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Background and Aims. Probiotics was considered as a potential therapy for nonalcoholic fatty liver disease (NAFLD) without
approval and comprehensive assessment in recent years, which call for a meta-analysis. Methods. We performed electronic and
manual searches including English and Chinese databases published before April 2019, with the use of mesh term and free text
of “nonalcoholic fatty liver disease” and “probiotics.” Clinical trials evaluating the eﬃcacy of probiotic therapy in NAFLD
patients were included according to the eligibility criteria. With the use of random eﬀects models, clinical outcomes were
presented as weighted mean diﬀerence (WMD) with 95% conﬁdence interval (CI), while heterogeneity and meta-regression were
also assessed. Results. 28 clinical trials enrolling 1555 criterion proven NAFLD patients with the use of probiotics from 4 to 28
weeks were included. Overall, probiotic therapy had beneﬁcial eﬀects on body mass index (WMD: -1.46, 95% CI: [-2.44, -0.48]),
alanine aminotransferase (WMD: -13.40, 95% CI: [-17.03, -9.77]), aspartate transaminase (WMD: -13.54, 95% CI: [-17.86,
-9.22]), gamma-glutamyl transpeptidase (WMD: -9.88, 95% CI: [-17.77, -1.99]), insulin (WMD: -1.32, 95% CI: [-2.43, -0.21]),
homeostasis model assessment-insulin resistance (WMD: -0.42, 95% CI: [-0.73, -0.12]), and total cholesterol (WMD: -15.38,
95% CI: [-26.50, -4.25]), but not in fasting blood sugar, lipid proﬁles, or tumor necrosis factor-alpha. Conclusion. The systematic
review and meta-analysis support that probiotics are superior to placebo in NAFLD patients and could be utilized as a common
complementary therapeutic approach.

1. Introduction
Nonalcoholic fatty liver disease (NAFLD), which characterized by the accumulation of lipid in liver parenchyma without obvious alcohol consumption, is a clinical syndrome of
chronic liver disease scoping from simple steatosis, nonalcoholic steatohepatitis (NASH) to cirrhosis [1]. Nowadays,
NAFLD has become the most common liver disease aﬀecting
adults and children in the world, with 52.34 per 1000 personyears overall global prevalence rate [2, 3]. It is reported that
hepatocellular carcinoma is closely associated with NAFLD,
leading to a higher mortality rate of NAFLD patients than
the general population [4]. With the rapidly rising of morbid-

ity, NAFLD imposes a major threat to the health of human
and has become a worldwide public health problem [5].
However, no standard pharmacologic therapy is available
for NAFLD currently. In view of the burden to NAFLD, a
pressing need in pharmacologic treatment options is to be
solved for this patient population [6]. Some evidences
suggested that gut-liver axis is closely associated with
NAFLD. There are over 10000 microbes that live in a symbiotic relationship with human body in intestinal tract and
could inﬂuence the host in a variety of ways. For example,
endotoxin produced by intestinal bacteria could be phagocyted by the Kupﬀer cells in the liver via blood circulation
and therefore lead to a constantly expose, which conduces
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Table 1: PICOS criteria for inclusion and exclusion of studies.

Parameter
P (population)
I (intervention)
C (comparison)
O (outcomes)
S (study design)

Deﬁned criteria for current study
Patients with NAFLD
Probiotic supplementation
Placebo (product without microorganisms)
Eﬀects of probiotic supplementation
(body mass index, liver functions, blood
glucose, blood lipids, inﬂammation index)
Randomized clinical trials

to the progression of liver inﬂammation [7]. Consequently, a
supplement of probiotics to regulate the imbalanced intestinal ﬂora and reduce the production of detrimental metabolite
has a potential value in the treatment of NAFLD.
Lots of RCTs surrounding probiotics and NAFLD have
been published in recent year, but eﬃcacies of probiotics
remain controversial. We therefore performed a systematic
literature search and meta-analysis to provide an overview
of the currently available evidence for the eﬃcacy of probiotics in the treatment of NAFLD patients.

2. Materials and Methods
This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines [8]. Brieﬂy, clinical trials
assessing the eﬀects of probiotics versus a control group
were included. Two investigators independently performed
following data extraction, risk of bias, meta-analyses, and
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) scoring, with divergences resolved
by a third investigator.
2.1. Date Sources and Literature Search. Reports in English
and Chinese languages published from the establishment
of each database to April 2019 were reviewed. The English
databases included PubMed, Embase, Cochrane Library,
Web of Science, and OVID. The Chinese databases included
China National Knowledge Infrastructure, VIP Database for
Chinese Technical Periodicals, China Biology Medicine
disc, and Wanfang Database. The literature searches were
performed by two reviewers independently. Mesh term
and free text including “nonalcoholic fatty liver disease”
and “probiotics” were used. The full search strategy is available in supplementary data. The searches were performed
without limiting the types of studies to maximize scope.
We also searched abstracts and references from bibliographies of relevant studies, review articles, and meta-analyses
for additional items manually.
2.2. Study Selection. Two reviewers screened the titles and
abstracts of the identiﬁed papers to further check the eligibility criteria independently. The full texts of the studies
were assessed when abstracts could not provide clear information. To be eligible for inclusion, studies testing the use
of probiotics in the treatment of NAFLD were included.
There was no speciﬁc restriction (for example, age or sex).

The PICOS criteria for inclusion and exclusion of studies
is shown in Table 1.
Studies were considered eligible if they met the following
criteria: (a) studies testing the eﬀects of probiotics in the
treatment of NAFLD patients; (b) patients with NAFLD
should diagnosed on the basis of radiological/histological evidence of fatty liver, with daily alcohol intake restriction (less
than 14 standard drinks in women and 21 standard drinks in
men per week) [2]; (c) randomized and controlled design
with the probiotic group and control group; (d) cointerventions were also considered eligible when they used both intervention arms equally; (e) studies which directly evaluated the
eﬀect of probiotics based on any method of outcome measures; (f) studies were written in English or Chinese; and
(g) all data needed are available.
Studies were excluded if they (a) were case reports,
reviews, or letters; (b) were only published as conference
abstracts or contained no original data; (c) contained
duplicate data already published; (d) performed no control
group; and (e) contained patients with other causes of
hepatic steatosis.
2.3. Data Extraction. All data were independently abstracted
in duplicate by two reviewers using a predeﬁned data
form, with disagreements resolved with a third reviewer.
Information including study design, characteristics, population, details of intervention, and control were extracted.
Mean and standard deviation (SD) of each endpoint were
either extracted or calculated from data in each study.
2.4. Risk of Bias. We used funnel plots to provide a visual
assessment of the association between treatment estimate
and study size. Egger’s tests were performed to assess the
asymmetry of funnel plots, with signiﬁcant publication bias
deﬁned as P value < 0.05 [9]. The trim and ﬁlling computation was conducted to estimate the robustness of results
[10]. Jadad scale was applied to assess quality of randomized
controlled trials, while RCT scoring ≥3 was considered
acceptable [11]. The risk of bias associated with the RCTs literature risk was assessed by the Cochrane Risk of Bias Tool
[12] in the Cochrane Handbook for Systematic Reviews of
Interventions in RevMan software (RevMan version 5.3).
2.5. Statistical Analysis. Primary outcomes were liverrelated outcomes, for example, serum level of alanine aminotransferase (ALT), aspartate transaminase (AST), and
gamma-glutamyl transpeptidase (GGT). Secondary outcomes included metabolic outcomes, for example, change
in body mass index (BMI), fasting blood sugar (FBS),
insulin, homeostasis model assessment-insulin resistance
(HOMA-IR), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), triglycerides
(TG), total cholesterol (TC), and tumor necrosis factoralpha (Tnf-α).
For the meta-analysis, we performed comparisons with a
random eﬀects model because they are more conservative
and have better properties in the presence of heterogeneity
[13]. The diﬀerences of measured continuous parameters
were calculated and analyzed using weighted mean diﬀerence
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(WMD/MD) changes from baseline along with the 95%
conﬁdence intervals (CIs). A statistically signiﬁcant P value
was based on <0.05. We assessed heterogeneity between the
studies using the I 2 statistic, while low, moderate, and high
levels of heterogeneity approximately correspond to I 2
values of 25%, 50%, and 75%, respectively, and I 2 < 50%
was considered as acceptable heterogeneity [14]. Data of
each indicator was pooled and shown as forest plot. Subgroup analyses were performed mainly according to the
probiotic strains taken by patients, including Lactobacillus
spp. subgroup, Biﬁdobacterium spp. subgroup, Lactobacillus
spp.+Biﬁdobacterium spp. subgroup, Lactobacillus spp.+Biﬁdobacterium spp.+others subgroup, and others subgroup.
Meta-regression was performed to explore possible sources
of heterogeneity (i.e., the age and regions of patients, the doses
and durations of interventions, and the details of additional
treatment) which could lead to confounding in our analysis.
To test robustness of the association, sensitivity analysis
was also employed. We examined the inﬂuence of a single
study on the combined risk estimates by omitting one study
and analyzing the remainders in each turn [15]. We also conducted separate meta-analyses and subgroup analysis based
on studies that used diﬀerent probiotic strains.
Review Manager version 5.3 was selected to analyze the
tests for the forest plots, subgroup analysis, and quality
assessment, while the risk of publication bias and metaregression analysis were performed by Stata version 12.0.
Egger’s tests; sensitivity analysis and meta-regression were
only performed for items which include over ten studies.
2.6. Quality of Evidence. Additionally, we assessed the
strength of evidence using the GRADE framework with
GRADEproﬁler version 3.6 [16]. More concretely, outcomes
were graded according to risk of bias, consistency and directness of results, precision, publication bias, and magnitude.
Finally, evidences were deﬁned as high, moderate, low, and
very low quality.

