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while evidence on BCAA supplementation and FMT remains emerging. Con-
clusion: Optimizing diet and nutrition offers a promising adjunctive approach
in cirrhosis management. Future research should focus on personalized, mi-
crobiome-based dietary strategies to improve clinical outcomes and quality of
life.
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1. Introduction: The Gut-Liver Axis in Cirrhosis

Cirrhosis is a chronic liver disease marked by the replacement of healthy hepatic
tissue with fibrotic tissue and regenerative nodules, ultimately distorting the liver’s
architecture and impairing its function [1]. This condition represents a significant
global health burden, with an estimated worldwide prevalence of 1.3% [2]. Beyond
prevalence, cirrhosis is a major contributor to global morbidity and mortality, ad-
versely affecting quality of life and accounting for a substantial number of disabil-
ity-adjusted life years (DALYs) [3].

The etiology of cirrhosis is multifactorial. Chronic alcohol abuse remains the
most common cause, although viral hepatitis—particularly hepatitis B and C—
has historically played a large role. Encouragingly, the global prevalence of viral
hepatitis is decreasing due to advancements in screening and antiviral therapies.
In contrast, the incidence of non-alcoholic fatty liver disease (NAFLD)-related
cirrhosis is rising, largely driven by the global epidemics of obesity and metabolic
syndrome [4]. Other, less common causes include autoimmune hepatitis, genetic
disorders such as Wilson’s disease and hemochromatosis, and cholestatic liver
diseases like primary biliary cirrhosis [5].

On a pathophysiological level, cirrhosis results from chronic liver injury that
triggers ongoing inflammation and fibrosis. Hepatic stellate cells are central to this
process, producing extracellular matrix components that accumulate over time.
As fibrosis progresses, the liver’s regenerative capacity leads to the formation of
nodules, further contributing to architectural distortion and compromised hepatic
function. Over time, this pathological remodeling can give rise to severe compli-
cations, including portal hypertension, hepatic encephalopathy, and an increased
risk of hepatocellular carcinoma [6].

The gut microbiota plays a crucial role in maintaining liver health and contrib-
utes significantly to the development of liver disease. Central to this relationship
is the gut-liver axis, a bidirectional communication network through which mi-
crobial metabolites and components travel from the gut to the liver via the portal
vein. Disruption of this axis—commonly due to dysbiosis, or an imbalance in gut

microbial composition—can increase intestinal permeability. This allows harmful
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substances such as lipopolysaccharides (LPS) to translocate to the liver, where they
trigger inflammatory responses and contribute to liver damage [7]. Distinct gut
microbiota patterns have been associated with a range of liver diseases, including
non-alcoholic fatty liver disease (NAFLD), alcoholic liver disease (ALD), and cir-
rhosis [8].

The mechanisms underlying this gut-liver interaction are multifaceted, involv-
ing microbial metabolites, immune modulation, and bile acid metabolism. Micro-
bial metabolites such as short-chain fatty acids (SCFAs)—including acetate, pro-
pionate, and butyrate—are produced by gut bacteria and play key roles in regu-
lating hepatic immune responses and metabolic processes [9]. In parallel, immune
modulation occurs as gut-derived microbial components like LPS and peptidogly-
can activate liver-resident immune cells, inducing inflammation. This immune ac-
tivation is central to the pathogenesis of several liver diseases. Additionally, the gut
microbiota influences hepatic immune signaling by modulating the expression of
Toll-like receptors (TLRs) and related pathways [10]. Lastly, the gut microbiota
affects bile acid metabolism, which in turn impacts liver function and inflamma-
tion. Bile acids, modulated by microbial activity, interact with hepatic receptors
such as farnesoid X receptor (FXR) and TGR5, influencing lipid metabolism, glu-
cose homeostasis, and fibrogenesis [11].

In the setting of cirrhosis, the gut-liver axis becomes profoundly disrupted. In-
creased intestinal permeability facilitates the translocation of bacteria and their
products into the liver, exacerbating inflammation and accelerating hepatic injury.
This process also contributes to systemic inflammation, which is associated with
complications such as hepatic encephalopathy and spontaneous bacterial perito-
nitis. Furthermore, cirrhotic patients commonly exhibit microbial dysbiosis, char-
acterized by a reduction in beneficial bacteria and an overgrowth of pathogenic
species, further aggravating liver disease progression [12].

The objective of this review is to provide a comprehensive overview of the gut-
liver axis in the context of cirrhosis. Specifically, it aims to examine gut barrier
dysfunction and alterations in gut microbiota associated with cirrhosis, discuss
the impact of small intestinal bacterial overgrowth (SIBO) and the potential role
of dietary interventions in modulating gut-liver interactions, and explore emerg-
ing therapeutic strategies—including dietary modifications, probiotic supplemen-
tation, and fecal microbiota transplantation (FMT)—that target the gut microbi-

ota to improve liver outcomes.

2. Methodology

To conduct this literature review, we carried out a comprehensive and structured
search of the existing scientific literature to explore how diet and nutrition impact
the gut-liver axis in cirrhosis and hepatic encephalopathy (HE). We searched sev-
eral major biomedical databases, including PubMed, Embase, the Cochrane Li-
brary, and Web of Science, covering studies published between January 2000 and
April 2025. We used combinations of keywords and MeSH terms such as “gut-

DOI: 10.4236/jbm.2025.1310022

255 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1310022

M. Hassan et al.

» <«

liver axis,” “cirrhosis,” “hepatic encephalopathy,” “dietary intervention,” “gut mi-

» <« » <«

crobiota,” “probiotics,” “prebiotics,” “synbiotics,” “small intestinal bacterial over-
growth,” and “fecal microbiota transplantation.” We also reviewed the reference
lists of relevant articles to identify additional studies that might have been missed
in the database searches.

We included articles that were published in English, focused on human adult
populations with cirrhosis or HE, and specifically examined the effects of diet, nu-
trition, or gut-targeted therapies on the gut-liver connection. Eligible study designs
included randomized controlled trials, meta-analyses, systematic reviews, observa-
tional studies, and high-quality narrative reviews. We excluded animal studies, pe-
diatric-focused research, case reports, editorials, conference abstracts, and opinion
pieces without primary data or strong clinical relevance.

The study selection process was done in two stages. First, we screened titles and
abstracts to filter out irrelevant publications. Next, we conducted a full-text review
of the remaining articles to ensure they met our inclusion criteria. Data extraction
was performed systematically, focusing on key details such as the type of inter-
vention, population characteristics, outcomes related to gut microbiota, gut bar-
rier function, ammonia levels, inflammation, and clinical measures like HE epi-
sodes or hospitalizations.

Given the wide range of interventions and study designs, we chose a narrative
synthesis approach rather than a formal meta-analysis. We grouped the findings
into thematic areas, including gut barrier dysfunction, small intestinal bacterial
overgrowth, the effects of dietary macronutrients, the role of probiotics and prebi-
otics in HE, and the emerging role of fecal microbiota transplantation. Through-
out the synthesis, we prioritized evidence from higher-quality studies, such as ran-
domized controlled trials and meta-analyses, but we also included mechanistic
studies and expert reviews where clinical data were limited. Finally, we critically
assessed the strengths and limitations of the available evidence and identified gaps

that need to be addressed in future research.

