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ABSTRACT
Nonalcoholic fatty liver disease (NAFLD) is a common chronic liver disease. The present study 
explores the clinical efficacy of probiotics in the treatment of patients with NAFLD by conducting 
a systematic search of relevant databases. The RevMan 5.4 software was used to evaluate the 
effects of probiotics on liver function (i.e. alanine aminotransferase [ALT], aspartate aminotrans-
ferase [AST], gamma-glutamyl transferase [GGT], lipid metabolism, blood glucose, inflammatory 
factors [e.g. tumor necrosis factor-α, TNF-α] and body mass index [BMI]) in patients with NAFLD. 
A total of 18 high-quality studies were included in the final meta-analysis. The results of the meta- 
analysis showed that the use of probiotics in the adjuvant treatment of patients with NAFLD 
improved liver function and reduced ALT levels (mean difference [MD]: −0.07; 95% confidence 
interval [CI]: −12.95, −7.19), AST levels (MD: −11.90; 95% CI: −16.55, −7.25) and GGT levels (MD: 
−8.61; 95% CI: −14.74, −2.48); additionally, the treatment effect was more obvious when the 
treatment time exceeded 12 weeks. Probiotic therapy reduced patients’ triglyceride levels (MD: 
−9.71; 95% CI: −18.39, −1.03) and total cholesterol levels (MD: −22.31; 95% CI: −25.41, −19.21). 
Probiotic treatment improved patients’ levels of fasting blood (MD: −8.22; 95% CI: −12.25, −4.20), 
insulin (MD: −2.68; 95% CI: −4.94, −0.41) and insulin resistance (MD: −0.72; 95% CI: −1.21, −0.24). 
Probiotic adjuvant therapy for patients with NAFLD reduced their BMI by approximately 1.67 (95% 
CI: −2.93, −0.41) and TNF-α levels. The adjuvant treatment of NAFLD with probiotics has a positive 
clinical effect, which is influenced by treatment time.
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1 Introduction

Nonalcoholic fatty liver disease (NAFLD) is an 
acquired stress liver disease caused by excessive 

fat deposition in hepatocytes in addition to injury 
induced by alcohol and other causes [1]. With the 
global improvement in living standards and the 
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prevalence of obesity and metabolic syndrome, 
NAFLD has become a common chronic liver dis-
ease across the world and has attracted wide atten-
tion from all circles of society. According to 
a meta-analysis of global NAFLD in 22 countries, 
the prevalence rate of global NAFLD is 25.2%, and 
the mortality rate is 11.77% [2]. In addition, stu-
dies on NAFLD in China showed that its preva-
lence in China is not optimistic. Large-sample 
epidemiological survey results revealed that the 
prevalence of NAFLD in China is higher than in 
Europe and the United States; it surged from 
25.4% in 2008–2010 to 32.3% in 2015–2018 [3]. 
Thus, without timely and effective treatment, 
NAFLD will become a major threat to the health 
of global citizens.

However, the exact pathogenesis of NAFLD has not 
been fully elucidated, and there is a lack of effective 
prevention and treatment measures. A study revealed 
that patients with NAFLD had an increased abun-
dance of Anaerococcus (Actinobacteria), 
Ruminococcus (Firmicutes), Peptoniphilus 
(Firmicutes), Dorea (Firmicutes), Bradyrhizobium 
(Proteobacteria) and Propionibacterium acnes 
(Actinobacteria) but a reduced abundance of 
Rikenellaceae (Bacteroidetes) and Oscillospira 
(Firmicutes) [4]. In addition, studies have shown 
that intestinal flora imbalance of various causes, 
including dietary factors, can lead to decreased intest-
inal mucosal barrier function and increased inflam-
matory factors, thereby affecting liver metabolism and 
function via the gut – liver axis and promoting the 
occurrence and development of NAFLD [5,6]. As 
active microorganisms, probiotics can improve the 
intestinal microbial system and promote healthy out-
comes in the host when they are used in sufficient 
quantities [7]. A large number of animal experiments 
have found that an intake of probiotics (e.g. 
Lactobacillus, Bifidobacterium, Streptococcus, 
Enterococcus, Bacillus and Saccharomyces) can 
improve liver steatosis in animals with NAFLD and 
promote normal liver function, indicating that pro-
biotics can prevent the occurrence and development 
of NAFLD by maintaining the balance of intestinal 
flora [8–10]. In recent years, several clinical trials have 
explored the effects of probiotics on liver function, 
blood glucose and lipid metabolism in patients with 
NAFLD, but the conclusions remain controversial.