3. Results
3.1. Characteristics of the Retrieved Studies and Patients. The
electronic searches yielded 3159 items from databases mentioned above, and 14 additional records were identiﬁed
through other sources. After reviewing each publication, we
selected 28 studies according to inclusion and exclusion criteria (the included studies are shown as references [17–44]).
A ﬂow chart for the literature retrieval and screening is
presented in Figure 1(a). The studies included predominantly
RCTs. Table 2 demonstrates the available detailed information of trials. They scored well in terms of adequate descriptions of selection criteria and the availability of clinical data
(Figure 1(b) A). Eight (29%) studies were published after
2014 (Figure 1(b) B). These twenty-eight studies included a
total of 1555 NAFLD patients, within 824 (111 children) in
the probiotic group and 731 (112 children) in the control
group (Figure 1(b) C). The distribution of sex is shown in
Figure 1(b) D. Most of the included patients were from Iran
(11, 39%), China (6, 21%), and Italy (4, 14%) (Figure 1(b)
E). And the durations of probiotics taken range from 4 to
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28 weeks (Figure 1(b) F). The recruited studies were further
subjected to risk analyses for bias, while Figure 2 is a summary of the assessment results. Most of the studies were in
low categories for risk of bias, random sequence generation
(20/28, 71%), incomplete outcome data (22/28, 79%), and
allocation concealment (13/28, 76%), blinding of outcome
assessment (20/28, 71%).
3.2. Impact of Probiotics on BMI in NAFLD Patients. The
eﬀect of probiotics on BMI was studied in 15 of the identiﬁed
studies. Results showed that the trend was signiﬁcantly
associated with probiotics (WMD: -1.46, 95% CI: [-2.44,
-0.48], P = 0:003) with obvious heterogeneity (P < 0:00001,
I 2 = 97%), including 818 individuals. Sensitivity analyses corroborated a good robustness of the association, without evidence of publication bias (P = 0:129) (Figure S1). However,
our subgroup analysis which according to the probiotic
strains taken by patients indicated negative results except
Lactobacillus spp.+Biﬁdobacterium spp.+others subgroup
(P = 0:008). Besides, heterogeneity remained signiﬁcant in
Lactobacillus spp.+Biﬁdobacterium spp. subgroup (I 2 = 91%)
and Lactobacillus spp.+Biﬁdobacterium spp.+others subgroup
(I 2 = 99%), which means probiotic strains could not explain
the source of heterogeneity, as shown in Figure 3(a).
3.3. Impact of Probiotics on Liver Functions in
NAFLD Patients
3.3.1. ALT. Data regarding ALT extracted from 20 studies
included 1116 individuals, and the analyses showed a significant association between the probiotic group and placebo
group (WMD: -13.40, 95% CI: [-17.03, -9.77], P < 0:00001)
in 20 heterogeneous studies (P < 0:00001, I 2 = 94%). There
was no publication bias (P = 0:135) and the trim and ﬁlling
computation justiﬁed good robustness (Figure S2).
Figure 3(b) shows a signiﬁcant result in each subgroup
(P = 0:05, P = 0:008, P = 0:001, P < 0:00001, P = 0:03), but
they are heterogeneous (I 2 = 88%, I 2 = 86%, I 2 = 91%).
3.3.2. AST. The analyses of AST, which were performed based
on pooled data extracted from 17 heterogeneous studies
(P < 0:00001, I 2 = 96%), demonstrated that the use of
probiotics could reduce AST level signiﬁcantly among 992
patients (WMD: -13.54, 95% CI: [-17.86, -9.22], P < 0:00001).
There was no obvious publication bias (P = 0:639) by
Egger’s tests (Figure S3). Speciﬁcally, heterogeneity was
restricted to Lactobacillus spp. (P = 0:16, I 2 = 82%),
Lactobacillusspp.+Biﬁdobacterium spp. subgroup (P = 0:007,
I 2 = 85%),
and
Lactobacillus
spp.+Biﬁdobacterium
spp.+others subgroup (P < 0:00001, I 2 = 98%), as shown in
Figure 4(a).
3.3.3. GGT. Seven studies investigated GGT between the
interventional group and the control group. Results
showed that GGT was signiﬁcantly associated with probiotic (WMD: -9.88, 95% CI: [-17.77, -1.99], P = 0:01) with
obvious heterogeneity (P < 0:00001, I 2 = 98%), including
488 individuals. The heterogeneity remained signiﬁcant in
the Lactobacillus spp.+Biﬁdobacterium spp. subgroup (P =
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Identification
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Records identified through
database searching
(n = 3159)

Additional records identified
through other sources
(n = 14)

Screening

Records after duplicates removed
(n = 1629)

Records excluded after
evaluating titles and
abstracts (n = 1250)

Records screened
(n =377)

Case reports, reviews, letters (n = 53)
Not RCT or inappropriate study
design (n = 45)
Only published as conference
abstracts (n = 156)
Contain other disease (n = 11)
Inadequate control (n = 34)
Incomplete outcomes ( n = 6)
Contain duplicate data already
published (n = 22)

Eligibility

Full-text articles
for eligibility
(n = 50)

Included

Studies included in
qualitative synthesis
(n = 35)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 28)
(a)

(A)

(B)

Jadad scores
3
4
5
(D)

(C)

Study time
≤ 2010
2011-2013

Average age (y)
≥2014
N/A

(E)

Sex
Male
Female

Children
Adults
(F)

Region
Iran
China
Italy
Brazil
Spain

Duration (w)
Egypt
Korea
Turkey
Ukraine

4
8
12

16
24
28

(b)

Figure 1: (a) Flow diagram of study selection. (b) Analysis of the general information in included studies.
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Table 2: Characteristics of the included studies.

Author, year

Region,
period

Abdel, 2017

Egypt,
20142016

Shavakhi et al.,
2013

Iran,
20102012

Study
Mean age (y),
Total = 1105
Intervention, N = ITT
design
male (%)
NA,
SC,
PC

DB,
SC,
PC

30

63

Control,
N = ITT

Diet/exercise Follow-up
by guide
duration (w)

44, 56.67

Lactobacillus
acidophilus, N = 15

Placebo,
N = 15

NA

4

40:1 ± 12:3,
50.80

Lactobacillus
acidophilus,
Lactobacillus casei,
Lactobacillus
rhamnosus,
Lactobacillus
bulgaricus,
Biﬁdobacterium breve,
Biﬁdobacterium
longum, N = 31

Placebo,
N = 32

Yes

24

Placebo,
N = 35

Yes

12

Ahn et al., 2019

Korea,
NA

DB,
SC,
PC

48

43:32 ± 12:9,
48.2

L. acidophilus CBT
LA1, L. rhamnosus
CBT LR5,
L. paracasei CBT
LPC5, P. pentosaceus
CBT SL4,
B. lactis CBT BL3, B.
breve CBT BR3, N =
30

Alisi et al., 2014

Italy,
20122013

DB,
SC,
PC

44

10.5
(children),
54.55

VSL#3, N = 22

Placebo,
N = 22

Yes

16

Aller et al., 2011

Spain,
NA

DB,
SC,
PC

28

46:9 ± 13,
71.43

Lactobacillus
bulgaricus,
Streptococcus
thermophilus, N = 14

Placebo,
N = 14

NA

12

47:18 ± 1:7,
25.68

Lactobacillus casei,
Lactobacillus
acidophilus,
Lactobacillus
rhamnosus,
Lactobacillus
bulgaricus,
Biﬁdobacteriumbreve,
Biﬁdobacterium
longum,
Streptococcus
thermophilus, N = 38

Placebo,
N = 36

Yes

8

40 ± 8:7, 50

Streptococcus
thermophilus,
Lactobacillus
delbrueckii subsp.
Bulgaricus, N = 30

Placebo,
N = 28

Yes

24

38:45 ± 8:6,
71.7

Lactobacillus casei,
Lactobacillus
rhamnosus,
Lactobacillus
acidophilus,
Biﬁdobacterium
longum,
Biﬁdobacterium breve,
N = 30

Placebo,
N = 30

Yes

12

Asgharian et al.,
2016

Iran,
20142014

DB,
SC,
PC

Bakhshimoghaddam
et al., 2018

Iran,
20162017

DB,
SC,
PC

Behrouz et al., 2017

Iran,
2015

DB,
SC,
PC

74

68

60
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Table 2: Continued.

