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Protective effect of probiotics in patients with
non-alcoholic fatty liver disease

Gen-shen Cai, MD?, Hui Su, MMP, Jing Zhang, MM®*

Abstract \
To investigate the effects of probiotics on liver function, glucose and lipids metabolism, and hepatic fatty deposition in patients with |
non-alcoholic fatty liver disease (NAFLD).

Totally 140 NAFLD cases diagnosed in our hospital from March 2017 to March 2019 were randomly divided into the observation
group and control group, 70 cases in each. The control group received the diet and exercise therapy, while the observation group
received oral probiotics based on the control group, and the intervention in 2 groups lasted for 3 months. The indexes of liver function,
glucose and lipids metabolism, NAFLD activity score (NAS), and conditions of fecal flora in 2 groups were compared before and after
the treatment.

Before the treatment, there were no significant differences on alanine aminotransferase (ALT), aspartate aminotransferase (AST),
glutamine transferase (GGT), total bilirubin (TBIL), total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), insulin resistance index (HOMA-IR), NAFLD activity score (NAS), and conditions of fecal
flora in 2 groups (P>.05). After the treatment, ALT, AST, GGT, TC, TG, HOMA-IR, NAS, and conditions of fecal flora in the
observation group were better than those in the control group, and the observation group was better after treatment than before. All
these above differences were statistically significant (P < .05).

Probiotics can improve some liver functions, glucose and lipids metabolism, hepatic fatty deposition in patients with NAFLD, which
will enhance the therapeutic effects of NAFLD.

Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, Fins = fasting insulin, FPG = fasting plasma
glucose, GGT = glutamine transferase, HDL-C = high density lipoprotein cholesterol, IL = interleukin, LDL-C = low density lipoprotein
cholesterol, NAFLD = Non-alcoholic fatty liver disease, NF-Bk = activation of nuclear factor, TBIL = total bilirubin, TC = total

cholesterol, TG = triglyceride, TNF = tumor necrosis factor.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) refers to clinical
syndrome of hepatocellular lipodystrophy caused by pathogenic
factors other than alcohol or definite etiology. It is closely related
to the living environment, genetic susceptibility, and nutrition
metabolic."?! With the improvement of living conditions and
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obesity widely prevalent in the population, the NAFLD have
gradually become a common liver disease of obesity, severe cases
can lead to liver cirrhosis, liver cancer. Obesity is also a factor for
cardiovascular disease, diabetes, and other metabolic syn-
drome.">¥

At present, no specific drugs are available for treating NAFLD.
In clinical practice, the diet and life intervention, liver protection,
and regulating drugs of glucose and lipids metabolism were
regularly applied in the treatment.”! According to relevant
reports in recent years, intestinal flora imbalance, enterogenous
endotoxin, microbe-gut-brain axis played an important role in
the occurrence and development of NAFLD,!®! which suggesting
that the probiotics to improve intestinal micro-ecology may be a
therapeutic method for NAFLD.!”"® The intestinal flora regulat-
ing drugs such as probiotics were widely used in diarrhea,
malnutrition, and imbalance of intestinal flora with good safe
profiles in clinical application. However, there is still lack of
clinical reports on the efficacy of probiotics in patients with
NAFLD. In this study, a number of 140 NAFLD patients in our
hospital were collected to investigate the feasibility and
effectiveness of probiotics for treating NAFLD.

2. Materials and methods

2.1. Patients

Patients diagnosed with NAFLD in our hospital from March
2017 to March 2019 were selected as the observational objects. A
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total of 152 patients were voluntarily recruited. This study was
approved by the ethics committee of Beijing Shijitan Hospital
(No: BSJ16019). A number of 12 patients were dropped out
during the observation, and 140 were finally included and
divided into the control group and observation group by using
the random number table. Inclusion criteria: with or without
abnormal indexes of liver function, diffuse fatty liver was
detected on ultrasound, and NAFLD was confirmed by
ultrasound-guided biopsy'”'; aged between 18 and 59; the
patients were informed of the study and willing to be observed
during the follow-up. Exclusion criteria: patients with other liver
diseases with definite etiology, such as viral hepatitis; patients
with liver fibrosis or cirrhosis; patients who had used these drugs
for weight-loss, regulating glucose, and lipids metabolism,
intestinal flora, and antibiotics in the past 3 months; patients
with autoimmune diseases or other severely chronic comorbid-
ities. Shedding criteria: patients who could not tolerate diet and
exercise therapy; patients who failed to cooperate during the
intervention treatment as required; other diseases occurred
during the intervention of follow-up. These data of shedding
cases were excluded in this study.

