND “microbiome” we found
62 clinical trials out of total 3,303 articles on microbiome changes to find promising treatment of liver disease
(Table 1) [53-107]. After excluding studies that were not clinical trials, only protocols, and retracted articles, to-
tally 55 articles were assessed. Most of the studies were about using probiotics, the diet and exercise, and finally
fecal microbiome transplantation (FMT). NAFLD was the most predominant liver disease targeted for intervention
and treatment. Most of studies (47/55: 85.45%) reported targeting microbiome as an effective and promising
treatment. The function of intestinal microbiome enhancement is pivotal in improvement hepatic disorders out-
come. Several interventions may lead to gut microbiome modification: Pro and Prebiotic supplementation orally;
Lifestyle modifications with diet and exercises; Bioactive Supplementations (Curcumin, Fish Oil, Vitamin D, etc.);
Fecal microbiome transplantation (FMT) and Bile Acid Controle. Further role each of them and their efficacy will
be described in detail in chronic liver disorders.

Table 1. Latest Clinical Trials Available in the Literature on Microbiome Changes to Find Promising Treatment of
Liver Disease.

Author, Reference, Intervention,

. Disease, Sample Microbiome Evaluation RCT Code Findings
Country Duration
Agrinier etal,, 2024 Berry camu-camu, hepatic steatosis, 30 Alterations in intestinal microbiome .
[53], Canada 12-week adults by 16S rRNA sequencing NCT04130321 Effective
Jin et al,, 2024 [54], Silymarin, . Alterations in intestinal microbiome . .
China 24-week MASLD, 83 patients by 165 rRNA sequencing ChiCTR2200059043 Effective
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Table 1. Cont.

Author, Reference, lntervet_mon, Disease, Sample Microbiome Evaluation RCT Code Findings
Country Duration
Lin etal, 2024 [55], Probiotic, 8-week  MASLD, 120 patients “\terations in intestinal microbiome NCT06183801 Effective
Taiwan by 16S rRNA sequencing
Tian et al., 2024 [56], Sulforaphane, . Alterations in intestinal microbiome .
USA 12-week NAFLD, 36 patients by 16S rRNA sequencing __ Effective
Reshefetal, 2024 [57),  ppiotic, 12-week ~ NAFLD, 19 patients ~ Alterations in intestinal microbiome NCT02642172 Not Effective
Israel by 16S rRNA sequencing
Curcumin . - . . .
He etal, 2024 [58], supplementation, NAFLD, 9 patients Alterations in intestinal microbiome ¢ 12900058052 Effective
China by 16S rRNA sequencing
24-week
Liu etal,, 2024 [59] Qushi Huayu, an Alterations in intestinal microbiome ChiCTR-IOR-
o ! empirical herbal NAFLD, 246 patients : Effective
China by 16S rRNA sequencing 17013491
formula, 24-week
Li et al, 2024 [60] Fish oil plus Alterations in intestinal microbi
tetal, o ’ vitamin D3, NAFLD, 61 patients erations in Intestinal microblome —_ Effective
China by 16S rRNA sequencing
12-week
Nietal, 2024 [61], - . Alterations in intestinal microbiome ChiCTR-IOR- .
China Probiotic, 24-week NAFLD, 120 patients by 165 rRNA sequencing 15007519 Effective
lifestyle
Gomez-Pérez et al., intervention with . Alterations in intestinal microbiome .
2023 [62], Spain the Mediterranean NAFLD, 297 patients by 16S rRNA sequencing ISRCTN89898870 Effective
diet, 48-week
Escouto et al,, 2023 - . Alterations in intestinal microbiome .
[63], Brazil Probiotic, 24-week NASH, 48 patients by 165 rRNA sequencing NCT02764047 Effective
Heetal, 2022 [64] A Freshwater Alterations in intestinal microbiome
o ! Fish-Based Diet, NAFLD, 34 patients : ChiCTR1900025074 Effective
China by 16S rRNA sequencing
12-week
Chayanupatkul et al., Litchi extract or . Changes 16S ribosomal RNA .
2022 [65], Thailand oligonol, 24-week NAFLD, 38 patients sequencing TCTR20200814001 Effective
Xue etal, 2022 [66], FMT, 4-week NAFLD, 80 patients Changes 16S ribosomal RNA PRINA782181 Effective
China sequencing
. Probiotic -
Manzhalii et al, 2022 Escherichia coli HE, 45 patients Stool flora evaluated by specialized NCT04787276 Effective
[67], Ukraine ) nonculture techniques
Nissle, 4-week
Calabrese et al., 2022 Aerobic exercise . Alterations in intestinal microbiome .
[68], Italy and diet, 12-week NAFLD, 109 patients by 16S rRNA sequencing NCT02347696 Effective
Cheng et al,, 2022 [69], Aerobic exercise NAFLD, 115 Alterations in intestinal microbiome .
China and diet, 24-week participants by 16S rRNA sequencing ISRCTN 42622771 Effective
Dietary fiber with
Amadieu et al,, 2022 Inulin . Alterations in intestinal microbiome .
[70], Belgium supplementation, AUD, 50 patients by 16S rRNA sequencing NCT03803709 Not Effective
17 days
Mohamad Nor et al Multi-strain
L probiotics, NAFLD, 39 patients gut microbiome analyses NCT04074889 Not Effective
2021 [71], Malaysia
24-week
Rifaximin-a . . . L . . .
Patel et al,, 2022 [72], 550 mg BID, Cirrhosis find HE, 38 Alterations in intestinal mlc.roblome NCT02019784 Effective
UK patients by 16S rRNA sequencing
12-week
Amerikanou et al,, 2021 Mastiha Alterations in intestinal microbiome
N supplementation, NAFLD, 98 patients . NCT03135873 Effective
[73], European by 16S rRNA sequencing
24-week
Traussnigg et al,, 2021 PX-104 orally, 4 ) Alterations in intestinal microbiome .
[74], Austria weeks NAFLD, 12 patients by 165 rRNA sequencing NCT01999101 Effective
Bajaj etal, 2021 [75], FMT, 24-week AUD—relateq cirrhosis, Stool microbiome composition NCTO03416751 Effective
USA 20 patients
Jian et al., 2021 [76], . } Overweight and Alterations in intestinal microbiome .
Finland Diet, 3-week obesity, 38 patients by 16S rRNA sequencing NCT02133144 Not Effective
Zhuo et al.,‘ 2020 [77], Formulated food, NAFLD, 120 patients Changes of intestinal flora abundance ChiCTR1800016178 Effective
China 24-week
van Trijp etal, 2020 WGW, 12-week NAFLD, 37 patients Changes in gut microbiome by 163 NCT02385149 Effective