Author, year

Cakir et al., 2017

Ekhlasi et al., 2016

Region,
period
Turkey,
NA

Iran,
20122013

Study
Mean age (y),
Total = 1105
Intervention, N = ITT
design
male (%)

Control,
N = ITT

12:2 ± 2:1
(children),
66.7

Biﬁdobacterium lactis,
Lactobacillus
acidophilus,
Lactobacillus casei,
N = 28

Placebo,
N = 30

Yes

16

42.5, NA

Lactobacillus casei,
Lactobacillus
rhamnosus,
Streptococcus
thermophilus,
Biﬁdobacterium breve,
Lactobacillus
acidophilus,
Biﬁdobacterium
longum,
Lactobacillus
bulgaricus, N = 15

Placebo,
N = 15

NA

8

46 ± 9:2,
48.08

Lactobacillus casei,
Lactobacillus
rhamnosus,
Streptococcus
thermophilus,
Biﬁdobacterium breve,
Lactobacillus
acidophilus,
Biﬁdobacterium
longum,
Lactobacillus
bulgaricus, N = 24

Placebo,
N = 22

Yes

28

Lactobacillus
acidophilus,
12:65 ± 1:95
Biﬁdobacterium lactis,
(children), 50
B. biﬁdu m, L.
rhamnosus, N = 32

Placebo,
N = 32

Yes

12

DB,
SC,
PC

DB,
SC,
PC

60

30

Eslamparast et al.,
2014

Iran,
20122012

DB,
MC,
PC

Famouri et al., 2017

Iran,
20142014

DB,
SC,
PC

64

Ferolla et al., 2016

Brazil,
20142015

NA,
SC,
PC

50

Guo et al., 2016

China,
20112013

NA,
SC,
PC

Javadi et al., 2017

Iran,
20132014

DB,
SC,
PC

Jiang et al., 2015

China,
20142015

NA,
SC,
PC

Ukraine,
NA

DB,
SC,
PC

Kobyliak et al., 2018

46

Diet/exercise Follow-up
by guide
duration (w)

57.3, 24

Synbiotic, L. reuteri,
N = 26

Placebo,
N = 23

Yes

12

84

50:1 ± 12:1,
58.33

Biﬁdobacterium
longum, Lactobacillus
acidophilus,
Enterococcus faecalis,
N = 40

Placebo,
N = 40

Yes

8

39

42 ± 8:9,
76.92

Biﬁdobacterium
longum, Lactobacillus
acidophilus,
N = 20

Placebo,
N = 19

NA

12

42.58, 53.03

Biﬁdobacterium
longum, Lactobacillus
acidophilus,
Enterococcus faecalis,
N = 31

Placebo,
N = 30

Yes

12

55:3 ± 10,
NA

Lactobacillus,
Lactococcus,
Biﬁdobacterium,
Propionibacterium,
Acetobacter, N = 30

Placebo,
N = 28

Yes

8

62

58

Gastroenterology Research and Practice

7
Table 2: Continued.

Author, year

Region,
period

Study
Mean age (y),
Total = 1105
Intervention, N = ITT
design
male (%)

Control,
N = ITT

Lu et al., 2016

China,
20142015

NA,
SC,
PC

Malaguarnera et al.,
2012

Italy,
20032006

DB,
SC,
PC

120

Biﬁdobacterium
infantis, Lactobacillus
45:76 ± 6:66,
acidophilus,
68.30
Enterococcus faecalis,
Bacillus cereus, N = 60

Placebo,
N = 60

Yes

4

66

46:8 ± 5:55,
48.48

Placebo,
N = 32

Yes

24

Placebo,
N = 37

Yes

12

Placebo,
N = 16

Yes

16

Placebo,
N = 21

Yes

28

43:4 ± 7:93,
48.61

Probiotic yogurts
(Lactobacillus
bulgaricus,
Streptococcus
thermophilus,
B. lactis Bb12,
L. acidophilus La5)
N = 36

Conventional
yogurts,
N = 36

NA

8

Placebo,
N = 21

NA

8

Placebo,
N = 10

NA

8

Manzhalii et al.,
2017

Ukraine,
NA

NA,
SC,
PC

66

Miccheli et al., 2015

Italy, NA

DB,
SC,
PC

31

Moﬁdi et al., 2017

Nabavi et al., 2015

Sepideh et al., 2016

Vajro et al., 2011

Iran, NA

Iran, NA

DB,
SC,
PC

DB,
SC,
PC

42

72

Biﬁdobacterium
longum, N = 34

Lactobacillus casei, L.
rhamnosus, L.
bulgaris,
Biﬁdobacterium
43:7 ± 1:4, 56
longum, Streptococcus
thermophilus,
N = 38
10.5
(children),
54.84

VSL#3, N = 15

Lactobacillus casei,
Lactobacillus
rhamnosus,
Streptococcus
thermophilus,
42:35 ± 10:78
Biﬁdobacterium breve,
,
Lactobacillus
54.76
acidophilus,
Biﬁdobacterium
longum,
Lactobacillus
bulgaricus, N = 21

Iran,
20132013

DB,
SC,
PC

42

44:7 ± 2:26,
66.67

Lactobacillus casei,
Lactobacillus
acidophilus,
Lactobacillus
rhamnosus,
Lactobacillus
bulgaricus,
Biﬁdobacterium breve,
Biﬁdobacterium
longum,
Streptococcus
thermophilus, N = 21

Italy, NA

DB,
SC,
PC

20

10:7 ± 2:1
(children), 90

Lactobacillus GG,
N = 10

Diet/exercise Follow-up
by guide
duration (w)

8
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Table 2: Continued.

Author, year

Region,
period

Study
Mean age (y),
Total = 1105
Intervention, N = ITT
design
male (%)

Control,
N = ITT

Diet/exercise Follow-up
by guide
duration (w)

Wong et al., 2013

China,
20092009

DB,
SC,
PC

20

48:5 ± 9, 65

Lactobacillus
plantarum,
Lactobacillus
delbrueckii ssp.
bulgaricus,
Lactobacillus
acidophilus,
Lactobacillus
rhamnosus,
Biﬁdobacterium
biﬁdum, N = 10

Yang et al., 2012

China,
20102011

NA,
SC,
PC

60

47:5 ± 12:3,
53.3

Bacillus subtilis,
Enterococcus, N = 30

Placebo,
N = 30

Yes

4

Yao et al., 2013

China,
20102012

DB,
SC,
PC

45:75 ± 11:8,
58.30

Biﬁdobacterium
longum, Lactobacillus
acidophilus,
Enterococcus faecalis,
N = 55

Placebo,
N = 53

Yes

12

108

Placebo,
N = 10

Yes

24

DB: double blinded, SC: single center, MC: multicenter, PC: placebo controlled, NA: not available, ITT: intention to treat.

