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Abstract 

Background Non‑alcoholic fatty liver disease (NAFLD), the most common liver disease, is closely associated 
with metabolic conditions such as obesity and diabetes mellitus, which significantly impact human health outcomes. 
The impaired lipid profiles observed in NAFLD individuals can further contribute to cardiovascular events. Despite 
the high prevalence of NAFLD, there is currently no confirmed intervention approved for its treatment. This study 
aimed to summarize the results of meta‑analysis studies of randomized control trials assessing the impact of gut 
microbial therapy (probiotics, synbiotics, and prebiotics) on the lipid profile of individuals with NAFLD.

Methods A systematic search was conducted on PubMed, Scopus, Web of Science, and Cochrane Library 
up to November 1, 2022. Meta‑analyses surveying the impact of microbial therapy on lipid profile parameters (tri‑
glyceride (TG), high‑density lipoprotein (HDL), low‑density lipoprotein (LDL), and total cholesterol (TC)) in the NAFLD 
population were included in our umbrella review. The final effect size (ES) was estimated, and sensitivity and sub‑
group analyses were performed to explore heterogeneity.

Results Fifteen studies were included in this umbrella review. Microbial therapy significantly reduced TG (ES − 0.31, 
95% CI − 0.51, − 0.11, P < 0.01), TC (ES − 1.04, 95% CI − 1.46, − 0.61, P < 0.01), and LDL (ES − 0.77, 95% CI − 1.15, − 0.39, 
P < 0.01) in individuals with NAFLD. However, the effect on HDL was not statistically significant (ES − 0.06; 95% CI − 0.19, 
0.07, P = 0.39).

Conclusion Considering the absence of approved treatments for NAFLD and the promising role of microbial thera‑
pies in improving the three lipid profiles components in individuals with NAFLD, the use of these agents as alternative 
treatment options could be recommended. The findings underscore the potential of gut microbial therapy, includ‑
ing probiotics, synbiotics, and prebiotics, in managing NAFLD and its associated metabolic complications.
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Graphical Abstract

Background
Non-alcoholic fatty liver disease (NAFLD) is identified 
by excessive fat accumulation in the liver, which conse-
quently promotes necroinflammation and fibrosis, ulti-
mately leading to liver failure [1–4]. This disease includes 
various conditions, from simple steatosis to hepatic cir-
rhosis [5–8]. The prevalence trend of NAFLD showed an 
increase of 0.7% annually, and the global prevalence of 
NAFLD is estimated at 29.8%. Although NAFLD is highly 
prevalent on all continents, South America and North 
America were reported as having the highest rates of 
NAFLD, with a prevalence of 35.7% and 35.3%, respec-
tively [9]. NAFLD is considered the most common cause 
of chronic liver disease [10].

Although the pathogenesis of NAFLD is not fully 
understood, nutritional, environmental, and genetic fac-
tors modifying lipid and glucose metabolism are involved 
in the development of this condition [11–13]. Among the 
plethora of risk factors, recent evidence has pointed out 
the role of gut dysbiosis and its metabolites in the patho-
physiology of NAFLD [14]. Recent investigations suggest 
intestinal dysbiosis can affect gut permeability, the innate 

immune system, the fermentation of indigestible carbo-
hydrates, and the intestinal production of short-chain 
fatty acids, which can lead to NAFLD [15, 16]. In addi-
tion, evidence shows differences between the gut micro-
biota of healthy subjects and those with NAFLD and that 
the importance of diet in NAFLD is partly due to its abil-
ity to change the gut microbiome [11].

NAFLD is related to other diseases like diabetes mel-
litus, obesity, metabolic syndrome, hypertension, renal 
disorders, and cardiovascular diseases [17–23]. In addi-
tion to the relationship between NAFLD and other 
health conditions, this disease caused a significant bur-
den globally [24–26]. The current known pharmaco-
logical treatments for NAFLD are few, and the primary 
focus for NAFLD management is on lifestyle modifica-
tion, including weight loss, physical activity, and diet 
regimen [14, 27]. Although there is no specific treatment 
for NAFLD, it is hoped microbial therapies, including 
probiotics, prebiotics, and synbiotics, will provide a new 
therapeutic method for the treatment by manipulating 
intestinal microbiota [28, 29]. Probiotics are defined as 
live microorganisms in the diet which can regulate gut 
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microbiota and are helpful for individuals’ health [30]. 
Prebiotics are indigestible foods that can selectively pro-
voke some bacterial production or activity in the human 
body [31], and synbiotics are a combination of both pro-
biotics and prebiotics [32].

