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Abstract

Background There is a contradiction in the use of microbiota-therapies, including probiotics, prebiotics, and
synbiotics, to improve the condition of patients with nonalcoholic fatty liver disease (NAFLD). The aim of this review
was to evaluate the effect of microbiota-therapy on liver injury, inflammation, and lipid levels in individuals with
NAFLD.

Methods Using Pubmed, Embase, Cochrane Library, and Web of Science databases were searched for articles on the
use of prebiotic, probiotic, or synbiotic for the treatment of patients with NAFLD up to March 2024.

Results Thirty-four studies involving 12,682 individuals were included. Meta-analysis indicated that probiotic,
prebiotic, and synbiotic supplementation significantly improved liver injury (hepatic fibrosis, SMD =-0.31; 95% Cl:
-0.53,-0.09; aspartate aminotransferase, SMD = -0.35; 95% Cl: -0.55, -0.15; alanine aminotransferase, SMD = -0.48; 95%
Cl:-0.71,-0.25; alkaline phosphatase, SMD = -0.81; 95% Cl: -1.55, -0.08), lipid profiles (triglycerides, SMD = -0.22; 95%
Cl:-0.43,-0.02), and inflammatory factors (high-density lipoprotein, SMD = -0.47; 95% Cl: -0.88, -0.06; tumour necrosis
factor alpha, SMD =-0.86 95% Cl:-1.56, -0.56).

Conclusion Overall, supplementation with probiotic, prebiotic, or synbiotic had a positive effect on reducing liver
enzymes, lipid profiles, and inflammatory cytokines in patients with NAFLD.
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Background

Nonalcoholic fatty liver disease (NAFLD) is the hepatic
manifestation of metabolic syndrome, a spectrum of
liver diseases ranging from simple steatosis to nonalco-
holic steatohepatitis, cirrhosis, and even transformation
to liver cancer [1, 2]. NAFLD is now the most prevalent
liver disease worldwide, with a global prevalence between
25% and 45% [3]. In 2019, NAFLD became the number
one chronic liver disease and the leading cause of abnor-
mal liver biochemistry in health screenings [4]. The main
pathogenesis of NAFLD is due to hepatic lipid accumula-
tion and disturbed glucose metabolism [5]. Steatosis, or
generalized fat buildup in vesicles that replace the cyto-
plasm of hepatocytes, is a hallmark of NAFLD. There
is currently no established protocol for the potential
mechanism and effective management of the onset and
progression of NAFLD, which mostly involves dietary
and lifestyle improvements. Such measures can slow the
course of NAFLD and effectively control it by lowering
liver lipids, enhancing the activation of liver enzymes,
and decreasing plasma triglycerides [6]. According to
increasing amounts of data, the gut-liver axis is linked
to the development and progression of NAFLD, and is
thought to be a potential approach for treating NAFLD
[7-10].

In recent years, numerous studies have shown that
patients with NAFLD exhibit variation in the intestinal
microbiota and an increase in the occurrence of small
intestinal bacterial overgrowth, and these changes seem
to be related to the severity of NAFLD. Therefore, aim-
ing to intervene in the gut flora of patients with NAFLD,
the use of prebiotics, probiotics, or synbiotics has been
the subject of current research [11, 12]. Prebiotics, probi-
otics, or synbiotics improve the health status of patients
with NAFLD through effects on the intestinal flora, such
as delaying the onset of the disease by balancing intes-
tinal microbes, permeability, and inflammation when
provided at an adequate dosage and for a sufficient dura-
tion [13, 14]. Moreover, this treatment protocol not only
regulates intestinal microbial homeostasis, permeability,
and inflammation, but also enhances the production of
short-chain fatty acids such as butyrate through micro-
bial pathways, influences energy metabolism in the gut
and systemically, and achieves therapeutic effects to ame-
liorate disease through the gut-liver axis [15, 16].

Live microbial nutrient supplements called “probiot-
ics” help the equilibrium of intestinal bacteria in the host
organism [17]. A previous study showed that the admin-
istration of probiotic organisms could exert a lipid-lower-
ing effect to maintain cardiovascular well-being [18-20].
Prebiotics are organic compounds that the host does not
digest or absorb; instead, they selectively encourage the
growth and multiplication of healthy bacteria such as
Bifidobacteria, which enhances the host’s wellness [21].
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Previous systematic reviews have explored the potential
of prebiotics in the treatment of NAFLD by Stachowska
et al. [21], who demonstrated that prebiotics could
improve anthropometric parameters and liver enzyme
levels. Synbiotics, in a preparation called symbiosis,
combine probiotics and prebiotics, sometimes with the
addition of vitamins, trace minerals, etc. Probiotics and
prebiotics can cooperate to prevent disease and retain
the microecological balance of the organism by bringing
into play both the physiological and bacterial activities of
the former [22]. A systematic review and meta-analysis
by Khan et al. [23] revealed that probiotics and synbiot-
ics could not only reduce liver enzymes, but also decrease
inflammatory cytokines in patients with NAFLD. How-
ever, regarding the potential efficacy of employing
microbiota treatment in the clinical care of patients with
NAFLD, the available evidence is contradictory.

The potential for improving NAFLD with probiotics,
prebiotics, and synbiotics has already been examined
in meta-analyses and systematic reviews [17, 23-26].
Nevertheless, other meta-analysis studies included only
a small number of published articles, some of which
focused solely on the effectiveness of probiotics or pre-
biotics, and concentrated on the outcomes of insulin
resistance and lipid profiles (and not liver-specific out-
comes) [11, 27-29]. We investigated the improvements in
liver-specific indicators, lipid profiles, and inflammation
induced by probiotics, prebiotics, and synbiotics through
a meta-analysis to obtain more conclusive results.

