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Abstract: Background/Objectives: The gut-liver axis is bidirectional and influences the
body’s homeostasis. Pathologies such as metabolic dysfunction-associated steatotic liver
(MASL) can have detrimental effects on the human microbiome, with multiple systemic
effects. Furthermore, the geographical particularities of the intestinal microbiome may
influence liver disease. The study’s outcome was to identify dysbiosis in a group of patients
with MASL from the western region of Romania. Methods: The NGS shotgun genomic se-
quencing (WGS metagenomics) method was used to identify bacteria in fecal samples. The
data were analyzed using IBM SPSS Statistics software [version 29.0.2.0 (20)]. Results: Out
of the 122 MASL patients included in the study, 43 (35.24%) exhibited low alpha diversity.
In the subgroup with a normal biodiversity index, approximately half were identified with
a Firmicutes / Bacteroidetes ratio below the lower reference value, while the remaining pa-
tients presented dysbiosis based on decreased concentrations of Proteobacteria and Prevotella,
considered among the most relevant species supporting dysbiosis. A higher prevalence of
Prevotella species (15.99 + 13.65%) was identified in the study cohort. Conclusions: The
present study demonstrates that patients with MASL from the western region of Romania
exhibit criteria for intestinal dysbiosis, namely reduced bacterial diversity, along with sig-
nificant alterations in populations of Firmicutes, Bacteroidetes, Proteobacteria, and Prevotella.
Together, these findings suggest a possible influence of geo-cultural factors on the intestinal
microbiome, highlighting the need for regionally adapted therapeutic interventions to
support liver health.

Keywords: hepatic steatosis; microbiome; dysbiosis; inflammation; Prevotella

1. Introduction

Liver health directly reflects a person’s general health since it is involved in fundamen-
tal functions such as detoxification and metabolism, storage of nutrients, and regulation
of the immune system. This balance is increasingly threatened by the growing prevalence
of metabolic dysfunction-associated steatotic liver (MASL), which has emerged as one of
the most common chronic states of the liver worldwide. MASL, a condition now affecting
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approximately 30% of the world’s population, is usually associated with obesity, type 2
diabetes, and a host of other metabolic disorders [1]. With increasing knowledge of liver dis-
ease comes a growing appreciation for its intricate links with other bodily systems—most
notably, the gut. A better understanding of gut microbiota through the latest research has re-
vealed its profound interplay with liver health, offering new insights into the pathogenesis
and potential therapeutic strategies for fatty liver diseases.

1.1. The Gut-Liver Axis and the Role of Gut Microbiota in Liver Diseases

The gut-liver axis describes the two-way link between gut bacteria and the liver. The
portal vein connects the two by carrying microbe byproducts and other gut substances
straight to the liver [2]. Gut microbes, a diverse community of trillions of microorganisms,
play a key part in controlling metabolism, immune defences, and inflammation, which
affect liver health. A balanced gut microbiome helps the liver work properly and keeps
metabolism steady. However, dysbiosis, or an imbalance in the gut microbiome, can disrupt
these processes. This leads to increased gut permeability, inflammation, and liver disease.
To grasp how liver diseases like MASL start, we need to know how microbe changes
impact the liver. These conditions share common paths involving both metabolism and
microbes [3].

MASL and alcohol-related liver disease (ALD) are the two primary forms of steatotic
liver disease (SLD). Both involve an accumulation of excess fat in the liver. Chronic alcohol
consumption causes ALD. Metabolic-associated steatohepatitis and liver disease (MASLD)
happens without much alcohol use and stems from metabolic issues such as obesity, insulin
resistance, and hyperlipidemia. MASLD covers a spectrum of liver conditions. These range
from simple steatosis (MASL) to metabolic dysfunction-associated steatohepatitis (MASH),
which involves inflammation and cell damage of the liver, which could potentially progress
to cirrhosis or liver cancer [4]. The underlying pathophysiology of these conditions involves
fat buildup, oxidative stress, inflammation, and insulin resistance. MASLD is becoming
more common as obesity and sedentary lifestyles are rising, making it a leading cause
of liver disease-related morbidity and mortality. As liver disease progresses, the role of
gut microbial imbalances becomes increasingly apparent, with research suggesting that
alterations in specific microbial populations may drive disease severity and progression [5].

