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Abstract

Background: Nonalcoholic fatty liver disease (NAFLD] is the highest incidence of chronic liver
disease worldwide, seriously endangering human health, and its pathogenesis is still unclear.
In the recent years, increasing evidence has shown that intestinal flora plays an important role
in the occurrence and development of NAFLD. Synbiotics can alter gut microbiota and may be
a treatment option for NAFLD in the future.

Objectives: To systematically investigate the therapeutic effect of synbiotic supplementation
on NAFLD patients.

Design: A systematic review and meta-analysis were conducted.

Data sources and methods: We conducted a search on four databases (PubMed, Embase,
Cochrane Library, and Web of Science) to identify relevant studies. Eligible studies were then
screened, and data from the included studies were extracted, combined, and analyzed.
Result: This study analyzed 10 randomized controlled trials involving 634 patients with
NAFLD. The results showed that synbiotic supplementation could significantly reduce the
level of alanine aminotransferase (mean difference (MD)=-8.80; (95% CI [-13.06, -4.53]),

p <0.0001), aspartate aminotransferase (MD=-9.48; 95% CI [-12.54, -6.43], p<0.0001), and
y-glutamyl transferase (MD=-12.55; 95% CI [-19.40, -5.69], p=0.0003) in NAFLD patients.

In the field of metabolism, synbiotic supplementation could significantly reduce the level of
total cholesterol (MD=-11.93; 95% CI [-20.43, -3.42], p=0.006) and low-density lipoprotein
cholesterol (MD=-16.2; 95% CI [-19.79, -12.60], p <0.0001) and increase the level of high-
density lipoprotein cholesterol (MD=1.56; 95% CI [0.43, 2.68], p=0.007) in NAFLD patients. In
addition, synbiotic supplementation could significantly reduce liver stiffness measurement
indicator (MD=-1.09; 95% CI [-1.87, -0.30], p=0.006) and controlled attenuation parameter
indicator (MD=-37.04; 95% CI [-56.78, -17.30], p=0.0002) in NAFLD patients.

Conclusion: Based on the current evidence, synbiotic supplementation can improve liver
function, adjust lipid metabolism, and reduce the degree of liver fibrosis in patients with
NAFLD, but these effects need to be confirmed by further studies.
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Introduction

Nonalcoholic fatty liver disease INAFLD) is a met-
abolic stress-induced liver injury closely related to
insulin resistance (IR) and genetic susceptibility.
The disease-grading spectrum includes nonalco-
holic hepatic steatosis, nonalcoholic steatohepatitis,

liver cirrhosis, and hepatocellular carcinoma.!
NAFLD is the most prevalent chronic liver disease
in the world, affecting 25.2% of the population.
Although the complex pathogenesis of NAFLD is
challenging to elucidate fully, numerous studies
have established a significant correlation between
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NAFLD and diabetes mellitus, metabolic syn-
drome (MetS), and other diseases.! The global
prevalence of NAFLD in diabetes patients is
55.5%, rising to 68.0% in Europe.? Furthermore,
the proportion of MetS in NAFLD patients
(56.3%) was significantly higher than that in the
control group (16.3%). Importantly, studies have
confirmed that both diabetes and MetS considera-
bly increase risk of advanced NAFLD fibrosis,
liver-related mortality, and all-cause mortality.3

The gut-liver axis refers to the bidirectional rela-
tionship between the gut microbiota and the liver,
which is influenced by dietary, genetic, and envi-
ronmental factors. This interaction is mainly
through the portal vein, which enables the direct
transport of visceral-derived products to the liver
and promotes hepatic feedback to reach the intes-
tine. The liver receives various signals from the
gut, including bacterial products, environmental
toxins, and food antigens, allowing nutrients to
enter the circulation and reach the liver, limiting
the systemic spread of toxins, and maintaining
the balance of the immune system. As a part of
this two-way communication, controlling the
microbial community is essential to maintain the
homeostasis of the gut-liver axis. Even in the
absence of pathogens, changes in gut microbiota
can disrupt intestinal homeostasis, leading to
immune disorders and various liver diseases.*>
Many studies have confirmed that NAFLD
patients are prone to intestinal flora imbalance,
microbial metabolic dysfunction in the digestive
tract, and a significant increase in pathogenic bac-
teria. This provides the possibility of using synbi-
otics to improve intestinal flora and thus treat
NAFLD.¢8