Previous investigations showed the promising effects 
of microbial therapies on NAFLD; however, the results 
were controversial, and up to now, no medications have 
been approved for the treatment of NAFLD patients 
[14, 33–37]. Hence, we aimed to conduct an umbrella 
review of meta-analysis studies to provide comprehen-
sive, evidence-based information on microbial therapy’s 
effects on the NAFLD population’s lipid profile.

Methods
We conducted this umbrella review (a systematic review 
on different meta-analyses) based on the Cochrane 
Handbook for Systematic Reviews of Interventions [38]. 
The reporting of the results was based on Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines [39].

Search strategy and study selection
Four international databases, including PubMed, Web of 
Science, Scopus, and Cochrane Library, were searched 
from inception until November 1, 2022. To increase the 
quality of searching, we consulted information specialists 
and manually searched the reference list of relevant stud-
ies. No language restriction was admired. We used End-
Note X20 for managing the searched studies. The search 
strategy and keywords are provided in Table S 1.

Inclusion and exclusion criteria
Meta-analyses of randomized control trial (RCT) studies 
surveying the effect of probiotics, prebiotics, and synbi-
otics on the lipid profile (triglyceride (TG), high-density 
lipoprotein (HDL), low-density lipoprotein (LDL), and 
total cholesterol (TC))  of the NAFLD population were 
eligible for our umbrella review. Systematic reviews with-
out meta-analysis, narrative reviews, letters to the edi-
tor, network meta-analyses, and original studies were 
excluded. Two reviewers selected the studies based on 
the inclusion criteria.

Quality assessment
Two reviewers assessed the quality of included meta-
analyses using the AMSTAR 2 checklist, and any disa-
greements were resolved by a third researcher. AMSTAR 
2 consists of 16 questions with the answers “yes,” “no,” or 
“partial yes.” The final assessment is qualitatively reported 
as “high,” “moderate,” “low,” or “critically low” based on 
the answers of reviewers [40]. The quality assessment of 
included studies is provided in Table S 2.

Data extraction
Two reviewers independently extracted data from the 
included studies, and the third researcher resolved disa-
greements. The following data were extracted from each 
study: name of the first author, country of study, proto-
col registry number, source of funding, searched engines, 
number of included studies, methods for assessing the 
source of heterogeneity and publication bias, and effect 
size (ES) and confidential interval (CI) of HDL, LDL, TG, 
and TC. The extracted data were entered into a prede-
signed Excel sheet. We contacted the studies correspond-
ing for any missing data.

Data synthesis
ES and CI of the included meta-analyses were obtained 
to determine the overall effect. We assessed the between-
study heterogeneity using I2 statistics and Cochrane’s Q 
test. High heterogeneity was considered when I2 > 50% 
and P value < 0.1. We used the random effect model when 
heterogeneity existed; otherwise, fixed effect model was 
applied. To assess the source of heterogeneity, we con-
ducted subgroup analysis based on the total sample size 
of the meta-analyses, quality of meta-analyses, country, 
type of reporting units, type of intervention, availabil-
ity of previous protocol, and source of funding. We also 
performed sensitivity analysis to assess the effect of every 
single study on the overall effect. The publication bias 
was assessed by visual inspection of the funnel plot and 
Egger regression test, and P value < 0.1 was determined 
as the level of significance [41, 42]. For any suspected 
asymmetry in the funnel plot, “trim and fill” analysis was 
conducted.

Results
A total number of 177 studies were identified after 
searching the electronic databases. Among the search 
studies, 52 articles were duplicates, and the remaining 
went for the title and abstract screening. From the 125 
studies, 63 studies got excluded, and 62 articles went 
for full-text assessment. Based on the inclusion criteria, 
14 studies were selected for the analysis. Moreover, one 
study was found through reference search. A total num-
ber of 15 studies went for the final analysis. Figure 1 illus-
trates the study selection process.