Emerging studies recognize the gut microbiota as a main player in the development
and progression of fatty liver disease. The studies revealed that patients with MASL usually
have specific gut microbial profiles characterized by reduced beneficial bacteria and an
overgrowth of harmful species. These alterations induce liver pathology through several
mechanisms [6]. For example, short-chain fatty acids (SCFAs) and bile acids represent
important microbial metabolites known to modulate lipid metabolism and inflammation
and thus directly impact the liver. In addition, lipopolysaccharides (LPSs)—structural com-
ponents of the cell walls of Gram-negative bacteria—after crossing the impaired intestinal
barrier (“leaky gut”), enter the general bloodstream and promote systemic inflammation,
which plays a key role in the initiation of liver steatosis [7].

Firmicutes and Bacteroidetes represent the predominant phyla, accounting for over
90% of the normal, resident gut microbiota. Firmicutes, primarily composed of the classes
Clostridia (with key members such as Clostridium spp., Ruminococcus spp., Eubacterium
spp., Faecalibacterium prausnitzii, Roseburia spp.) and Bacilli (including Lactobacillus spp.,
Enterococcus spp., Streptococcus spp., Bacillus spp.), perform essential functions such as the
production of SCFAs (with anti-inflammatory effects, insulin resistance reduction, and
maintenance of intestinal barrier integrity), metabolism of complex dietary fibres (prevent-
ing the hepatic accumulation of toxic metabolites), and involvement in lipid metabolism
(preventing hepatic fat accumulation). Dysregulation of this phylum can lead to systemic
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inflammation and fat accumulation in the liver, thereby contributing to the pathogenesis
of MASL.

On the other hand, Bacteroidetes, which include the essential classes Bacteroidia
(Bacteroides spp., Prevotella spp., Parabacteroides spp.) and Flavobacteria (Flavobacterium spp.,
Chryseobacterium spp.), play a significant role in carbohydrate and lipid metabolism, fibre
fermentation, and SCFA production. A decrease in the proportion of Bacteroidetes leads to
increased intestinal permeability, systemic inflammation, and fat accumulation in the liver,
thus promoting the progression of liver diseases.

A better understanding of microbiota in liver disease can uncover new therapeutic
targets, from prebiotics to probiotics and microbiome-modulating drugs that might help
prevent or cure fatty liver diseases.

1.2. External Influences on Microbiota and Regional Implications

The gut microbiome is influenced by many factors, among which diet, obesity, physical
activity, diabetes, immunosuppression, stress, and medication play an important role. Diet
can have positive and negative effects on bacterial balance; consuming yoghurt and fiber
positively influences the gut microbiome, while consuming carbohydrates decreases the
concentrations of beneficial bacteria such as Lactobacillus and Bifidobacterium. This can
also stimulate the proliferation of opportunistic and potentially harmful bacteria, such as
Clostridium and Enterococcus; promote inflammation by stimulating the release of LPSs
from Gram-negative bacteria; increase intestinal permeability; and ultimately lead to obe-
sity, insulin resistance, and metabolic syndrome. Obesity is responsible for increasing the
Firmicutes / Bacteroidetes ratio, reducing bacterial diversity, promoting pro-inflammatory
bacteria, increasing intestinal permeability, altering SCFA production, and reducing ben-
eficial bacteria such as Bifidobacterium and Lactobacillus, which have immunomodulatory
and anti-inflammatory roles. Thus, diet can induce dysbiosis, which leads to obesity, and
obesity, in turn, induces dysbiosis, creating a negative feedback loop that exacerbates
obesity and its associated diseases.

The western region of Romania is known for various cultural and dietary influences
(Hungarian, German, and Serbian). The diet is often focused on a high intake of carbohy-
drates, animal fats, and pickles. These culinary habits may influence the microbiome of the
population in the area.

Although advances in our understanding of the gut-liver axis have been enormous,
there are some important gaps. Unless information on the changes in the microbiome and
how these relate to changes in disease severity is provided, dysbiosis is largely accepted as a
central player in fatty liver disease. In addition, whether microbial metabolites interact with
the liver cells themselves opens up new areas of exploration. This article aims to address the
existing gaps in the current medical literature by synthesizing recent cutting-edge research
on the influence of microbiota on liver health, with a special focus on MASL. Additionally,
considering the variations in the microbiota based on the geographic location of the studied
population, this study analyzes, for the first time, the relationship between the microbiota
and hepatic steatosis in adult patients from the western region of Romania. The paper’s
main objective is to identify relevant connections between the microbiota and MASL in this
specific context, thereby contributing to a better understanding of underlying mechanisms
and potential region-specific personalized therapeutic interventions.