2.2. Treatment methods

The control group was received the diet and exercise schemes,
while the observation group was received the oral probiotics
combined with the therapy. The patients and an authorized
member from patients’ family in 2 groups were interviewed for
about 60minutes, and the guidelines of the diet and exercise
schemes were taught in the interview. The diet and exercise
therapy was as follows!'®'!!: the diet consisted of grains,
vegetables, fruits, meat and so on, a reasonable collocation of a
balanced low-calorie diet with rich nutrition, in which: calorie
intake was 40 to 55 cal/(kgd) and carbohydrates accounted for
50% to 60%, proteins 25% to 35%, and lipids 5% to 15%. The
food choice should consider the patients’ individual characteristic
and the nutritional balance. At the same time, the patients should
do aerobic exercises, including jogging, ball games, swimming,
etc, at least 3 times a week and 30 to 60 minutes each time.!"?! The
exercises should increase progressively according to the patients’
tolerance, and the above exercise requirements should be reached
within 1 month. Probiotics treatment: Live Combined Bifido-
bacterium, Lactobacillus and Enterococcus Powder (product
name: Bifid Lriple Viable, approval number: S10970105,
Shanghai xinyi pharmaceutical co., LTD) was given orally, 1g/
time, 2 times/d. The intervention treatment in the 2 groups lasted
for 3 months, and liver protection treatment were given
according to the principle of clinical treatment when necessary.
Follow-up was regularly carried out to check the practice of
treatment scheme.

2.3. Observation indexes

The following indexes were recorded in both groups at 3 months
before and after the treatment: liver function indexes, including
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), glutamine transferase (GGT), and total bilirubin (TBIL).
Glucolipid metabolic indexes, including total cholesterol (TC),
triglyceride (TG), low density lipoprotein cholesterol (LDL-C),
high density lipoprotein cholesterol (HDL-C), fasting insulin
(Fins), fasting plasma glucose (FPG), and insulin resistance index
(HOMA-IR). All the above blood biochemical indexes required
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morning fasting blood samples which were sent to the hospital
clinical laboratory for tests. Non-alcoholic fatty liver disease
activity score (NAS), ultrasound guided needle biopsy, obtained
liver tissues which were fixed with 10% neutral formaldehyde,
paraffin-embedded sections, hematoxylin-eosin staining, and
reticular fiber staining to determine the NAS score (0-8 points),
which was the sum of three parts: hepatocyte fatty change:
calculated according to the score 0, 1, 2, and 3, respectively
representing the hepatocyte fatty change <5%, 5% to 33%, 34%
to 66%, and >66%; inflammation in the lobule: necrotic foci
were counted at 20x magnification, and 0, 1, 2, and 3 points
respectively represented no, <2, 2 to 4, and >4; balloon-like
changes of liver cells: 0, 1, and 2 points respectively represented
no, rare, common. Fecal flora condition determination!; fecal
samples were collected for testing; classification criteria: the ratio
of gram negative bacilli to gram positive cocci by gram staining in
fecal smear was >90%, 10% to 90%, and <10%, respectively
representing normal, imbalance, and serious imbalance.

2.4. Statistical analysis

The data were analyzed by using SPSS25.0 software (SPSS Inc.,
Chicago, Ill., USA), and the measurement data were expressed as
mean +standard deviation (x +s). £ test was used for comparisons
in the 2 groups. The counting data was expressed as frequency or
percentage (n/%) by using chi-squared test, and the ranked data
were analyzed by using the Kruskal-Wallis test. P<.05 was

considered as statistically significant.

3. Results

3.1. Comparisons of general data between the 2 groups

There were no significant differences between the 2 groups in sex,
age, waist circumference, body mass index (BMI), and course of
disease (P>.05), as shown in Table 1.

3.2. Comparisons of liver function indexes in the 2 groups

Before the treatment, AST, ALT, GGT, and TBIL were compared
between the 2 groups, and no significant differences were observed
(P>.0S5). After the treatment, AST, ALT, and GGT in both groups
were significantly lower than those before the treatment, and AST,
ALT, GGT in the observation group were lower than those in the
control group, with statistically significant differences (P <.05).
Before and after the treatment, there was no significant difference in
TBIL in the 2 groups (P>.05). As shown in Table 2.

3.3. Comparisons of lipids metabolism indexes in the 2
groups

Before the treatment, there were no significant differences in TC, TG,
LDL-C, and HDL-C between the 2 groups (P>.05). After the
treatment, TC, TG, LDL-C, and HDL-C in the 2 groups were
significantly improved. Among them, TC and TG in the observation
group were lower than those in the control group, with statistically
significant differences (P <.05). As shown in Table 3.

3.4. Comparisons of HOMA-IR and NAS score in the
2 groups

Before the treatment, HOMA-IR and NAS score of the 2 groups
were compared, and the differences were not statistically
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Comparisons of general data between the 2 groups [n, (X +5s)].