Methods

Search strategy

This systematic review and meta-analysis of randomized
controlled trials (RCTs) were carried out following the
PRISMA guidelines, which recommend reporting items
for systematic reviews and meta-analyses. The literature
search was performed in Embase, PubMed, Cochrane
Library, and Web of Science from inception to March
2024. The following search strings were used in the
search process: (“probiotic” OR “synbiotic” OR “prebi-
otic”) in combination with (“non-alcoholic fatty liver
disease”) and (“randomized controlled trials”), and a
lookup of the relevant free words in databases of foreign
language literature such as PubMed. To identify inter-
sections, we used the subjects and free words with the
Boolean operation AND/OR to search for target articles
in abstract keywords or titles, and the language was lim-
ited to English. Moreover, the reference or citation lists of
the retrieved articles were checked to search for further
relevant studies. The full search approach is detailed in
Appendix 1 Supplemental Table 1.
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Inclusion criteria and exclusion criteria

Inclusion criteria

Original studies were included if they met the following
criteria: (1) each subject included in the literature com-
plied with the Chinese Medical Association’s Guidelines
for the Treatment of Non-Alcoholic Fatty Liver Disease
(2010 version); (2) the inclusion of data with spelled out
means, standard deviations, or standard deviations that
can be computed mathematically; and (3) randomized
controlled trial with a control group or placebo, and an
intervention group of probiotic, prebiotic, or synbiotic
for NAFLD. No restrictions on the utilization of blinding
or allocation concealment were placed on the random-
ized controlled trial. The research question for the sys-
tematic review was established using criteria (Table 1).

Exclusion criteria

Original studies were excluded if they met the following
criteria: (1) were duplicate literature; (2) were reviews,
case reports, conference proceedings, or article for
which data were unavailable, for which the article state-
ments were not available; (3) had viral hepatitis, alcoholic
hepatitis, drug-related hepatitis, autoimmune hepatitis,
or chronic liver diseases caused by genetic metabolic

Table 1 PICOS criteria for inclusion and exclusion for studies

Criteria

Inclusion criteria

Exlusion criteria

Population

Intervention

Comparison
Outcomes

Study design

Patients who were both
male and female and of
any age and who displayed
at least 1 of the symp-
toms below: Steatosis,
NAFLD, liver fibrosis, and
steatohepatitis

Any intervention group
of probiotic, prebiotic,
synbiotic or a conbination
of both for NAFLD
Compared with placebo

Changes after interven-
tion in any of the following

parameters: hepatic fibrosis,

hepatic steatosis, BMI, AST,
ALT, ALP, GGT, HDL, LDL, TG,
TC, hs-CRP, TNF-q, LPS, IL-6.
Randomized control clinical
and double- or triple-blind
trials

Patients that pre-
sented at least 1 of
the following: viral
hepatitis, alcoholic
hepatitis, drug-relat-
ed hepatitis, autoim-
mune hepatitis, and
chronic liver diseases
caused by genetic
metabolic diseases
Pharmacological
treatment, genetic
predisposition, liver
transplant patients
N/A

Literature with
apparent errors in
statistical methods
and contradictory
experimental results

Literature of reviews,
case reports, confer-
ence proceedings,

single-blind placebo

TALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index; GGT, gamma glutamyl transpeptidase;
HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein;
IL-6, interleukin 6; LDL, low-density lipoprotein; LPS, lipopolysaccharide; N/A,
not applicable; NAFLD, nonalcoholic fatty liver disease; single nucleotide
polymorphisms TC, total cholesterol; TG, triglycerides; TNF-a, tumor necrosis
factor alpha
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diseases; (4) had apparent errors in the statistical meth-
ods or contradictory experimental results; or (5) were
nonrandomized controlled trials or animal experiments
(Table 1).

Study screening and data extraction

Duplicate literature was removed using Endnote software
and manual reading, and the read titles and abstracts of
the remaining publications were then assessed to deter-
mine whether the literature met the inclusion criteria.
Data extraction was independently conducted using a
standardized data collection by two investigators (Y.Y.,
W.M.), and a third evaluator (C.Y.) was asked to jointly
discuss whether to include the literature that had differ-
ent opinions. The data extracted included the basic infor-
mation of the included studies, including the first author,
year of publication, case number, age, intervention mea-
sures, treatment course, and outcome indicators.

The primary outcome indicators included liver-
related outcomes, namely, serum Alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST) levels,
changes in hepatic fibrosis via elastography, and changes
in hepatic steatosis via ultrasound. The secondary out-
comes were body mass index (BMI), g-glutamyltransfer-
ase (GGT), alkaline phosphatase (ALP), total cholesterol
(TC), triglyceride (TG), high-density lipoprotein (HDL),
low-density lipoprotein (LDL), high-sensitivity C-reac-
tive protein (hs-CRP), tumour necrosis factor o (TNF-«),
lipopolysaccharide (LPS), and interleukin 6 (IL-6) levels.

Study quality assessment

The quality of the included literature was evaluated based
on the Cochrane risk of bias assessment tool, which was
divided into the following areas: (1) selection bias (ran-
dom sequence generation) (2) selection bias (allocation
concealment) (3) implementation bias (blinding of inves-
tigators and subjects) (4) measurement bias (blinded
evaluation of study outcomes) (5) follow-up bias (com-
pleteness of outcome) (6) reporting bias (selective report-
ing of study results), and (7) other bias (other sources of
bias). RevMan 5.4 software was used to classify the above
biases as “low risk’, “high risk’, or “unclear risk” We com-
prehensively evaluated the “risk” levels and the reason-
ableness and stringency of each article. Funnel plots were
also used to evaluate publication bias.

Statistical analysis

The data from the included studies were synthesized and
analysed by Stata MP 16, and the quality of the included
literatures was estimated by RevMan 5.4. The included
studies must contain at least 1 of the above outcomes
of interest for this review and include the baseline and
endpoint values or net changes between them with the
mean and standard deviation available. Considering the
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different scales for some outcomes used in the origi-
nal studies, we calculated the standardized mean differ-
ence (SMD) and its 95% confidence interval (95% CI) to
observe continuous outcomes, while effect size will be
represented by odds ratios (ORs) and 95% CI for continu-
ous data if the assessment tools were the same across the
original studies.

The heterogeneity among studies was examined
through the Q test and the I* value. Random-effects or
fixed-effects models were used based on the results of the
heterogeneity test; P<0.05 or I1°>50% was considered to
indicate significant heterogeneity, and a random-effect
model was used to conduct the meta-analysis (I>>25%);
otherwise, a fixed-effect model was used (I><25%). Meta-
regression was conducted to examine the characteristics
of the studies that were hypothesized to influence the
observed treatment effects. The association between the
overall estimate of effect sizes and potential moderator
variables, including intervention type, country, interven-
tion duration, and sample size, was assessed.
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Further subgroup analyses were performed to explore
the impacts of certain characteristics: intervention dura-
tion (£12 weeks and >12 weeks), country (Asian and
Europe & US (European and American countries)), inter-
vention type (probiotic, prebiotic, and synbiotic), and
sample size (>40 and <40). The Begg’s and Egger’s test
tests were used to assess the publication bias of the stud-
ies included in the final analysis. The alpha level for sta-
tistical significance was set at 0.05.