The World Health Organization defines probi-
otics as live microorganisms that provide health
benefits to their hosts.® On the other hand, it is
generally accepted that prebiotics are non-
digestible food additives that support the
growth of probiotics by stimulating their activ-
ity. Synbiotics are a potent combination of
prebiotics and probiotics that provide beneficial
food for gut microbiota and improve the sur-
vival and activity of beneficial microorganisms
in the gut.!® Numerous previous studies have
shown that probiotics, prebiotics, and synbiot-
ics (PPS) can improve the metabolic function
of the liver and delay the progression of liver
steatosis and fibrosis by improving the

intestinal flora and alleviating the risk factors of
NAFLD.10-14 In this meta-analysis, we aim to
explore whether synbiotics can improve meta-
bolic function, liver fibrosis, and steatosis in
NAFLD patients by including relevant studies
from the last decade.

Materials and methods

Search strategy

This meta-analysis was carried out in accord-
ance with the Preferred Reporting Items for
Systemic Reviews and Meta-Analysis (PRISMA)
statement.!> Two independent authors (JC and
DJ]) conducted a literature search using four
databases (PubMed, Embase, Cochrane Library,
and Web of Science) to identify trials published
until 1 September 2022. We established the fol-
lowing search strings to identify trials: ‘Non
alcoholic Fatty Liver Disease or NAFLD or
Nonalcoholic Fatty Liver Disease or Fatty Liver,
Nonalcoholic or Fatty Livers, Nonalcoholic or
Liver, Nonalcoholic Fatty or Livers, Nonal-
coholic Fatty or Nonalcoholic Fatty Liver or
Nonalcoholic Fatty Livers or Nonalcoholic
Steatohepatitis or  Nonalcoholic  Steato-
hepatitides or Steatohepatitides, Nonalcoholic
or Steatohepatitis, Nonalcoholic’ and ‘symbiotic
or synbiotic’ in All Text.

Inclusion and exclusion criteria
Inclusion criteria

(1) Randomized controlled trial (RCT).

(2) Patients were diagnosed with NAFLD
without the limitation in age and gender.
The intervention was synbiotic or symbi-
otic, and the intervention duration time
was more than 4 weeks.

The treatment of the control group was
the same as the intervention group except
synbiotic intervention.

RCTs reported change in alanine ami-
notransferase (ALT) or aspartate ami-
notransferase  (AST) or y-glutamyl
transferase (GGT) or total cholesterol
(TC) or triglycerides (T'G) or low-density
lipoprotein cholesterol (LDL) or high-
density lipoprotein cholesterol (HDL) or
glucose or IR or insulin or liver stiffness
measurement (LSM) or controlled attenu-
ation parameter (CAP).

3)

C))

5)
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Exclusion criteria

(1) Patients with alcoholic steatohepatitis, alco-
holic fatty liver, cirrhosis, or liver cancer

(2) Patients received additional intervention

(3) Articles published over 10years

(4) Conference papers or abstracts

(5) Articles not written in English

Data extraction

Two authors (JC and DJ) independently used the
inclusion and exclusion criteria before evaluating
the titles and abstracts of identified articles to
exclude irrelevant studies. Moreover, we utilized
the predefined table to record the following detail
from included RCTs: (1) basic characteristics:
first author, publication date, and case numbers;
(2) intervention supplementation: synbiotic
ingredients, intervention duration, and type of
control (placebo/non-placebo); and (3) basic
traits of patients: age, gender, and body mass
index (BMI).

Risk of bias and study quality assessment

Two independent authors (JC and DJ) used The
Cochrane Collaboration’s Risk of Bias tool to
evaluate bias in the included RCTs.1¢ The level of
bias was rated as ‘low risk’ or ‘high risk’ or ‘unclear
risk’, and the study was excluded if more than one
high risk existed. We also used the Grading of
Recommendations, Assessment, Development
and Evaluation (GRADE) profiler software
(GradePro Version 3.6.1). The quality of evi-
dence was categorized into four levels: very low,
low, moderate, and high in the GRADE system.
Funnel plots and Egger’s test were used to ana-
lyze whether there was publication bias.