Group (n) Gender (male/female) Age, y Waist circumference, cm BMI, kg/m? Course of disease, y
Observation group (70) 46/24 46.13+£12.72 101.75+11.09 31.28+3.62 7.49+1.21
Control group (70) 39/31 49.62+9.08 102.27 +£10.94 30.73+3.47 7.35+1.18
pa/s 1.467 1.868 0.279 0.918 0.693
P 226 .064 .780 .360 489
Table 2
Comparisons of liver function indexes in the 2 groups (X +5).
ALT, p/L AST, p/L GGT, p/L TBIL, pmol/L

Before After Before After Before After Before After
Group (n) treatment treatment treatment treatment treatment treatment treatment treatment
Observation group (70)  76.38+23.25  34.18+1 2.54: 57.23+15.07  32.49+11 .15: 30.95+10.48 151 716.62: 19.30+£4.98 16.24+5.04
Control group (70) 7521+£19.90  39.26+13.08 59.56+15.83  39.80+13.26 30.46+10.26  19.91+8.25 18.46+576  15.27+4.36
t 0.320 2.346 0.892 3.530 0.279 3.749 0.923 1.218
P .750 .020 374 .001 .780 .000 .358 225

ALT =alanine aminotransferase, AST =aspartate aminotransferase, GGT = glutamine transferase, TBIL=total bilirubin

*Compared with the group before treatment, P< .05.

significant (P>.05). After the treatment, HOMA-IR and NAS
score of the 2 groups were significantly improved, and the above
indexes in the observation group were lower than those in the
control group, with statistically significant differences (P <.05).
As shown in Table 4.

3.5. Comparisons of fecal flora conditions in the 2 groups

Before the treatment, there was no significant difference on the
conditions of fecal flora between the 2 groups (P >.035). After the
treatment, fecal flora conditions in the observation group were
better than those in the control group (55.71% vs 21.43%), and
the observation group was better after treatment than before
treatment (55.71% vs 14.29%). All the above differences were
statistically significant (P <.05). As shown in Table 5.

4. Discussions

A major therapeutic purpose of NAFLD is to reduce liver
function damage, hepatic cell fat deposition, and inflammatory
response, as well as to prevent the occurrence of liver fibrosis,
cirrhosis, liver cancer, and other late complications. Some reports
showed that diet and exercise intervention could effectively
reduce the liver fat deposition, improve some liver biochemical
indexes, and benefit NAFLD patients."*! In this study, both
groups received the diet and exercise therapy for 3 months and
achieved improvements of NAFLD, which demonstrated that the
diet and exercise therapy was an effective and important option
for NAFLD. Furthermore, intestinal microflora development had
close correlation with the incidence of NAFLD, and the
correction of intestinal microecological disorder could improve

Comparisons of lipid metabolism indexes in the 2 groups (X =+s).

TG, mmol/L TG, mmol/L LDL-C, mmol/L HDL-C, mmol/L

Before After Before After Before After Before After
Group (n) treatment treatment treatment treatment treatment treatment treatment treatment
Observation group (70) 5.62+1.26 3.3910.86: 1.86+0.70 1.21 ¢0.43: 3.85+0.49 2.7810.34: 1.13+0.20 1.3910.29:
Control group (70) 541+1.03 3.81+0.89 1.95+0.72 1.56+0.48 3.79+0.51 2.88+0.31 1.10+0.24 1.36+0.37
t 1.080 2.839 0.750 4.544 0.710 1.818 0.803 0.534
P .282 .005 455 .000 479 .071 423 594
I:IDL-C:high density lipoprotein cholesterol, LDL-C=1low density lipoprotein cholesterol, TC=total cholesterol, TG =triglyceride.
“Compared with the group before treatment, P< .05.
Table 4
Comparisons of HOMA-IR and NAS score in the 2 groups (X =+s).

HOMA-IR NAS score

Group (n) Before treatment After treatment Before treatment After treatment
Observation group (70) 259+0.75 1314043 3.73+0.69 1514070
Control group (70) 2.46+0.82 1.52+0.49 3.90+0.78 2.34+0.61
t 0.979 2.695 1.366 7.479
P 329 .008 74 .000

yOMA-IR:insulin resistance index, NAS =non-alcoholic fatty liver disease activity score.
Compared with the group before treatment, P<.05.
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Comparisons of fecal flora imbalance in the 2 groups (n [%]).