[78], Netherlands

rRNA sequencing
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Table 1. Cont.

Auth(():l;llll:tf:;ence, lnlt)el:::t‘il:::n' Disease, Sample Microbiome Evaluation RCT Code Findings
Loomba etal., 2020 Aldafermin, . Changes in gut microbiome by 16S .
[79], USA 12-week NASH, 176 patients rRNA sequencing NCT02443116 Effective
Combined
Quiroga et al., 2020 strength and . . Changes in gut microbiome by 16S o .
[80], Spain endurance Obesity, 39 patients rRNA sequencing Effective
exercise, 12-week
Craven etal, 2020 [81], FMT, 48-week NAFLD, 21 patients Changes in gut microbiome by 168 NCT02496390 Not Effective
Canada rRNA sequencing
Cho“ﬁ:‘fvazlé :lgig B2 jnulin, 12-week NAFLD, 62 patients Changes r‘;ﬁxt;:;f:fc‘i"n';‘e by16S  15613001002774 Effective
Scorlettietal, 2020 ¢ 1 otic, 48-week  NAFLD, 104 patients Changes in gut microbiome by 165 NCT01680640 Not Effective
[83], UK rRNA sequencing
Huberetal, 2019 [84], 0 oo g week NAFLD, 44 patients Stool flora evaluated by specialized NCT02526732 Effective
Germany nonculture techniques
Conventional . . . .
Chen et al.,. 2019 [85], yogurt or milk, NAFLD, 100 patients Changes in gut mlcroblpme by 16S ChiCTR-IPR- Effective
China 24-week rRNA sequencing 15006801
Bajaj et al,, 2019 [86] FMT capsules Cirrhosis with Changes in gut microbiome by 16S
- ! ! recurrent HE, 20 ) NCT03152188 Effective
USA 24-week patients rRNA sequencing
Chambers et al, 2019 Inulin, 6-week NAFLD, 18 patients ~ Cutmicroblome-derived metabolites yqpry71g14173 Effective
[87], UK change
Ahn et ‘;1;; rzegw (8], Pr‘)b‘fg_cwl\:g‘t“re' k NAFLD, 68 patients Cha“gez(‘)'l;i‘;ts?;i‘g:’blome KCT0001588 Effective
FMT, 24-weel PSC, 10 patients . NCT0242417 Effective
Allegr[estg]etjgk 2019 2 Kk sC 1 Changez;rrlnil:)tsmll;:;oblome CT02 5 e
Chashmniam1 et al,, Phospholipid NAFLD, 59 patients Gut microbiome-derived metabolites IRCT2015052322381N1  Effective
2018 [90], Iran curcumin, 8-week change
Schutte et al., 2018 ' 12-week OverV\./e.lght, 50 Changes in gut ¥n.1crob10me NCT02385149 Effective
[91], Netherlands participants composition
Te';%rl‘g'{g‘z‘]ensega‘i’rt} al, Plr ngvitéis IRS, 60 participants Changes lzsqhiigsgagenomlcs NCT02972567 Effective
Kobyliak et al., 2018 Probiotics with NAFLD, 48 patients Gut microbiome-derived metabolites NCT03528707 Effective
[93], Italy omega-3, 8-week change
. . Cirrhotic with . . .
Bajaj et al,, 2018 [94], Periodontal chronic generalized Changes in gut mlcrobl_ome by 16S NCT03030820 Effective