Statistical analysis

This meta-analysis was performed using the
RevMan Version 5.3 software (The Cochrane
Collaboration, Copenhagen, Denmark). We cal-
culated the mean difference (MD) for studies that
used precisely the same measurement methods or
units for similar outcomes. In comparison, we
calculated the standard mean difference (SMD)
for studies that used different measurement meth-
ods or units for similar outcomes. Data analyses
were conducted by using the I? statistic to detect
heterogeneity. To search for potential sources of
interstudy heterogeneity, we performed a

subgroup analysis based on intervention duration
(=<12weeks and >12weeks), the diagnostic
method of NAFLD (ultrasonic examination or
liver biopsy), and baseline BMI (BMI=30 and
BMI<30). Besides, we conducted meta-regres-
sion analysis to find the source of heterogeneity.
When I? value was <50%, we would use the
fixed-effects model; otherwise, the random-
effects model was used. All data were analyzed
with 95% CI. The results were described using
forest plots, with p values less than 0.05 consid-
ered statistically significant.

Result

The process of literature retrieval is shown in
Figure 1. According to the established strategy,
356 articles were preliminarily retrieved up to 1
September 2022, and 10 RCTs were finally
included. The synbiotic group included 316
patients, while the placebo group included 308
patients.

Table 1 reports the characteristics of the included
RCTs. The risk of bias was assessed by the tool
from the Cochrane Collaboration. As shown in
Figure 2, the overall risk of the included studies
was medium and low.

Effect on liver enzyme

We carried out a meta-analysis on the the three
liver enzyme indicators: ALT, AST GGT and
futher performed subgroup analyses. The results
are shown in Supplemental Figures S1-S9.

ALT. As shown in Figure 3(a), ALT was reported
in nine studies involving 566 patients. The com-
bined estimated value was MD =-8.80 (95% CI
[-13.06, —4.53], p<0.0001, I?=81%, random-
effects model), and the difference was statistically
significant, suggesting that synbiotic supplemen-
tation can significantly reduce ALT levels in
NAFLD patients.

AST. As shown in Figure 3(b), AST was reported
in nine studies involving 566 patients. The com-
bined estimated value was MD =-9.48 (95% CI
[-12.54, —6.43], p<0.0001, I?=75%, random-
effects model), and the difference was statistically
significant, suggesting that synbiotic supplemen-
tation can significantly reduce AST levels in
NAFLD patients.
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Figure 1. Flowchart of the study selection process.

GGT. Asshown in Figure 3(c), GGT was reported
in six studies involving 324 patients. The com-
bined estimated value was MD =-12.55 (95% CI
[-19.40, —5.69], p=0.0003, ?=92%, random-
effects model), and the difference was statistically
significant, suggesting that synbiotic supplemen-
tation can significantly reduce GGT levels in
NAFLD patients.

Effect on lipid metabolism

We carried out a meta-analysis on the four lipid
metabolism indicators: TG, TC, LDL, HDL and
futher performed subgroup analyses. Subgroup
analysis of the included studies revealed a statisti-
cally significant difference in TC and LDL between
the two groups according to BMI (=30 and <30);
the other results are shown in Supplemental Figures
S19-S28.

TG. As shown in Figure 4(a), TG was reported in
six studies involving 394 patients. The combined
estimated value was MD =-2.47 (95% CI [-24.7,
1.74], p=0.09, I>=57%, random-effects model).
The result shows no significant difference in TG
levels after the synbiotic supplementation group
was compared with the control group.