0:02, I 2 = 98%), but in Lactobacillus spp.+Biﬁdobacterium
spp.+others subgroup, there is no signiﬁcant diﬀerence with
high heterogeneity (P = 1:00, I 2 = 97%).
3.4. Impact of Probiotics on Glycemic Indices in
NAFLD Patients
3.4.1. FBS. In the case of FBS, there was no statistical
diﬀerence between the probiotic and control groups
(WMD: -4.98, 95% CI: [-9.95, -0.02], P = 0:05) in 13 heterogeneous studies (P < 0:00001, I 2 = 88%), including 711 individuals. The trim and ﬁlling computation showed a robust
result with the absence of publication bias (P = 0:413)
(Figure S4). The subgroup analysis was able to partly
explain the heterogeneity. However, there was no diﬀerence
in statistical signiﬁcance, although we conducted the
subgroup analysis (P = 0:21, P = 0:85, P = 0:05, P = 0:07,
P = 0:68), as shown in Figure 5(a).
3.4.2. Insulin. Ten studies reported on insulin between the
interventional group and the control group. Figure 4(b)
shows that insulin was signiﬁcantly associated with probiotics (WMD: -1.32, 95% CI: [-2.43, -0.21], P = 0:02) with obvious heterogeneity (P < 0:00001, I 2 = 89%), including 544
individuals. The results of sensitivity analyses showed a good
robustness of the association (Figure S5). Heterogeneity
could be partly explained by the subgroup analysis. There
was no diﬀerence of statistical signiﬁcance in each subgroup
(P = 0:21, P = 0:08, P = 0:45, P = 0:52) but not in patients
administrated with probiotics except Lactobacillus spp. and
Biﬁdobacterium spp. (P = 0:02), as shown in Figure 5(b).
3.4.3. HOMA-IR. Data pertinent to HOMA-IR were extracted
from 11 heterogeneous studies (P < 0:00001, I 2 = 79%) and
included 569 individuals. Our meta-analysis results suggested

a signiﬁcant association between HOMA-IR and probiotics
(WMD: -0.42, 95% CI: [-0.73, -0.12], P = 0:007). Sensitivity
analyses showed a good robustness (Figure S6). Studies in
Lactobacillus spp.+Biﬁdobacterium spp.+others subgroup
still showed heterogeneity (P = 0:00001, I 2 = 89%) after the
subgroup analysis. There were signiﬁcant diﬀerences in all
subgroups (P = 0:0003, P < 0:00001, P < 0:00001, P = 0:01),
as shown in Figure 6(a).
3.5. Impact of Probiotics on Lipid Proﬁles in NAFLD Patients
3.5.1. HDL-C. Data regarding HDL-C extracted from 8
studies included 408 individuals, and the analyses found
no signiﬁcant association between the interventional group
and the control group (WMD: 1.32, 95% CI: [-2.00, 4.64],
P = 0:44) with obvious heterogeneity (P < 0:0001, I 2 = 74%).
Figure 6(b) demonstrates that there was no diﬀerence in
statistical signiﬁcance in Lactobacillus spp. subgroup
(P = 0:94), Biﬁdobacterium spp. subgroup (P = 0:54), and
other probiotic subgroups (P = 0:40) while Lactobacillus
spp.+Biﬁdobacteriumspp. subgroup and Lactobacillus spp.+
Biﬁdobacterium spp.+others subgroup showed a statistical
signiﬁcance (P = 0:03, P < 0:0001). Heterogeneity remained
signiﬁcant in Lactobacillus spp.+Biﬁdobacterium spp.+others
subgroup (P < 0:0005, I 2 = 87%), but not to the other
subgroups.
3.5.2. LDL-C. Results showed that there was no signiﬁcant
diﬀerence between the interventional group and the control
group for LDL-C (WMD: -6.14, 95% CI: [-21.85, 9.30], P =
0:44) in eight heterogeneous studies (P < 0:00001, I 2 = 92%),
including 420 individuals. After subgroup analysis, the heterogeneity remained signiﬁcant in Lactobacillus spp.+Biﬁdobacterium spp.+others subgroup (P < 0:00001). However,
there were signiﬁcant diﬀerences in statistical signiﬁcance
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Figure 2: Analysis for risk of bias. 28 studies were analyzed for a variety of bias using the tools in RevMan software.

in Biﬁdobacterium spp. subgroup (P = 0:0001) and Lactobacillusspp.+Biﬁdobacterium spp.+others subgroup (P = 0:01),
as shown in Figure 7(a).
3.5.3. TG. In the case of TG, there was no statistic diﬀerence
between the probiotics and the control group (WMD: -9.60,
95% CI: [-22.13, 2.93], P = 0:13) in 13 heterogeneous studies
(P < 0:00001, I 2 = 75%), including 766 individuals. The trim
and ﬁlling computation suggested that it had no signiﬁcant
inﬂuence on the conclusion with no publication bias
(P = 0:233) (Figure S7). Likewise, the results of sensitivity
analyses showed a good robustness of the association. The
subgroup analyses were unable to explain the heterogeneity
in Lactobacillus spp.+Biﬁdobacterium spp. subgroup (P =
0:04) and Lactobacillus spp.+Biﬁdobacterium spp.+others
subgroup (P < 0:00001). No signiﬁcant diﬀerence was
found in each subgroup (P = 0:96, P = 0:10, P = 0:18, P =
0:84, P = 0:21), as shown in Figure 7(b).
3.5.4. TC. 12 studies reported on TC between the interventional group and the control group. Results showed that TC
was not signiﬁcantly associated with probiotics (WMD:
-15.38, 95% CI: [-26.50, -4.25], P = 0:007) with obvious heterogeneity (P < 0:00001, I 2 = 93%), including 722 individuals. The results of sensitivity analyses demonstrated a good
robustness of the association, without evidence of publication
bias (P = 0:175) (Figure S8). The subgroup analysis failed

to explain the source of heterogeneity in Lactobacillus
spp.+Biﬁdobacterium spp.+others subgroup (P < 0:00001).
However, there were signiﬁcant diﬀerences in Lactobacillus
spp.+Biﬁdobacterium spp. subgroup (P = 0:03) and
Lactobacillus spp.+Biﬁdobacterium spp.+others subgroup
(P = 0:02), but not in other subgroups (P = 0:72, P = 0:07,
P = 0:73), as shown in Figure 7(c).
3.6. Impact of Probiotics on Inﬂammation Factors in NAFLD
Patients. Tnf-α is considered to reﬂect inﬂammatory state.
No signiﬁcant correlation existed between Tnf-α and probiotics (WMD: -0.65, 95% CI: [-1.56, 0.27], P = 0:16) in
10 heterogeneous studies (P < 0:00001, I 2 = 94%), including 479 individuals. The subgroup analysis could not well
explain the source of heterogeneity, and the results showed
that Biﬁdobacterium spp. subgroup has signiﬁcant diﬀerences between probiotic and control individuals (P <
0:0001) (Figure 7(d)). Although there was no publication
bias (P = 0:740), results of sensitivity analyses showed that
the robustness of the association between Tnf-α and probiotics was not good, while there was a reversed conclusion after we exclude the item performed by Eslamparast
et al. [27] (WMD: -1.00, 95% CI: [-1.87, -0.12], P = 0:03)
(Figure S9). Besides, the trim and ﬁlling computation
results also suggested a reversed result (from P = 0:165 to
P = 0:004) (Figure S9).
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Figure 3: Forest plots of comparison for the eﬀects of probiotics in NAFLD patients, showing (a) body mass index (BMI) and (b) alanine
aminotransferase (ALT).

3.7. Meta-Regression Analyses. For meta-regression analyses,
several variables (population, region, duration, and lifestyle
change) were eligible for inclusion in the univariable regression analysis. As shown in Table 3, all of the variables except
population for BMI showed no inﬂuence on the eﬀect of probiotics (P > 0:05) in NAFLD patients.
3.8. Quality of Evidence. The results of evidence quality
assessment are shown in Supplemental Table 2. For the

outcome of BMI, the eﬀect of probiotics was supported by
moderate-quality evidence. For the outcome of liver
function, the eﬀects of probiotics were supported by highquality evidence in ALT, moderate-quality evidence in AST,
and low-quality evidence in GGT. For the outcome of
glycemic indices, the eﬀects of probiotics were supported by
at least moderate-quality evidence in all indications. For the
outcome of TC and TG, the eﬀects of probiotics were
supported by moderate-quality evidence. For the outcome of
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Figure 4: Forest plots of comparison for the eﬀects of probiotics in NAFLD patients, showing (a) aspartate transaminase (AST) and (b)
gamma-glutamyl transpeptidase (GGT).

HDL-C and LDL-C, the eﬀects of probiotics were supported
by low-quality evidence. Inﬂammation factor was supported
by low quality or very low quality of evidence.
3.9. Adverse Event. Few minor adverse events were reported:
one patient complained of moderate headaches and two of
musculoskeletal pain; two patients appeared dyspepsia, and
both of which were resolved without reoccurrence. No serious adverse event was reported in all studies. We think there
was no evidence to suggest that adverse events occurred are
associated with probiotics untaken.