Therefore, this study aimed to systematically 
retrieve relevant Chinese and English databases 
and evaluate the clinical effect of probiotics in 
the adjuvant treatment of patients with NAFLD 
via a meta-analysis to provide a scientific theore-
tical basis for the use of probiotics in the treatment 
of NAFLD.

2 Materials and methods

2.1 Search strategy

Following the PRISMA guidebook [11], 
a systematic literature search of the PubMed, 
Embase, Cochrane Library, Web of Science, 
Cumulative Index to Nursing and Allied Health 
Literature, China National Knowledge 
Infrastructure, Wanfang and VIP databases was 
performed from the date of inception of the data-
bases to 31 March 2022. A search strategy combin-
ing subject headings and free words was used. The 
search terms included ‘nonalcoholic fatty liver dis-
ease,’ ‘NAFLD,’ ‘nonalcoholic steatohepatitis,’ ‘pro-
biotics’ and ‘Lactobacillus.’ The term ‘randomized 
controlled trials’ (RCTs) and RCT synonyms of 
each term were also used. The target literature was 
obtained by reading the relevant systematic review.

2.1 Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) patients 
with NAFLD who were examined by liver biopsy 
or ultrasound; (2) patients in the experimental 
group who underwent probiotic treatment without 
dose limitation; (3) patients in the control group 
who received conventional treatment with non- 
probiotics, a placebo or a blank control; (4) 
patients with outcome indicators including alanine 
aminotransferase (ALT), aspartate aminotransfer-
ase (AST), gamma-glutamyl transferase (GGT), 
low-density lipoprotein (LDL) cholesterol, trigly-
ceride (TG), fasting blood glucose, insulin, insulin 
resistance, body mass index (BMI) and tumor 
necrosis factor-α (TNF-α); and (5) only patients 
who were in RCTs.

The exclusion criteria were as follows: (1) 
patients with hepatic steatosis or hepatic fibrosis 
caused by viral hepatitis, autoimmune hepatitis, 
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drug hepatitis or genetics; (2) non-demographic 
studies; (3) conference articles, case reports, sys-
tematic reviews and other research types; (4) stu-
dies with insufficient outcome information that 
could not be analyzed; (5) repeated reports of 
literature research; and (6) incomplete research 
articles.

2.3 Study selection and data extraction

Two reviewers independently reviewed the 
abstracts and full text of each article according to 
the inclusion and exclusion criteria. In the case of 
discrepancies between the two reviewers, a third 
reviewer was recruited for discussion until 
a consensus was achieved. After the literature 
screening, two reviewers independently extracted 
the following information: first author, publication 
time, country, demographic characteristics of sub-
jects, probiotic treatment scheme and the mean 
and standard deviation of the outcome indicators. 
If only the median and range were reported in the 
literature, the data were further converted into the 
form of mean and standard deviation [12].

2.4 Assessment of methodological quality

The Cochrane Collaboration risk assessment tool 
[13] was used to evaluate the quality of the litera-
ture. The method was evaluated from the perspec-
tives of the random distribution method, 
allocation concealment, the blind method, integ-
rity of the results data, selective reporting of 
research results and other sources of bias.