TC. As shown in Figure 4(b), TC was reported in
six studies involving 394 patients. The combined
estimated value was MD=-11.93 (95% CI
[-20.43, —3.42], p=0.006, I’=62%, random-
effects model), and the difference was statistically
significant, suggesting that synbiotic supplemen-
tation can significantly reduce TC levels in
NAFLD patients. And subgroup analysis showed
a statistically significant decrease in TC levels in
the subgroup of BMI<30 (MD=-18.12; 95%
CI [-24.64 to —11.59], p<<0.0001, 2=40%),
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Figure 2. Risk-of-bias graph.

the
CI

whereas there was no significant change in
subgroup of BMI=30 (MD=0.01; 95%
[-11.28 to 11.29], p=1.00, P=0%).

LDL. As shown in Figure 4(c), LDL was
reported in six studies involving 394 patients.
The  combined  estimated value  was
MD=-11.93 (95% CI [-19.79, -12.60],
p»<<0.0001, I2=50%, fixed-effects model), and
the difference was statistically significant, sug-
gesting that synbiotic supplementation can sig-
nificantly reduce LDL levels in NAFLD
patients. And the subgroup analysis showed a
statistically significant decrease in LDL levels
in the subgroup of BMI<30 (MD=-18.16;
95% CI [-22.03, —14.30],»<0.0001, I’=0%),
whereas there was no significant change in the
subgroup of BMI=30 (MD=-3.57; 95% CI
[-13.35t0 6.21], p=0.47, >=0%).

HDL. Asshown in Figure 4(d), HDL was reported
in six studies involving 394 patients. The com-
bined estimated value was MD=1.56 (95% CI
[0.43, 2.68], p=0.007, I2=0%, fixed-effects
model), and the difference was statistically signifi-
cant, suggesting that synbiotic supplementation
can significantly improve HDL levels in NAFLD
patients.

Effect on sugar metabolism

We carried out a meta-analysis on the three sugar
metabolism indicators: glucose, IR, insulin and
futher performed subgroup analyses. We also
performed subgroup analyses, and the results are
shown in Supplemental Figures S10-S18.

Glucose. As shown in Figure 5(a), glucose was
reported in five studies involving 344 patients.
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Figure 3. Forest plot analyzing the effect of synbiotic on liver enzyme: (a) mean change in ALT, (b] mean

change in AST, and (c) mean change in GGT.

The combined estimated value was MD =-8.06
95% CI [-16.33, 0.21], p=0.06, I?=89%, ran-
dom-effects model). The result shows no signifi-
cant difference in glucose level after synbiotic
supplementation group compared with the con-
trol group.

IR. As shown in Figure 5(b), IR was reported in
five studies involving 229 patients. The com-
bined estimated value was MD=-0.03 (95%
CI [-0.54, 0.48], p=0.91, I?°=92%, random-
effects model). The result shows no significant
difference in IR level after the synbiotic supple-
mentation group was compared with the control
group.

Insulin. As shown in Figure 5(c), insulin was
reported in five studies involving 266 patients.
The combined estimated value was SMD =
-0.50 (95% CI [-1.17,0.17],p=0.14, I?’=85%,

random-effects model). The result shows no sig-
nificant difference in insulin level after the synbi-
otic supplementation group was compared with
the control group.

Effect on liver degeneration

We carried out a meta-analysis on the two liver
degeneration indicators of LSM, CAP and futher
performed subgroup analyses. We also conducted
subgroup analyses of LSM. The results are shown
in Supplemental Figures S29-S31. Because there
are only three RCTs that include a CAP indica-
tor, we did not perform subgroup analyses of
CAP.

LSM. As shown in Figure 6(a), LSM was
reported in four studies involving 228 patients.
The combined estimated value was MD =—1.09
95% CI [-1.87, —0.30], p=0.006, I?=58%,
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Figure 4. Forest plot analyzing the effect of synbiotic on lipid metabolism: (a) mean change in TG, (b) subgroup
analyses of TC, (c) subgroup analyses of LDL, and (d) mean change in HDL.

random-effects model), and the difference was
statistically significant, suggesting that synbiotic
supplementation can significantly reduce LSM in

NAFLD patients.