4. Discussion
Although a number of RCTs designed to identify eﬃcacy and
secure therapy for NAFLD are in progress [45–47], no agent
has received approval by the Food and Drug Administration

for the treatment of NAFLD as yet. Thus, it is necessary to
update a systematic review to assess the eﬃcacy of probiotics
in NAFLD treatment. In this meta-analysis, we summarized
evidence from 28 studies involving 1555 patients with
NAFLD to assess the eﬃcacies of probiotic interventions
for several important outcomes, including BMI, liver functions, glycemic indices, lipid proﬁles, and inﬂammation factors. Overall, probiotics may play a more inspiring eﬀect
than we have ever predicted.
A recent analysis involving more than 8.5 million persons over 22 countries showed that 80% of patients with
NAFLD are overweight or obese [4]. This information
supports the concept that NAFLD is a metabolic syndrome with systemic disorder of energy homeostasis that
accompanies hepatic adiposity [48]. Likewise, our results
showed signiﬁcant association between probiotics and
BMI (P = 0:003) with a good stability, regardless of
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Figure 5: Forest plots of comparison for the eﬀects of probiotics in NAFLD patients, showing (a) fasting blood sugar (FBS) and (b) insulin.

lifestyle intervention (Figure S10 A). Similar results have been
conﬁrmed by Gao et al. [49], but our meta-regression results
suggested that age was one of the sources of heterogeneity
because probiotics was not signiﬁcantly associated with
BMI in children subgroup (P = 0:27). The role of probiotics
in obese children has been controversial for a long time.
Trace back to 2008, Chouraqui et al. [50] indicated that
infant formulas containing mixtures of probiotics had
no signiﬁcant eﬀect on body weight changes on infants
compared with the control group, but Alisi et al. [20]
suggested probiotics could improve fat metabolism in obese
children and contribute to weight loss. Recently, a diﬀerent
result was revealed in an age-based meta-analysis, which
showed that probiotics could cause weight gain in children

[51]. We considered a moderate grade of evidence on
conclusions above due to the insuﬃcient quality of included
studies and high unexplained heterogeneity. Likewise, the
insuﬃcient number of children studies (four items) and the
large heterogeneity (97%) are problems cannot be solved in
our study as well. Therefore, the eﬀect of probiotics in BMI
of children with NAFLD is still unclear. The 2018 TES
Obesity Management Science Statement did not recommend
probiotics to treat obesity, which may result from the strain
speciﬁc actions of probiotics and varies individual response
in BMI. Above all, the role of probiotics in reducing BMI
in adult patients with NAFLD is unequivocal, but more
clinical evidences are needed in children. The reason for
the diﬀerent eﬀects of probiotics among child and adult
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Figure 6: Forest plots of comparison for the eﬀects of probiotics in NAFLD patients, showing (a) homeostasis model assessment-insulin
resistance (HOMA-IR) and (b) high-density lipoprotein cholesterol (HDL-C).

NAFLD patients should be explored in further studies.
Besides, types and doses of probiotics may be key issues to
be considered in NAFLD treatment.
NAFLD usually ﬁrst suspected when a moderately
increase was detected among ALT, AST, and GGT by liver
function tests [4]. Our meta-analysis results showed that
probiotics had a mitigating eﬀect on ALT, AST, and GGT
in patients with NAFLD. The subgroup analyses suggested
a small dose of probiotics could still exert a protective eﬀect
on liver (Figure S10 B–D). Results of LSM demonstrated
that probiotics could not reverse liver stiﬀness or liver
histology; however, hepatic steatosis change deﬁned by liver
ultrasound showed a positive result (Figure S10 E–F). Our
results are also supported by previous publications [52, 53].
Although Gao et al. [49] suggested that there exist some
confusions on the eﬀects of probiotics in improving liver
functions due to the high heterogeneity and a lack of
liver biopsy in their meta-analysis, our results showed a
good robustness of association between probiotics and

liver functions of NAFLD patients, which is diﬃcult to
get a opposite conclusion, regardless of the heterogeneity.
Moreover, probiotics are also beneﬁcial to abnormal liver
functions caused by cirrhosis and alcoholic liver disease [54,
55]. The protective eﬀect may due to an inhabitation of
intestinal bacterial overgrowth and a reduction in serum
endotoxin levels. In all, we believe that probiotics could
improve liver functions (not limited to NAFLD) but seems
no help to reverse the liver ﬁbrosis. To consummate our
conclusion, liver biopsy is needed in further researches.
It has been proved that hyperinsulinemia and insulin
resistance (IR) are closely associated with NAFLD, and IR
has strongly negative eﬀects in liver metabolism [56]. Our
meta-analysis results suggested a beneﬁcial eﬀect of probiotics in insulin level and IR but nonsigniﬁcant decrease in
FBS. This notion is consistent with a recent review suggesting
that probiotic supplementation may have a moderately beneﬁcial eﬀect on HOMA-IR control [52]. It is noteworthy that
the results of FBS could be inﬂuenced by several factors,
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Figure 7: Forest plots of comparison for the eﬀects of probiotics in NAFLD patients, showing (a) low-density lipoprotein cholesterol (LDLC), (b) triglycerides (TG), (c) total cholesterol (TC), and (d) tumor necrosis factor-alpha (Tnf-α).
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Table 3: Univariable predictors with meta-regression on the eﬀect of probiotics.
Variable

No

Regression coeﬃcient (95% CI)

SE

P value

Adults
Children

13
2

1
-0.3 (-0.1 to -0.6)

—
0.12

—
0.013

Asia
Europe
US or others

13
6
1

1
-4.6 (-6 to -1.4)
-5.5 (-9.4 to -0.7)

—
0.76
2.15

—
0.09
0.31

4-12 w
12-28 w

11
6

1
-3.5 (-9.6 to -0.8)

—
0.9

—
0.54

Asia
Europe
US or other

8
4
1

1
2 (0.2 to 5.2)
-3.5 (-5.6 to 1.1)

—
0.63
1.68

—
0.62
0.78

4-12 w
12-28 w

5
5

1
-0.07 (-1.92 to -0.01)

—
0.21

—
0.11

Maintain original lifestyle
Follow the guidelines

4
7

1
-0.03 (-0.04 to -0.01)

—
0.005

—
0.23

Asia
Europe
US or others

8
4
1

1
-7.8 (-11.1 to 1.2)
1.1 (-2.1 to 5)

—
1.54
1.78

—
0.18
0.65

4-12 w
12-28 w

8
4

1
-5.8 (-7.9 to -0.1)

—
0.98

—
0.52

Maintain original lifestyle
Follow the guidelines

4
6

1
-0.04 (-0.08 to -0.01)

—
0.007

—
0.44

BMI
Population
ALT
Region
AST
Duration
FBS
Region
Insulin
Duration
HOMA-IR
Lifestyle
TG
Region
TC
Duration
Tnf-α
Lifestyle

SE: standard error, BMI: body mass index, ALT: alanine aminotransferase, AST: aspartate transaminase, FBS: fasting blood sugar, HOMA-IR: homeostasis
model assessment-insulin resistance, TG: triglycerides, TC: total cholesterol, Tnf-α: tumor necrosis factor-alpha.

including patients’ condition and test method. Diﬀerent
approaches between studies may lead to the instability of
the FBS results and contribute to the instability. Altogether,
although probiotics might not have direct impact on blood
glucose level, they could contribute to insulin resistance
improvement in NAFLD patients according to our study.
The administration of probiotics appears to have a beneﬁcial role in the management of glucose homeostasis in
NAFLD patients. Furthermore, a uniﬁed standard for FBS
measuring should be set up and strictly enforced by future
related researches.
High liver fat content leads to increased serum fatty acids,
but our results suggested a negative association between
probiotics and lipid proﬁles. After the subgroup analysis
by probiotic strains, eﬀects of probiotics on the levels of
HDL-C, LDL-C, and TC were only detected in few certain
conditions. A previous meta-analysis of 30 clinical trials conducted by Cho and Kim [57] reported that there was no sig-