2. Materials and Methods
2.1. Study Design

A prospective study was conducted between January and June 2024 on 130 patients
who presented to the Venus Vascular Center in Oradea, Romania, with a diagnosis of
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MASL. All patients signed informed consent forms. The Ethics Committee of the Faculty of
Medicine and Pharmacy, University of Oradea (Approval No. CEFMF/5 din 28 February
2024) approved the study and adhered to the World Medical Association’s Declaration of
Helsinki. Inclusion and exclusion criteria were applied to the initial cohort of patients.

The diagnosis of MASL was established based on imaging results (abdominal ultra-
sound, computed tomography, or magnetic resonance imaging), excluding other hepatic
causes and in the presence of clinical risk factors (obesity, diabetes mellitus, and dyslipi-
demia). The degree of fibrosis was assessed using transient elastography (FibroScan), with
all patients evaluated in an outpatient clinic or a private healthcare setting.

Inclusion Criteria:

age over 18 years;

at least 4 weeks after a colonoscopy or enema;
confirmed diagnosis of MASL;

absence of fibrosis (FO—-F1 on FibroScan);

signed informed consent to participate in the study;

born and having lived only in the western region of Romania.
Exclusion Criteria:

e ageunder18;

e treatment with antibiotics, antifungals, probiotics, proton pump inhibitors, bismuth,
nonsteroidal anti-inflammatory drugs, rectal suppositories, enemas, activated char-
coal, digestive enzymes, laxatives, mineral oil, castor oil, and /or bentonite clay and
quercetin within 90 days;

e medical history of severe liver disease, gastrointestinal disorders, gastrointestinal

surgery within the last 6 months;

active gastrointestinal /rectal bleeding or menstruation;

long-term treatment with immune suppression therapy;

chronic alcohol/illicit substance use;

pregnancy or breastfeeding;

restrictive diet;

food allergies or intolerances.

Figure 1 illustrates the flowchart of the study.

‘ Initially assessed for eligibility (N=130) ‘

Excluded (n=7)
. chronic alcohol (n=4)
. treatment with antibiotics (n=3)

‘ Enrolled patients (N=123) ‘

I ‘ Allocated to study group (N=123) ‘

Lost to follow-up (n=1)
* treatment with antibiotics (n=1)

‘ Analyzed (N=122)

Figure 1. CONSORT flow diagram of the study. N, n—number.

2.2. Data Collection

Demographic data (age, sex, place of origin, living) and clinical data (diet, medication
use, medical history, toxic substance use, exposure to risk factors) were collected from
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each patient upon enrollment in the study. For each subject, venous blood samples were
collected on the morning of enrollment, after a minimum of 6 h of fasting, in standardized
vacutainers. The samples were immediately sent to the central laboratory. The values of
aspartate aminotransferase (AST, reference range < 35 U/L) and alanine aminotransferase
(ALT, reference range < 45 U/L) were determined. Hepatic markers for the exclusion of
hepatitis viruses A, B, C, D, and E were provided by each patient upon presentation at the
centre, and these tests were conducted within the last two weeks. An abdominal ultrasound
was performed for each subject to verify the diagnosis of MASL (suggestive appearance of
fatty liver) on the day of study enrollment after a minimum of 6 h of fasting.

Each participant collected a stool sample to determine intestinal microbiota. The
collection was performed using standardized methods with a special collection kit, and
the sample was immediately sent to a private laboratory for processing. The transport was
carried out in a refrigerated bag with a thermometer at 2-8 °C. Samples were collected and
analyzed in a private regional laboratory using whole-genome shotgun (WGS) metage-
nomic sequencing, which was performed using the next-generation sequencing (NGS)
method to analyze the composition of fecal microbiota in order to identify and quantify
bacterial species present in the samples [8]. This method involves sequencing the entire
genomic content of the targeted microbiota. The sequencing data were analyzed using
bioinformatics methods. The reference intervals used in the present study to compare
intestinal microbiota parameters are those provided by the laboratory that performed the
sample analysis.

2.3. Baseline Characteristics of the Study Population

A total of 130 patients with MASL were initially included in the study; after applying
the exclusion criteria, 122 remained. The clinical characteristics of the study cohort are
presented in Table 1.

Table 1. Descriptive data of the study cohort.