CAP. As shown in Figure 6(b),

CAP was

reported in three studies involving 176 patients.
The combined estimated value was MD = —37.04
(95% CI [-56.78, —17.30], p=0.0002, 2=61%,
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Figure 5. Forest plot analyzing the effect of synbiotic on sugar metabolism: (a] mean change in glucose, (b)

mean change in IR, and (c) mean change in insulin.
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Figure 6. Forest plot analyzing the effect of synbiotic on
mean change in CAP.

random-effects model), and the difference was
statistically significant, suggesting that synbiotic
supplementation can significantly reduce CAP in
NAFLD patients.

Favours [experimental] Favours [control]

liver degeneration: (a) mean change in LSM and (b)

Discussion

This study systematically evaluated the effect of
synbiotic supplementation on liver function, lipid
and sugar metabolism, and changes in liver
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stiffness and steatosis in NAFLD patients. The
results indicated that synbiotic supplementation
can alleviate liver stiffness and steatosis, signifi-
cantly reduce the level of ALT, AST, GGT, TG,
and LDL, while increasing the level of HDL.
However, our study showed no significant influ-
ence on glucose, T'G, insulin, and IR levels. There
was no statistical difference in subgroup analysis
based on intervention duration (<12 and
>12weeks), the diagnostic method of NAFLD
(ultrasonic examination or liver biopsy), and
baseline BMI (=30 and <30). Although the sub-
group analysis based on the diagnostic method
suggested significant differences between groups
in AST and TG, only one study was included in
the liver biopsy group, so we did not show them
in Figures 3 and 4 (the details can be found in
Supplemental Figures S5 and S20). Subgroup
analysis of GGT level based on BMI was similarly
handled (the details can be found in Supplemental
Figure S9). Due to variations in clinical input
data, this study exhibited high heterogeneity.
Subgroup analysis results suggest that the source
of this high heterogeneity may be attributed to
differences in the diagnostic methods used (the
details can be found in Supplemental Figures
S11, S20, and S23 and Figure 4(b)).

Elevations in ATL, AST, and GGT are common
manifestation in patients with NAFLD and are
often used as indicators for early NAFLD screen-
ing and liver function evaluation.!” In this study,
the improvement of liver function indicators in
NAFLD patients after synbiotic supplementation
was taken as the primary marker to evaluate the
supplementation effect. We found synbiotic sup-
plementation could significantly reduce the level
of ALT (MD=-8.80; 95% CI [-13.06, —4.53],
$<0.0001), AST (MD =-9.48;95% CI [—-12.54,
—6.43], p<0.0001), and GGT (MD=-12.55;
95% CI [-19.40, —5.69], p=0.0003) in NAFLD
patient. This is consistent with the results of other
meta-analyses.!819 In NAFLD patients, intestinal
flora metabolism disorders usually occur, thus
stimulating liver Kupffer cells and stellate cells,
leading to liver cell death and release of liver
enzyme into the blood, accompanied by increases
in inflammatory factors such as tumor necrosis
factor-a (TNF-a), high-sensitivity C-reactive
protein (hs-CRP), and interleukin-6 (IL.-6).20:21
TNF-a is a multipotent cytokine that increases
the activity of Kupffer cells by activating the
nuclear factor kappa-B and mitogen-activated
protein kinase pathways, leading to hepatocyte

apoptosis, hepatic stellate cell activation, and
hepatocyte aggregation. IL-6 is a potent activator
of the liver signal transduction and transcription
activator 3 pathway and is widely involved in dif-
ferent aspects of liver pathophysiology. In this
meta-analysis, the inflammatory indicators were
not analyzed because of an insufficient number of
RCTs on TNF-a, hs-CRP, and IL-6. However,
previous studies have confirmed that synbiotic
supplementation can reduce their levels in
patients with NAFLD, thus alleviating the pro-
gression of liver inflammation.?2-23 Loman er al.?*
and Hadi ez al.?5 performed meta-analyses and
found that synbiotic supplementation signifi-
cantly reduced TNF-a and CPR levels, but there
was no significant change in IL-6 levels, which
may be related to the limited number of studies
included in their analysis. Further studies are
needed to investigate the effects of synbiotic sup-
plementation on inflammatory factors in NAFLD
patients.