niﬁcant eﬀect of probiotics on HDL-C or TG, while the
eﬀects of probiotics on TC and LDL-C depended on variety
of factors, for example, baseline of TC level, treatment durations, and certain probiotic strains, which was also conﬁrmed
by Shimizu et al. [58]. The superiority of above meta-analyses
is that they included more RCTs and performed more particular analyses, which is convincing. However, populations
included in these meta-analyses were not restrict to NAFLD
patients which might lead to confusion. Although there are
theories for the eﬀect of probiotics on regulating lipid proﬁles
[59–61], a strong evidence on the eﬀect of probiotics in
NAFLD patients is absence currently. Studies included in
our meta-analysis are still heterogeneous, although we had
performed the subgroup analysis and meta-regression. We
reserved about the eﬀects of probiotics on the regulation of
lipid proﬁles in NAFLD patients and suggest that they may
not as eﬀective as reported before. A range of confounding
factors (region, baseline of TC level, treatment durations,
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and certain probiotic strains) which could disturb the results
of lipid proﬁles were credited and should be taken notice in
further clinical trials.
Some researchers proposed a “three-hit” theory to
explain the development of NAFLD, including steatosis, lipotoxicity, and inﬂammation [62]. Steatosis results in increased
signaling of NF-κβ and promotes a production of proinﬂammatory mediators like Tnf-α, which contribute to the recruitment and activation of Kupﬀer cells to mediate inﬂammation
in NAFLD [63–65]. Our results suggested that probiotics had
no signiﬁcant eﬃcacy in inﬂammation factors, but the sensitivity analysis results showed a reversed conclusion when we
excluded the study by Eslamparast et al. [27]. After we reread
the item, we think it is a high-quality RCT and cannot be
excluded, which demonstrated that our conclusion on Tnfα was instable. Little systematic review or meta-analysis has
been performed regarding the role of probiotics in inﬂammation factors in NAFLD patients. Zarrati et al. [66] suggested
that the expression of Tnf-α did not change with the use of
probiotic yogurt. But Sepideh et al. [40] gave a signiﬁcant
result. Meta-analysis by Gao et al. [49] included four homogeneous studies indicated that probiotics had a positive eﬀect
in reducing Tnf-α levels in NAFLD patients, which may be a
reference. In all, we think there is no strong evidence to conﬁrm the eﬀect of probiotics on inﬂammation factors, while
more clinical trials are needed.
It should be noticed that the diversity of probiotic intervention employed by the diﬀerent studies may result in confounding, which is important because lots of publications
have proved that diﬀerent species of probiotics may promote
opposing eﬀects in human beings [67]. However, complex
existing data including doses, durations, pharmaceutical formulations, and combination of treatment diﬀered in each
study are diﬃcult to reconcile. Still, we found that probiotics
utilized in the included studies overlapped signiﬁcantly,
which were mainly characteristics by Lactobacillus or Biﬁdobacterium strains, or their combinations. To explore the
eﬀect of diﬀerent probiotic strains, we conducted the subgroup analyses according to diﬀerent probiotic formulations
utilized (Figures 4–7). Interestingly, we found that Biﬁdobacterium spp. seems to perform a better eﬀect than Lactobacillus spp. However, giving the fact that standardization
in the form and course of currently marketed probiotic
supplements is absence, it is diﬃcult to perform direct
comparisons between these formulations. But on the other
hand, we think it is reasonable to accept the biological plausibility of probiotics for their positive eﬀects according to
previous clinical trials. In total, our results could not reach
yield speciﬁc insights for the formulations or duration in
the utilized of probiotics in NAFLD treatments. It is important and meaningful to obtain more in-depth comprehension in the role of gut microbiota in the pathogenesis of
NAFLD, which may contribute to a recognized probiotic
formulation and application method or achieve the more
attractive individualized treatment.
No serious adverse event related to the administration of
probiotics was found in this review. However, the trials
included in this review excluded NAFLD patients with
underlying conditions such as hepatitis B, hepatitis C, auto-
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immune hepatitis, liver decompensation, and genetic liver
disease so that the side eﬀect of probiotics in NAFLD patients
with above diseases is unknown.
Limitations of our review, which are inherent to the
nature of the individual studies and meta-analysis, need to
be mentioned as well. (1) There was high unexplained heterogeneity among studies. To tackle this issue, a random
eﬀects model and sensitive analysis were applied to minimize
the disturb of heterogeneity. Furthermore, the subgroup
analysis and meta-regression were performed to ﬁnd potential sources of heterogeneity. (2) Regardless of positive ﬁndings above, all the endpoints in these studies are surrogate
outcome, not a hard endpoint (e.g., mortality). Considering
the fact that it is impractical to perform large and long clinical trials to identify the treatment-related clinical beneﬁts of
probiotics due to the slow nature progressive of NAFLD, it
is logical to assume the reduction of surrogate markers translates into reduction of cirrhosis, or liver-related mortality,
while liver biopsy oﬀers the best surrogate measure. But little
study in our meta-analysis performed a histological feature
because of the invasive in liver biopsy, which decreases the
quality of evidence. (3) Literatures published in languages
except English and Chinese were not detected, which result
in selection bias.
BMI, ALT, AST, glycemic indices, TG, and TC showed at
least moderate-quality evidence, while HDL-C, LDL-C, and
Tnf-α suggested low or very low-quality evidence, which is
mainly based on the small quantity of individuals included
and high heterogeneity. To increase the quality of the summarized evidence, we strongly recommend that further
clinical trials should pay more attention on indexes of liver
ﬁbrosis and inﬂammation factors. Despite limitations, this
review provides an in-depth assessment of the eﬀect of probiotics in NAFLD patients. As a ﬁnal observation, since
probiotics is aﬀordable, widely available, and safe, we
encourage NAFLD patients with obesity, abnormality liver
enzymology, or hyperglycemia to use probiotics as a complementary therapeutic approach.
In conclusion, our meta-analysis clearly identiﬁes probiotics as a common complementary therapeutic approach in
NAFLD patients, which warrants attention. We clariﬁed that
probiotics is superior to placebo in improving BMI, liver
enzymology, and hyperglycemia in NAFLD patients. Furthermore, more RCTs, particularly investigate indexes of
liver ﬁbrosis and inﬂammation factors, are warranted to further establish a more comprehensive assessment on the eﬃcacy of probiotics in NAFLD patients, which would inform
the development of relative practice guidelines in the future.

Conflicts of Interest
The authors declare that there is no conﬂict of interest
regarding the publication of this paper.

Authors’ Contributions
Zhao-Hua Shen drew up the searching strategies. MengWei Xiao and Shi-Xin Lin performed literature search
and extracted data. Wei-Wei Luo performed the statistical

Gastroenterology Research and Practice
analyses. Xiao-Yan Wang involved in drafting and revising
the manuscript. All authors approved the ﬁnal version of
the manuscript and agreed to be accountable for all aspects
of the work.

Acknowledgments
This work was supported by the National Natural Science
Foundation of China, Grant/Award Numbers: 81670504
and 81472287, and the Innovation Training for College Students of Hunan Province (S201910533489).

Supplementary Materials
Electronic Supplementary Information (ESI) available. Supplemental Table 1: the checklist of PRISMA statement.
Figure S1: more details on search strategy, supplementary
data of body mass index. Figure S2: supplementary data of
alanine aminotransferase. Figure S3: supplementary data of
aspartate transaminase. Figure S4: supplementary data of
fasting blood sugar. Figure S5: supplementary data of insulin. Figure S6: supplementary data of homeostasis model
assessment-insulin resistance. Figure S7: supplementary data
of triglycerides. Figure S8: supplementary data of total cholesterol. Figure S9: supplementary data of tumor necrosis
factor. Supplemental Table 2: evidence quality assessment.
Figure S10: forest plots of comparison for the eﬀects of probiotics in NAFLD patients. This material is available free of
charge via the Internet at DOI: x0xx00000x. (Supplementary
Materials)

17

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

References
[1] N. Sattar, E. Forrest, and D. Preiss, “Non-alcoholic fatty liver
disease,” BMJ, vol. 349, article g4596, 2014.
[2] N. Chalasani, Z. Younossi, J. E. Lavine et al., “The diagnosis
and management of nonalcoholic fatty liver disease: practice
guidance from the American Association for the Study of Liver
Diseases,” Hepatology, vol. 67, no. 1, pp. 328–357, 2018.
[3] Z. M. Younossi, A. B. Koenig, D. Abdelatif, Y. Fazel, L. Henry,
and M. Wymer, “Global epidemiology of nonalcoholic fatty
liver disease-meta-analytic assessment of prevalence, incidence, and outcomes,” Hepatology, vol. 64, no. 1, pp. 73–84,
2016.
[4] A. M. Diehl and C. Day, “Cause, pathogenesis, and treatment
of nonalcoholic steatohepatitis,” The New England Journal of
Medicine, vol. 377, no. 21, pp. 2063–2072, 2017.
[5] J. C. Cohen, J. D. Horton, and H. H. Hobbs, “Human fatty liver
disease: old questions and new insights,” Science, vol. 332,
no. 6037, pp. 1519–1523, 2011.
[6] O. Cai, Z. Huang, M. Li, C. Zhang, F. Xi, and S. Tan, “Association between Helicobacter pylori Infection and Nonalcoholic
Fatty Liver Disease: A Single-Center Clinical Study,” Gastroenterology Research and Practice, vol. 2018, Article ID 8040262,
6 pages, 2018.
[7] F. Marra and G. Svegliati-Baroni, “Lipotoxicity and the gutliver axis in NASH pathogenesis,” Journal of Hepatology,
vol. 68, no. 2, pp. 280–295, 2018.
[8] D. Moher, A. Liberati, J. Tetzlaﬀ, D. G. Altman, and PRISMA
Group, “Preferred reporting items for systematic reviews and

[18]

[19]

[20]

[21]

[22]