Parameter Study Group
DD
Age, years, mean £ SD (min, max) 54.34 + 11.99 (25, 74)
Male gender, 11 (%) 72 (59.01)
Urban residence, n (%) 81 (66.39)
Clinical data
Co-morbidities, 1 (%) 49 (40.16)
hypertension 15 (12.29)
diabetes 10 (8.19.3)
dyslipidemia 85 (69.67)
obesity 28 (22.95)
Paraclinical investigations, mean + SD
ALT, (U/L) 30.09 + 15.09
AST, (U/L) 25.60 + 8.39

DD—demographic data; alanine aminotransferase—ALT; aspartate aminotransferase—AST; n—number; SD—
standard deviation; min—minimum; max—maximum.

2.4. Statistical Analysis

The collected data were processed using IBM SPSS Statistics software [version 29.0.2.0
(20)]. A descriptive analysis of the entered data was performed, with charts generated and
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edited using Adobe Photoshop (version 24.5) and Microsoft Excel (version 2021). The nor-
mal distribution of the data was assessed using the Shapiro-Wilk test. The results indicated
a significant deviation from normality for all analyzed datasets (p < 0.05). Consequently,
the median and interquartile ranges (IQRs) were used to represent the central tendency, as
these measures are appropriate for non-normally distributed data. These were visualized
in boxplots, which display the median (50th percentile), interquartile range (IQR, 25th-75th
percentiles), and whiskers representing data within 1.5 x IQR. Extreme values (outliers),
if present, were plotted separately. Considering the absence of a control group of healthy
subjects, the analyzed parameter values were compared with the standardized reference
intervals provided by the laboratory to assess potential deviations associated with hepatic
steatosis. The binomial test was used to evaluate the differences between the observed
proportions in the study cohort and the expected proportions in a healthy population.
The expected proportion for the healthy population during the binomial test was 0.001;
the purpose of this was to respect the rarity of deviations outside the reference range. A
significance threshold of p < 0.05 was applied.

3. Results

Patients with MASL showed significant changes in biodiversity index and bacterial
strains, highlighting the presence of intestinal dysbiosis.

3.1. Biodiversity Index and Fecal pH

A total of 1 out of 2.83 patients showed a low alpha diversity of ecological communities,
as shown in Figure 2a. The binomial test indicated a highly statistically significant decrease
between the analyzed cohort (35.24% of patients had a low Shannon’s index) and the
proportion expected in a healthy population (p < 0.001). A total of 82 (67.21%) cases had
a fecal pH within the reference range of 5.5-6.5. In contrast, the remainder had values
above the maximum reference value, 37 (30.32%), and below the minimum reference value,
3 (2.4%), as shown in Figure 2b. The binomial test presented a highly statistically significant
increase compared to the healthy population (p < 0.001).

=== Lower Reference (5.5)
---- Upper Reference (6.5)

=== Reference (>2.7) 8.0

b
=

w
¥

w
-]

Shannon Index Value
N s
(=1 =]

2.4

2:2

o
Patients

0
Patients

(a) (b)
Figure 2. (a). Distribution of the biodiversity index. (b). Distribution of fecal pH.

3.2. Alterations in Gut Microbiota Composition

The proportion of Firmicutes was 52.12% (48.69-54.02%), while that of Bacteroidetes
was 33.92% (31.79-40.52%), both reported as the median and IQR, as shown in Figure 3a,b.
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Some 51 (41.80%) cases presented the Firmicutes species outside the reference range, repre-
senting 1 out of 2.39 cases, with p < 0.001, suggesting a significantly higher prevalence of
abnormal Firmicutes values among the analyzed patients. Bacteroidetes species were found
outside the reference interval in 72 (59.01%) cases, meaning 1 out of 1.69 cases. Compared to
a healthy population, the binomial test suggests a significantly higher prevalence of abnor-
mal Bacteroides values among the analyzed patients (p < 0.001). Firmicutes/Bacteroidetes ratio
values for the median and IQR were 1.24% (0.89-1.54%), reference range (0.9-1.5), Figure 3c.
One case out of 2.39 had an index outside the normal values. The analysis of Firmi-
cutes/Bacteroidetes ratio values showed that 51 patients (41.8%) presented values outside
the reference range, with 32 (26.23%) below and 19 (15.57%) above the range. The binomial
test identified a significantly higher prevalence of abnormal Firmicutes/Bacteroidetes ratios
in the study cohort compared to a healthy population (p < 0.001).