3. Gut Barrier Dysfunction and Small Intestinal Bacterial
Overgrowth (SIBO) in Cirrhosis

Components of the gut barrier are essential in maintaining what is permeable into
our bloodstream from our digestive tract. This barrier is formed by epithelial cells,
which maintain tight cell-to-cell connections that physically separate the intesti-
nal lumen from deeper underlying tissue, called tight junctions. The barrier can
adapt in response to signals delivered to the gut immune system and secrete me-
diators as needed. The epithelial cells have a protective mucus layer, which is a trap-
ping mechanism that prevents the binding of infectious agents from food agents to
the cell surface [13]. Dysfunction in the gut barrier ecosystem, also known as dysbio-
sis, can lead to altered microbial composition and the pathogenesis of several dis-
ease factors. An increase in the permeability of the gut barrier is a common finding

in cases of cirrhosis, which can promote translocation of bacteria, endotoxin, and
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pathogens. There are four major mechanisms in which bacterial translocation can
take place, including dysbiosis, bacterial overgrowth, increased permeability, and
abnormalities in the immune system [14]. Furthermore, it is critical to consider
the impact of bacterial translocation, as the pathogenesis of this mechanism is
strongly linked to Cirrhosis.

Increased intestinal permeability introduces the potential for unfavorable Gram-
negative bacteria to enter the gut. Endotoxemia is a common characteristic of Cir-
rhosis, which is measured by the presence of Lipopolysaccharides(LPS), a compo-
nent of the cell wall of Gram-negative bacteria [15]. The concern with increased
levels of LPS is that it can trigger an immune response, such as sepsis, due to the
role it plays in stimulating the immune system at a systemic level. Inflammatory
markers, such as IL-8, are increased, which is implicated in directly damaging the
epithelial barrier. LPS is involved with the innate components of the immune sys-
tem. TLR-4 triggers the expression of NF-xB, which stimulates several inflamma-
tory processes downstream, such as the release of IFN-Band triggers the differen-
tiation of CD4+ subtypes, all of which increase the inflammatory response and
lead to further dysregulation [16]. Gut dysbiosis and systemic inflammation can
coexist and lead to the end stages of Cirrhosis complications. Inflammation leads
to changes in the liver, such as sinusoidal fibrosis, which leads to less clearance of
bacteria, and the impact of inflammatory marker disruption reduces the bacteri-
cidal capacity that typically takes place in a healthy liver. Systemic inflammation
gives rise to cytopenia, enlarged spleen from portal hypertension, and deranged
phagocytic activity, all of which lead to long-term activation and exhaustion of the
immune cells, leading to less responsiveness to bacteria [17]. The acute precipi-
tating effect of the bacterial infection can lead to systemic inflammation and di-
minish liver function, resulting in associated complications such as ascites, SBP,
and HE [18]. Moreover, bacterial infection due to increased intestinal permeabil-
ity leads to challenges in maintaining systemic inflammation and can cause down-
stream effects in cirrhosis and related complications.

In a systematic review and meta-analysis of 21 studies (including 1264 cirrhot-
ics and 306 controls), the prevalence of Small Intestinal Bacterial Overgrowth
(SIBO) was found to be 40.8%, while the control group was 10.7% [19]. A few risk
factors for SIBO include: diabetes, autonomic neuropathy, portal hypertension,
and alcohol use. SIBO often occurs due to impaired intestinal motility, decreased
gastric acid, ileocecal valve reflux or delayed transit time, posing a challenge to the
exacerbating effects of liver disease. Patients often present with symptoms related
to abdominal discomfort and bloating, and this is due to small bowel function
issues as well as intestinal lining disruption, leading to atrophy of the intestinal
villi. The gold standard for diagnosis of SIBO is via cultures of small bowel aspi-
rates, which is performed using endoscopy. Another option is a positive breath
test, which is non-invasive and inexpensive. Treatment for SIBO is reserved for
patients with classically presenting symptoms and clinically high suspicion due to

antibiotic risk. Compared to other Metronidazole and neomycin, Rifaximin had
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superior efficacy and the most favorable side effect profile. Rifaximin was ob-
served to have improved eradication rates when combined with an insoluble die-
tary fiber supplement. Probiotics have been explored as a potential treatment due
to competition with intestinal pathogens; however, there was no significant dif-
ference between Lactobacillus fermentum and a control group, and there was also
no added benefit with rifaximin. Correcting the underlying cause of SIBO, such
as prokinetic medications for dysmotility, is of greatest therapeutic impact [20].
There are several considerable antibiotics and treatments available, but determin-
ing the underlying condition is of utmost importance when choosing an appro-

priate treatment plan for SIBO.

4. Dietary Interventions and Their Impact on Gut-Liver
Health

Diet directly influences gut microbiota, which connects with the liver via the gut-
liver axis unit. When our eating choices damage the digestive system and balance,
it grows into an unhealthy mix of leaky intestines, triggering body-wide inflam-
mation. Changes in gut microbiota caused by these factors help the liver move
toward cirrhosis and NAFLD. Dietary strategies toward specific dietary changes
show great promise in fixing gut microbiota balance and protecting the liver from
harm.

Consuming Western diets with high fat and sugar content changes the types of
gut bacteria in ways that damage liver functions. Endotoxins can leak through an
impaired intestinal barrier when gut health imbalance happens, since the gut bar-
rier becomes weak. The liver damage gradually worsens, which makes patients
more likely to get NAFLD or cirrhosis. Research shows that Firmicutes and Bac-
teroidetes bacteria populations change in response to specific diets and worsen
liver disease [21].

Research shows that patients with cirrhosis gain better health benefits from fol-
lowing a Mediterranean diet with its supportive nutritional components. The diet
maintains many different types of gut bacteria while decreasing inflammation and
improving liver scarring [22]. Olive oil helps manage liver inflammation while main-
taining digestion through its polyphenol content. Medical research has proven that
Mediterranean food antioxidants protect liver cells against day-to-day harm caused
by free radicals [23]. Although large-scale trials directly evaluating the Mediterra-
nean diet in decompensated cirrhosis are limited, evidence from related liver con-
ditions supports its benefits on the gut-liver axis. In a randomized controlled trial,
the DIRECT-PLUS study, a green-Mediterranean diet enriched with polyphenols
and reduced red meat significantly decreased intrahepatic fat and modified gut mi-
crobiota composition, especially increasing Ruminococcaceae_ UCG-014 and Four-
nierella, which correlated with hepatic improvements [24]. A 2024 systematic re-
view further confirmed that adherence to the Mediterranean diet enhances gut mi-
crobial diversity, increases anti-inflammatory short-chain fatty acid (SCFA)-pro-

ducing bacteria (Faecalibacterium, Bacteroides, Prevotella), and reduces systemic
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inflammation; all key contributors to liver disease progression [25]. While direct
studies in cirrhosis are still ongoing, these findings highlight the Mediterranean
diet’s therapeutic potential via gut-liver axis modulation.

The consumption of processed foods with emulsifiers and additives can harm
the gut lining by creating “a leaky gut.” This increases the chance of bacteria pass-
ing into the bloodstream and hurting the liver tissue. Reducing the consumption
of processed foods provides an effective solution to protect the liver and slow fi-
brosis development [26].

Dietary fiber strengthens the gut lining and promotes the creation of anti-in-
flammatory SCFAs, with butyrate as its main variety. Research shows that plenty
of fiber in the diet keeps liver inflammation at bay and builds better gut bacteria
in patients with cirrhosis [27].

Inulin and fructooligosaccharides act as prebiotics, nourishing valuable Bifidobac-
teria and Lactobacilli to improve gut health while lowering overall body inflam-
mation [23].

Probiotic supplements demonstrate positive effects in the treatment of cirrho-
sis. The gut bacteria strains Lactobacillus and Bifidobacterium lower ammonia
levels while enhancing brain functions and reshaping the gut microbiome profile
in liver health [22].

Eating plants and fiber acts as an effective anti-inflammatory diet. The diets in-
crease Short Chain Fatty Acid production, which feeds the digestive system and
blocks inflammatory chemicals. Researchers discovered that mainly eating plant
foods with their high antioxidant content can lower body-wide inflammation, which
drives liver conditions to get worse [27]. These eating plans manage immune re-
actions, lowering liver scars and improving liver performance.