Studies characteristics
Among the included studies, eight were from China; 
three were from the USA; one was from Iran, one was 
from Greece, one was from India, and one was from 
France. Duration of intervention ranged from 2 to 
28  weeks in the original studies within meta-analy-
ses. The number of included original studies within 
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meta-analyses varied from 4 to 29, and the sample sizes 
ranged from 134 to 2110. Four studies registered a previ-
ous protocol for their meta-analysis in International Pro-
spective Register of Systematic Reviews (PROSPERO), 
and one study was registered in Open Science Frame-
work (OSF). Eight studies were funded, four did not have 
any funding source, and the rest did not determine their 
funding support in their article. Eight studies assessed 
probiotics as their intervention, four assessed probiotics 
and synbiotics, one assessed synbiotics, and two assessed 
probiotics, prebiotics, and synbiotics. TC, TG, HDL, and 
LDL were evaluated in 11, 13, 9, and 9 studies, respec-
tively. Detailed information about the characteristics of 
included studies is presented in Table 1.

Effects of microbial therapy on TG
The total effect of microbial therapy on serum TG 
level was significant (ES − 0.31 95%CI − 0.51, − 0.11, 
P < 0.01) with significant heterogeneity within the stud-
ies (I2 = 71.69%, P < 0.01) (Fig. 2A). The sensitivity analysis 

results showed no significant difference in the total effect 
size after removing each study.

Based on the results of subgroup analysis, studies 
conducted in China and USA were associated with sig-
nificant decrease in heterogeneity compared to other 
countries (I2 = 44.64%, P = 0.08, I2 = 35.95%, P = 0.15, 
respectively). Moreover, studies with a total sample size 
above 1000 and that reported their data with standard 
mean difference (SMD) were associated with decreased 
heterogeneity. (I2 = 2.03%, P = 0.40, I2 = 0.00%, P = 0.62) 
(Table 2).

Visual inspection of the forest plot showed small 
study effect, which was confirmed by Egger’s regres-
sion test (p < 0.001). Further trim and fill analysis with 7 
imputes studies showed the result of microbial therapy 
on TG in NAFLD patients was acceptable (ES =  − 0.30, 
95%CI − 0.55, − 0.06) (Fig. 2B).

Effects of microbial therapy on TC
The total effect of microbial therapy on decreasing serum 
TC level was significant (ES − 1.04; − 1.46, − 0.61, P < 0.01) 

Fig. 1 Study selection process
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Fig. 2 A Forest plot for the effect size and 95% confidential interval of microbial therapy on serum TG level in NAFLD patients. B Results 
of publication bias with seven imputed studies (red dots)
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Table 2 Results of subgroup analysis with their effect size and 95% confidential interval

VARIABLE NUMBER OF 
STUDIES

ES WITH 95%CI I2 P VALUE OF 
HETEROGENEITY

TG Total effect 19 (− 0.31: − 0.51, − 0.11, P < 0.01) 71.69% P < 0.01

Intervention type Probiotics 12 (− 0.32: − 0.56, − 0.08, P < 0.01) 69.74% P < 0.01

Synbiotics 6 (− 0.32: − 0.85, 0.21, P = 0.23) 79.88% P < 0.01

Prebiotics 1 (− 8.15: − 31.05, 14.75, P = 0.48) 0.00% P = 1

Units of reported MD 2 (− 10.95: − 33.7, 11.17, P = 0.33) 94.74% P < 0.01

SMD 7 (− 0.28: − 0.39, − 0.17, P < 0.01) 0.00% P = 0.62

WMD 10 (− 4.53: − 8.09, − 0.97, P = 0.01) 70.70 P < 0.01

Country China 8 (− 0.13: − 0.18, − 0.08, P < 0.01) 44.64% P = 0.08

USA 7 (− 0.21: − 0.43, 0.00, P = 0.05) 35.95% P = 0.15

Others 4 (− 12.92: − 24.25, − 1.58, P = 0.02) 82.19% P < 0.01

Previous registered protocol Yes 7 (− 0.58: − 1.15, 0.00, P = 0.04) 73.80% P < 0.01

No 12 (− 0.25: − 0.47, − 0.03, P = 0.02) 68.50% P < 0.01

Quality of studies Critically low 7 (− 0.21: − 0.37, − 0.05, P < 0.01) 50.76% P = 0.05