Results
Selection and characteristics of studies
Figure 1 illustrates the procedure for extracting the data.
Using the planned search technique, the last electronic
database search was completed on March 17, 2024, and
2,079 articles were retrieved. Ultimately, the qualitative
review included 34 double-blind, randomized, placebo-
controlled trials [30—63].

The characteristics of the included trials are sum-
marized in Table 2. Except for fibrosis (12=22.00%) and

)
c 2,079 of records identified through
2 database searching
©
9
§=
)
c
3]
S
-
629 of records after duplicates
removed
o
o=
S ( Records excluded by
g »| Title and Abstract:
) (n=1,179)
——— A
271 of full-text articles assessed
for eligibility 237 full-text studies excluded:
Repetitive literature (n = 93)
2 Data deficiency (n=17)
3 Conference proceeding (n = 38)
D Not randomized controlled trial (n
i J =3
7|  Review articles (n = 16)
Not comparison group (n = 3)

Animal researches (n = 4)
Intervention do not include any of
probiotic, prebiotic or symbiotic
n=19)

Only research protocol (n = 37)

34 of studies included in quantitative

synthesis

KNot NAFLD patients (n = 7)

Fig. 1 Flowchart for selecting articles included in this Systematic Review
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Table 2 Characteristics of included trials
References  Total Country

NO. of intervention/comparison Age (years) Treat- Interventions Dosage Outcome

ment
duration
(weeks)
Abhari et al. 46 Iran 22/24 18-75 12 synbiotic NA ALT, AST, GGT,
[31] BMI, hs-CRP,
TNF-a, TG,
TC, LDL, HDL,
fibrosis
Alisietal.[31] 44 Italy 22/22 9-12 16 Lactobacillus, ~ 45x10'  ALT, BMI, TG,
Bifidobacterium, CFU/day  steatosis
Streptococcus
Anhetal [69] 65 Korea 30/35 19-75 12 Lactobacillus, 10x10°  TC TG, HDL,
Bifidobacterium, CFU/day  ALT, AST, TNF-
Pediococcus q, IL-6, LPS
Asgharianet 74 Iran 38/36 18-60 8 synbiotic NA BMI
al. [34]
Barcelos etal. 46 Brazil 23/23 >18 24 Lactobacillus, 80x107  AST, ALT, GGT,
[36] Bifidobacterium CFU/day TG, HDL, LDL,
TG, steatosis
Behrouzetal. 59 Iran 29/30 20-60 12 prebiotic NA ALT, AST, GGT,
[37] ALP, TG, TC,
HDL, LDL, hs-
CRP, BMI
Bomhofetal. 14 Canada 8H6H >18 36 prebiotic NA BMI, ALT, GGT,
[38] ALP, TNF-q,
IL-6, LPS
Caietal.[39] 140  China 70/70 18-59 12 Lactobacillus, 20x10%  ALT, AST, GGT,
Bifidobacterium, CFU/day TC, TG, HDL,
Enterococcus LDL
Chongetal. 35 UK 19/16 25-70 10 Lactobacillus, ~ 1.8x 10" TC,HDL, LDL,
[40] Bifidobacterium, CFU/day TG, ALT, AST,
Streptococcus hs-CRP
Derosaetal. 60 Italy 30/30 >18 12 Lactobacillus, ~ 9.0x 10" AST, ALT, GGT,
[42] Bifidobacterium, CFU/day  hs-CRP, HDL,
Streptococcus LDL, TG, TC,
BMI
Dusejaetal. 30 India 17/13 >18 48 Lactobacillus, ~ 68x10'>  AST,ALT,
[43] Bifidobacterium, CFU/day  ALP, TNF-q,
Streptococcus IL-6, fibrosis,
steatosis
Ekhlasi et al. 30 Iran 15/15 25-64 8 synbiotic NA BMI, ALT, ALP,
(44] AST, TNF-a
Famourietal. 64 Iran 32/32 10-18 12 Lactobacillus, ~ 13x10'  ALT, AST, TC,
[46] Bifidobacterium CFU/day  HDL-C, LDL-C,
TG
Farhangietal. 36 Iran 18/18 20-50 12 prebiotics NA ALT, AST, GGT,
[471 ALP,TC, TG,
HDL-C, LDL-C,
LPS, hs-CRP,
steatosis, BMI
Ferolla et al. 49 Brazil 26/23 25-74 12 synbiotic NA ALT, AST, GGT,
[47] ALP, TG, HDL,
LDL, TC, Ste-
atosis, BMI
Javadi et al. 36 Iran 17/19 20-60 12 synbiotic NA ALT, AST, ALP,
[48] GGT, BMI
Javadi et al. 38 Iran 19/19 20-60 12 prebiotics NA hs-CRP, TNF-q,
[50] IL-6
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Table 2 (continued)
References  Total Country NO. of intervention/comparison Age (years) Treat- Interventions Dosage Outcome
ment
duration
(weeks)
Malaguarnera 63 [taly 34/29 30-65 24 Bifidobacterium NA BMI, AST, ALT,
etal. [53] TC, HDL, LDL,
TG, CRP, TNF,
hs-CRP. TNF-q,
fibrosis
Micchelietal. 31 Italy 15/16 >10 16 Lactobacillus, ~ 4.5x10'  BMI, TG, HDL,
[54] Bifidobacterium, CFU/day  LDL, AST, ALT,
Streptococcus TC
Mohamad et 39 Malaysia 17/22 >18 24 Lactobacillus, ~ 6.0x 10" ALT, AST, GGT,
al. [56] Bifidobacterium CFU/day TG, TC, BMI,
fibrosis
Rodrigoetal. 84 Sri Lanka 43/41 5-15 24 Lactobacillus, ~ 2.0x10°  AST, ALT, ALP,
[58] Bifidobacterium, CFU/day  GGT, TC, TG,
Streptococcus HDL, LDL, hs-
CRP, BMI
Sayari et al. 138 Iran 70/68 18-60 16 synbiotic NA ALT, AST, TG,
[60] LDL, HDL, BMI,
TC
Scorlettietal. 104  the United  55/49 >18 56 synbiotic NA BMI, TC, HDL,
[61] Kingdom LDL, TG, AST,
ALT, GGT,
fibrosis
Sepideh etal. 42 Iran 21/21 18-65 8 Lactobacillus, ~ 6.2x10' TNF-q, IL-6
[62] Bifidobacterium, CFU/day
Streptococcus
Shavakhi et 63 Iran 31/32 18-75 24 Lactobacillus, NA ALT, AST, BMI,
al. [63] Bifidobacterium, TG, TC
Streptococcus
Ayob et al. 40 Malaysia 18/22 >18 24 Lactobacillus, 15x107  BMI, AST, ALT,
[35] Bifidobacterium CFU/day  GGT, firbrosis,
TG, TC, HDL,
LDL, hs-CRP,
IL-6,
Crommenet 48 Germany 25/23 40+10 12 Lactobacillus, 10x10° BN, AST,
al. [41] Bifidobacterium, CFU/day  ALT, firbrosis,
Streptococcus hs-CRP, TNF-q,
HDL, LDL, TG,
TC
Escoutoetal. 48 Brazil 23/25 >18 24 Lactobacillus, NA hs-CRP
[45] Bifidobacterium
Kavyanetal. 36 Iran 18/18 20-50 12 prebiotic 1.0x 10" ALT, AST, GGT,
[51] CFU/day  TC, TG, HDL,
LDL, TNF-q, IL-6
Kobyliak etal. 58 Ukraine 30/28 18-65 8 Lactobacillus, NA hs-CRP, IL-6
[52] Lactococcus,
Bifidobacteri-
um, Propioni-
bacterium,
Acetobacter
Mitrovi¢ etal. 84 Serbia 41/43 6849+849 12 synbiotic 6.0x10°  AST, ALT
[55] CFU/day
Abdel Monem 30 Egypt 15/15 4427+£547 4 Lactobacillus 45x10°  AST,ALT,TC,
etal. [30] CFU/day TG, LDL, HDL
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Table 2 (continued)
References  Total Country NO. of intervention/comparison Age (years) Treat- Interventions Dosage Outcome
ment
duration
(weeks)
Nabavi et al. 72 Iran 36/36 23-63 8 Lactobacillus, NA AST, ALT, TG,
[57] Bifidobacterium LDL, HDL
Sadrkabiret 61 Iran 33/28 4347+11.03 8 synbiotic NA AST, ALT, TG,
al. [59] LDL, HDL

'ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, gamma glutamyl transpeptidase; HDL,
high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; LDL, low-density lipoprotein; LPS, lipopolysaccharide; TC, total cholesterol;

TG, triglycerides; TNF-a, tumor necrosis factor alpha
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Fig. 2 Review authors'judgements about each risk of bias item presented as percentages across all included studies

steatosis (I*=0.00%), all included studies employed a ran-
dom-effects model. All included studies were conducted
between 2012 and 2024. Of the 34 included studies, 20
were conducted in Asia, and the remaining 14 were con-
ducted in Europe, America and Africa. The therapeu-
tic interventions were prebiotic in 5 studies, probiotic
included 19 studies, and synbiotic in 10 studies. The
intervention duration of the studies ranged from 8 to 56
weeks. The age of the participants was less than 18 years
in 2 studies, and the age of the remaining 32 studies was
more than 18 years. Patient and control sample sizes
ranged from 14 to 140. The risk of bias was assessed as
shown in Fig. 2 and Appendix 1 Supplementary Fig. 1.
Among the 34 studies, 91.18% reported adequate ran-
dom sequence generation but were considered high risk
in one study and unclear in the remaining two. The risk
of bias in allocation concealment was 61.76%, and the
risk in one trial was high and unclear in thirteen studies.
The outcome assessment was double- or triple-blinded
in 55.88% of the trials and was unclear in fifteen tri-
als. A total of 70.59% of the trials had a low risk of bias
due to the blinding of participants and key research-
ers, and ten trials had an unclear risk of bias. Addition-
ally, a low risk of bias was shown in most of the trials

based on incomplete outcome data and selective out-
come reporting but was unclear in the two studies. The
biases were mainly derived from blinding and unreal-
ized allocation concealment in the outcome assessment,
followed by nonspecific implementer and participant
double-blinding.

Effects of primary outcomes

Hepatic fibrosis

The effect of probiotics, prebiotics, and synbiotics on
improvingt in hepatic fibrosis, as measured by elas-
tography, was assessed in 6 studies (339 participants).
The combined SMD for hepatic fibrosis significantly
decreased (SMD = -0.31; 95% CI: -0.53, -0.09) (Fig. 3A).
There was low between-study heterogeneity among the
studies (I=22.00%). Subgroup analysis revealed that pro-
biotics could effectively improve hepatic fibrosis (SMD
= -0.58; 95% CI: -0.94, -0.22). Furthermore, there was a
promising effect on treating hepatic fibrosis when the
duration of intervention was more than 12 weeks (SMD
= -0.35; 95% CI: 0.61, -0.10). Country and sample size
may be factors influencing heterogeneity (Table 3). There
was no evidence of publication bias (Egger’s tests=0.33;
Begg’s tests=0.76) (Appendix 2 Figure S1). As shown in
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Fig. 3 Forest plot of the effect of microbiota therapies on primary outcomes. (A) The role of microbiota-therapy on hepatic fibrosis on different interven-
tions. (B) The role of microbiota-therapy on hepatic steatosis on different interventions. (C) The role of microbiota-therapy on AST on different interven-

tions. (D) The role of microbiota-therapy on ALT on different interventions

Appendix 1 Supplemental Table 2, the quality of evidence
for hepatic fibrosis was rated as high.