Before treatment

After treatment

Group (n) Normal Dysbacteriosis Severe dysbacteriosis Normal Dysbacteriosis Severe dyshacteriosis
Observation group (70) 10 (14.29) 36 (51.43) 24 (34.28) 39 (55.71) 21 (30.00) 10 (14.29)"
Control group (70) 11 (156.71) 39 (65.71) 20 (28.57) 15 (21.43) 37 (52.86) 18 (25.71)

He 0.531 17.366

P 767 .000

: Compared with the group before treatment, P<.05.

the condition of patients with NAFLD."517! In this study, the
observation group received oral probiotics drug (Bifid Lriple
Viable) combined with the diet and exercise therapy continuously
for 3 months, and the results showed that the improvement of
some observation indexes in the observation group was better
than that in the control group, which proved that probiotics was
also effective to a certain extent in the treatment of NAFLD. '8!
The results in our study were consistent with above views.

Previous studies showed that probiotic-assisted treatment for
NAFLD could significantly improve some indexes of liver
functions.?®! Kobyliak et al®'! reported that the modulation
of gut microbiota by probiotic supplementation can significantly
reduce liver fat accumulation and attenuate the levels of TNF-a,
IL-6, AST, and GGT, which meant that this modulation might
represent an optional treatment method for NAFLD patients.
Moreover, Famouri et al®? found that probiotics not only
significantly reduced the levels of AST, ALT, and other index of
liver functions, but also dramatically ameliorated patients” body
mass index. These viewpoints mentioned above were similar to
the results in our study. The increasing of TBIL is more common
in severe liver function injury diseases. However, the liver disease
of the patients in this study did not progress to severe liver injury,
so there was no significant change in TBIL before and after the
treatment.

After the treatment, the relavant indexes of glucose and lipid
metabolism of the patients in the 2 groups were significantly
improved, which indicated that probiotics should be helpful to
improve disorders of lipid and glucose metabolism in patients and
reduce insulin resistance. Intestinal flora disorder can lead to the
over-reproduction of intestinal bacterial and the increase
intestinal permeability. Then, such as bacterial peptides, lip-
opolysaccharides, immune factors, and other immunogen
inducing by intestinal flora enter the liver through the intestinal
mucosa, which will result in activation of specific immune and
nonspecific immune response between the intestinal tract and
liver. This may lead to body blood lipid and glucose metabolism
disorders as well as insulin resistance.”’! In addition, the
metabolites of probiotics such as lactobacillus inhibit cholesterol
synthase, which helps to inhibit the formation of cholesterol.
Furthermore, the intestinal bacteria can combine with cholesterol
synthase and subsequently inhibit the absorption of cholesterol;
Afterwards, normal intestinal bacteria can affect the enter-
ohepatic circulation of bile salts, increase the supplements of
cholesterol in bile salts circulation, and promote cholesterol
excretion. These mechanisms mentioned above should be related
to the improvements of lipid metabolism disorder by probiotics
intake.!**!

The observation group of this study showed that probiotics
had a good effect on reducing the NAS score of patients,
indicating that probiotics can help to inhibit liver fat deposition.

Intestinal flora disorder resulted in activation of liver abnormal
immune and nuclear factor-kappa B (NF-«kB) or its related
signaling pathways. Thus, some inflammatory cytokines such as
tumor necrosis factor (TNF), interleukin (IL) were produced, and
affected the mediators of cholesterol adjustment protein-1c and
serum adiponectin. After that, the liver fat deposition gradually
formed in clinic.®?*! Regulation in intestinal flora disorder will
help to inhibit the above signaling pathways and the deposition of
liver fat. So, the supplementation of probiotics could promote the
growth of beneficial intestinal bacteria, inhibit the growth of
pathogenic bacteria, and restore the normal intestinal flora
ecology, so as to maintain the stability of intestinal mucosal
biochemical barriers, reduce abnormal immune and inflamma-
tory responses, and improve glucose and lipid metabolism
disorders.!*®! After the treatment, the dysbacteriosis of the
observation group was significantly better than before treatment,
which should be related to the above mechanism.

The glucose and lipid metabolism disorder and insulin
resistance were closely related to NAFLD, suggesting that
probiotics played a therapeutic role by improving glucose and
lipid metabolism disorder, regulation of intestinal flora imbal-
ance, and reducing insulin resistance.® Yan et al®”! carried out
similar studies and found that probiotics drug (Bifid Lriple
Viable) could reduce transaminase, inhibit inflammatory factors
such as IL-6 and TNF-a, and slow down the process of liver
fibrosis with good safety,*8! which was similar to the conclusion
of this study. The limitations of this study were that the sample
size was small, the observation time was a little short, and the
cytokine changes and molecular pathogenesis related to NAFLD
had not been explored. So, the study was still unable to fully
explain the therapeutic mechanism of probiotics, which needed to
be supplemented in future studies.

In conclusion, the probiotics can regulate imbalance of
intestinal flora, improve glucose and lipid metabolism disorder,
and liver fat deposition in NAFLD patients. Thus, the probiotics
can be exploratory applied in the treatment of NAFLD.
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