2.5 Statistical analysis

The RevMan 5.3 software was used for the statistical 
analysis. The effect of the numeration data and the 
measurement data were expressed using the mean 
difference (MD), and the 95% confidence interval 
(CI) was used to estimate the interval range of the 
effect. A heterogeneity test was used to determine 
the degree of heterogeneity according to I2 [14]. If 
I2<50% or p > 0.1, the included literature was con-
sidered homogeneous, and the fixed-effect model 
(Mantel – Haenszel) was used for analysis; if 

I2>50% or p ≤ 0.1, the included studies were 

considered heterogeneous, and the random-effect 
model (Der Simonian – Laird) was used for analysis. 
If the heterogeneity was large, subgroup and sensi-
tivity analyses were used to explore the source of the 
heterogeneity. A value of p < 0.05 indicated that the 
difference was statistically significant.

3 Results

Nonalcoholic fatty liver disease is an increasing 
threat to human health. This study aimed to 
explore the clinical efficacy of probiotics in the 
treatment of NAFLD through a meta-analysis. 
Based on the systematic analysis of 18 pieces of 
literature that met the criteria of this study, the 
results showed that the use of probiotics in the 
adjuvant treatment of patients with NAFLD can 
improve the levels of fasting blood glucose and 
insulin, along with insulin resistance and liver 
function (i.e. it can reduce the levels of ALT, 
AST and GGT). In addition, probiotic treatment 
can reduce patients’ TG, total cholesterol and 
TNF-α levels and lower their BMI. The longer 
the treatment time, the more significant the effect.

3.1 Study characteristics

After systematic retrieval and screening, 18 pieces 
of literature met the present study’s inclusion and 
exclusion criteria [15–32]. The flow chart for lit-
erature retrieval and screening is shown in 
Figure 1. Eighteen studies involved 1,136 patients 
with NAFLD. Ultrasound examination was the 
most commonly used diagnostic criterion. A total 
of 14 studies used ultrasound examination, and 
liver biopsy was used for diagnosis. The research 
subjects of two studies were children, and the 
other research subjects were adults. The probiotics 
mainly included Lactobacillus, Bifidobacterium, 
Streptococcus and Enterococcus. The shortest treat-
ment time was 1 month, and the longest treatment 
time was 1 year. Detailed basic features of the 
included studies are shown in Table 1.

3.2 Literature quality evaluation

The results of the literature quality evaluation 
showed that the 18 studies included were of high 
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quality, and the generation and outcome integrity 
of random sequences were the two aspects with 
the lowest bias risk. However, there was a certain 
risk of bias in the implementation of the blind law. 
The results of the literature quality evaluation are 
shown in Figures 2 and 3.

3.3 Effect of probiotics on liver function in 
patients with NAFLD

In 14, 12 and 5 studies, the results of liver 
function indexes (regarding ALT, AST and 
GGT, respectively) in patients with NAFLD 
after using probiotics were reported. The hetero-
geneity analysis of ALT indicators showed that 
the heterogeneity among the included studies 
was high (p < 0.00001), and the random-effect 
model was used for analysis. The subgroup ana-
lysis results (Figure 4) showed that the use of 
probiotics in the adjuvant treatment of NAFLD 
reduced ALT levels (MD: −10.07; 95% CI: −12. 
95, −7. 19), and the effect with more than 12  
weeks of treatment was more obvious (MD: − 20. 
28; 95% CI: −28.37, −12.19). However, the pre-
sent study did not find that 8 weeks of treatment 
had a positive effect on ALT levels (MD: −4.44; 
95% CI: −11.43, 2.56).

The results of the heterogeneity analysis of AST 
indicators showed that there was a high degree of 

heterogeneity among the included studies (p <  
0.00001). The random-effect model was used, and 
a subgroup analysis was performed. The meta- 
analysis results for AST (Figure 5) showed that 
the use of probiotics in patients with NAFLD 
could reduce AST levels (MD: −11.90; 95% CI: 
−16.55, −7.25). The subgroup analysis revealed 
that except for only one treatment time of 4  
weeks, the reduction in AST was related to the 
treatment time. When the treatment time 
exceeded 12 weeks, the AST levels of patients 
decreased by 22.38 (95% CI: −31.29, −13.47).