Hepatic steatosis

Five studies with 205 participants evaluated the impact of
probiotics, prebiotics, and synbiotics on reducing hepatic
steatosis determined by liver ultrasound. Neither pro-
biotics, nor prebiotics, nor synbiotics improved moder-
ate/severe hepatic steatosis (OR: 0.95; 95% CI: 0.62, 1.41)
(Fig. 3B). There was low between-study heterogeneity
among the studies (I?’=0.00%). No significant small-study
effects were found using Begg’s tests and Egger’s (P=0.55
and P=0.69), respectively). As shown in Appendix 1
Supplemental Table 2, the quality of evidence for hepatic
fibrosis was rated as moderate (based on inconsistency).

AST

According to the meta-analysis of 26 studies (1515
participants), probiotics, prebiotics, and synbiotics
significantly reduced AST levels, and the pooled esti-
mate of SMD = -0.35 (95% CI: -0.55, -0.15; ?’=73.10%
was reported. Country, intervention duration, sample
size, and intervention type were detected as sources of

heterogeneity (Table 3). Subgroup analysis revealed that
the reducing effects of probiotic supplementation were
greater than those of other intervention types (SMD =
-0.39; 95% CI: -0.63, -0.15) (Fig. 3C), and the effective-
ness of probiotic, prebiotic, and synbiotic supplementa-
tion on decreasing AST levels was greater in studies with
sample sizes>40. Moreover, the beneficial effect on alle-
viating AST levels occurred irrespective of the interven-
tion time and country. No significant small-study effect
was shown using Egger’s and Begg’s tests (P=0.70 and
P=0.49, respectively) (Appendix 2 Figure S3). GRADE
results showed that the evidence for AST was of had high
quality (Appendix 1 Supplemental Table 2).

ALT

The effects of probiotics, prebiotics, and synbiotics on
ALT levels were reported in 27 studies (1501 partici-
pants). Our analysis revealed a significant reduction in
ALT levels (SMD = -0.48; 95% CI: -0.71, -0.25). Com-
pared with control, probiotics (SMD = -0.41; 95% CI:
-0.66, -0.12) and prebiotics (SMD = -1.51; 95% CIL: -2.19,
-0.83) were associated with a significantly greater reduc-
tion in ALT (Fig. 3D). Subgroup analysis revealed that
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Table 3 Results of subgroup analysis of included randomized controlled trials in the meta-analysis of primary outcomes

Subgroups No. Net change (95% Cl) Palue 12 (%) Pinteraction
Liver histology

Hepatic Fibrosis [n=6, -0.31 (-0.53, -0.09), P=0.01, 12=22.00%]

Study population

Asia 2 -0.22 (-0.67,0.24) 035 0.00 0.09
Europe, America, or Africa 4 -0.31 (-0.53,-0.09) 0.01* 48.10

Intervention duration (weeks)

<12 2 -0.21 (-0.61,0.20) 032 0.00 0.08
>12 4 -0.35 (-0.61,-0.10) 0.01* 4820

Sample size

> 40 5 -0.40(-1.13,-0.33) 0.28 37.00 041
<40 1 -0.30 (-0.53,-0.08) 0.01* -

Intervention

Probiotic 3 -0.58 (-0.94,-0.22) <0.01* 32.50 0.31
Prebiotic 0 - - -

Synbiotic 3 -0.16 (-043,0.11) 0.25 0.00

Hepatic Steatosis [n=5, OR (95%Cl): 0.95 (0.62,1.41), P=0.83, I*=0.00%)]
Study population

Asian 2 1.01(047,2.19) 0.97 0.00 0.04*
Europe, America, or Africa 3 0.93 (0.56, 1.55) 0.78 0.00

Intervention duration (weeks)

<12 2 0.97 (0.51,1.85) 093 0.00 0.05
>12 3 0.94 (0.53, 1.66) 0.83 0.00

Sample size

> 40 3 0.93 (0.56, 1.55) 0.78 0.00 0.07
<40 2 1.01(047,2.19) 0.97 0.00

Age

> 18 years 4 0.93(0.57,1.51) 0.75 0.00 0.10
<18 years 1 1.05 (0.44, 2.49) 091 0.00

Intervention

Probiotic 3 0.94 (0.53, 1.66) 0.83 0.00 0.12
Prebiotic 1 1.31(0.49, 3.46) 0.59 -

Synbiotic 1 0.77 (062, 1.46) 0.55 -

Liver Enzymes
AST [n=27,-0.35 (-0.55,-0.15),P < 0.01, ’=73.10%]
Study population

Asian 16 -0.27 (-0.52,-0.01) 0.04* 73.80 0.01*
Europe, America, or Africa 1M -049 (-0.82,-0.15) <0.01* 73.70

Intervention duration (weeks)

<12 16 -0.32 (-0.54,-0.09) 0.01* 62.90 0.03*
>12 11 -0.43 (-0.80,-0.05) 0.03* 8220

Sample size

> 40 18 -0.46 (-0.67,-0.25) <0.01* 70.10 0.68
<40 9 -0.09 (-0.55,0.37) 0.69 74.80

Age

>18 years 26 -0.33 (-0.53,-0.13) <0.01* 7290 0.09
<18years 1 -1.14(-1.91,-0.38) <0.01% 0.00

Intervention

Probiotic 17 -0.39 (-0.63,-0.15) <0.01* 69.50 0.1
Prebiotic 2 -0.00 (-2.08, 2.08) 0.10 95.40

Synbiotic 8 -0.34 (-0.66, -0.02) 0.04* 68.10

ALT [n=29,-0.48 (-0.71,-0.25), P <0.01, I>=80.40%]
Study population
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Table 3 (continued)

Subgroups No. Net change (95% Cl) Paive 1% (%) Pinteraction
Asian 16 -0.48 (-0.79,-0.16) <0.01* 82.30 0.03*
Europe, America, or Africa 13 -049 (-0.86,-0.13) 0.01* 79.40

Intervention duration (weeks)

<12 16 -0.57 (-0.86,-0.29) <0.01* 76.00 0.10

>12 13 -0.36 (-0.74,0.02) 0.06 83.60

Sample size

> 40 19 -041 (-0.66,-0.16) <0.01* 79.60 0.02*
<40 10 -0.65 (-1.23,-0.08) 0.03* 83.10

Age

> 18 years 27 -041(-0.63,-0.19) <0.01* 76.50 0.01*
<18years 2 -1.53(-3.84,0.79) 0.20 94.40

Intervention

Probiotic 18 -041 (-0.69,-0.12) <0.01* 78.80 0.19
Prebiotic 3 -1.51(-2.19,-0.83) 0.01* 5270