USA therapy, 4-week R . rRNA sequencing
gingivitis, 50 patients
. Synbiotic
Scorle[t;y]eta}(., 2018 treatment, NAFLD, 55 patients 16S ribosomal RNA gene sequencing NCT01680640 Effective
! 48-week
Kobyliak etal, 2018 = p, ;piotic, g-week ~ NAFLD, 58 patients ~ Cutmicrobiome-derived metabolites NCT03434860 Effective
[96], European change
i - . . - Registration No.
Manzhalii et all., 2017 Probiotic Cocktail, NASH, 75 patients Change in c_omp(?smon of stool 942 of December Effective
[97], Ukraine 12-week microbiome 9 2015
Sherf-Dagan et al., 2017 Probiotics, . . . .
[98], Israel 24-week NAFLD, 100 patients 16S ribosomal RNA gene sequencing NCT01922830 Not Effective
o Cirrhosis with
Bajaj et al[.iI?ON 199 FMT, 24-week recurrent HE, 20 16S ribosomal RNA gene sequencing NCT02636647 Effective
patients
Fer[olli)aoi]etglr.éZZi(l)16 Synbiotic, 12-week NAFLD, 27 patients Gut mlcroblomce}-l(;zr?;:ed metabolites - Effective
Lar{‘lbgﬁ ectazﬂ;;;)lS Prebiotic, 24-week  NAFLD, 30 patients Cha"gesc‘;‘;;oo‘gig‘;mb‘ome NCT02568605 Effective
Engstler et al., 2015 Probiotic, 12-week NA]T‘L_D, 20 Change in 1_ntest_1r1a1 and fecal NCT01306396 Effective
[102], Germany participants microbiome
Kwak et z}‘(lgi(;“ 103 probiotic, 4-week Chr"“z‘; ;;"g;ﬁl:ease‘ 168 ribosomal RNA gene sequencing KCT0000081 Not Effective
Alisi et alﬂ ;1314 04 probiotic, 16-week  NAFLD, 22 children ~ CUt m“:mb“’mce}'l‘;‘;g;’e‘i metabolites NCT01650025 Effective

170



Trends in Immunotherapy | Volume 09 | Issue 03

Table 1. Cont.

Author, Reference, lntervet_mon, Disease, Sample Microbiome Evaluation RCT Code Findings
Country Duration

Liuetal, 2014 [105],  Aerobicexercise,  \upipy 500 patients 168 ribosomal RNA gene sequencing  ISRCTN42622771 Effective
China 24-week

Lunia etal., 2014 [106], Probiotics, Cirrhosis without HE, Change in intestinal and fecal CTRI-2012-07- Effective

India 12-week 86 patients microbiome 002807
Jayakumar et al, 2013 Probiotic, 8-week ) Deco.mpensat.ed Change in 1'ntest'1nal and fecal NCT01032941 Effective
[107], Canada cirrhosis, 15 patients microbiome

Food frequency questionnaires (FFQ); metabolic dysfunction-associated steatotic liver disease (MASLD); Chronic Liver disease (CLD), Non-Alcoholic Steatohepati-
tis (NASH); Fecal microbiome transplantation (FMT); Alcohol use disorder (AUD); Hepatic encephalopathy (HE); Whole grain wheat (WGW); Primary sclerosing
cholangitis (PSC); Insulin Resistance Syndrome (IRS); Non-alcoholic fatty liver disease (NAFLD)