=== Firmicutes Ref Interval (42 - 52%)
w=m Bacteroidetes Ref Interval (34 - 45%)

= Ref. interval 0.9-1.5

Firmicutes/Bacteroidetes Ratio

0.5

0.0

(a)

Firmicutes

Bacteroidetes

Bacterial strains

(b) (©

Figure 3. Percentage distribution of Firmicutes (a) and Bacteroides (b) strains. (c) Distribution of
Firmicutes/Bacteroidetes ratio. Black horizontal line in box median value; box edges—interquartile
range; whiskers—range of data within 1.5 times the interquartile range.

The proportion of Proteobacteria strains was 6.98% (3.72-8.85%), as the median and IQR,
in the general microbiome population, as shown in Figure 4a. Increases in Proteobacteria
strains above 8.8% were recorded in 33 (27.05%) of the patients in the monitored cohort (1 in
3.69 cases). The binomial test result of p < 0.001 indicated a significantly higher prevalence
of this bacterium in the patient cohort. Recorded values for Actinobacteria were 0.33%
(0.15-0.64%), as shown in Figure 4b. Some 21 (17.2%) patients showed elevated values
above the upper limit of the reference interval. The binomial test indicated a significantly
higher prevalence of Actinobacteria values among the analyzed patients (p < 0.001). Prevotella
species were increased, with a median and IQR at 14.24% (2.19-22.31%), as shown in
Figure 4c. The analysis of Prevotella spp. values showed that 63 patients (51.6%) had
levels exceeding the upper limit of the reference range (5.1%). The binomial test revealed a
significantly higher prevalence of these elevated values in the study cohort compared to a
healthy population (p < 0.001).
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The Escherichia species’ median and IQR were 0.38% (0.17-1.2%), with 66 (54.09%)
cases above the upper normal value (with a binomial test p < 0.001), as shown in Figure 5a.
Ruminococcus species had values of 3.06% (2.42-3.92%), with decreased values in 24 (19.67%)
cases, with a binomial test of p < 0.001, as shown in Figure 5b. Roseburia species had a value
of 0.84% (0.46-1.08%) in the general microbiome population of the study cohort, with a
decrease below the lower limit in 12 (9.84%) cases, p < 0.001, as shown in Figure 5c. In the
case of Escherichia species, a statistically significant increase in prevalence was observed
in the study cohort, while a statistically significant decrease in prevalence was noted for

0.0

Ruminococcus and Roseburia species, compared with the healthy population.
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T
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15

1.0

Proportion (%)

0.5

Escherichia spp.

0.0

—_ I— Reference Interval (0.3-1.5%)

Ruminococcus spp.

Bacterial strains
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Figure 5. Percentage distribution of Escherichia (a), Ruminococcus (b) and Roseburia (c) species.
spp.—species; black horizontal line in box—median value; box edges—interquartile range; whiskers—
range of data within 1.5 times the interquartile range.
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Lactobacillus species were identified with a median of 0.011% and an IQR of
(0.007-0.015%) of the general microbiome population, with 14 (11.48%) patients recording
values below the lower limit of the reference range; the binomial test result was p < 0.001,
as shown in Figure 6a. Bifidobacterium species were identified at a proportion of 0.097%
(0.049-0.429%), but one out of 2.65 (46, 37.70%) presented values below the lower limit
of the reference range, as shown in Figure 6b. The binomial test analysis determined a
statistically significant difference compared to a healthy population (p < 0.001).

0.030
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Lactobacillus spp. 0.0 Bifidobacterium spp.

Bacterial spp.

a. b.

Figure 6. Percentage distribution of Lactobacillus (a) and Bifidobacterium (b) species. spp.—species;
black horizontal line in box—median value; box edges—interquartile range; whiskers—range of data
within 1.5 times the interquartile range.

3.3. General Dysbiosis Observations

All patients with MASL exhibited dysbiosis, supported by changes in the alpha
diversity of ecological communities and the Firmicutes/Bacteroidetes ratio, as well as an
increase in the proportion of Proteobacteria to over 8.8% of the total species identified in the
gut microbiome and Prevotella to over 5.1% of the same microbiome, as shown in Figure 7.