[23]

meta-analyses: the PRISMA statement,” Annals of Internal
Medicine, vol. 151, no. 4, pp. 264–269, 2009.
J. Bowden, G. Davey Smith, P. C. Haycock, and S. Burgess,
“Consistent estimation in Mendelian randomization with
some invalid instruments using a weighted median estimator,”
Genetic Epidemiology, vol. 40, no. 4, pp. 304–314, 2016.
S. Duval and R. Tweedie, “Trim and ﬁll: a simple funnel-plotbased method of testing and adjusting for publication bias in
meta-analysis,” Biometrics, vol. 56, no. 2, pp. 455–463, 2000.
A. R. Jadad, R. A. Moore, D. Carroll et al., “Assessing the quality of reports of randomized clinical trials: is blinding necessary?,” Controlled Clinical Trials, vol. 17, no. 1, pp. 1–12, 1996.
J. P. T. Higgins, D. G. Altman, P. C. Gotzsche et al., “The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials,” BMJ, vol. 343, article d5928, 2011.
S. E. Brockwell and I. R. Gordon, “A comparison of statistical
methods for meta-analysis,” Statistics in Medicine, vol. 20,
no. 6, pp. 825–840, 2001.
J. P. Higgins, S. G. Thompson, J. J. Deeks, and D. G. Altman,
“Measuring inconsistency in meta-analyses,” BMJ, vol. 327,
no. 7414, pp. 557–560, 2003.
J. Y. Dong, L. Zhang, Y. H. Zhang, and L. Q. Qin, “Dietary glycaemic index and glycaemic load in relation to the risk of type
2 diabetes: a meta-analysis of prospective cohort studies,” The
British Journal of Nutrition, vol. 106, no. 11, pp. 1649–1654,
2011.
G. Guyatt, A. D. Oxman, E. A. Akl et al., “GRADE guidelines:
1. Introduction—GRADE evidence proﬁles and summary of
ﬁndings tables,” Journal of Clinical Epidemiology, vol. 64,
no. 4, pp. 383–394, 2011.
S. M. Abdel Monem, “Probiotic therapy in patients with nonalcoholic steatohepatitis in Zagazig University hospitals,”
Euroasian Journal of Hepato-Gastroenterology, vol. 7, no. 1,
pp. 101–106, 2017.
A. Shavakhi, M. Minakari, H. Firouzian, R. Assali,
A. Hekmatdoost, and G. Ferns, “Eﬀect of a probiotic and metformin on liver aminotransferases in non-alcoholic steatohepatitis: a double blind randomized clinical trial,” International
Journal of Preventive Medicine, vol. 4, no. 5, pp. 531–537, 2013.
S. B. Ahn, D. W. Jun, B. K. Kang, J. H. Lim, S. Lim, and M. J.
Chung, “Randomized, double-blind, placebo-controlled study
of a multispecies probiotic mixture in nonalcoholic fatty
liver disease,” Scientiﬁc Reports, vol. 9, no. 1, article 5688,
2019.
A. Alisi, G. Bedogni, G. Baviera et al., “Randomised clinical
trial: the beneﬁcial eﬀects of VSL#3 in obese children with
non-alcoholic steatohepatitis,” Alimentary Pharmacology &
Therapeutics, vol. 39, no. 11, pp. 1276–1285, 2014.
R. Aller, D. A. de Luis, O. Izaola et al., “Eﬀect of a probiotic on
liver aminotransferases in nonalcoholic fatty liver disease
patients: a double blind randomized clinical trial,” European
Review for Medical and Pharmacological Sciences, vol. 15,
no. 9, pp. 1090–1095, 2011.
A. Asgharian, G. Askari, A. Esmailzade, A. Feizi, and
V. Mohammadi, “The eﬀect of symbiotic supplementation
on liver enzymes, C-reactive Protein and Ultrasound Findings
in Patients with Non-alcoholic Fatty Liver Disease: A Clinical
Trial,” International Journal of Preventive Medicine, vol. 7,
no. 1, p. 59, 2016.
F. Bakhshimoghaddam, K. Shateri, M. Sina, M. Hashemian,
and M. Alizadeh, “Daily consumption of synbiotic yogurt

18

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Gastroenterology Research and Practice
decreases liver steatosis in patients with nonalcoholic fatty
liver disease: a randomized controlled clinical trial,” The Journal of Nutrition, vol. 148, no. 8, pp. 1276–1284, 2018.
V. Behrouz, S. Jazayeri, N. Aryaeian, M. J. Zahedi, and
F. Hosseini, “Eﬀects of probiotic and prebiotic supplementation
on leptin, adiponectin, and glycemic parameters in nonalcoholic fatty liver disease: a randomized clinical trial,” Middle
East Journal of Digestive Diseases, vol. 9, no. 3, pp. 150–157,
2017.
M. Cakir, A. Aksel Isbilen, I. Eyupoglu et al., “Eﬀects of longterm synbiotic supplementation in addition to lifestyle
changes in children with obesity-related non-alcoholic fatty
liver disease,” Turkish Journal of Gastroenterology, vol. 28,
no. 5, pp. 377–383, 2017.
G. Ekhlasi, R. K. Mohammadi, S. Agah et al., “Do symbiotic
and vitamin E supplementation have favorite eﬀects in nonalcoholic fatty liver disease? A randomized, double-blind,
placebo-controlled trial,” Journal of Research in Medical Sciences, vol. 21, no. 1, p. 106, 2016.
T. Eslamparast, H. Poustchi, F. Zamani, M. Sharafkhah,
R. Malekzadeh, and A. Hekmatdoost, “Synbiotic supplementation in nonalcoholic fatty liver disease: a randomized,
double-blind, placebo-controlled pilot study,” The American
Journal of Clinical Nutrition, vol. 99, no. 3, pp. 535–542,
2014.
F. Famouri, Z. Shariat, M. Hashemipour, M. Keikha, and
R. Kelishadi, “Eﬀects of probiotics on nonalcoholic fatty liver
disease in obese children and adolescents,” Journal of Pediatric
Gastroenterology and Nutrition, vol. 64, no. 3, pp. 413–417,
2017.
S. M. Ferolla, C. Couto, L. Costa-Silva et al., “Beneﬁcial eﬀect of
synbiotic supplementation on hepatic steatosis and anthropometric parameters, But Not on Gut Permeability in a Population with Nonalcoholic Steatohepatitis,” Nutrients, vol. 8,
no. 7, p. 397, 2016.
W. Guo, M. Gao, W. Li, C. Peng, H. Xie, and Y. Tan, “Therapeutic eﬀect of metformin combined with Biﬁdobacterium triple viable capsule on non-alcoholic fatty liver disease,” Chinese
Journal of New Drugs, vol. 25, no. 4, pp. 439–442, 2016.
L. Javadi, M. Ghavami, M. Khoshbaten, A. Safaiyan,
A. Barzegari, and B. Pourghassem Gargari, “The eﬀect of probiotic and/or prebiotic on liver function tests in patients with
nonalcoholic fatty liver disease: a double blind randomized
clinical trial,” Iranian Red Crescent Medical Journal, vol. 19,
no. 4, 2017.
Y. Jiang and L. Li, “Clinical study of microecological preparation combined with polyene phosphatidylcholine in the treatment of non-alcoholic fatty liver disease,” University of South
China, vol. 7, no. 11, pp. 365–370, 2015.
N. Kobyliak, L. Abenavoli, G. Mykhalchyshyn et al., “A multistrain probiotic reduces the fatty liver index, cytokines and
aminotransferase levels in NAFLD patients: evidence from a
randomized clinical trial,” Journal of Gastrointestinal and
Liver diseases, vol. 27, no. 1, pp. 41–49, 2018.
D. Lu, D. Gong, H. Liao, and J. Z. Mai, “Eﬃcacy of Biﬁdobacterium quadruple viable bacteria in the treatment of nonalcoholic fatty liver disease,” Guangdong Medicine, vol. 37, no. 8,
pp. 1221-1222, 2016.
M. Malaguarnera, M. Vacante, T. Antic et al., “Biﬁdobacterium
longum with fructo-oligosaccharides in patients with non alcoholic steatohepatitis,” Digestive Diseases and Sciences, vol. 57,
no. 2, pp. 545–553, 2012.