Low 7 (− 0.36: − 0.95, 0.23, P = 0.23) 72.80% P < 0.01

High 5 (− 3.60: − 7.42, 0.2, P = 0.06) 81.83% P < 0.01

Fund Yes 12 (− 0.24: − 0.46, − 0.03, P = 0.02) 52.08% P = 0.01

No 4 (− 0.52: − 1.60, 0.55, P = 0.33) 87.24% P < 0.01

Not reported 3 (− 0.55: − 1.13, 0.02, P = 0.06) 82.96 P < 0.01

Sample size  < 500 3 (− 13.98, − 32.17, − 4.19, P = 0.13) 85.50% P < 0.01

500–1000 9 (− 0.23: − 0.42. − 0.03, P = 0.01) 58.93% P = 0.01

 < 1000 7 (− 0.30: − 0.45, − 0.14, P =  < 0.01) 2.03% P = 0.40

TC Total effect 16 (− 1.04: − 1.46, − 0.61, P < 0.01) 92.5% P < 0.01

Intervention type Probiotics 10 (− 0.37: − 0.58, − 0.15, P < 0.01) 72.07% P < 0.01

Synbiotics 5 (− 5.67; − 8.95, − 2.38, P < 0.01) 97.34% P < 0.01

Prebiotics 1 (− 5.56: − 12.62, 1.5, P = 0.12) 0.00% P = 1

Units of reported MD 1 (− 17.81: − 25.11, − 10.50, P < 0.01) 0.00% P = 1

SMD 7 (− 0.43: − 0.55, − 0.31, P < 0.01) 25.38% P = 0.23

WMD 8 (− 4.02: − 5.44, − 2.59, P < 0.01) 95.71% P < 0.01

Country China 9 (− 0.42: − 0.62, − 0.23, P < 0.01) 70.58% P < 0.01

USA 5 (− 5.48: − 10.09, − 0.87, P = 0.02) 97.16% P < 0.01

Others 2 (− 11.57: − 22.97, − 0.17, P = 0.04) 86.53% P < 0.01

Previous registered protocol Yes 4 (− 0.83; − 1.49, − 0.18, P = 0.01) 71.99% P = 0.01

No 12 (− 1.38: − 2.00, − 0.75, P < 0.01) 94.02% P < 0.01

Quality of studies Critically low 8 (− 0.35: − 0.57, − 0.12, P < 0.01) 66.92% P < 0.01

Low 6 (− 7.06: − 10.99, − 3.14, P < 0.01) 96.88% P < 0.01

High 2 (− 3.04: − 8.29, 2.21, P = 0.25) 84.69% P = 0.01

Fund Yes 8 (− 1.80: − 2.58, − 1.02, P < 0.01) 95.57% P < 0.01

No 4 (− 3.69: − 6.70, − 0.67, P = 0.01) 90.55% P < 0.01

Not reported 4 (− 0.44: − 0.77, − 0.10, P < 0.01) 65.82% P = 0.03

Sample size  < 500 4 (− 8.56: − 16.11, − 1.00, P = 0.02) 91.78% P < 0.01

500–1000 8 (− 1.43: − 2.16, − 0.69, P < 0.01) 95.27% P < 0.01

 < 1000 4 (− 0.75: − 1.40, − 0.10, P = 0.02) 70.91% P < 0.01
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Table 2 (continued)

VARIABLE NUMBER OF 
STUDIES

ES WITH 95%CI I2 P VALUE OF 
HETEROGENEITY

HDL Total effect 15 (− 0.06: − 0.19, 0.07, P = 0.39) 75.51% P < 0.01

Intervention type Probiotics 9 (− 0.14: − 0.28, 0.00, P = 0.04) 76.10% P < 0.01

Synbiotics 5 (0.17:0.00, 0.34, P = 0.03) 0.00% P = 0.4

Prebiotics 1 (2.25:0.68, 3.81, P < 0.01) 0.00% P = 1

Units of reported MD 2 (− 8.55: − 29.55, 12.43, P = 0.42) 93.11% P < 0.01

SMD 7 (0.00: − 0.19,0.19, P = 0.99) 62.83% P = 0.01

WMD 6 (− 0.14: − 0.32, 0.03, P = 0.11) 77.57% P < 0.01

Country China 9 (− 0.04: − 0.17, 0.07, P = 0.45) 73.22% P < 0.01

USA 5 (− 0.03: − 0.76, 0.69, P = 0.92) 84.67% P < 0.01

Others 1 (1.54: − 1.42,4.5, P = 0.3) 0.00% P = 1

Previous registered protocol Yes 3 (0.13: − 0.12,0.39, P = 0.29) 60.31% P = 0.08

No 12 (− 0.14: − 0.30,0.1, P = 0.08) 74.56% P < 0.01

Quality of studies Critically low 7 (− 0.11: − 0.15, − 0.07, P < 0.01) 21.04% P = 0.26