122 MASL

‘ Iow4a?’lngg'(2:|2/;;5|ty normal alpha diversity 79 (64.75%)

Firmicutes/Bacteroidetes Firmicutes/Bacteroidetes Ratio NV
Ratio out of NV 42 (53.16%) 37 (46.83%)

Proteobacteria >8.8 [Proteobacteria >8.8
26 (70.27%) 11 (29.73%)
‘ Prevotella >5.1 }
11 (100%)

Figure 7. Dysbiosis in patients with MASL. NV—normal value.

4. Discussion

The fecal microbiota largely reflects the composition of the intestinal microbiome,
primarily the colonic microbiota, but may not include bacteria from other parts of the
intestine. Nevertheless, it represents an effective and non-invasive method for diagnosing
general intestinal dysbiosis. In the present study, the composition of the fecal microbiota
was used to gain insights into dysbiosis in patients with MASL.

The gut-liver axis is integral to understanding MASL, as gut dysbiosis—an imbalance

in the gut microbiome—can lead to increased gut permeability, systemic inflammation, and
subsequent liver damage.
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4.1. Biodiversity Index and Fecal pH

Microbial diversity is often considered a distinctive sign of a healthy intestinal mi-
crobiome, being one of the relevant signs of dysbiosis in conditions of a decrease in the
biodiversity index. A greater diversity is generally associated with disease resistance
and more robust metabolic functions. The biodiversity index results from the current
study show that 1 in 2.83 patients displayed low alpha diversity of ecological communi-
ties. This finding is consistent with several studies linking MASL to reduced microbial
diversity [9-12]. For example, Leung et al. (2016) reported a notable decrease in micro-
bial diversity in patients with non-alcoholic fatty liver disease (NAFLD) [11]. Loomba
et al. (2017) suggested that lower diversity may correlate with more significant metabolic
dysfunction [12]. The decrease in the biodiversity index implies the presence of systemic in-
flammation, increased intestinal permeability, and microbial translocation [10,13-15]. These
correlated mechanisms are responsible for the onset of leaky gut syndrome, which nega-
tively affects liver pathologies, aggravating hepatic diseases through endotoxemia-related
mechanisms [16-18].

Fecal pH is a critical factor that influences the composition of the gut microbiota and its
metabolic activities, where a balanced pH is essential for maintaining microbial homeostasis.
While approximately half of the pH values recorded in the study cohort were within the
normal reference range, 30.32% of patients exhibited elevated pH levels. This may indicate
a decrease in the proportion of species producing SCFA (butyrate, acetate, propionate) and
an increase in proteolytic strains, which may subsequently lead to dysbiosis, inflammation,
and leaky gut syndrome, exacerbating liver pathology [19-21]. The elevated pH observed
in the current study suggests that MASL may involve microbial compositional shifts and
functional changes in the intestinal ecosystem. These results differ from findings in similar
studies, which often report decreased pH and increased butyrate levels in patients with
liver diseases, such as in Bajaj et al. (2012) [22]. This divergence could be due to differences
in patient populations or disease severity, indicating that the relationship between pH,
SCFA production, and liver health in MASL is more complex than previously understood.
Patients with fecal pH below 5.5, identified in a small number in the study cohort (3, 2.4%),
experience acidification of the intestinal environment, which creates a favorable setting for
the development of SCFA-producing species and organic acids (lactate and succinate) that
generally have beneficial effects on inflammation and leaky gut syndrome. However, the
presence of an extremely low pH may contribute to the onset of dysbiosis.

4.2. Alterations in Gut Microbiota Composition

The Firmicutes/Bacteroidetes ratio is the second relevant indicator used as a marker for
the health of the gut microbial flora. The analysis of the specific bacterial phyla in this study
showed that the Firmicutes/Bacteroidetes ratio was outside the reference range in one out of
2.39 patients. The imbalance appears to be due to an increase in the percentage of Firmicutes.
The results are supported by studies that have associated a higher Firmicutes/Bacteroidetes
ratio with obesity or metabolic issues. In particular, the study by Ridaura et al. (2013)
showed that obese individuals tend to have more Firmicutes than Bacteroidetes, supporting
a potential role in the metabolic dysfunction observed in MASL [23]. This subtle change
in our findings underscores the importance of monitoring microbial ratios as potential
biomarkers for metabolic health in MASL.