A recent systematic review by Jiang et al. (2022) examined the effects of probiotics, prebiotics, synbiotics, and
fecal microbiota transplantation (FMT) in cirrhosis patients [11]. Their findings highlighted that probiotics and
prebiotics significantly modulate gut microbiota and may contribute to reducing cirrhosis-related complications
such as hepatic encephalopathy. Also FMT, despite its promising potential, has not been systematically evaluated
in previous studies, indicating the need for further research. Meta-analyses on minimal hepatic encephalopathy
(MHE) and overt hepatic encephalopathy (HE) showed inconsistent conclusions, possibly due to variations in study
design and intervention types [11]. A 2023 umbrella meta-analysis by Naghipour et al. systematically reviewed the
effects of microbial therapies on lipid metabolism in NAFLD patients [12]. Their study found that probiotics, pre-
biotics, and synbiotics significantly reduced total cholesterol (TC), triglycerides (TG), and low-density lipoprotein
(LDL) levels, reinforcing their potential as an adjunctive therapy for NAFLD. Aside from that, no significant effects
on high-density lipoprotein (HDL) levels were observed, suggesting a limited influence of microbial therapies on
HDL metabolism. Despite positive outcomes, inconsistencies in dosage and duration of treatment across studies
highlight the need for standardized clinical trials [12].

5.2. The Role of FMT

Fecal microbiome transplantation is an innovative therapeutic procedure that includes transferring processed
and screened donor fecal material into a recipient’s upper or lower gastrointestinal tract. This procedure aims to
replenish a deficient microbiome and rectify bacterial imbalances within the recipient’s gut. FMT has garnered
widespread recognition for its effectiveness against Clostridium difficile infection (CDI) and various intestinal and
extra-intestinal disorders. Consequently, contemporary research efforts are increasingly focused on exploring its
prospective therapeutic applications in both short-term and long-term hepatic disorders. FMT is not only one of
the safest but also most effective methods in promoting gut microbiome quality. This method is effective for mod-
ifying the gut microbiome because it directly introduces a complex, fully formed community of microbes into the
recipient’s gut. It might reduce hospitalizations [32]. FMT may be delivered by enema or in a capsule. FMT deliv-
ered by enema was found effective in AUD-related cirrhosis and recurrent hepatic encephalopathy (HE) patients
[33,35]. Harmless of FMT was estimated by Allegretti et al [89]. A one-time fecal microbiome transplantation (FMT)
administered via colonoscopy in individuals with Primary Sclerosing Cholangitis was performed. Consequently, al-
kaline phosphatase (ALP) levels showed a significant reduction [35]. FMT found most effective way to support
microbiome in lean NAFLD patients as compare obese ones [36]. Another study found that it may improve insulin
resistance [37]. FMT without antibiotics using the capsular route also found as safe as antibiotics prior FMT [38].

FMT treatment protocols can vary greatly depending on the disease, and what is important is the selection of
the donor. Healthy donors can be individuals without familial ties, close relatives, or members of the same family.
Nonetheless, existing guidelines and policies indicate that the optimal source for donors is an unrelated person.
This recommendation arises from the fact that close kin and household members typically have comparable envi-
ronmental conditions and eating patterns to the recipient. In contrast, unrelated individuals have very different
communities in their gut microbiome.

In order to ensure the success of the transplant, the donor needs to be screened and undergo a series of strict
dos and don’ts according to an approved protocol [108]. Fresh fecal material is processed and blended into a suit-
able consistency [109]. Preserved fecal matter may occasionally be utilized [110]. Nevertheless, the microbial
diversity in preserved samples may be reduced compared to fresh ones. Latest research involving individuals with
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Clostridium difficile infection demonstrated that preserved fecal material was less effective than fresh material. The
techniques and delivery pathways differ as well. Microbiome of feces can be introduced into the intestinal tract by
endoscopy, capsule, and colonoscopy [111]. However, the optimal route of FMT has not yet been fully determined.
In China, retention enema is the primary approach as it is both safe and cost-effective; however, its capacity to fa-
cilitate microbiome colonization and establishment is restricted. Oral capsules are also a noninvasive method and
are preferred by patients, but their cost is so high that they are often discouraged. Additionally, it is essential to
emphasize that significant data must be collected at the time of FMT testing, which can include micronutrient and
macronutrient information, including use of PPIs, metformin, history of diabetes, excess weight, use of antibiotics,
history of gastrointestinal surgeries, inflammatory bowel diseases, and other diseases of gut [112].