Dietary macronutrients directly influence how much inflammation our bodies
develop. Extreme intake of saturated fats causes a rise in inflammation-promoting
cytokines that worsen liver problems. Dietary plans that combine all macronutri-
ents plus healthy fat from fish and flaxseeds reduce inflammation. The liver of
patients with the disease experiences less inflammation, while omega-3 fatty acids
aid in how the body handles lipids [21].

Diets have a direct impact on hepatic fibrosis levels, which show the extent of
liver damage. Research shows that diet altering the gut microbiome can reduce
fibrosis pathogen activity within the liver. Eating more fibrous foods and antioxi-
dants with less processed fat and sugar helps decrease fibrosis growth in the liver.
The first research shows that diet modifications to modify the gut microbiome
could help reverse liver fibrosis [23].

Nutritional changes based on fiber, prebiotic, and probiotic consumption help
protect gut-liver health without medicine. Dietary methods protect and repair the
gut lining system while decreasing inflammation signals to slow liver disease ad-
vance. Doctors should include special diets in their treatments to help patients
with liver diseases achieve better results and feel healthier. Research findings may

make dietary changes essential for completely managing liver diseases.
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5. Protein Intake and Hepatic Encephalopathy (HE)

The production of ammonia by gut microbiota is crucial in the development of
hepatic encephalopathy (HE). Research indicates a significant relationship be-
tween dysbiosis, neuroinflammation, and cognitive decline, particularly involv-
ing the bacterial families Alcaligenaceae, Porphyromonadaceae, and Enterobacte-
riaceae. Notably, Alcaligenaceae can degrade urea into ammonia, which leads to
hyperammonemia, a defining characteristic of hepatic encephalopathy. This ca-
pability, along with their involvement in opportunistic infections, renders them
especially hazardous for individuals with cirrhosis. Similarly, Enterobacteriaceae
are linked to severe infections in cirrhotic patients, contributing to heightened
inflammation and elevated MELD scores [28]. Conversely, members of the order
Bifidobacteriales have been observed to provide a protective effect against the risk
of developing HE [29]. These findings imply that HE could be a metabolic path-
way influenced by gut health. Improved outcomes may be achievable through
treatment strategies aimed at effectively modulating gut microbiota, highlighting
the significance of prebiotics and probiotics. Additionally, this evidence raises the
question of whether gut microbiota screening for patients with or at risk for HE
could enhance prognosis.

In the 20th century, low-protein diets were regularly recommended for cir-
rhotic patients to reduce intestinal ammonia production and prevent hepatic en-
cephalopathy (HE). Before 2004, the European Society for Clinical Nutrition and
Metabolism (ESPEN) Consensus Group advised a restrictive protein diet, suggest-
ing an intake of 1 g/kg/day for patients with compensated cirrhosis and 0.5 g/kg/day
for those with severe cirrhosis [30]. However, a groundbreaking study by Cérdoba
et al. in 2004 suggested that there was no difference in the severity of HE between
cirrhotics who received a low protein diet versus a normal protein diet. Their pa-
rameters of measurement included ammonia levels, albumin, bilirubin, and pro-
thrombin time, all of which showed no statistical differences between the groups
[31]. This randomized prospective study significantly challenged prior recom-
mendations, demonstrating that a normal protein diet does not worsen HE. Cur-
rent recommendations have built on these findings, with numerous organizations
in the USA and Europe, such as ESPEN, the American Association for the Study
of Liver Diseases (AASLD), and the International Society for Hepatic Encephalo-
pathy and Nitrogen Metabolism (ISHEN), now recommending a protein intake
of 1.2 - 1.5 g/kg/day [32]. The modern emphasis on higher protein intake high-
lights the need for evidence-based, individualized interventions to support overall
patient health.

There is much debate on the source of protein intake for cirrhotics, and as a
result, there is an extensive amount of data. A significant area of discussion is the
benefits of branched—chain amino acids (BCAAs) (leucine, isoleucine, and valine)
as they are compounds that the body cannot produce itself. A meta-analysis by
Gluud et al demonstrated improvements in HE signs and symptoms among cir-

rhotic patients given BCAAs; however, these patients were not treated with lactu-
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lose or neomycin. Those who were receiving these treatments but did not reveal
benefits after BCAA administration [33]. This meta-analysis encompassed trials
through 2014. Additional large-scale studies are needed to further elucidate the
effect of BCAAs. Likewise, additional studies are essential to assess the therapeutic
advantages of a vegetarian diet compared to an omnivorous one. However, a ran-
domized clinical trial by Badal et al found that meat-based protein resulted in
higher serum ammonia levels than non-meat protein [34]. This discovery, along-
side the association of elevated ammonia levels with HE symptoms, supports the
idea that plant-based diets might be more beneficial for cirrhotic patients; how-

ever, additional large-scale studies are still needed to make a definitive conclusion.

6. Therapeutic Potential of Dietary Modulation in Cirrhosis
6.1. Vegetarian vs. Omnivorous Diets and Ammonia Levels

Hepatic encephalopathy (HE) is a common and debilitating neuropsychiatric com-
plication of cirrhosis, contributing to increased mortality, hospitalization, and di-
minished quality of life. Central to its pathogenesis is hyperammonemia—elevated
levels of circulating ammonia—which, when combined with systemic inflamma-
tion, impairs cognitive function [35] [36]. While pharmacologic interventions like
lactulose remain first-line for reducing ammonia production [36], there is grow-
ing recognition of the significant role that nutrition plays in modifying ammonia
production in the long-term management of HE.

Historically, patients with cirrhosis were advised to restrict protein intake due
to concerns that dietary protein could exacerbate HE. However, this belief has
shifted significantly [37]. Current guidelines recommend a daily protein intake of
1.2 - 1.5 g/kg/day, given the high prevalence of protein-calorie malnutrition (PCM)
in this population. As a serious complication of cirrhosis, PCM is linked to poor
outcomes, including infections, ascites, and spontaneous bacterial peritonitis [38].
Studies now emphasize the importance of maintaining a positive nitrogen balance
and protein intake to support hepatic function in these patients [38].

Emerging clinical evidence indicates that many patients can tolerate normal to
even high-protein diets without significant or sustained elevations in ammonia,
particularly when the source of protein is considered. In fact, recent studies sug-
gest that not all proteins are equal in their impact on ammonia levels or cognitive
outcomes in cirrhosis. Plant-based and casein-based proteins appear to offer dis-
tinct advantages over meat-based proteins.

In fact, casein- and vegetable-based proteins, rich in fiber and low in sulfur-con-
taining amino acids, produce less ammonia in the colon and favorably modulate
postprandial metabolism. Two randomized studies reported superior psychomet-
ric performance and fewer hospital admissions on vegetable-protein diets versus
meat-based diets [33] [39]. In a small crossover trial (n = 10), a vegan diet yielded
better mental status outcomes than an omnivorous regimen [40].

Most notably, a 2024 randomized study by Badal et al compared the acute ef-

fects of a single meal containing meat, vegetarian, or vegan protein in 30 outpa-
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tients with cirrhosis. The meat meal caused a significant rise in ammonia levels
and adverse changes in branched-chain amino acids (BCAAs) and lipid markers,
whereas plant-based meals did not [34]. These findings support the potential of
even a single plant-based meal to mitigate the ammonia burden and improve met-
abolic parameters.

In summary, rather than restricting protein universally, patients with cirrhosis
should be encouraged to meet protein goals using high-quality sources—particu-
larly plant-based and casein-rich options. This approach not only addresses mal-
nutrition but also reduces ammonia production, supports pharmacologic therapy,

and improves cognitive function and overall quality of life.