Elevated Firmicutes are important because many phylotypes of this phylum, such
as Lactobacillus spp., Faecalibacterium prausnitzii, Ruminococcus spp., and Eubacterium spp.,
are considered beneficial bacteria for maintaining gut health. They help ferment fibers,
produce SCFAs, have anti-inflammatory effects, and maintain intestinal barrier integrity.
Furthermore, certain species within the same phylum, such as Clostridium and Lactobacillus,
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produce bile salt hydrolase enzymes, which deconjugate bile acids, leading to the produc-
tion of secondary bile acids (deoxycholic acid and lithocholic acid). These secondary bile
acids have mixed effects; they may be beneficial (e.g., deoxycholic acid, through its action
on Farnesoid X Receptors, can regulate lipid, glucose, bile acid metabolism, and inflam-
mation) and harmful (lithocholic acid is hepatotoxic at high concentrations, causing direct
cellular toxicity, inducing oxidative stress, inflammation, disrupting the intestinal barrier,
altering enterohepatic circulation, and resulting in bile acid accumulation in the liver, and
subsequent cholestasis, which is responsible for secondary liver damage) [24-27]. However,
the same phylum, Firmicutes, also includes opportunistic bacteria, such as Clostridium
difficile and Enterococcus faecalis, which can cause severe pathologies.

Prevotella species are sensitive to dietary intake, particularly to diets rich in fibers
derived from complex carbohydrates, which are common in plant-based diets. The rela-
tionship between Prevotella and metabolic health is complex and under ongoing evaluation.
Prevotella has been associated with pro-inflammatory effects, being present in the gut
flora of patients with rheumatoid arthritis, periodontitis, and metabolic diseases, yet it
also plays a role in stimulating glucose metabolism and producing SCFA (propionate
and acetate) [28,29]. Propionate is considered beneficial as it decreases lipogenesis and
improves insulin sensitivity, playing a role in glucose metabolism regulation. However,
when synthesized in excess, propionate can have a paradoxical effect. Dysbiosis with a pre-
dominance of Prevotella may lead to an overproduction of propionate, which can negatively
impact hepatic steatosis. Excess acetate exacerbates hepatic steatosis by promoting fat
accumulation in the liver, especially in the context of caloric excess and high carbohydrate
intake. Additionally, due to its pro-inflammatory effects, acetate may contribute to the
progression of the disease towards steatohepatitis. In the western region of Romania, the
tradition of frequent pickle consumption may support the growth of Prevotella in the gut
flora, but excessive consumption of fats and meat may have a negative impact on hepatic
steatosis. Understanding the balance between the beneficial and potentially harmful effects
of Prevotella is crucial in deciphering its role in MASL [30].

Proteobacteria are often considered a microbial marker of dysbiosis, particularly in
chronic diseases where their overrepresentation can indicate microbial imbalance and
inflammation. The increased levels of Proteobacteria and relatively low levels of beneficial
bacteria, including Bifidobacterium species and Lactobacillus, demonstrated dysbiosis char-
acteristics in MASL patients. This is in line with the results of Miele et al. (2009), which
found higher proportions of Proteobacteria, mostly Escherichia, in NAFL patients, possibly
due to increased intestinal permeability and systemic inflammation [31]. Another equally
concerning finding is the reduced levels of Bifidobacterium and Lactobacillus, which are
two key beneficial bacteria. The same trend has been confirmed by other studies, such as
that of Del Chierico et al., 2017, focusing on NAFL evidence of a diminishment in these
health-supporting gut bacteria attributed to the degradation of the epithelial barrier and
inflammation, which drives disease advancement [32].

Elevated levels of Proteobacteria, such as Escherichia coli, are particularly problematic
as they are known to produce LPS, a potent endotoxin that can exacerbate systemic in-
flammation and promote liver injury. A decrease in beneficial bacteria like Bifidobacterium
and Lactobacillus could further impair the gut barrier, allowing for more translocation of
harmful bacteria and endotoxins into the liver, thereby fueling the cycle of inflammation
and fibrosis typical in MASL [33].

The phylum Actinobacteria represents an important group in the intestinal ecosystem.
Its beneficial effects include the production of SCFA (butyrate), which has anti-inflammatory
effects, modulates the host immune system, and regulates lipid metabolism [34,35]. Their
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decrease, especially Bifidobacterium, is associated with dysbiosis, metabolic diseases, and
inflammatory bowel diseases [35,36].