There are a significant number of clinical trials that aim to investigate the diseases in which FMT can be used to
increase efficiency and effectiveness, as well as safety. To date, FMT is considered the last hope for managing severe
of severe Clostridium difficile infection [113]. In other words, evidence has shown that fecal microbiome transplan-
tation serves as a reliable and efficient therapy for Clostridium difficile infection [114,115]. Moreover, FMT has
demonstrated potential in managing various conditions, including gastrointestinal disorders, liver ailments, and
neurological issues [116,117]. Numerous studies indicate that fecal microbiome transplantation is largely well-
tolerated, adaptable, and significantly more efficient than traditional approaches to modulating intestinal micro-
biota, such as pre-, pro-, and antibiotics [118]. A study revealed thatamong 536 individuals diagnosed with Clostrid-
ium difficile infection who underwent fecal microbiome transplantation, the clinical improvement rate reached up
to 87%, with no reported adverse events [119]. The other investigation involved 20 CDI patients treated with frozen
fecal capsules, and a response rate of 90% was observed following a few treatment courses, again without any side
effects. Collectively, these studies imply that fecal microbiome transplantation is reliable and beneficial for indi-
viduals suffering from Clostridium difficile infection. In 2019, it was documented that two individuals with CDI
experienced bacteremia following fecal microbiome transplantation, one of which led to a fatal outcome. Notably,
both patients were administered capsules with feces from the identical donor, indicating that fecal microbiome
transplantation carries potential risks. Therefore, it is imperative to strengthen and improve donor assessment
to minimize and reduce the spread of microbes which can lead to incompatible and invasive pathogen-induced
conditions [120]. In a randomized study of 70 individuals with UC, the incident of disease onset was 24% in the
fecal microbiome transplantation-treated cohort and 5% in the placebo-controlled cohort [121]. Furthermore, un-
remarkable differences were observed in the incidence of results and adverse events between the 2 cohorts. Thus,
FMT significantly increased the rate of onset of remission in UC patients compared with placebo, and there were
no additional incompatible and problematic complications. Yu et al. assessed the effectiveness and safety of oral
fecal microbiome transplantation capsules among 22 obese adults in a randomized, double-blind study [122]. The
findings indicated that the capsules were generally well accepted and resulted in lasting changes in the intestine
microbiome akin to those observed in lean donors. Nevertheless, fecal microbiome transplantation (FMT) did not
achieve a reduction in BMI among adipose individuals when compared to a placebo group.

Ethical Challenges and Risks of FMT

While FMT has shown promising potential in the treatment of various liver-related conditions, several ethical
and safety concerns must be considered before its widespread adoption. Donor selection is a critical step in en-
suring the safety and efficacy of FMT. According to existing guidelines, the preferred donor is often an unrelated,
healthy individual rather than a family member, as genetic and environmental similarities may limit microbial
diversity transfer. Donor screening involves rigorous clinical and laboratory assessments to exclude transmissi-
ble infections, antibiotic-resistant bacteria, metabolic disorders, and underlying gastrointestinal diseases. Ethical
dilemmas arise in donor compensation, informed consent, and long-term health monitoring of both the donor and
recipient. Despite extensive screening, FMT carries the inherent risk of transmitting infections. In 2019, a case of
drug-resistant E. coli bacteremia was reported in two immunocompromised patients who received FMT capsules
from the same donor, resulting in one fatality. This highlights the need for continuous improvements in donor
screening, standardized protocols, and regulatory oversight. Although most FMT procedures are well-tolerated,
some studies have reported mild to moderate side effects, including diarrhea, bloating, and transient fever. Rare but
severe complications such as systemic infections, inflammatory responses, and autoimmune disease exacerbation
have also been observed. In patients with liver diseases, the long-term effects of FMT on liver function and gut mi-
crobiome stability remain unclear, necessitating further research. Unlike conventional pharmaceutical treatments,
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FMT is not yet universally standardized, leading to variations in donor screening, preparation methods (fresh vs.
frozen stool samples), and administration routes (capsule, enema, endoscopy). Different countries have varying
regulatory frameworks, and there is an ongoing debate about whether FMT should be classified as a drug, biologi-
cal therapy, or tissue-based transplant.