6.2. Fermented Foods and Their Role in Liver Health

Fermented foods such as yogurt, kefir, kimchi, and other probiotic-rich staples
have gained increasing attention in recent years for their potential to improve liver
health, particularly in patients with cirrhosis and HE. Their clinical value largely
stems from their ability to modulate a critical therapeutic target in HE—the gut
microbiome.

Mechanistically, probiotics in fermented foods help reduce gut lumen pH, lim-
iting the growth of urease-producing bacteria that contribute to ammonia pro-
duction. They also enhance intestinal microbial diversity, strengthen gut barrier
function, and thus, reduce the translocation of bacterial endotoxins that lead to
systemic inflammation. Considering HE pathogenesis arises in large part from
gut-derived neurotoxins entering systemic circulation and affecting the brain,
probiotic-rich fermented foods have multiple benefits: decreasing hepatic inflam-
mation, lowering blood ammonia levels, and improving cognitive outcomes.

A 2023 meta-analysis of nine randomized controlled trials involving 776 par-
ticipants found that probiotic supplementation significantly improved minimal
hepatic encephalopathy (MHE) compared to placebo or no treatment, with an odds
ratio of 3.95 (95% CI: 2.05 - 7.60, p < 0.0001) [41]. Additionally, probiotics were
also associated with a significant reduction in serum ammonia levels (mean dif-
ference (MD): —25.94 pmol/L; 95% CI: —50.21 to —1.66; p = 0.04) [41]. Although
probiotics did not outperform standard treatments like lactulose or L-ornithine
L-aspartate (LOLA) in these outcomes, these findings underscore their supportive
value.

Additional support comes from a 2017 Cochrane review, which concluded that
probiotics reduce the risk of overt HE episodes and improve cognitive perfor-
mance by decreasing systemic ammonia burden and inflammation [42]. Further,
a 2024 meta-analysis by Zhou et al systematically reviewed 18 RCTs (n = 1274)
and reported that probiotic supplementation significantly reduced blood ammo-
nia levels (MD = -2.68 umol/L; 95% CI: —3.90 to —1.46; p < 0.0001) and increased
the remission rate of MHE (RR = 2.79; 95% CI: 1.23-6.35; p = 0.01) [43]. The
study also demonstrated improvements in liver injury markers—reducing alanine
aminotransferase (ALT) (MD = —11.10 U/L; 95% CI: —16.17 to —6.03; p < 0.0001)
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and lowering Model for End-Stage Liver Disease (MELD) scores (MD = —2.55;
95% CI: —3.56 to —1.54; p < 0.00001)—and a striking decrease in MHE incidence
(RR = 0.18; 95% CI: 0.09 - 0.34; p < 0.00001) [43]. Most recently, a 2024 meta-
analysis by Zhang ef al reported reversal of MHE (RR: 1.54; 95% CI: 1.03 - 2.32)
and improvement in overall HE outcomes (RR: 1.94; 95% CI: 1.24 - 3.06), along-
side enhanced quality of life [44]. Collectively, these robust findings reinforce the
therapeutic utility of fermented foods and probiotic supplementation in managing
cirrhosis-related complications.

Note: The meta-analyses above largely derive from trials in which probiotics

were administered via fermented dairy products (e.g., probiotic yogurt).

6.3. Synbiotics in Cirrhosis Management

Building on the benefits of probiotics alone, synbiotics pair live beneficial bacteria
with the prebiotic fibers they need to thrive. This targeted combination ensures
both direct introduction of beneficial microbes and sustained support for their
proliferation. Thus, this nutritional strategy can more reliably rebalance the gut
microbiome in patients with cirrhosis and hepatic encephalopathy (HE).

Mechanistically, prebiotics like inulin or fructo-oligosaccharides act as fertilizer
for supplemented probiotics like Lactobacillus and Bifidobacterium—helping
them establish and outcompete the urease-producing bacteria. Synbiotics further
exert their therapeutic effects by helping acidify the gut lumen, inhibiting urease-
producing species responsible for ammonia generation, thereby lowering systemic
ammonia levels. They also strengthen the intestinal barrier by enhancing mucus
layer production and tightening epithelial junctions, preventing translocation of
bacterial endotoxins that fuel systemic inflammation and hepatic injury. Addi-
tionally, by modulating immune responses, synbiotics help reduce the chronic in-
flammatory state that exacerbates both liver dysfunction and neurotoxicity.

The clinical promise of synbiotics is supported by several key studies. A random-
ized controlled trial of 55 cirrhotic patients with minimal HE received either a syn-
biotic mixture (probiotics plus fermentable fiber), fiber alone, or placebo for 30
days; half of those in the synbiotic arm experienced reversal of HE, with significant
drops in blood ammonia, reduced endotoxemia, and improvements in Child-Tur-
cotte-Pugh scores [45]. A meta-analysis confirmed these findings, demonstrating
a 45% - 60% reversal rate of minimal HE with improvements in ammonia levels
and psychometric performance [46]. One hypothesis paper has proposed that pair-
ing lactulose with targeted probiotics could act synergistically to further reduce
ammonia and endotoxin burden [47]. This is reinforced by a Cochrane systematic
review, which concluded that probiotics likely improve recovery from minimal HE
and may reduce overt HE episodes, although the certainty of the evidence was low
[48]. More recently, a pilot randomized trial of synbiotics combined with branched-
chain amino acids demonstrated significant cognitive improvements after eight
weeks, even in the absence of major ammonia changes, highlighting neurologic

benefits that extend beyond nitrogen lowering [49]. Ultimately, while synbiotics
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are not a replacement for first-line pharmacologic treatments like lactulose or rifax-
imin, their complementary mechanisms—targeting the gut-liver-brain axis—offer
a low-risk, evidence-based tool to improve hepatic and neurologic outcomes and

support quality of life in patients with cirrhosis and HE.

7. Fecal Microbiota Transplantation (FMT) as a Novel
Therapy

While previously-mentioned interventions in cirrhosis target the gut microbiome
through dietary modulation, fecal microbiota transplantation (FMT) is a new ther-
apy that aims to directly restore microbial balance. FMT involves the infusion of
stool from a healthy donor into the gastrointestinal tract of a recipient. In cirrho-
sis, gut dysbiosis is a pathophysiologic feature that contributes to disease progres-
sion. Patients often exhibit reduced microbial diversity and an overgrowth of op-
portunistic organisms [50]. These microbial shifts include increases in Fusobac-
teria, Proteobacteria, Enterococcaceae, and Streptococcaceae, alongside reduc-
tions in beneficial taxa such as Bacteroidetes, Ruminococcus, Roseburia, Veillonel-
laceae, and Lachnospiraceae [51]. FMT works by introducing a diverse commu-
nity of gut microbes to recreate a eubiotic state. Therefore, this mechanism is rel-
evant in cirrhosis where the gut-liver axis plays a central role in disease outcomes.
Pathogenic bacteria in cirrhosis may also produce ammonia, contributing to the
development of HE, while weakened gut barriers allow harmful microbes to per-
petuate liver injury [52]. FMT has the potential to improve gut barrier integrity
and control these immune responses.