Ruminococcus and Roseburia are bacterial species involved in the synthesis of SCFAs
such as butyrate, a metabolite known to have anti-inflammatory effects and to maintain the
integrity of the intestinal barrier. A reduction in their concentrations in the gut microbiome
is associated with inflammation and metabolic diseases. In the present study, these bacteria
were identified at optimal concentrations, with a small number of subjects showing a
decrease in their levels. The medical literature is inconsistent regarding the correlation
between the concentration of these species and the presence of MASL [37-39].

The intestinal dysbiosis present in all patients in the study cohort—characterized
by reduced intestinal biodiversity, an altered Firmicutes/Bacteroidetes ratio, increased Pro-
teobacteria concentrations, and Prevotella species—contributes to the progression of MASL
through a series of mechanisms. Reduced biodiversity and an imbalance between Firmi-
cutes and Bacteroidetes support proinflammatory processes and hepatic fat accumulation.
The decrease in Proteobacteria is associated with reduced SCFA synthesis, which is crucial
for regulating inflammation and maintaining intestinal barrier integrity. Additionally,
proinflammatory mechanisms are stimulated by the excess presence of Prevotella. Thus,
dysbiosis induces a vicious cycle of inflammation and increased intestinal permeability,
leading to the progression of MASL.

4.3. General Dysbiosis Observations

The present study identified intestinal dysbiosis in all patients with MASL from the
western region of Romania, an alarming finding considering the central role of the gut
microbiome in maintaining overall health. The results summarized in Figure 7 support the
presence of microbial imbalance based on several well-recognized criteria [40]. Low alpha
diversity, observed in 43 out of 122 patients, represents a marker of dysbiosis frequently as-
sociated with systemic inflammation and impaired intestinal barrier function [40]. Among
patients with normal alpha diversity, an imbalance in the Firmicutes/Bacteroidetes ratio
(present in 42 out of 122 cases outside the normal range) reflects disruptions in intestinal
energy metabolism and a predisposition to lipid accumulation and inflammation [40,41].

A significant increase in Proteobacteria levels, identified in 26 out of 122 patients who
did not present the previously mentioned imbalances, further supports the presence of
dysbiosis due to the association of this bacterial group with increased intestinal permeability
and chronic inflammation [40,42]. The remaining patients, who did not exhibit the above
dysbiosis criteria, showed elevated levels of Prevotella (11 out of 122 patients), suggesting
a pro-inflammatory microbial profile [28]. Thus, all patients in the study exhibited at least
one dysbiosis criterion.

The traditional diet in the western region of Romania, characterized by high con-
sumption of carbohydrates, animal fats, and fermented foods, may contribute to microbial
imbalances by promoting the excessive growth of pro-inflammatory bacterial species. These
bacteria can increase intestinal permeability and cause systemic inflammation, both as-
sociated with the progression of MASL. Therefore, dietary and therapeutic interventions
targeting at-risk populations are essential to help restore microbiota balance. Tailoring
these interventions to regional dietary patterns could be beneficial in managing MASL and
preventing other conditions associated with dysbiosis, thereby supporting the health and
well-being of these communities.

4.4. Strengths and Limitations of the Study

This study provides insights into the relationship between intestinal dysbiosis and
MASL in a population from western Romania, offering a regional perspective on how geo-
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cultural factors may influence the gut microbiota in individuals with liver disease. Using
the WGS technique allowed for a comprehensive assessment of microbiota composition.
The study’s limitations include the lack of a healthy control group from the same
region as the study cohort. Additional limitations are that factors such as obesity, which is
common among patients with MASL, and other factors (physical activity, stress exposure,
and diet) that may influence the gut microbiota could not be excluded from the study.
Further studies with diverse regional groups are needed to validate these findings.

5. Conclusions

The present study highlights the significant connection between intestinal dysbiosis
and MASL. The observed changes in microbial populations, including the increased preva-
lence of species from the genus Prevotella, support the notion that geo-cultural factors can
influence the composition of the gut microbiome and, consequently, liver health. Conse-
quently, personalized therapeutic interventions adapted to the regional specificity of the
gut microbiome are necessary. Certain geographical areas’ diet, habits, and lifestyle charac-
teristics can influence the microbiome, and understanding these variations is essential for
developing effective prevention and treatment strategies.

This study emphasizes the role of the local microbiome in liver health, offering a
new perspective on the importance of tailoring therapeutic approaches. It paves the way
for future research aimed at optimizing medical interventions. These findings, with their
potential to significantly improve liver disease management and patient quality of life, offer
a hopeful outlook for the future.
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