[36] E. Manzhalii, O. Virchenko, T. Falalyeyeva, T. Beregova, and
W. Stremmel, “Treatment eﬃcacy of a probiotic preparation
for non-alcoholic steatohepatitis: a pilot trial,” Journal of
Digestive Diseases, vol. 18, no. 12, pp. 698–703, 2017.
[37] A. Miccheli, G. Capuani, F. Marini et al., “Urinary 1H-NMRbased metabolic proﬁling of children with NAFLD undergoing
VSL3 treatment,” International Journal of Obesity, vol. 39,
no. 7, pp. 1118–1125, 2015.
[38] F. Moﬁdi, H. Poustchi, Z. Yari et al., “Synbiotic supplementation in lean patients with non-alcoholic fatty liver disease: a
pilot, randomised, double-blind, placebo-controlled, clinical
trial,” The British Journal of Nutrition, vol. 117, no. 5,
pp. 662–668, 2017.
[39] S. Nabavi, M. Rafraf, M. H. Somi, A. Homayouni-Rad, and
M. Asghari-Jafarabadi, “Probiotic yogurt improves body mass
index and fasting insulin levels without aﬀecting serum leptin
and adiponectin levels in non-alcoholic fatty liver disease
(NAFLD),” Journal of Functional Foods, vol. 18, pp. 684–691,
2015.
[40] A. Sepideh, P. Karim, A. Hossein et al., “Eﬀects of multistrain
probiotic supplementation on glycemic and inﬂammatory
indices in patients with nonalcoholic fatty liver disease: a
double-blind randomized clinical trial,” Journal of the American College of Nutrition, vol. 35, no. 6, pp. 500–505, 2016.
[41] P. Vajro, C. Mandato, M. R. Licenziati et al., “Eﬀects of Lactobacillus rhamnosus strain GG in pediatric obesity-related liver
disease,” Journal of Pediatric Gastroenterology and Nutrition,
vol. 52, no. 6, pp. 740–743, 2011.
[42] V. W. S. Wong, G. L. H. Wong, A. M. L. Chim et al., “Treatment
of nonalcoholic steatohepatitis with probiotics. A proof-ofconcept study,” Annals of Hepatology, vol. 12, no. 2, pp. 256–
262, 2013.
[43] L. H. Yang, H. Guo, J. Cai, X. W. Cai, G. L. Liu, and D. F. Chen,
“Intervention eﬀect of microbiological capsules containing
Bacillus subtilis and Enterococcus on intestinal ﬂora in
patients with NASH,” World Chinese Journal of Digestology,
vol. 20, no. 20, pp. 1873–1878, 2012.
[44] H. Yao, W. X. Chen, W. Chen, J. Sun, and Q. Sun, “Clinical
study of probiotics in the treatment of nonalcoholic fatty liver
disease,” Chinese Journal of Gastroenterology and Hepatology,
vol. 22, no. 3, pp. 221–223, 2013.
[45] L. Brodosi, F. Marchignoli, M. L. Petroni, and G. Marchesini,
“NASH: a glance at the landscape of pharmacological treatment,” Annals of Hepatology, vol. 15, no. 5, pp. 673–681,
2016.
[46] G. Lassailly, R. Caiazzo, F. Pattou, and P. Mathurin, “Perspectives on treatment for nonalcoholic steatohepatitis,” Gastroenterology, vol. 150, no. 8, pp. 1835–1848, 2016.
[47] G. E. Chung, J. Y. Yim, D. Kim et al., “Associations between
white blood cell count and the development of incidental nonalcoholic fatty liver disease,” Gastroenterology Research and
Practice, vol. 2016, Article ID 7653689, 6 pages, 2016.
[48] F. Åberg, J. Helenius-Hietala, P. Puukka, M. Färkkilä, and
A. Jula, “Interaction between alcohol consumption and metabolic syndrome in predicting severe liver disease in the
general population,” Hepatology, vol. 67, no. 6, pp. 2141–
2149, 2018.
[49] X. Gao, Y. Zhu, Y. Wen, G. Liu, and C. Wan, “Eﬃcacy of
probiotics in non-alcoholic fatty liver disease in adult and
children: a meta-analysis of randomized controlled trials,”
Hepatology Research, vol. 46, no. 12, pp. 1226–1233, 2016.

Gastroenterology Research and Practice
[50] J. P. Chouraqui, D. Grathwohl, J. M. Labaune et al., “Assessment of the safety, tolerance, and protective eﬀect against diarrhea of infant formulas containing mixtures of probiotics or
probiotics and prebiotics in a randomized controlled trial,”
The American Journal of Clinical Nutrition, vol. 87, no. 5,
pp. 1365–1373, 2008.
[51] T. Dror, Y. Dickstein, G. Dubourg, and M. Paul, “Microbiota
manipulation for weight change,” Microbial Pathogenesis,
vol. 106, pp. 146–161, 2017.
[52] Y. Y. Ma, L. Li, C. H. Yu, Z. Shen, L. H. Chen, and Y. M. Li,
“Eﬀects of probiotics on nonalcoholic fatty liver disease: a
meta-analysis,” World Journal of Gastroenterology, vol. 19,
no. 40, pp. 6911–6918, 2013.
[53] A. Nursalim, U. U. Madina, and C. R. Lesmana, “The role of
probiotic in reducing hepatic inﬂammation among NAFLD
patients: an evidence-based case report,” Acta Medica Indonesiana, vol. 48, no. 4, pp. 327–334, 2016.
[54] R. S. Lo, A. S. Austin, and J. G. Freeman, “Is there a role for
probiotics in liver disease?,” The Scientiﬁc World Journal,
vol. 2014, Article ID 874768, 7 pages, 2014.
[55] R. J. Wong, B. Liu, and T. Bhuket, “Signiﬁcant burden of nonalcoholic fatty liver disease with advanced ﬁbrosis in the US: a
cross-sectional analysis of 2011-2014 National Health and
Nutrition Examination Survey,” Alimentary Pharmacology &
Therapeutics, vol. 46, no. 10, pp. 974–980, 2017.
[56] N. Hossain, P. Kanwar, and S. R. Mohanty, “A comprehensive
updated review of pharmaceutical and nonpharmaceutical
treatment for NAFLD,” Gastroenterology Research and Practice, vol. 2016, Article ID 7109270, 17 pages, 2016.
[57] Y. A. Cho and J. Kim, “Eﬀect of probiotics on blood lipid concentrations: a meta-analysis of randomized controlled trials,”
Medicine, vol. 94, no. 43, article e1714, 2015.
[58] M. Shimizu, M. Hashiguchi, T. Shiga, H. O. Tamura, and
M. Mochizuki, “Meta-analysis: eﬀects of probiotic supplementation on lipid proﬁles in normal to mildly hypercholesterolemic individuals,” PLoS One, vol. 10, no. 10, article
e0139795, 2015.
[59] G. B. Kim, S. H. Yi, and B. H. Lee, “Puriﬁcation and characterization of three diﬀerent types of bile salt hydrolases from
Biﬁdobacterium strains,” Journal of Dairy Science, vol. 87,
no. 2, pp. 258–266, 2004.
[60] M. T. Liong, F. R. Dunshea, and N. P. Shah, “Eﬀects of a
synbiotic containing Lactobacillus acidophilus ATCC 4962 on
plasma lipid proﬁles and morphology of erythrocytes in hypercholesterolaemic pigs on high- and low-fat diets,” The British
Journal of Nutrition, vol. 98, no. 4, pp. 736–744, 2007.
[61] J. Tan, C. McKenzie, M. Potamitis, A. N. Thorburn, C. R.
Mackay, and L. Macia, “Chapter Three - The role of shortchain fatty acids in health and disease,” Advances in Immunology, vol. 121, pp. 91–119, 2014.
[62] E. Cobbina and F. Akhlaghi, “Non-alcoholic fatty liver disease
(NAFLD) – pathogenesis, classiﬁcation, and eﬀect on drug
metabolizing enzymes and transporters,” Drug Metabolism
Reviews, vol. 49, no. 2, pp. 197–211, 2017.
[63] N. S. Patel, M. R. Peterson, G. Y. Lin et al., “Insulin resistance increases MRI-estimated pancreatic fat in nonalcoholic
fatty liver disease and normal controls,” Gastroenterology
Research and Practice, vol. 2013, Article ID 498296, 8 pages,
2013.
[64] S. Joshi-Barve, S. S. Barve, K. Amancherla et al., “Palmitic acid
induces production of proinﬂammatory cytokine interleukin-

19
8 from hepatocytes,” Hepatology, vol. 46, no. 3, pp. 823–830,
2007.
[65] T. Sugita, K. Amano, M. Nakano, N. Masubuchi, M. Sugihara,
and T. Matsuura, “Analysis of the serum bile acid composition
for diﬀerential diagnosis in patients with liver disease,” Gastroenterology Research and Practice, vol. 2015, Article ID 717431,
10 pages, 2015.
[66] M. Zarrati, E. Salehi, K. Nourijelyani et al., “Eﬀects of probiotic
yogurt on fat distribution and gene expression of proinﬂammatory factors in peripheral blood mononuclear cells in overweight and obese people with or without weight-loss diet,”
Journal of the American College of Nutrition, vol. 33, no. 6,
pp. 417–425, 2014.
[67] Z. H. Davidovics, S. Michail, M. R. Nicholson et al., “Fecal
microbiota transplantation for recurrent Clostridium diﬃcile
infection and other conditions in children: a joint position
paper from the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition and the European
Society for Pediatric Gastroenterology, Hepatology, and
Nutrition,” Journal of Pediatric Gastroenterology and Nutrition, vol. 68, no. 1, pp. 130–143, 2019.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