NAFLD is closely associated with diabetes melli-
tus and MetS, also considered to be the liver
manifestation of MetS.2 The lipid metabolism
disorder is an important feature of NAFLD,
which is marked by an increase in TC, TG, and
LDL and a decrease in HDL.26 Many studies
suggest that synbiotic supplementation may alter
the gene expression of adipogenic enzymes and
reduce the synthesis of fatty acids in the liver,
thus reducing the accumulation of triglycerides in
the liver. In addition, synbiotic supplementation
has been shown to inhibit the carbohydrate
response element binding protein transcription
and activate the peroxisome proliferator-activated
receptor oo (PPARa) encoding gene transcription
and increase the content of butyric acid in the
liver, which promotes fasting-induced adipose
factor and reduces the accumulation of free fatty
acids, ultimately leading to an improvement in
the lipid metabolism of NAFLD patients.27-28 We
found synbiotic supplementation could signifi-
cantly reduce the level of TC (MD=-11.93;
95% CI [-20.43, —3.42], p=0.006) and LDL
(MD=-16.20; 95% CI [-19.79, -12.60],
$»<0.0001) and increase the level of HDL
(MD=1.56; 95% CI [0.43, 2.68], p=0.007) in
NAFLD patients. Besides, we found a significant
decrease in TC and LDL levels in the subgroup
of BMI <30. This may be related to the degree of
metabolic disorder; reports of NAFLD patients
with BMI =30 stated levels were more severe
than those with BMI <30; therefore, synbiotic

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

J Cai, J Dong et al.

treatment was less effective. Further studies are
needed to investigate the effects of synbiotic treat-
ment on metabolic regulation in NAFLD patients
with different values of BMI. Although there was
no statistically significant change in the TG level
(MD=-11.48; 95% CI [-24.7, 1.74], p=0.09),
the overall effect would suggest that synbiotic
supplementation could reduce TG level to some
degree, supporting the belief that synbiotic sup-
plementation can improve lipid metabolism.

In addition to lipid metabolism disorders,
NAFLD patients often suffer from glucose
metabolism disorders. Stem cell growth factor-
beta can induce the differentiation of M1 classi-
cally activated macrophages, and their infiltration
in adipose tissue can lead to inflammation and
inducing IR, which is the core of hepatic steatosis
in NAFLD. CRP and IL-6 levels were confirmed
to predict the level of SCGF-f, which is positively
correlated with the severity of IR and hepatic ste-
atosis.?? IR results in chronically elevated levels of
insulin and blood glucose in the body, which can
reduce glucose uptake by muscle tissue and
increase the decomposition of peripheral adipose
tissue. This process finally leads to long-term
accumulation of fatty acids in liver and glucose
metabolism disorders.?? Studies have confirmed
that synbiotic supplementation can improve IR
and promote blood glucose absorption by improv-
ing gut microbiota, increasing fecal pH, promot-
ing the release of the glucose-dependent
insulinotropic polypeptide and glucagon-like
peptides, and reducing intestinal permeability to
endotoxin. In addition, synbiotics can indirectly
reduce insulin concentration by improving glu-
cose metabolism.3! In this study, we found that
synbiotic supplementation had no significant
effect on the level of blood glucose (MD =-8.06;
95% CI [-16.33, 0.21], p=0.06), IR
(MD=-0.03; 95% CI [-0.54, 0.48], p=0.91),
and insulin (SMD=-0.50; 95% CI [-1.17,
0.17], p=0.14). Hadi er al.?> performed meta-
analysis and found that synbiotic supplementa-
tion could significantly reduce IR and levels of
glucose and insulin in NAFLD patients. Subgroup
analysis showed that the level of glucose decreased
significantly in the ultrasonography or biopsy
subgroups compared to the ultrasound subgroups
(the details can be found in Supplemental Figure
S11). Considering the large difference in sample
size between the two subgroups in sample size, we
did not include it in Figure 5. This may be related

to the insufficient number of studies we included,
and further research is needed in the future.