5.3. Probiotics and Adipokines in Liver Disease

The liver predominantly obtains its blood supply via the portal system, positioning it as the primary defense
mechanism against intestinal toxins. Consequently, the intestine microbiome is essential in the pathophysiology of
Non-Alcoholic Steatohepatitis (NASH). Moreover, due to their positive impact on metabolic processes, these ben-
eficial bacteria exhibit anti-inflammatory properties. Nutrition with a lot of fiber decreases the Firmicutes to Bac-
teroides ratio in humans, elevates Bifidobacterium levels, and supports calorie restriction, ultimately contributing
to improvements in NASH [123]. Probiotics comprise a diverse array of advantageous bacteria that can help re-
store the balance of intestinal flora, modulate lipid toxin metabolic processes by controlling intestine microbiome,
and enhance liver function. Results indicate that after probiotic therapy, hepatic functionality (Alanine aminotrans-
ferase, aspartate aminotransferase, gamma-glutamyl transferase) in patients improves remarkably [124]; triglyc-
eride and cholesterol levels are reduced [125]. Liver conditions caused by alcohol consumption can be managed
with beneficial bacteria through modulation of the gut-liver connection. The administration of probiotics leads to
changes in intestine microbiome structure and mitigates metabolic disorders by lowering serum lipid levels and
inflammatory markers [126]. Adipokines, which are bioactive substances released by adipose tissue, have diverse
impacts on health outcomes. They are essential for the regulation of metabolism, inflammation, immunological re-
action, cardiovascular health, and cancer progression [127]. Adipokines significantly influence insulin sensitivity
by impacting different tissues, including the hepatic, muscles, pancreas, and adipose tissue. They are crucial in both
the normal functioning of the liver and the onset of multiple acute and long-term hepatic disorders. Furthermore,
adipokines are instrumental in mechanisms like hepatic inflammation, hepatocyte apoptosis, and fibrosis.

Their role encompasses the development of Non-Alcoholic Fatty Liver Disease (NAFLD) and its advancement
to NASH, mediated through their metabolic functions as well as pro-inflammatory or anti-inflammatory activities
[128]. The mechanisms by which prebiotics and probiotics affect adipokines concentrations are not yet fully under-
stood; however, research indicates that their impact is influenced by alterations in the microbiome [129].

5.4. Pro and Prebiotic Supplementation

There is available controversial data regarding effectiveness of Pro and Prebiotic supplementation in liver dis-
orders. However majority studies found that pre or probiotic administration may improve liver diseases outcome.
Oral probiotic supplementation was revealed as beneficial in many studies [1,2]. Lactobacillus fermentum TSF331,
Lactobacillus reuteri TSR332 and Lactobacillus plantarum TSPO5 support orally improved LFT [3]. Serum ammonia
and Stroop test scores in HE were normalized by probiotic Escherichia coli Nissle (EcN) 1917 strain addition [4]. L.
acidophilus, L. rhamnosus, P. pentosaceus, B. lactis, and B. breve were increased in gut microbiome as a result of pro-
biotic mixture administration in 68 NAFLD patients, leading to intrahepatic fat (IHF) and triglyceride reduction [5].
The intake of the multiprobiotic “Symbiter,” which comprises a dense consortium of 14 probiotic bacterial genera,
including, Lactococcus, Lactobacillus and Propionibacterium, Bifidobacterium, led to reductions in both the liver
stiffness (LS) and fatty liver index (FLI) in individuals with DM type 2 suffering from NAFLD after an 8-week period
[6]- Symbiotic intervention fructo-oligosaccharides (4 g/twice day) + Bifidobacterium animalis subsp. LactisBB-12
shows an effect in liver fat reduction compared to placebo [130]. Inulin is a dietary fiber and a type of prebiotic;
alone, it did not show an effect in 19 NAFLD patients [131]. However, its supplementation in combination with
propionate in 18 participants for 42 days [7] and inulin with metronidazole in 62 patients were found useful in
NAFLD [8]. This result could be explained by the role of metronidazole, as it controls harmful bacterial overgrowth.
A similar positive effect was found by rifaximin-a, which reduced species richness [4,9]. On another hand some
studies reported that oral pre and probiotic supplementation is useless in liver disorders. Despite almost same
number of participants and intervention duration with, Multi-strain probiotic administration was ineffective in 39
NAFLD patients [10]. As seen in the work of Sherf-Dagan et al,, liver fat content did not significantly decrease in the
probiotic group as compared to the control group [13]. Failure of supplementation therapy could be because of the
short time of intervention period duration [13,16]. A combination of omega-3 polyunsaturated fatty acids and live
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multi-strain probiotics targeting the liver stiffness (LS) and fatty liver index (FLI) [14].