Synbiotic 8 -0.31(-0.67,0.05) 0.09 74.40

'95% Cl, 95% confidence interval
2 ALT, alanine aminotransferase; AST, aspartate aminotransferase
3* with significant difference (P<0.05)

probiotics, prebiotics, and synbiotics supplementation
contributed to a more robust decrease in ALT levels in
studies with duration of <12 weeks. Moreover, there was
an improvement in lowering ALT levels irrespectively of
country and sample size (Table 3). Egger weighted regres-
sion statistics (P<0.01) indicated that there was pub-
lication bias. Additional analysis with the trim and fill
method revealed four missing studies, and after imputa-
tion, the overall effect size did not change (SMD= -0.44;
95% CIL: -0.54, -0.35; P<0.01). Based on the GRADE
method, there was a moderate level of evidence for ALT
(based on inconsistency) (Appendix 1 Supplemental
Table S3).

Effects of secondary outcomes

BMI

A meta-analysis of the relevant data from 19 studies
(1058 participants) revealed 89.80% heterogenety, and
the results of a random effects model revealed that pro-
biotics (SMD = -0.98; 95% CI: -1.87, -0.08) had a discern-
ible impact on BMI (Fig. 4A). Subgroup analysis revealed
that patients from Asia (SMD = -0.52; 95% CI: -0.95,
-0.08) and duration of treatment greater than 12 weeks
(SMD = -0.77; 95% CI: -1.38, -0.16) were associated with
a reduced BML. In, addition, there was decreasing effect
on BMI regardless of sample size (>40: SMD = -0.58; 95%
CL -1.12, -0.02; < 40: SMD = -0.43; 95% CI: -0.75, -0.10)
(Appendix 1 Supplemental Table 3). There was a signifi-
cant small-study effects using Egger’s tests (P=0.02). The
trim-and-fill analysis suggested that five iterations of
the iterative technique did not significantly change the
pooled effect size estimates did not significantly change
(SMD = -0.61, 95% CI: -0.72, -0.50), which indicates that

the results are generally stable and that publication bias
has little impact. Appendix 1 Supplemental Table 2 pres-
ents the quality of evidence (calculated by the GRADE
method) for BMI that was high.

ALP

Eight studies (338 participants) evaluated the effect of
probiotics, prebiotics, and synbiotics supplementation
on ALP levels among NAFLD patients. Overall, there was
significant reduction compared to that in placebo group
(SMD = -0.81; 95% CI: -1.55, -0.8) (Fig. 4B). Subgroup
analysis revealed the effectiveness of probiotics, prebiot-
ics, and synbiotics supplementation in lowering ALP lev-
els in studies with a treatment duration<12 weeks (SMD
= -1.39; 95% CI: -2.59, -0.19) and in individuals from
Asia (SMD = -1.09; 95% CIL: -2.05, -0.13) (Appendix 1
Supplemental Table 3). Begg’s (P=0.07) and Egger’s tests
(P=0.11) suggested no publication bias. ALP has a mod-
erate level of evidence due to inconsistency based on the
GRADE method (Appendix 2 Supplemental Table 2).

GGT

Consistently, a forest plot of 15 datasets (860 partici-
pants) did not indicate a significant reduction in GGT
levels after taking probiotics, prebiotics, or synbiotics
compared to the placebo (SMD = -0.23; 95% CI: -0.57,
0.16; 12°=82.60%) (Appendix 1 Supplemental Table 3).
Subgroup analysis by study population, sample size,
and intervention duration did not reveal the source of
heterogeneity Furthermore, symbiotics, but not probi-
otics or prebiotics, were associated with a greater reduc-
tion in GGT levels (Fig. 4C). There was no publication
bias according to the Begg’s (P=0.36) and Egger’s tests
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Fig. 4 Forest plot of the effect of microbiota therapies on BMI, ALP, and GGT. (A) The role of microbiota-therapy on BMI on different interventions. (B) The
role of microbiota-therapy on ALP on different interventions. (C) The role of microbiota-therapy on GGT on different interventions

(P=0.79). The result of the GRADE results showed that
the evidence for GGT was of moderate quality, which

was reduced by inconsistency (Appendix 1 Supplemental
Table 2).

HDL

Twenty trials (1307 participants) reported the effect of
probiotics, prebiotics, and synbiotics on HDL (Fig. 5A).
The pooled effect size indicated no significant improve-
ment in HDL compared to the placebo (SMD = -0.10;
95% CI: -0.32, 0.13, ’=74.30%). Subgroup analysis indi-
cated that according to the study population, sample
size, intervention duration and intervention type did not
improve HDL levels (Appendix 1 Supplemental Table
4). No significant small-study effect was shown using

Egger’s and Begg’s tests (P=0.22 and P=0.41, respec-
tively). GRADE results showed that the evidence for HDL
was of high quality (Appendix 1 Supplemental Table 2).

LDL

Nineteen trials (1242 participants) evaluated the effect
of probiotics, prebiotics, and synbiotics on LDL levels
among NAFLD patients. Overall, there was no signifi-
cant reduction in LDL compared to that in the placebo
group (SMD = -0.21; 95% CI: -0.48, 0.06) (Appendix 1
Supplemental Table 4). Subgroup analysis revealed that
prebiotic (SMD = -1.22; 95% CI: -2.23, -0.22) and synbi-
otic (SMD = -0.47; 95% CI: -0.91, -0.02) supplementation
attenuated LDL levels (Fig. 5B). In addition, the effective-
ness of the intake of prebiotics, probiotics, and synbiotics
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Fig. 5 Forest plot of the effect of microbiota therapies on lipid profiles in patients with NAFLD. (A) The role of microbiota-therapy on HDL on different
interventions. (B) The role of microbiota-therapy on LDL on different interventions. (C) The role of microbiota-therapy on TG on different interventions. (D)

The role of microbiota-therapy on TC on different interventions

had a reducing-effect on LDL levels in subjects from Asia
(SMD = -0.50; 95% CI: -0.75, -0.25) and those with an
intervention time less than 12 weeks (SMD = -0.34; 95%
CI: -0.60, -0.08). No significant small-study effects were
found using Egger’s and Begg’s tests (P=0.20 and P=0.54,
respectively). LDL has a moderate level of evidence due
to inconsistency based on the GRADE method (Appen-
dix 1 Supplemental Table 2).