Recent clinical studies have explored the broader impact of FMT on gut micro-
biota. Vaughn ef al conducted a prospective study involving patients with active
Crohn’s disease who underwent a single colonoscopic FMT. The results showed a
significant increase in microbial diversity after 8 weeks (p = 0.02) among clinical
responders [53]. A shift toward a healthy donor’s profile would target the root
cause of cirrhosis-associated complications: dysbiosis and endotoxemia. In a pilot
study of another irritable bowel disease, FMT led to significant reductions in in-
flammatory markers IL-6, IL-1Ra, IP-10, and ENA-78 after the second FMT (p <
0.05) [54]. These cytokines correlated with a downward trend in CRP and ESR,
suggesting immune modulation. With the gut-liver axis in mind, these results may
extend to the systemic inflammation seen in cirrhosis as a means to improve symp-
toms. The 2017 study by Bajaj et al demonstrated that among men with recurrent
cirrhosis and hepatic encephalopathy, FMT administered alongside lactulose and
rifaximin led to fewer hospitalizations compared to standard of care alone [55].
Reducing systemic ammonia underscores how critical normalizing the gut micro-
biome is to easing the burden of HE. The FMT group also showed significant QoL
and cognitive improvements by day 20 in PHES scores (p = 0.003) and Encepha-
1App Stroop performance (p = 0.01) [55]. Importantly, no major widespread events
were observed, so these studies reinforce the safety and tolerability of FMT in se-

lected patients.
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Although the literature for FMT in cirrhosis has been steadily growing, there is
an urgent need to standardize protocols across the board. Many questions remain
unanswered, and the full management has yet to be realized. Current studies vary
widely in donor screening processes, dosage, frequency, and delivery methods (from
colonoscopy to oral capsules), limiting comparability and reproducibility across
trials. Early reports by Mehta et al, for example, indicated sustained clinical ben-
efits for 6 out of 10 patients who received a single FMT treatment at 20 weeks [56],
but larger, multicenter randomized controlled trials with long-term follow-up are
lacking. Establishing uniform protocols is essential to confirm efficacy and guide
future patient selection. FMT has generally been shown to be safe in the most com-
plex cirrhotic populations, from those with HE to Clostridium difficile co-infection,
but adverse events such as ESBL-producing E. colibacteremia have occurred [57].
Careful donor screening and safety measures are needed in immunocompromised
hosts post-COVID. Recent trends are shifting away from the traditional “one stool
fits all” approach toward more personalized microbiome therapeutics. Clinicians
can now assess a patient’s baseline gut metabolic profile and match them with an
optimal donor or tailored synthetic microbial consortia [58]. This microbiome-
based precision medicine approach has the potential to enhance the efficacy and

consistency of FMT outcomes.

8. Clinical Implications, Future Directions, and Conclusions

Understanding the gut-liver axis via the lens of advanced microbiome research
brings us closer to precision medicine approaches in cirrhosis care. Microbiome
sequencing allows individuals to look at the unique profile of their gut microbi-
ome. The gut microbiome is greatly shaped by the foods we eat, offering a new
path in guiding personalized dietary interventions [59]. The microbial shifts that
occur in response to certain nutrients create signatures of dysbiosis that can be used
to adjust dietary strategies that have the potential to enhance the balance within the
gut-liver axis. Proinflammatory pathways highlighted by Juanola et a/. are the re-
sult of a cascade of cytokines in response to gut dysbiosis, bacterial overgrowth,
and barrier dysfunction in cirrhotic patients [60]. Furthermore, data on microbi-
ome and associations with clinical phenotype can help identify patients who are
more likely to respond to and benefit from dietary therapeutics such as probiotics,
BCAA supplementation, and fecal microbiota transplantation compared to those
who need more aggressive medical therapy.

Dietary interventions tailored to gut microbiota offer a non-invasive adjunct to
treatment when there are limited options for cirrhosis patients or the availability
of liver donors in end-stage liver disease. Utilizing the gut-liver axis can help to
stabilize disease progression by reducing systemic inflammation and preserving
the epithelial barrier meant to protect organs from damage [61].

Nutritional therapy impacts transplant-free survival in patients by correcting
the nutrient deficiencies and muscle loss that is inherent to liver disease. Having

optimal nutrition therapy also reduces the risk of infections. In a living donor trans-
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plant, having a nutrition plan in place helps build muscle preoperatively. Nutri-
tional therapy can likewise stabilize clinical status for candidates of deceased do-
nor transplant while awaiting surgery [62].

To fully elucidate the therapeutic potential of gut microbiome-based interven-
tions in cirrhosis, there are gaps in current research that should be addressed.
First, large-scale, randomized controlled trials are essential to evaluate the impact
of diet and microbiome-friendly supplementation on clinical outcomes, including
cirrhotic decompensation, hepatic encephalopathy, and transplant-free survival.
Second, a future direction could include differentiating microbiome-targeted ther-
apies for specific cirrhotic disease phenotypes, such as alcoholic cirrhosis, NASH,
or cholestatic disease, to determine different responses to therapy. Finally, the ben-
efit to patients of developing a standardized, evidence-based nutritional guideline
with the integration of microbiome-related dietary approaches cannot be under-
stated. This will allow for practical options for cirrhosis patients and avoid harm.

In summary, the gut-liver axis plays a key role in the pathophysiology of cir-
rhosis. Malnutrition is a driver of morbidity and mortality in cirrhosis patients
and is impacted by factors like poor intake due to appetite changes, malabsorp-
tion due to inflammatory processes, and increased protein catabolism [63]. By
understanding the interplay of microbial homeostasis and how these shifts in
signals are communicated via this connection, there is potential for the gut-liver
axis to be a valuable target for therapeutic intervention. The gut microbiome is a
dynamic hub of signals determined by the balance of microbes, put out in response
to stimuli such as metabolites, endotoxins, and immune modulators. Emerging ev-
idence supports the use of diet, probiotics, and fecal microbiota transplantation
(FMT) as promising adjunctive strategies to conventional medical management.
FMT has been shown to improve dysbiosis and reduce hospitalizations in cir-
rhosis with recurrent hepatic encephalopathy [55]. Microbiome sequencing may
help inform personalized nutrition in cirrhosis care, expanding the current ther-
apeutic landscape. Optimization of the implementation of microbiome-directed
dietary therapeutics requires continued investment in translational and clinical

research.

Conflicts of Interest

The authors of this manuscript declare that they have no conflicts of interest that
are directly or indirectly related to the work submitted for publication. Specifically:
1) Financial Interests: None of the authors has received any financial compensa-
tion, funding, grants, or other monetary support that could be perceived as influ-
encing the research, analysis, or conclusions presented in this work. 2) Profes-
sional Relationships: The authors have no employment, consultancy, board mem-
bership, or other professional relationships with organizations that could be per-
ceived as influencing the work presented here. 3) Intellectual Property: The au-
thors declare no patents, copyrights, or other intellectual property rights that could
be affected by or affect the publication of this work. 4) Personal Relationships: The

DOI: 10.4236/jbm.2025.1310022

266 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1310022

M. Hassan et al.

authors have no personal relationships with individuals or organizations that could

inappropriately influence or bias the work presented here. 5) Other Interests: The

authors declare no other potential conflicts of interest, including political, religious,

ideological, academic, intellectual, commercial, or any other interests that could be

perceived as influencing their objectivity in presenting this work. All authors have

reviewed and approved this statement prior to submission.

References

(1]

(2]

(4]

(6]

(8]

(10]

(11]

(12]

(13]

Preheim, L.C. (2009) Infections in Cirrhosis in Critical Care. In: Infectious Diseases
in Critical Care Medicine, CRC Press, 341-349.

Zamani, M., Alizadeh-Tabari, S., Ajmera, V., Singh, S., Murad, M.H. and Loomba, R.
(2024) Global Prevalence of Advanced Liver Fibrosis and Cirrhosis in the General
Population: A Systematic Review and Meta-Analysis. Clinical Gastroenterology and
Hepatology, 23, 1123-1134. https://doi.org/10.1016/j.cgh.2024.08.020

Jepsen, P. and Younossi, Z.M. (2021) The Global Burden of Cirrhosis: A Review of
Disability-Adjusted Life-Years Lost and Unmet Needs. Journal of Hepatology;, 75, S3-
S13. https://doi.org/10.1016/j.jhep.2020.11.042

Flamm, S.L. (2017) Hot Topics in Primary Care: Diagnosis of Cirrhosis and Evalua-
tion of Hepatic Encephalopathy: Common Errors and Their Significance for the PCP.
The Journal of Family Practice, 66, S34-S39.