5.5. Adjustments in Daily Habits, Including Dietary Alterations and Physical Activity

These interventions can alter gut microbiomes and have been found to be a highly effective way to manage indi-
viduals who have liver disease associated with fat deposition in the liver. All provided data found their positive impact
on NAFLD. Liu et al. reported that low-carbohydrate diet (LCh) with individualized aerobic exercise (AEx) strength-
ens gut microbiome composition with improving liver diseases outcome [16]. Another website-based individualized
exercise reduced levels of AST and ALT significantly in non-alcoholic fatty liver disease patients and stayed within nor-
mal levels for 12 weeks even after completing the program [15]. Efficacy of the synergistic effect of the Mediterranean
diet with or without the combination with exercise was proven in many studies. Mediterranean diet and physical ac-
tivity may change the liver steatosis (HSI). Intervention duration period in terms of diet modification with exercise
played an important role in slowing liver fibrosis [132]. Other studies showed that including a probiotic-containing
Cocktail ameliorates gut microbiome composition and betterment of CAP parameters in steatosis levels [17,18]. Some
authors found that combined strategy like diet modification with exercise may result individually but not same in all
NAFLD patients [19]. Formulated food with lifestyle modification can normalize MRI-PDFF [133]. Insulin resistance
was improved with yogurt intake in NAFLD [21,133]. Two studies estimated that whole-grain wheat is powerful in
NAFLD through a changed composition of microbiom [22,23]. Curcumin supplementation leads to gut microbiome-
dependent BA betterment with reduced fat deposition [24]. Qushi Hua and Sulforaphane increase the presence of
helpful microbes while minimizing pathogenic microbes [25]. The cohort of patients who administered Qushi Huayu
had less fat liver content and liver enzyme levels [26]. Fish-based diet showed efficacy in NAFLD [27]. Fish oil and vi-
tamin D are more effective in combination than when taken alone. Zhang et al. revealed their effectiveness in NAFLD
by promoting beneficial bacterial growth [28]. The products that may encourage the proliferation of helpful microbe
like Bifidobacterium and Lactobacillus while suppressing harmful bacteria, such as pathogenic bacteria (Clostridium
difficile, Escherichia coli), by Qushi Huayu significantly impact on NAFLD patients positively [26,29]. The improve-
ment of gut dysbiosis by oligono], is a low-molecular-weight oligomer from the Litchi extracts and Amazonian berry
camu-camu (CC), leading to betterment in steatosis [30,31].

6. Interdisciplinary Contributions to Liver Health

Hepatologists and gastroenterologists are at the forefront of liver disease diagnosis and treatment. Their role
extends from recognizing microbiota-liver axis disruptions to implementing therapeutic strategies such as probiotic
supplementation and fecal microbiota transplantation (FMT). Recent systematic reviews highlight that probiotics,
prebiotics, and synbiotics effectively mitigate cirrhosis complications, with FMT being explored as a viable inter-
vention for advanced hepatic disorders [11]. This collaboration provides a foundation for refining clinical guide-
lines and developing personalized therapeutic protocols. Microbiologists play a pivotal role in investigating gut
microbiota alterations associated with liver disease progression. Akkermansia muciniphila, for instance, has been
identified as a beneficial bacterium in ethanol-induced liver damage [12]. Furthermore, Naghipour et al. (2023)
demonstrated that microbial therapies significantly improve lipid metabolism in NAFLD patients, reinforcing the
microbiota’s role in hepatic homeostasis [12]. These insights facilitate the development of targeted microbiome-
based therapies, optimizing intervention strategies. And nutritionists contribute to liver health by designing di-
etary interventions that modulate gut microbiota composition. Probiotic and prebiotic-rich diets have been linked
to reduced liver fat accumulation and lower inflammatory markers in NAFLD. Additionally, dietary modifications
emphasizing fiber intake and fermented foods enhance gut-liver axis stability, reinforcing the role of nutrition in
hepatic disease prevention and treatment [12].