Low 7 (− 0.01: − 0.69,0.66, P = 0.96) 85.44% P < 0.01

High 1 (0.43: − 0.03,0.89, P = 0.06) 0.00% P = 1

Fund Yes 9 (− 0.01: − 0.34,0.32, P = 0.94) 83.81% P < 0.01

No 3 (0.03: − 0.43,0.49, P = 0.90) 63.75% P = 0.06

Not reported 3 (− 0.10: − 0.17, − 0.03, P < 0.01) 0.00% P = 0.41

Sample size  < 500 2 (− 0.08: − 0.16, − 0.01, P = 0.02) 14.10% P = 0.28

500–1000 8 (− 0.17: − 0.43,0.08, P = 0.17) 74.47% P < 0.01

 < 1000 5 (0.14: − 0.32,0.62, P = 0.54) 79.14% P < 0.01

LDL Total effect 15 (− .077: − 1.15, − 0.39, P < 0.01) 89.00% P < 0.01

Intervention type Probiotics 9 (− 0.22: − 0.27, − 0.18, P < 0.01) 47.47% P = 0.05

Synbiotics 5 (− 3.54: − 5.49, − 1.58, P < 0.01) 95.30% P < 0.01

Prebiotics 1 (− 4.97: − 10.96,1.02, P = 0.10) 0.00% P = 1

Units of reported MD 2 (− 9.09: − 24.41,6.21, P = 0.24) 98.63% p < 0.01

SMD 7 (− 0.52: − 0.67, − 0.36, P < 0.01) 36.95% P = 0.14

WMD 6 (− 0.21: − 0.26, − 0.16, P < 0.01) 32.16% P = 0.19

Country China 9 (− 0.53: − 0.76, − 0.31, P < 0.01) 72.31% P < 0.01

USA 5 (− 0.76: − 2.04,0.51, P = 0.24) 58.64% P = 0.04

Others 1 (− 17.01: − 20.50, − 13.52, P < 0.01) 0.00% P = 1

Previous registered protocol Yes 3 (− 0.53: − 0.77, − 0.30, P < 0.01) 0.00% P = 0.37

No 12 (− 0.96: − 1.49, − 0.42, P < 0.01) 90.79% P < 0.01

Quality of studies Critically low 7 (− 0.40: − 0.64, − 0.17, P < 0.01) 62.84% P = 0.01

Low 7 (− 3.21: − 4.94, − 1.47, P < 0.01) 93.72% P < 0.01

High 1 (− 0.54: − 0.99; − 0.09. P = 0.01) 0.00% P = 1

Fund Yes 9 (− 0.59: − 0.94, − 0.24, P < 0.01) 66.85% P < 0.01

No 3 (− 5.28: − 9.42, − 1.15, P = 0.01) 97.78% P < 0.01

Not reported 3 (− 0.51: − 0.71, − 0.31, P < 0.01) 41.14% P = 0.18

Sample size  < 500 2 (− 8.60: − 24.89, 7.69, P = 0.30) 98.83% P < 0.01

500–1000 8 (− 0.44; − 0.75, − 0.13, P < 0.01) 66.90% P < 0.01

 < 1000 5 (− 0.61: − 0.83, − 0.38, P < 0.01) 39.31% P = 0.15

MD Mean difference, SMD Standard mean difference, WMD Weighted mean difference
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(Fig. 3A). Significant heterogeneity was observed among 
included studies (I2 = 92.5%, P < 0.01).

Results of sensitivity analysis showed elimination of 
Gao, 2016 and Loman, 2018 (synbiotics) could change 
the pooled effect (ES − 1.51: − 2.11, − 0.91 P < 0.01, 
ES − 0.50: − 0.75, − 0.25, P < 0.01 respectively).

The results of subgroup analysis showed that stud-
ies reported their ES in SMD were significantly associ-
ated with lower heterogeneity (I2 = 25.38%, P = 0.023) 
(Table  2). Visual inspection of the funnel plot and Egg-
ers’ regression test showed significant publication bias 
(P < 0.01) and, the ES based on trim and fill analysis with 
seven imputed studies was -0.50 (95%CI − 1.05, 0.03) 
(Fig. 3B).