Gines, P., Krag, A., Abraldes, ].G., Sola, E., Fabrellas, N. and Kamath, P.S. (2021) Liver
Cirrhosis. The Lancet, 398, 1359-1376.
https://doi.org/10.1016/s0140-6736(21)01374-x

Sawadogo, A., Dib, N. and Cales, P. (2007) Physiopathologie de la cirrhose et de ses
complications. Réanimation, 16, 557-562.
https://doi.org/10.1016/j.reaurg.2007.09.001

Demir, M. and Tacke, F. (2022) Darm-Leber-Achse-wie der Darm die Leber krank
macht. Die Innere Medizin, 63, 1028-1035.
https://doi.org/10.1007/s00108-022-01398-6

Li, R., Mao, Z., Ye, X. and Zuo, T. (2021) Human Gut Microbiome and Liver Diseases:
From Correlation to Causation. Microorganisms, 9, Article 1017.
https://doi.org/10.3390/microorganisms9051017

Ganesan, R. and Suk, K.T. (2022) Diagnostic and Molecular Portraits of Microbiome
and Metabolomics of Short-Chain Fatty Acids and Bile Acids in Liver Disease. Pro-
cess Biochemistry, 123, 70-75. https://doi.org/10.1016/j.procbio.2022.10.031

Kanmani, P., Suganya, K. and Kim, H. (2020) The Gut Microbiota: How Does It In-
fluence the Development and Progression of Liver Diseases. Biomedicines, 8, Article

501. https://doi.org/10.3390/biomedicines8110501

Arab, ].P., Arrese, M. and Shah, V.H. (2020) Gut Microbiota in Non-Alcoholic Fatty
Liver Disease and Alcohol-Related Liver Disease: Current Concepts and Perspectives.
Hepatology Research, 50, 407-418. https://doi.org/10.1111/hepr.13473

Giannelli, V. (2014) Microbiota and the Gut-Liver Axis: Bacterial Translocation, In-
flammation and Infection in Cirrhosis. World Journal of Gastroenterology; 20, Arti-
cle 16795. https://doi.org/10.3748/wjg.v20.i45.16795

Gieryniska, M., Szulc-Dgbrowska, L., Struzik, J., Mielcarska, M.B. and Gregorczyk-
Zboroch, K.P. (2022) Integrity of the Intestinal Barrier: The Involvement of Epithelial
Cells and Microbiota—A Mutual Relationship. Animals, 12, Article 145.

DOI: 10.4236/jbm.2025.1310022

267 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1310022
https://doi.org/10.1016/j.cgh.2024.08.020
https://doi.org/10.1016/j.jhep.2020.11.042
https://doi.org/10.1016/s0140-6736(21)01374-x
https://doi.org/10.1016/j.reaurg.2007.09.001
https://doi.org/10.1007/s00108-022-01398-6
https://doi.org/10.3390/microorganisms9051017
https://doi.org/10.1016/j.procbio.2022.10.031
https://doi.org/10.3390/biomedicines8110501
https://doi.org/10.1111/hepr.13473
https://doi.org/10.3748/wjg.v20.i45.16795

M. Hassan et al.

[14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

(22]

(23]

(24]

(25]

(26]

(27]

https://doi.org/10.3390/ani12020145

Aguirre Valadez, J.M., Rivera-Espinosa, L., Méndez-Guerrero, O., Chavez-Pacheco,
J.L., Garcia Judrez, 1. and Torre, A. (2016) Intestinal Permeability in a Patient with
Liver Cirrhosis. Therapeutics and Clinical Risk Management, 12, 1729-1748.
https://doi.org/10.2147/tcrm.s115902

Fukui, H. (2015) Gut-Liver Axis in Liver Cirrhosis: How to Manage Leaky Gut and
Endotoxemia. World Journal of Hepatology, 7, Article 425.
https://doi.org/10.4254/wjh.v7.i3.425

Candelli, M., Franza, L., Pignataro, G., Ojetti, V., Covino, M., Piccioni, A., et al. (2021)
Interaction between Lipopolysaccharide and Gut Microbiota in Inflammatory Bowel
Diseases. International Journal of Molecular Sciences, 22, 6242.
https://doi.org/10.3390/ijms22126242

Dirchwolf, M. and Ruf, A.E. (2015) Role of Systemic Inflammation in Cirrhosis: From
Pathogenesis to Prognosis. World Journal of Hepatology, 7, 1974-1981.

Hasa, E., Hartmann, P. and Schnabl, B. (2022) Liver Cirrhosis and Immune Dysfunc-
tion. International Immunology, 34, 455-466.
https://doi.org/10.1093/intimm/dxac030

Maslennikov, R., Pavlov, C. and Ivashkin, V. (2018) Small Intestinal Bacterial Over-

growth in Cirrhosis: Systematic Review and Meta-Analysis. Hepatology International,
12, 567-576. https://doi.org/10.1007/s12072-018-9898-2

Ghosh, G. and Jesudian, A.B. (2019) Small Intestinal Bacterial Overgrowth in Patients
with Cirrhosis. Journal of Clinical and Experimental Hepatology, 9, 257-267.
https://doi.org/10.1016/j.jceh.2018.08.006

Zheng, C., Qi, Z., Chen, R, Liao, Z., Xie, L. and Zhang, F. (2025) The Association
between the Dietary Index for Gut Microbiota and Non-Alcoholic Fatty Liver Disease
and Liver Fibrosis: Evidence from NHANES 2017-2020. BMC Gastroenterology, 25,

Article No. 163. https://doi.org/10.1186/s12876-025-03756-8

Li, Y., Deng, X., Guo, X., Zhang, F., Wu, H., Qin, X., ef al (2023) Preclinical and
Clinical Evidence for the Treatment of Non-Alcoholic Fatty Liver Disease with Soy-

bean: A Systematic Review and Meta-Analysis. Frontiers in Pharmacology, 14, Article
1088614. https://doi.org/10.3389/fphar.2023.1088614

Garutti, M., Nevola, G., Mazzeo, R., Cucciniello, L., Totaro, F., Bertuzzi, C.A., ef al.
(2022) The Impact of Cereal Grain Composition on the Health and Disease Out-
comes. Frontiers in Nutrition, 9, Article 888974.
https://doi.org/10.3389/fnut.2022.888974

Rinott, E., Youngster, I., Meir, A.Y., Tsaban, G., Zelicha, H., Kaplan, A. and Shai, L.

(2021) Effects of Green-Mediterranean Diet on Intrahepatic Fat: The Direct Plus Ran-
domised Controlled Trial. Gut, 70, 2085-2095.

Magalhdes, L.M., Santos, A.L, Oliveira, C.B., Aratjo, J.R. and Martel, F. (2024) Med-
iterranean Diet and Gut Microbiota: A Systematic Review of Human Studies. BMC
Medical Genomics, 17, Article No. 89.