TG

Twenty-four trials (1493 participants) reported the
effect of microbiota treatment on TG. The meta-analysis
revealed that the administration of probiotics, prebiotics,
and synbiotics decreased TG levels (SMD = -0.22; 95%
CIL -0.43, -0.02; 1’=72.70%) (Appendix 1 Supplemental
Table 4). Subgroup analysis showed that the lowering
effects of probiotics, prebiotics, and synbiotics occurred
in subjects from Asia (SMD = -0.36; 95% CI: -0.64, -0.09)
and a positive effect on TG was detected in individu-
als supplemented with prebiotic (SMD = -0.89, 95% CI:
-1.68, -0.10) (Fig. 5C). No evidence of publication bias
was detected according to Egger’s (P=0.76)) and Begg’s

tests (P=0.38). TG had a high level of evidence based on
the GRADE method (Appendix 1 Supplemental Table 2).

TC

The pooled effect size of twenty-one studies (1281 par-
ticipants) revealed that there was no significant effect of
the probiotics, prebiotics, or synbiotics treatment on TC
(SMD = -0.26; 95% CI: -0.54, 0.03) (Appendix 1 Supple-
mental Table 4). Subgroup analysis revealed a greater
reduction in patients receiving prebiotics (SMD = -0.69;
95% CI: -0.98, -0.40) (Fig. 5D). Furthermore, there was
a positive effect on alleviating TC levels when subjects
were Asian (SMD = -0.57; 95% CI: -0.93, -0.20), had a
duration of treatment less than 12 weeks (SMD = -0.52;
95% CI: -0.96, -0.09), and had a sample size less than forty
(SMD = -0.87; 95% CI: -1.64, -0.10). No evidence of pub-
lication bias was detected according to Egger’s (P=0.89)
and Begg’s tests (P=0.56). There was a moderate level
of evidence for TC due to inconsistency based on the
GRADE method (Appendix 1 Supplemental Table 2).
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hs-CRP

The quantitative analysis of hs-CRP values (12 trials, 637
participants) indicated a significant reduction in hs-CRP
compared to that in the placebo group (SMD = -0.47; 95%
CI: -0.88, -0.06) with high heterogeneity across studies
(I’=84.00%) (Fig. 6A). Subgroup analysis indicated that
by study population, sample size, intervention duration
and intervention types did not have a promising effect
on improving hs-CRP levels (Appendix 1 Supplemental
Table 5). No evidence of publication bias was detected
according to Egger’s (P=0.09) and Begg’s tests (P=0.64).
Appendix 1 Supplemental Table 2 presents the quality of
evidence (calculated by the GRADE method) for hs-CRP
which was moderate due to inconsistency.

TNF-a
The quantitative analysis of TNF-a (10 trials, 412 partici-
pants) indicated a significant reduction compared to that
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D A SMD (95% CI) Weight
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—
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in the placebo group (SMD = -0.86; 95% CI: -1.56, -0.56)
with high heterogeneity across studies (I>=90.50%). Sub-
group analysis revealed a more prominent effect of syn-
biotics supplementation on TNF-a levels (SMD = -0.74;
95% CI: -1.38, -0.10) (Fig. 6B). Moreover, the observed
decreasing impact was greater in studies with larger sam-
ple sizes (£40), and with Asian subjects (Appendix 1 Sup-
plemental Table 5). Egger’s test revealed publication bias
(P=0.04). The trim-and-fill analysis suggested that three
iterations of the iterative technique did not significantly
change the pooled effect size estimates (SMD = -1.04,
95% CI: -1,79, -0.30), which indicates that the results
are generally stable and that publication bias has little
impact. There was a moderate level of evidence TNF-«
due to inconsistency (Appendix 1 Supplemental Table 2).
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Fig. 6 Forest plot of the effect of microbiota therapies on inflammation factors in patients with NAFLD. (A) The role of microbiota-therapy on hs-CRP on
different interventions. (B) The role of microbiota-therapy on TNF-a on different interventions. (C) The effect of microbiota therapies on IL-6. (D) The effect

of microbiota therapies on LPS
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IL-6

Eight trials were conducted (379 participants) to evalu-
ate the effect of the probiotics, prebiotics, and synbiotics
supplementation on IL-6 levels among NAFLD patients.
There was no significant reduction in the mean difference
in IL-6 (SMD = -0.55; 95% CI: -1.21, 0.12; 1°=89.00%)
(Appendix 1 Supplemental Table 5). Subgroup analy-
sis indicated that the study population, sample size,
intervention duration and intervention types did not
improve IL-6 levels (Fig. 6C). There was no publication
bias, as determined by the Begg’s (P=0.20) and Egger’s
tests (P=0.15). There was a had a moderate level of evi-
dence for IL-6 due to inconsistency based on the GRADE
method (Appendix 1 Supplemental Table 2).

LPS

The meta-analysis of 3 trials (115 participants) revealed
that probiotics, prebiotics, or synbiotics supplementation
did not affect the reduction of LPS levels (SMD = -1.15;
95% CI: -3.18, 0.87) (Fig. 6D). We did not perform further
subgroup analyses due to the small number of literatures.
No significant small-study effect was shown using Egg-
er’s and Begg’s tests (P=0.37 and P=0.06, respectively).
Appendix 1 Supplemental Table 2 presents the quality
of evidence (calculated by the GRADE method) for LPS
which was moderate due to inconsistency.