Effects of microbial therapy on HDL
The total effect of microbial therapy on serum HDL 
level was insignificant and heterogenic (ES − 0.06; 95% 
CI − 0.19, 0.07, P = 0.39, I2 = 75.51%, P < 0.01) (Fig.  4A). 
The sensitivity analysis results showed no significant dif-
ference in total effect size after the elimination of each 
study.

The results of subgroup analysis showed studies with 
synbiotics as intervention, studies with critically low 
quality, studies with sample sizes less than 500, and stud-
ies without reporting their funding source were associ-
ated with decreased heterogeneity (I2 = 0.00%, P = 0.4, 
I2 = 21.4%, P = 0.26, I2 = 14.10%, P = 0.28, I2 = 0.00%, 
P = 0.41) (Table 2).

Egger’s regression test results showed no publication 
bias (P = 0.77). The ES based on trim and fill analysis 
with two imputed studies was − 0.05 (95%CI − 0.19, 0.07) 
(Fig. 4B).

Effects of microbial therapy on LDL
The total effect of microbial therapy on LDL was significant 
with great heterogeneity (ES − 0.77; 95%CI − 1.15, − 0.39, 
p < 0.01, I2 = 89.00%, P < 0.01 (Fig. 5A). The results of sen-
sitivity analysis showed that elimination of each study did 
not affect the pooled effect size.

The results of subgroup analysis showed studies with 
sample sizes of more than 1000, studies with previ-
ously registered protocol, and studies that reported 
their results in SMD and weighted mean difference 
(WMD) were accompanied with reduced heterogene-
ity (I2 = 39.31%, P = 0.15, I2 = 0.00%, P = 0.37, I2 = 36.95%, 
P = 0.14, I2 = 32.16%, P = 0.19 respectively) (Table 2).

The Eggers’ regression test results showed signifi-
cant publication bias (p < 0.01). The trim and fill analy-
sis results with imputed one study was acceptable 
(− 0.77; − 1.15, − 0.39) (Fig. 5B).

Discussion
The effects of microbial therapy on different health-
related outcomes have been exclusively studied. Several 
human and animal studies were conducted the evalu-
ate the impact of gut microbial modulation on liver 
diseases. Mao et  al. reported that the consumption of 
Costunolide can prevent hepatic damage by regulat-
ing gut microbiota [57]. A network pharmacological 
study by Jiang et  al. revealed that Silybum marianum 
has hepatoprotective effects on patients with NAFLD 
[58]. This compound is found to be able to regulate 
gut microbiota [59]. In this umbrella review, we aimed 
to assess the effects of microbial therapy on lipid pro-
files in NAFLD individuals. In conclusion, based on 15 
meta-analysis studies, we demonstrated that microbial 
therapy showed promising effects on the lipid profiles 
of these patients.

In this study, we found that microbial therapy can sig-
nificantly decrease serum TG levels. However, the results 
of other meta-analyses were controversial. While in a 
meta-analysis study by Wang et al., probiotics significantly 
reduced TG in obese individuals; another meta-analysis 
by Mo et al., showed that the effect of probiotics on TG 
in hypercholesterolaemic adults was insignificant [60, 61]. 
Variability in patient characteristics, different sample sizes 
and statistical power, and publication bias can cause such 
controversial results. In the subgroup analysis, we found 
studies with sample sizes of less than 1000 participants 
and studies conducted in countries except for the USA 
and China, and studies reported by mean difference (MD) 
and WMD were the source of heterogeneity.

In this study, we found that microbial therapy can sig-
nificantly decrease serum TC levels. This finding was 
consistent with the results of other studies [62, 63]. Stud-
ies that reported their results in units other than SMD 
were considered the source of heterogeneity.

Based on the results of our study, microbial therapy can 
significantly decrease serum LDL levels. Other meta-anal-
yses confirm this finding [64, 65]. Regarding serum LDL 
levels studies that reported their data in MD, studies with-
out previously registered protocol, with sample sizes less 
than 1000, were considered the source of heterogeneity.