Tang, R, Liu, R,, Zha, H., Cheng, Y., Ling, Z. and Lj, L. (2023) Gut Microbiota In-
duced Epigenetic Modifications in the Non-Alcoholic Fatty Liver Disease Pathogen-

esis. Engineering in Life Sciences, 24, Article 2300016.
https://doi.org/10.1002/elsc.202300016

Zheng, Y., Hou, J., Guo, S. and Song, J. (2025) The Association between the Dietary
Index for Gut Microbiota and Metabolic Dysfunction-Associated Fatty Liver Disease:
A Cross-Sectional Study. Diabetology & Metabolic Syndrome, 17, Article No. 17.
https://doi.org/10.1186/s13098-025-01589-9

DOI: 10.4236/jbm.2025.1310022

268 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1310022
https://doi.org/10.3390/ani12020145
https://doi.org/10.2147/tcrm.s115902
https://doi.org/10.4254/wjh.v7.i3.425
https://doi.org/10.3390/ijms22126242
https://doi.org/10.1093/intimm/dxac030
https://doi.org/10.1007/s12072-018-9898-2
https://doi.org/10.1016/j.jceh.2018.08.006
https://doi.org/10.1186/s12876-025-03756-8
https://doi.org/10.3389/fphar.2023.1088614
https://doi.org/10.3389/fnut.2022.888974
https://doi.org/10.1002/elsc.202300016
https://doi.org/10.1186/s13098-025-01589-9

M. Hassan et al.

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

Bajaj, ].S., Ridlon, J.M., Hylemon, P.B., Thacker, L.R., Heuman, D.M., Smith, S., et al
(2012) Linkage of Gut Microbiome with Cognition in Hepatic Encephalopathy. Amer-
ican Journal of Physiology- Gastrointestinal and Liver Physiology, 302, G168-G175.
https://doi.org/10.1152/ajpgi.00190.2011

Wu, J., Chen, J., Huang, M., Deng, X., Deng, J., Lau, T.Y., et al (2024) The Causal

Effect of Gut Microbiota on Hepatic Encephalopathy: A Mendelian Randomization
Analysis. BMC Medical Genomics, 17, Article No. 216.

https://doi.org/10.1186/s12920-024-01939-y

Cabral, C.M. and Burns, D.L. (2011) Low-Protein Diets for Hepatic Encephalopathy
Debunked: Let Them Eat Steak. Nutrition in Clinical Practice, 26, 155-159.
https://doi.org/10.1177/0884533611400086

Cérdoba, J., Lépez—Hellin, J., Planas, M., Sabin, P., Sanpedro, F., Castro, F., et al (2004)
Normal Protein Diet for Episodic Hepatic Encephalopathy: Results of a Randomized
Study. Journal of Hepatology, 41, 38-43.

https://doi.org/10.1016/j.jhep.2004.03.023

Shaw, J., Tate, V., Hanson, J. and Bajaj, J.S. (2020) What Diet Should I Recommend
My Patient with Hepatic Encephalopathy? Current Hepatology Reports, 19, 13-22.
https://doi.org/10.1007/s11901-020-00510-4

Bianchi, G.P., Marchesini, G., Fabbri, A., Rondelli, A., Bugianesi, E., Zoli, M., et al.
(1993) Vegetable versus Animal Protein Diet in Cirrhotic Patients with Chronic En-

cephalopathy. A Randomized Cross-Over Comparison. Journal of Internal Medicine,
233, 385-392. https://doi.org/10.1111/j.1365-2796.1993.tb00689.x

Badal, B.D., Fagan, A, Tate, V., Mousel, T., Gallagher, M.L., Puri, P., et al (2024)
Substitution of One Meat-Based Meal with Vegetarian and Vegan Alternatives Gen-

erates Lower Ammonia and Alters Metabolites in Cirrhosis: A Randomized Clinical
Trial. Clinical and Translational Gastroenterology, 15, el.
https://doi.org/10.14309/ctg.0000000000000707

Labenz, C. and Tapper, E.B. (2024) Food for the Brain: Is Vegan/Vegetarian Diet the
Way to Go for Hepatic Encephalopathy? Clinical and Translational Gastroenterology,
15, el. https://doi.org/10.14309/ctg.0000000000000716

Reau, N.S. (2023) The Importance of Making an Accurate Diagnosis for Hepatic En-
cephalopathy. Gastroenterology & Hepatology, 19, 740-748.

Mullen, K.D. and Dasarathy, S. (2004) Protein Restriction in Hepatic Encephalopa-
thy: Necessary Evil or Illogical Dogma? Journal of Hepatology, 41, 147-148.
https://doi.org/10.1016/j.jhep.2004.05.010

Igbal, U., Jadeja, R.N., Khara, H.S. and Khurana, S. (2021) A Comprehensive Review
Evaluating the Impact of Protein Source (Vegetarian vs. Meat Based) in Hepatic En-

cephalopathy. Nutrients, 13, Article 370. https://doi.org/10.3390/nu13020370

Uribe, M., Marquez, M.A., Garcia Ramos, G., Ramos-Uribe, M.H., Vargas, F., Villa-
lobos, A. and Ramos, C. (1982) Treatment of Chronic Portal? Systemic Encephalo-

pathy with Vegetable and Animal Protein Diets. Digestive Diseases and Sciences, 27,
1109-1116. https://doi.org/10.1007/bf01391449

Jonung, T., Jeppsson, B., Aslund, U. and Nair, B.M. (1987) A Comparison between
Meat and Vegan Protein Diet in Patients with Mild Chronic Hepatic Encephalopathy.
Clinical Nutrition, 6, 169-174. https://doi.org/10.1016/0261-5614(87)90052-5

Maki, T., Wada, H. and Watanabe, M. (2023) Probiotics for the Treatment of Mini-
mal Hepatic Encephalopathy: A Systematic Review and Meta-Analysis. Clinical and

Experimental Hepatology, 9, 112-120.
McGee, R.G., Bakens, A., Wiley, K., Riordan, S.M. and Webster, A.C. (2018) Probi-

DOI: 10.4236/jbm.2025.1310022

269 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1310022
https://doi.org/10.1152/ajpgi.00190.2011
https://doi.org/10.1186/s12920-024-01939-y
https://doi.org/10.1177/0884533611400086
https://doi.org/10.1016/j.jhep.2004.03.023
https://doi.org/10.1007/s11901-020-00510-4
https://doi.org/10.1111/j.1365-2796.1993.tb00689.x
https://doi.org/10.14309/ctg.0000000000000707
https://doi.org/10.14309/ctg.0000000000000716
https://doi.org/10.1016/j.jhep.2004.05.010
https://doi.org/10.3390/nu13020370
https://doi.org/10.1007/bf01391449
https://doi.org/10.1016/0261-5614(87)90052-5

M. Hassan et al.

(43]

(44]

(45]

[46]

(47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

[55]

otics for Patients with Hepatic Encephalopathy. Cochrane Database System Reviews,
10, CD008716.

Zhou, Y., Pu, S, Xiao, J., Luo, J. and Xue, L. (2024) Meta-Analysis of Probiotics Effi-
cacy in the Treatment of Minimum Hepatic Encephalopathy. Liver International, 44,
3164-3173. https://doi.org/10.1111/1iv.16081

Zhang, Y., Chen, J. and Wang, Z. (2024) Efficacy of Probiotics in the Treatment of
Hepatic Encephalopathy: An Updated Meta-Analysis of Randomized Controlled Tri-
als. Frontiers in Medicine, 11, Article 1379333.