Discussion
A total of 34 RCTs assessing microbial treatments in
NAFLD patients were found in this meta-analysis. We
observed that probiotics, prebiotics, and synbiotics sup-
plementation improved not only liver histology (hepatic
fibrosis) and liver function (AST, ALT, and ALP) but also
TG levels and BMI. Moreover, it significantly decreased
the levels of inflammatory markers including TNF-a and
hs-CRP. Intervention duration, study population, sample
size, and treatment types were potential sources of het-
erogeneity in the different subgroup analyses.
Improvement in liver function in patients with NAFLD
is clinically measured by quantifying established clinical
diagnostic indicators of liver dysfunction, such as ALT,
AST, and ALP, which are thought to be reliable signs
of liver damage. It has been discovered that microbiota
treatments are successful in lowering liver enzymes in the
NAFLD patients [12, 64]. When the intestinal microbiota
is dysbiosis, the enterotoxins secreted by pathogenic bac-
teria, such as endotoxin (lipopolysaccharide), increase
the permeability of the intestinal mucosa, leading to
bacterial translocation, which can cause endotoxemia
and long-term damage to liver cells [65]. Probiotics can
regulate intestinal ecological disorders and improve the
integrity of the intestinal mucosal barrier, thereby reduc-
ing the inflammatory response of the liver [66]. Accord-
ing to this analysis, supplementation with probiotics was
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linked to lower levels of AST, ALT and ALP, which may
have a protective impact by changing the gut’s microbial
makeup and metabolism in NAFLD patients [67]. Sub-
group analysis of liver enzyme levels showed that inter-
vention durations<12 weeks were more conducive to
reducing ALT and ALP levels, while a reduction in AST
levels occured regardless of the duration of treatment.
A systematic review and meta-analysis also showed that
probiotics supplements should be continued for at least
12 weeks [68]. Another 12-week study showed that pro-
biotics supplementation was able to decrease ALT and
AST compared to control group [37]. In addition, we
carefully examined the duration of the included treat-
ment and discovered that the majority of the intervention
time in the literature were approximately 12 weeks [31,
37, 39, 69-71]. Therefore, we speculated that 12 weeks
might be the required time for probiotics to fully take
effect. Furthermore, our study demonstrated that pro-
biotics had a more beneficial impact on hepatic fibrosis.
Some studies have shown that the development of patho-
genic intestinal bacteria results in an increase in endo-
toxin, which can worsen the hepatic fibrosis process in
cirrhotic rats and increase blood levels of AST and ALT.
Endotoxin increases the permeability of hepatocytes to
potassium ions, leading to mitochondrial swelling and
impaired adenosine triphosphate (ATP) production,
resulting in swelling or necrosis of hepatocytes, and lead-
ing to fibrotic changes [72].

Researchers investigated the BMI of NAFLD patients
in the included studies and revealed that probiotics,
preciotics, or synbiotics supplementation could reduce
BMI. Probiotic supplements have been shown in ear-
lier research to benefit weight loss, lower body fat mass,
and decrease waist circumference in overweight people,
improving body composition and fat distribution [73].
Previous studies have shown that probiotics can produce
short chain fatty acids (SCFAs). The binding of SCFAs
to specific g-protein coupled receptors can stimulate
the release of glucagon like peptides (GLP-1) and GLP-2
to maintain energy homeostasis and enhance fat stor-
age, which is consistent with our results [68, 74, 75]. The
results of meta-analysis revealed that microbial treat-
ments could significantly decrease lipid levels, which
was consistent with the findings of Musazadeh et al. [76].
Subgrouping the studies based on the intervention type
showed that prebiotics supplementation had more ben-
eficial effects on lipid profiles compared to probiotics or
synbiotics. Prebiotics are water-soluble dietary fibers that
cannot be directly digested and absorbed by the human
body; they can regulate the intestinal environment and
selectively promote the proliferation of various benefi-
cial bacteria in the intestine [77]. Research has demon-
strated that prebiotics can control the expression of genes
related to lipogenic enzymes, lessen the production of
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hepatic fatty acids at the source, and consequently lower
the levels of hepatic triglycerides [78]. An animal study
also showed that prebiotics could reduce liver fat and
lower serum cholesterol levels in non-alcoholic fatty liver
disease model rats [79]. The study population is another
important factor that changes the overall effect. Supple-
mentation of Asian populations with probiotics, prebiot-
ics, or synbiotics leads to improvements in TG, TC, and
LDL levels. The reason for this observation may be the
diet structure, the Asian diet is dominated by grains, with
a large number of vegetables and fruits, supplemented by
bean products and fish and shellfish. Hence, compared to
those of individuals in Europe, America, and Africa, the
intestinal environment may be more normal [80].

Previous meta-analysis have indicated that microbial
therapy can effectively decrease TNF-a and hs-CRP lev-
els [11, 24, 26, 81]. Consistently, our study demonstrated
that it had a statistically significant effect on lowering
TNEF-a and hs-CRP. Another RCT involving 52 NAFLD
patients found that taking synbiotic for 28 weeks can
greatly decrease TNF-a and hs-CRP levels [82]. Clini-
cal studies have also shown that almost all patients with
NAFLD have abnormal levels of inflammatory cyto-
kines, which trigger inflammatory response pathways in
the NAFLD gut flora [83]. Microbial treatments may be
a potential target for local mucosal inflammation, such
as hs-CRP and TNF-a [84]. It has been established that
supplementation with synbiotics can improve NAFLD
by increasing SCFA synthesis and decreasing the expres-
sion of genes associated with inflammation [85]. SCFAs
have anti-inflammatory effects by controlling the release
of cytokines, reactive oxygen species (ROS), and immune
cell chemotaxis [86]. Although we found that supplemen-
tation with synbiotics had an effective impact on reduc-
ing the TNF-a concentration, neither prebiotics nor
probiotics had the same effect and further investigation is
required to determine whether this is the result of a small
sample effect.

There are several limitations to this study. First, there
are no high-quality large RCTs, and there are currently
few large-scale clinical trials of microbial therapy. Sec-
ond, the microbiological distinctions between men and
women may be influenced by sex hormones and chro-
mosomes [87]. An earlier study hypothesized that the
prevalence of NAFLD and obesity may be significantly
influenced by sex-specific microbiomes [88]. However,
the association between microbiota therapy and sexuality
was not analyzed as too few studies were included; Third,
due to the limited number of subgroup studies on inflam-
mation factors that do not allow for verified method anal-
ysis, some indicators call for caution when concluding.
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Conclusion

The meta-analysis revealed probiotics, prebiotics, and
synbiotics supplementation may reduce BMI, liver
injury, lipid profiles, and inflammatory factors in NAFLD
patients. Of these, probiotics supplementation had an
improving effect on liver injury, including hepatic fibro-
sis, AST, ALT, and ALP, and prebiotics supplementation
had lower effect on TC, TG, and LDL-C. In the future,
more researches, considering patients’ sex and stresses,
should be undertaken on NAFLD patients under RCT
design at numerous centers.
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