In addition to monitoring liver function and
metabolism indicators in patients with NAFLD,
it is crucial to evaluate the degree of hepatic stea-
tosis and fibrosis. LSM based on FibroScan is the
preferred imaging method for clinical diagnosis of
NAFLD, as well as an important tool for early
detection of NAFLD, which can accurately reflect
the degree of liver inflammation and fibrosis.2® In
the study, we found that synbiotic supplementa-
tion could significantly reduce LSM (MD =-1.09;
95% CI [-1.87, —0.30], p=0.006) in NAFLD
patients, which was consistent with other meta-
analyses.!8:19:32 CAP is a novel ultrasound-based
technique for quantitatively diagnosing fatty liver.
It can detect hepatic steatosis greater than 5%
and accurately differentiate between mild and
moderate-to-severe hepatic steatosis. We also
found that synbiotic supplementation could sig-
nificantly reduce CAP indicator (MD =-37.04;
95% CI [-56.78,—17.30], p=0.0002) in NAFLD
patients. These results imply that synbiotic sup-
plementation may be an effective method to slow
down the progression of hepatic steatosis and
fibrosis in patients with NAFLD, presenting a
promising option for the treatment of NAFLD.

The use of PPS as part of the treatment of
NAFLD has become a hot topic due to the preva-
lence of gut microbiota disorders in NAFLD
patients. Clinical studies evaluating the effective-
ness of PPS in NAFLD treatment have been con-
ducted in recent years. While numerous studies
have demonstrated that PPS can improve meta-
bolic function and delay the progression of fibro-
sis and steatosis in NAFLD patients, some studies
have reported different results. For example,
Mohammed ez al.?* found that the oral adminis-
tration of a multi-strain probiotic for 6 months
did not significantly improve hepatic steatosis or
fibrosis in NAFLD patients. This meta-analysis
indicated that synbiotic supplementation may be
beneficial for individuals with NAFLD. The find-
ings are encouraging and suggest that synbiotics
have a promising future in the treatment of
NAFLD. This will enable more researchers to
conduct related clinical experiments and apply
synbiotic to treat NAFLD. While synbiotics show
potential value for treating NAFLD, there are
already many promising treatments available,
such as PPAR agonists, Farnesoid X receptor
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agonists, and Thyroid hormone receptor-beta
agonists.3%35 Hence, it means synbiotic need to be
considered carefully and thoroughly tested to
determine its value.

Our paper has several notable strengths. First,
the measures included in our analysis were very
comprehensive, including liver enzyme, lipid,
and glucose metabolism, as well as liver fibrosis
and steatosis assessment measures. In addition,
through the subgroup analysis, we discovered
that synbiotic supplementation had a significant
effect on lipid metabolism in NAFLD patients
with different BMI. Finally, to the best of our
knowledge, this is the first study to investigate
the effects of gut microbiome-targeted therapies
on CAP in patients with NAFLD. This is a topic
that has been largely overlooked in previous
meta-analyses.

This study also has some limitations. (1) There
were differences in the types of synbiotic ingredi-
ents, dosage, intervention time, and lifestyle
management among the included RCTs. (2)
The design of a few trials was not standardized,
which affected the effectiveness of the evalua-
tion. (3) The included studies involved the side
effects of microbial therapy, and its unclear side
effects on NAFLD need to be further studied.
(4) Although the risk of bias in this study was
medium to low, we could not determine the
effect of this risk. (5) All the included literature
and studies were RCTs, but some failed to accu-
rately explain the random sampling method, dis-
tribution plan, and blinding method. (6) In the
publication process, some results can be omit-
ted, especially negative ones, which may lead to
publication bias. Therefore, further randomized
double-blind controlled trials are needed to con-
firm the therapeutic effect of synbiotics on
NAFLD.

In conclusion, intestinal flora imbalance is a risk
factor contributing to the development and pro-
gression of NAFLD. The ability of synbiotics to
reverse gut dysbiosis has led to significant interest
in synbiotics as a supplementation option for
patients with NAFLD. Our study found that syn-
biotic supplementation significantly improved
liver function, adjusted lipid metabolism, and
delayed the progression of NAFLD. Further
studies are needed to elucidate the role of synbi-
otics for NAFLD patients.
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