Liu, Q., Duan, Z.P., Ha, D.K,, Bengmark, S., Kurtovic, J. and Riordan, S.M. (2004)
Synbiotic Modulation of Gut Flora: Effect on Minimal Hepatic Encephalopathy in
Patients with Cirrhosis. Hepatology, 39, 1441-1449.
https://doi.org/10.1002/hep.20194

Shukla, S., Shukla, A., Mehboob, S. and Guha, S. (2011) Meta-Analysis: The Effects
of Gut Flora Modulation Using Prebiotics, Probiotics and Synbiotics on Minimal He-

patic Encephalopathy. A/imentary Pharmacology & Therapeutics, 33, 662-671.
https://doi.org/10.1111/j.1365-2036.2010.04574.x

Sekhar, M.S., Unnikrishnan, M.K., Rodrigues, G.S. and Mukhopadhyay, C. (2013)
Synbiotic Formulation of Probiotic and Lactulose Combination for Hepatic Enceph-
alopathy Treatment: A Realistic Hope? Medical Hypotheses, 81, 167-168.
https://doi.org/10.1016/j.mehy.2013.05.016

Dalal, R., McGee, R.G., Riordan, S.M. and Webster, A.C. (2017) Probiotics for Peo-
ple with Hepatic Encephalopathy. Cochrane Database of Systematic Reviews, 2021,
CDO008716. https://doi.org/10.1002/14651858.cd008716.pub3

Vidot, H., Cvejic, E., Finegan, L.J., Shores, E.A., Bowen, D.G., Strasser, S.I., et al
(2019) Supplementation with Synbiotics and/or Branched Chain Amino Acids in He-
patic Encephalopathy: A Pilot Randomised Placebo-Controlled Clinical Study. Nu-
trients, 11, Article 1810. https://doi.org/10.3390/nu11081810

Bajaj, J.S., Heuman, D.M., Hylemon, P.B., Sanyal, A.]J., White, M.B., Monteith, P., et al
(2013) Altered Profile of Human Gut Microbiome Is Associated with Cirrhosis and
Its Complications. Journal of Hepatology, 60, 940-947.
https://doi.org/10.1016/j.jhep.2013.12.019

Afecto, E., Ponte, A., Fernandes, S., Silva, J., Gomes, C., Correia, J., et al. (2021) Fecal
Microbiota Transplantation in Hepatic Encephalopathy: A Review of the Current Ev-
idence and Future Perspectives. Acta Gastro Enterologica Belgica, 84, 87-90.
https://doi.org/10.51821/84.1.884

Trebicka, J., Macnaughtan, J., Schnabl, B., Shawcross, D.L. and Bajaj, J.S. (2021) The
Microbiota in Cirrhosis and Its Role in Hepatic Decompensation. Journal of Hepa-
tology, 75, S67-S81. https://doi.org/10.1016/j.jhep.2020.11.013

Vaughn, B.P., Vatanen, T., Allegretti, ].R., Bai, A., Xavier, R.J., Korzenik, J., et a/. (2016)
Increased Intestinal Microbial Diversity Following Fecal Microbiota Transplant for

Active Crohn’s Disease. Inflammatory Bowel Diseases, 22, 2182-2190.
https://doi.org/10.1097/mib.0000000000000893

Wang, Y., Ren, R,, Sun, G., Peng, L., Tian, Y. and Yang, Y. (2020) Pilot Study of Cy-
tokine Changes Evaluation after Fecal Microbiota Transplantation in Patients with
Ulcerative Colitis. International Immunopharmacology, 85, Article 106661.
https://doi.org/10.1016/j.intimp.2020.106661

Bajaj, ].S., Kassam, Z., Fagan, A, Gavis, E.A,, Liu, E., Cox, L]., et al (2017) Fecal Mi-
crobiota Transplant from a Rational Stool Donor Improves Hepatic Encephalopathy:
A Randomized Clinical Trial. Hepatology; 66, 1727-1738.

DOI: 10.4236/jbm.2025.1310022

270 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1310022
https://doi.org/10.1111/liv.16081
https://doi.org/10.1002/hep.20194
https://doi.org/10.1111/j.1365-2036.2010.04574.x
https://doi.org/10.1016/j.mehy.2013.05.016
https://doi.org/10.1002/14651858.cd008716.pub3
https://doi.org/10.3390/nu11081810
https://doi.org/10.1016/j.jhep.2013.12.019
https://doi.org/10.51821/84.1.884
https://doi.org/10.1016/j.jhep.2020.11.013
https://doi.org/10.1097/mib.0000000000000893
https://doi.org/10.1016/j.intimp.2020.106661

M. Hassan et al.

(56]

(57]

(58]

[59]

[60]

[61]

(62]

(63]

https://doi.org/10.1002/hep.29306

Mehta, R., Kabrawala, M., Nandwani, S., Kalra, P., Patel, C., Desai, P., et al. (2018)
Preliminary Experience with Single Fecal Microbiota Transplant for Treatment of

Recurrent Overt Hepatic Encephalopathy—A Case Series. Indian Journal of Gastro-
enterology, 37, 559-562. https://doi.org/10.1007/s12664-018-0906-1

DeFilipp, Z., Bloom, P.P., Torres Soto, M., Mansour, M.K., Sater, M.R.A., Huntley,
M.H.,, et al. (2019) Drug-Resistant E. coli Bacteremia Transmitted by Fecal Microbi-
ota Transplant. New England Journal of Medicine, 381, 2043-2050.
https://doi.org/10.1056/nejmoal910437

Wilson, B.C., Vatanen, T., Cutfield, W.S. and O’Sullivan, J.M. (2019) The Super-Do-
nor Phenomenon in Fecal Microbiota Transplantation. Frontiers in Cellular and In-
fection Microbiology, 9, Article 2. https://doi.org/10.3389/fcimb.2019.00002.

Adak, A. and Khan, M.R. (2019) An Insight into Gut Microbiota and Its Functional-

ities. Cellular and Molecular Life Sciences, 76, 473-493.
https://doi.org/10.1007/s00018-018-2943-4

Juanola, O., Francés, R. and Caparrds, E. (2024) Exploring the Relationship between
Liver Disease, Bacterial Translocation, and Dysbiosis: Unveiling the Gut-Liver Axis.
Visceral Medicine, 40, 12-19. https://doi.org/10.1159/000535962

Chopyk, D.M. and Grakoui, A. (2020) Contribution of the Intestinal Microbiome and
Gut Barrier to Hepatic Disorders. Gastroenterology, 159, 849-863.
https://doi.org/10.1053/j.gastro.2020.04.077

Hammad, A., Kaido, T., Aliyev, V., Mandato, C. and Uemoto, S. (2017) Nutritional
Therapy in Liver Transplantation. Nutrients, 9, Article 1126.
https://doi.org/10.3390/nu9101126

Calmet, F., Martin, P. and Pearlman, M. (2019) Nutrition in Patients with Cirrhosis.
Gastroenterology & Hepatology, 15, 248-254.

DOI: 10.4236/jbm.2025.1310022

271 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1310022
https://doi.org/10.1002/hep.29306
https://doi.org/10.1007/s12664-018-0906-1
https://doi.org/10.1056/nejmoa1910437
https://doi.org/10.3389/fcimb.2019.00002
https://doi.org/10.1007/s00018-018-2943-4
https://doi.org/10.1159/000535962
https://doi.org/10.1053/j.gastro.2020.04.077
https://doi.org/10.3390/nu9101126

	The Impact of Diet and Nutrition on the Gut-Liver Axis in Cirrhosis and Hepatic Encephalopathy
	Abstract
	Keywords
	1. Introduction: The Gut-Liver Axis in Cirrhosis
	2. Methodology
	3. Gut Barrier Dysfunction and Small Intestinal Bacterial Overgrowth (SIBO) in Cirrhosis
	4. Dietary Interventions and Their Impact on Gut-Liver Health
	5. Protein Intake and Hepatic Encephalopathy (HE)
	6. Therapeutic Potential of Dietary Modulation in Cirrhosis
	6.1. Vegetarian vs. Omnivorous Diets and Ammonia Levels
	6.2. Fermented Foods and Their Role in Liver Health
	6.3. Synbiotics in Cirrhosis Management

	7. Fecal Microbiota Transplantation (FMT) as a Novel Therapy
	8. Clinical Implications, Future Directions, and Conclusions
	Conflicts of Interest
	References