The results of our umbrella review for serum HDL 
levels revealed that although microbial therapy 
decreased serum HDL level but it was insignificant. 
Studies that used probiotics as interventions, with low 
quality and sample sizes of more than 500, were consid-
ered the source of heterogeneity. In subgroup analysis 
prebiotics and synbiotics could increase serum HDL 
levels significantly. The results of our study regard-
ing HDL were accompanied with high heterogeneity 
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Fig. 3 A Forest plot for the effect size and 95% confidential interval of microbial therapy on serum TC level in NAFLD patients. B Results 
of publication bias with seven imputed studies (red dots)
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Fig. 4 Forest plot for the effect size and 95% confidential interval of microbial therapy on serum HDL level in NAFLD patients (A). B is illustrating 
the results of publication bias with two imputed studies (red dots)
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Fig. 5 A Forest plot for the effect size and 95% confidential interval of microbial therapy on serum LDL level in NAFLD patients. B Results 
of publication bias with one imputed study (red dots)
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showing that further RCTs are needed to confirm the 
conclusion. Other studies reported conflicting results 
in this regard. Pan et al. showed the effect of probiotics 
on Serum HDL levels was not statistically significant 
[66]. Another meta-analysis by Cho et  al. on 30 RCTs 
with 1624 individuals showed no significant effects 
of probiotics on serum HDL levels [64]. Mo et al. in a 
meta-analysis study revealed no significant effects of 
probiotics in hypercholesteremic patients [61]. Koc-
sis et  al. and Hu et  al. in their meta-analysis studies 
reported significant effects of probiotics on HDL in 
patients with type 2 diabetes mellitus [67, 68].

One crucial aspect that requires consideration is our 
database search. While we thoroughly searched multi-
ple databases, it is important to note that we did not 
include EMBASE in our search. Surprisingly, this data-
base was included in 12 other studies that we analyzed. 
Consequently, one possible reason for the variations 
between our study’s results and those of previously 
published research lies in the differences in the data-
bases searched.

The mechanisms of how microbial therapy can enhance 
lipid profiles in NALFD patients are complicated and 
need to be fully understood. Some postulated mecha-
nisms are: bile salt deconjugation, increased LDL hepatic 
receptors, increased bile salt excretion, co-precipitation 
of cholesterol, assimilation of cholesterol and bile salt 
into the probiotics cell membrane, cholesterol reduc-
tion, inhibition of Niemann–Pick C1 like 1 expression, 
and hepatic synthesis of cholesterol inhibition. The men-
tioned mechanisms will be discussed more details.

1‑Bile salt deconjugation and 2‑increased hepatic LDL 
receptors
Bile salt plays an essential role in the digestion process. A 
significant part of bile salt in the intestinal lumen is reab-
sorbed through the enterohepatic cycle, but 400 to 800 mg 
of bile salt will remain in the intestinal lumen, which can 
be deconjugated by gut microbiota [69, 70]. This deconju-
gation process is done by the activity of an enzyme called 
bile salt hydrolase (BSH) [70]. Deconjugated bile is more 
efficient for gut microbiota replication as conjugated bile 
salt has anti-bacterial properties [71]. Deconjugated bile 
salt has lower solubility, resulting in lower bile reabsorp-
tion and higher bile salt excretion with feces [71]. Lower 
absorption of bile salt from intestinal barriers results in 
lower cholesterol delivery to the liver, which is needed 
for denovo synthesis; hence liver compensates for this 
deprivation by increasing hepatocyte LDL receptor and 
absorption of serum LDL, which results in lower serum 
LDL concentration [72]. Probiotics are considered to have 
positive BSH effects; hence their administration can lower 
serum TC levels [73] (Fig. 6).

3‑Increased bile salt excretion
It is hypothesized that probiotics can increase the expres-
sion of 7a-hydroxylase (CYP7A1), an enzyme in bile salt 
synthesis. As discussed, this bile salt can be converted 
into deconjugated form [74]. Increased bile salt synthe-
sis, along with its deconjugation, results in higher bile salt 
with the containing cholesterol excretion through feces 
(Fig. 6).

4‑Co‑precipitation of cholesterol
The absorption of diet cholesterol by enterocytes 
occurs via the hydrophobic surface of cholesterol; thus, 
cholesterol needs an emulsifier for its absorption, and 
bile salt is the emulsifier of cholesterol [70]. As previ-
ously discussed, bile salt is deconjugated by the effects 
of probiotics. Deconjugated bile salt has less potential 
to act as an emulsifier for cholesterol absorption; hence 
absorption of lipid particles decreases [75, 76] (Fig. 6).