According to the heterogeneity test results of 
the GGT index (I2 = 99%, p < 0.00001), the ran-
dom-effect model was used for analysis. The 
results of the meta-analysis of GGT (Figure 6) 
showed that probiotics could reduce GGT levels 
in patients with NAFLD (MD: −8.61; 95% CI: 
−14.74, −2.48). In addition, the reduction in 
GGT after treatment for more than 12 weeks was 
significantly higher than the reduction after treat-
ment for 12 weeks.

3.4 Effect of probiotics on lipid metabolism in 
patients with NAFLD

A total of 7, 5 and 6 studies reported on the 
changes in lipid metabolism (regarding TG, LDL 
cholesterol and total cholesterol, respectively) in 

Figure 1. Flow chart of literature selection.
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patients with NAFLD after probiotic treatment. 
The heterogeneity test results for TG (I2 = 72%, p  
= 0.002) indicated that the homogeneity of the 
included studies was poor. The results were ana-
lyzed by the random-effect model. The subgroup 
analysis results for TG (Figure 7 a) showed that 
probiotic treatment could reduce patients’ TG 
levels (MD: −9.71; 95% CI: −18. 39, −1. 03); how-
ever, there were some differences between treat-
ment times. The effect of a treatment time of 12  
weeks and above on TG levels in patients with 
NAFLD was not statistically significant (12 WKS, 
p = 0.21; >12 WKS, p = 0.55).

The heterogeneity test results for LDL choles-
terol showed that there was a certain heterogeneity 
between the included studies (I2 = 69%, p = 0.01), 
and the random-effect model was used to calculate 
the combined effect. The meta-analysis results for 
LDL cholesterol (Figure 7 a) showed that probiotic 
treatment did not improve LDL cholesterol levels 
in patients (MD: −1.22; 95% CI: −9.75, 7.32); how-
ever, when the treatment time was 8 weeks, pro-
biotic treatment reduced LDL cholesterol (MD: 
−11.49; 95% CI: −21.38, −1.60).

The heterogeneity evaluation results of total 
cholesterol suggested that the included studies 
had good homogeneity (I2 = 0%, p = 0.57), and 
the fixed-effect model was used for evaluation. 
The meta-analysis of total cholesterol (Figure 7c) 
showed that after probiotic treatment, the total 
cholesterol level of patients with NAFLD 
decreased by−22.31 (95% CI: −25.41, −19.21), 
and different treatment times had the same effect.

3.5 Effect of probiotics on blood glucose in 
patients with NAFLD

A total of 5, 4 and 7 studies reported the effects of 
probiotics on blood glucose (regarding fasting 
blood glucose, insulin and insulin resistance, 
respectively) in patients with NAFLD. The hetero-
geneity evaluation results for fasting blood glucose 
(I2 = 0%, p = 0.83) showed that the heterogeneity 
among the included studies was low, and the 
fixed-effect model was used for evaluation. The 
results of the fasting blood glucose meta-analysis 
(Figure 8a) indicated that probiotic treatment 
improved the fasting blood glucose level in 
patients (MD: −8.22; 95% CI: −12. 25, −4.20).

The heterogeneity test results for insulin indica-
tors (I2 = 69%, p = 0.02) suggested that there was 
certain heterogeneity in the included studies, and 
the random-effect model was used for evaluation. 
The insulin meta-analysis results (Figure 8b) sug-
gested that probiotic treatment reduced insulin 
levels in patients (MD: −2.68; 95% CI: −4.94, 
−0.41), but when the treatment times were 8 and 
12 weeks, the improvement effect of probiotics on 
insulin in patients was not statistically significant.