7. Upcoming Opportunities

With a prevalence rate of 7-8%, hepatitis B virus (HBV) infection continues to exert a significant impact on
healthcare systems [134]. If untreated, the disease may progress to fibrosis or cancer of liver. Thus, the effective
therapy of hepatitis B virus is essential for lowering the occurrence of fibrosis or cancer of liver. Wang et al. com-
pared the normal gut flora of individuals with chronic viral hepatitis B (CHB) with that of healthy controls and found
that the abundance of Bacteroides was reduced in chronic viral hepatitis B patients based on sequencing of the V3-
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V4 region of the 16S rRNA gene of the gut microbiome [33]. Furthermore, the structural changes of the gut micro-
biome caused by liver disease and disease severity are mutually random. These changes are likely to influence the
transformation of CHB into cirrhosis, liver cancer, or liver failure. Research conducted on mice has indicated that in-
testine microbiome has the potential to impact the immune response of the host and its efficacy in eliminating HBV
infection [135]. Therefore, fecal microbiome transplantation may be a possible treatment approach for modulating
the immune system in individuals with CHB infection. In a non-randomized controlled study, 14 HBe-Ag (antigen)
positive patients were treated with 6 cycles of gastroscopic fecal microbiome transplantation and concomitant an-
tiviral therapy [136]. ALI characterized by acute liver injury and necrosis, can arise from various factors such as
excessive alcohol consumption, acetaminophen toxicity, restricted blood flow to the liver, viral and autoimmune
hepatitis, as well as liver damage caused by medications. If individuals go unrecognized and untreated in a timely
manner, ALI can advance to acute liver failure (ALF), a condition with a mortality rate of up to 40% within 90 days
[137]. Over fifty percent of ALF cases progress to the point where they need the transplantation of liver. An ex-
cessive whole-body inflammatory response appears to play a crucial role in the transition from acute lung damage
(ALI) to severe liver failure (ALF). Disruptions within the gut microbiome have been associated with both this sys-
temic inflammation and ALI. Notably, Lactobacillus salivarius L101 has been documented to mitigate liver damage
effectively [138]. Probiotics are commonly prescribed during the course of ALI or ALF, but they have little benefit
for survival. FMT is a potential therapeutic strategy for ALl and ALF to regulate the gut microbiome. In a study of 18
HBeAg-positive patients, two out of five patients who received FMT achieved complete clearance of HBeAg, while
none of the 13 controls did [139]. These results indicate that fecal microbiome transplantation (FMT) shows effi-
cacy in treating HBV infections. Nevertheless, the long-term implications of FMT for chronic HBV infection remain
largely unclear [140]. More comprehensive research is essential to establish definitive conclusions regarding the
application of fecal microbiome transplantation (FMT) in treating hepatitis. Hepatocellular carcinoma (HCC) ranks
as the third most common cause of cancer-related fatalities globally and has strong correlations with infections
from hepatitis B virus (HBV) and hepatitis C virus. Studies conducted on mice, both experimental and laboratory-
based, indicate that a disrupted gut microbiome heightens the likelihood of developing HCC, while probiotics have
been found to impede tumor proliferation [141]. These investigations indicate that adjusting and altering the gut
microbiome could enhance results for patients with hepatocellular carcinoma (HCC). As a therapeutic approach for
managing HCC, fecal microbiome transplantation (FMT) demonstrates considerable potential. Nonetheless, our lit-
erature review to this point has not revealed any clinical trials specifically examining the application of FMT in HCC
treatment, highlighting a need for additional research. Ongoing challenges and current trials evaluating FMT in in-
dividuals suffering from liver conditions like HBV and HCC are documented on Clinicaltrials.gov. And while Jiang et
al. (2022) identified the potential of FMT, its therapeutic role in liver function improvement remains unclear [11].
Future clinical trials should address this gap by evaluating FMT in different cirrhosis stages. The inconsistencies in
microbial therapy effects on HDL levels indicate the necessity for more detailed subgroup analyses and long-term
randomized controlled trials (RCTs).

8. Conclusions

This study has provided a comprehensive analysis of the relationship between gut microbiota and liver dis-
eases, highlighting the potential therapeutic benefits of microbiome-targeted interventions. The findings suggest
that microbiota modulation, including probiotics, prebiotics, synbiotics, and fecal microbiota transplantation (FMT),
plays a crucial role in liver disease management. Specifically, microbial therapy has demonstrated significant ef-
fects on lipid metabolism, inflammatory markers, and overall hepatic function, making it a promising adjunctive
approach for conditions such as NAFLD and cirrhosis.

Despite these promising results, several challenges remain. Variability in microbial composition, differences
in study methodologies, and the need for long-term safety data require further investigation. Current systematic re-
views indicate that inconsistencies in dosage, treatment duration, and patient populations contribute to variations
in treatment efficacy [12]. Addressing these gaps through well-designed, large-scale randomized controlled trials
(RCTs) will be critical in determining the optimal use of microbial therapies. In conclusion, the growing body of
evidence supports the integration of microbiome-based therapies in liver disease management. However, further
clinical validation and regulatory standardization are necessary to fully realize the potential of these interventions
in hepatology. Future research should focus on refining therapeutic protocols, optimizing patient selection, and
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ensuring long-term treatment efficacy to maximize clinical benefits.
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