5‑Assimilation of cholesterol and bile salt 
into the probiotics cell membrane
The cholesterol content of the medium can be assimi-
lated into the cell membrane of probiotics and be 
secreted via feces [77]. As a consequence of this pro-
cess, bacterial membrane composition is changed, lead-
ing to higher resistance of probiotics in the intestinal 
environment [71, 78]. The assimilation of cholesterol 
into probiotics cell membrane can be facilitated by 
deconjugated bile salt [79] (Fig. 6).

6‑Cholesterol reduction
The cholesterol content of the medium can be trans-
formed into coprostanol, and in lesser amounts, to 
coprostanone. This transformation is dependent on an 
enzyme activity called cholesterol reductase. Some pro-
biotics have cholesterol reducing properties. Copros-
tanol and coprostanone have less intestinal absorption 
and are eliminated via feces [70] (Fig. 6).

7‑Inhibition of Niemann–Pick C1 like 1 expression
Cholesterol particles of the medium are absorbed 
via Niemann–Pick C1 like 1 (NPC1L1) that are 
transporters located on intestinal cells membrane 
[80, 81]. Previous in vitro studies showed some pro-
biotics could reduce NPC1L1 expression on the cel-
lular surface and consequently decrease cholesterol 
absorption [82, 83] (Fig. 6).

8‑Hepatic synthesis of cholesterol inhibition
Short-chain fatty acids are the products of pro-
biotics from the fermentation of non-digesti-
ble carbohydrates [84]. Some sorts of SCFA, like 
propionate, have the potential to inhibit the enzyme 
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3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
reductase, which plays an essential role in the hepatic 
cholesterol synthesis process [85] (Fig. 6).

Advantages, limitations, and future research
This umbrella meta-analysis study showed how gut 
microbial therapy could modify lipid profiles in NAFLD 
individuals. The results were promising for LDL, TC, and 

TG; however, microbial therapy did not have significant 
effects regarding HDL. Our results shed light on the 
treatment of NAFLD as microbial therapy is cheap, safe, 
and without toxin substrate accumulation compared to 
other therapeutic drugs [86, 87].

Our study had some limitations; first, we could 
not determine the optimum dosage and duration of 
treatment of microbial therapy since the number of 

Fig. 6 Mechanism of gut microbiome modulation on lipid profile: 1 Bile salt deconjugation. 2 Increased hepatic LDL receptors. 3 Increased bile salt 
excretion. 4 Co‑precipitation of cholesterol. 5 Assimilation of cholesterol and bile salt into the probiotics cell membrane. 6 Cholesterol reduction. 7 
Inhibition of Niemann–Pick C1 like 1 expression. 8 Hepatic synthesis of cholesterol inhibition
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meta-analyses discussed dosage and duration was 
insufficient. Second, we did not assess how microbial 
therapy should be administered, whether in capsule 
drugs or additional supplements to the diet. Some of 
the mechanisms we proposed for how microbial ther-
apy can modulate lipid profile were observed in animal 
studies, and more human clinical trials are needed to 
prove them. We highly recommend future meta-analy-
ses to conduct sub group analysis based on the quality 
of included studies and funding sources, as most of the 
meta-analyses in this umbrella review did not perform 
such subgrouping. We suggest that researchers perform 
clinical trials with prebiotics and synbiotics, as most 
studies administered probiotics.

Conclusion
In conclusion, this umbrella review on the meta-analyses 
of randomized control trials provided insights into the 
impact of gut microbial therapy, including probiotics, 
synbiotics, and prebiotics, on the lipid profile of individ-
uals with NAFLD. The findings of this umbrella review 
suggested that microbial therapy has positive effects on 
the lipid profile parameters in individuals with NAFLD. 
The analysis revealed a significant reduction in TG, TC, 
and LDL levels following microbial therapy interven-
tion. These results indicated the potential of microbial 
therapy as an effective intervention for improving the 
lipid profile in NAFLD patients. Overall, these findings 
contribute to the growing body of evidence supporting 
the use of microbial therapy as a promising approach for 
managing metabolic disorders and improving lipid pro-
files. However, more well-designed randomized control 
trials are needed to further validate these results and 
determine the optimal regimen, duration, and specific 
microbial strains that yield the most significant benefits.
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