The heterogeneity test results for insulin resis-
tance indicators (I2 = 93%, p = 0.0008) suggested 
that the heterogeneity among the included studies 
was high, and the random-effect model was used to 
calculate the combined effect. The subgroup analysis 
results for insulin resistance (Figure 8c) showed that 
heterogeneity was mainly derived from three studies 
with treatment times exceeding 12 weeks, and pro-

Figure 2. Quality evaluation results of included studies.
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biotic treatment had a positive effect on improving 
insulin resistance in patients (MD: −0.72; 95% CI: 
−1.21, −0.24); however, when the treatment time 
exceeded 12 weeks, the improvement effect of pro-
biotics on insulin resistance was not statistically 
significant (MD: −0.83; 95% CI: −2.08, 0.42).

3.6 Effect of probiotics on BMI and inflammatory 
factors in patients with NAFLD

The results for BMI and TNF-α in patients with 
NAFLD after using probiotics were reported in 8 
and 4 studies, respectively. The heterogeneity test 
results for BMI (I2 = 95%, p < 0.00001) meant that 
the random-effect model was used to calculate the 
combined effect. The results of the BMI subgroup 
analysis (Figure 9a) showed that the use of probio-
tics in the adjuvant treatment of patients with 
NAFLD reduced the BMI of patients by about 
1.67 (95% CI: −2.93, −0.41), and the effect of 
different treatment times was significantly differ-
ent. When the treatment time was 12 weeks, the 
positive effect of probiotics on BMI was statisti-
cally significant.

The heterogeneity test results for inflammatory 
factor TNF-α (I2 = 10%, p = 0.34) were evaluated 
using the fixed-effect model. The meta-analysis 
results for TNF-α (Figure 9b) showed that when 
the treatment time was 12 weeks or longer, pro-
biotic treatment reduced the TNF-α level in 
patients. The longer the treatment time, the more 
obvious the effect. The total combined effect was 
−1.26 (95% CI: −1.59, −0.93).

4 Discussion

In the present study, 18 high-quality RCTs were 
included in a meta-analysis. The components of 
the probiotics mainly included Lactobacillus, 
Bifidobacterium, Streptococcus and Enterococcus. 
The treatment duration ranged from 1 month to 
1 year. We focused on the effects of probiotics on 
liver function, lipid metabolism, blood glucose, 
BMI and inflammatory factors in patients with 
NAFLD. The results showed that probiotic treat-
ment had significantly positive effects on ALT, 
AST, GGT, TG, total cholesterol, fasting blood 
glucose, insulin, insulin resistance, BMI and 
TNF-α in patients with NAFLD; however, the 
positive effect of probiotics on LDL cholesterol 
was not statistically significant. In addition, the 
study found that treatment duration had 
a significant effect on clinical efficacy. Subgroup 
analyses were performed according to treatment 
times of 4, 8, 12 and 12+ weeks. The subgroup 

Figure 3. End map of risk of bias included in the study.
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analysis results showed that when the treatment 
time was longer than 12 weeks, the improvement 
in ALT, AST and GGT levels in patients with 
NAFLD was more significant. However, when the 
treatment time exceeded 12 weeks, the 

improvement effect of probiotics on TG, fasting 
blood glucose and insulin resistance was not sta-
tistically significant.

The mechanism between the duration of treat-
ment and clinical outcome is still unclear; 

Figure 4. Effect of probiotics on ALT (IU/L) in NAFLD patients.

Figure 5. Effect of probiotics on AST (IU/L) in NAFLD patients.
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however, the underlying relationship may be that 
prolonged probiotic treatment is more beneficial 
for the recovery of gut microbiota in patients with 
NAFLD [33].

Previous studies have shown that probiotics have 
significant therapeutic effects on patients with 
NAFLD. For instance, Liu et al. [34] showed that 
supplementing probiotics reduced AST levels in 
patients with NAFLD (MD: −13.11; 95% CI: 
−17.37, −8.85) as well as ALT levels (MD: −13. 95; 
95% CI: −16.12, −11.78). Tang and Xie et al. [35,36] 
indicated that after probiotic treatment, the total 
cholesterol, LDL cholesterol and fasting blood glu-
cose of patients with NAFLD decreased significantly.

However, it is worth noting that these studies 
did not further consider the impact of treatment 
time on the therapeutic effect. The results of the 
present study suggested that there were no obvious 
differences in therapeutic effect among different 
treatment times.

Probiotics can improve intestinal flora imbal-
ance and regulate intestinal microbial metabolites. 
They are a widely accepted mechanism for 
improving NAFLD. A comparative study of intest-
inal microflora between patients with NAFLD and 
non-obese healthy people found that the number 
of gram-negative bacteria in patients with NAFLD 
was higher, with an increase in the number of 
Bacteroidetes by 20%; furthermore, similar 
changes in intestinal microbiota were also found 
in children [37].

Diet, obesity, infection, drug treatment and 
other factors affect intestinal flora, resulting in 
increased intestinal permeability, intestinal flora 
overgrowth, bacterial translocation and 

lipopolysaccharide release, thereby inducing the 
release of inflammatory cytokines and resulting 
in the occurrence of NAFLD [38,39]. Koutnikova 
et al. [40] evaluated the effect of oral probiotics on 
obesity, diabetes and NAFLD. The results showed 
that the intake of probiotics improved some meta-
bolic factors in patients with metabolic diseases.

Furthermore, different probiotic types may have 
different effects on NAFLD. An animal model 
showed that two strains of Lactobacillus rhamno-
sus LGG and L10–1 relieved NAFLD in different 
ways; LGG modulated the energy metabolism and 
lipid metabolism, while L10–1 reduced liver 
inflammation. Strains of Bifidobacterium adoles-
centis relieved NAFLD by increasing the concen-
tration of short-chain fatty acids in the intestine of 
NAFLD mice [41].

The present study has certain advantages and 
limitations. First, it comprehensively retrieved 
data from Chinese and English databases to 
determine the effect of probiotics on patients 
with NAFLD in China. Second, it fully consid-
ered the clinical effect of treatment duration on 
probiotic treatment through subgroup analyses of 
the treatment duration. However, due to the dif-
ferences in research population and treatment 
regimens, there is a certain heterogeneity 
between the studies. In addition, because only 
one study treated subjects for 4 weeks, the evalua-
tion results of the treatment time have certain 
limitations. Finally, four studies used liver biopsy 
to diagnose patients with NAFLD, and it is 
unknown whether this traumatic pathological 
diagnosis affected the therapeutic effect of 
probiotics.

Figure 6. Effect of probiotics on GGT (IU/L) in NAFLD patients.
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Figure 7. Effect of probiotics on triglyceride (mg/L) in NAFLD patients; b: Effect of probiotics on low-density protein cholesterol (mg/ 
L) in patients with NAFLD; c: Effect of probiotics on total cholesterol (mg/L) in NAFLD patients.
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Figure 8. Effect of probiotics on fasting blood glucose (mg/L) in NAFLD patients; b: Effect of probiotics on insulin (IU/L) in NAFLD 
patients; c: Effect of probiotics on insulin resistance in NAFLD patients.
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5 Conclusions

In summary, supplementing probiotics, including 
Lactobacillus, Bifidobacterium, Streptococcus and 
Enterococcus, had a significantly positive effect on 
improving liver function, lipid metabolism, blood 
glucose, BMI and inflammatory factors in patients 
with NAFLD. Moreover, the clinical effects caused 
by different durations of probiotic treatment were 
significantly different. The present study suggests 
that supplementing probiotics is a recommended 
method for the treatment of patients with NAFLD. 
However, based on the limitations of this study, 
a large number of high-quality RCTs are needed in 

the future to explore the effect of treatment dura-
tion on the therapeutic efficacy of probiotics.

Highlights

(1) Probiotic adjuvant therapy for NAFLD has 
positive clinical efficacy.

(2) The treatment time is the factor affecting 
the clinical efficacy.

(3) Probiotics in the adjuvant treatment of 
patients with NAFLD can improve liver 
function.

Figure 9. Effect of probiotics on BMI (Kg/m2) in NAFLD patient; b: Effect of probiotics on TNF-α (pg/ml) in NAFLD patients.
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