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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% Cl—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.

Trial registration PROSPERO (CRD42022346998).
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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.
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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 F statistics and Cochrane’s Q
test. High heterogeneity was considered when I*>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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Studies identified through international database
search (n=177)

(n=125)

Studies remained after removal of the duplicates

Studies excluded after tittle

v

and abstract screening (n=63)

Papers excluded which didn’t
meet inclusion criteria (n=48)

eligibility (n=62)

Full-text papers assessed for

. No information related to
lipid profile (2)

. Systematic reviews without
meta-analyses (11)

l

. Narrative reviews (25)
. Umbrella reviews (3)

. Network meta-analyses (3)

Studies remained after full text assessment and
reference checking (n=15)

Fig. 1 Study selection process

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 (I’=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 (I*=44.64%, P=0.08, I’=3595%, 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. (I*=2.03%, P=0.40, I’=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)



Page 5 of 19

(2023) 12:144

Naghipour et al. Systematic Reviews

1Y puUe ‘Wil 1591
UoI1e[2110D Sjuel

810¢auUnr 010661

s0bag pue 1591 /|eluad)
549663 ‘syo|dian SisAjeue  aueIYD0D) BY3 pue
(S99m 8Z 01 -Jeds ojdwis 1o dnoibans 'sis ISvYAW3 ‘INN €LCEE0910CrQYD [£¥]1610¢C
¢)sonoiqold eduel si0(d jauung  -Ajeue Ayanisusg -@3n/pP3Ngnd 099/¢1 0id3d papuny 51 (OY3dSOYd) ‘VAOMINLNOM
1oz ‘ludy
/3sequi3 pue aoud
sisAjeue -19S JO g3 'INIT
(Soam gy 01 dnoibgns ‘sis -g3W ‘auelyd0d A11s1621 10201
8) $21101qoid BUIYD  JUDWISSISSe ON  -A[eue AJARISUSS ‘PaNand 7S€/6  pepef‘aueiydod)  buipunjon Dl -oidsnonaidoN  [9F] 1Z0Z ‘ONVA
Leoe
‘Jlaquia1das 0}
000¢ ‘Aienuer
/2In}
-oniselyu| abpa
-|mouy| [UOIIEN|
eulys pue
sasAjeue ||y pue ‘nobrs|iey [ed
($399M 7 0} wil| 1591 Jobb3 sisAjeue -l ‘Areagn
8) S2110IqUAS ‘sD110 ‘s10/d |suuny Jo dnoibgns ‘sis 2URIYD0D Y} £58871207¥a4D
-1g21d 's21101q0I4 eUIYD  uondadsul [ensip - -Ajeue ANAIISUSS  ‘Ssequil ‘paIAdnd olle/ec suBIYd0D pspun4  1d71aH DL DL (OY3dSOYd) [s¥lzzoz'n
1c0¢
J]aquiads 01
‘| Loz ‘Atenuer
sisAjeue /90U 3|25 eMRIO
(SYoaM 7 03 dnoibgns ‘sis -12G JO gap pue —3[1SEIMIN pue A1351631 [020) ad!
1) $21101q0Id eulyd 1591 5pbag  -Ajeue Auanisuas  ‘paNgng ‘osequu3 [0 4Vi74 |uelyood papund 7011aH DL -oid snoiaaid oN T20T "ONVNH
120z 12quiidas
1591 5,19663 pue /asequwij pue yemgb
(Sf9om 9| 01 ‘lly-pue-win sndods ‘pany /01450//:sdny [ev] czoc
8) S21101q0ld 929919 ‘s10/d [auUnNg  JUSWISSAsSe ON -and/aNNain 8el/Y aueIyd0)  pariodalloN OLDL ENe) 'SIZLYNOMD
poyiaw spoyiaw azis s|dwes
jJusawleasy JudWISSasse JUBWISSASSe |e303/sa1pnis uonedignd
Jo uoneinp selq Auauaboialay ydiess jo papnjpul |00} JUBWISSISSE Jo aeak
Juonuanidu]  A1iunod uonediiqnd J03IN0S  d)ep /saseq ejeq Jo 1aquinN seiq Jo ysiy Buipung sawodnQ Aasibai [0d>0304d /aoyine isuai4

SolpNis poapn|dUl JO Soiislisldeley) | ojqelL


https://osf.io/qbw9h
https://osf.io/qbw9h

Page 6 of 19

(2023) 12:144

Naghipour et al. Systematic Reviews

1591 Anawl £10T 199
-WAse uoissalbal -wiada/ej0Yds
519663 pue sisAleue  91booD) pue 3dUD
($yoam gz 01 '1S31 UoI1P[2110D dnoibgns ‘sis -125 JO oM IS Ansibai |00}
8) S2110IQUAS quesspbag  -Aleue Alamisuas  ‘sndods ‘paiagnd 6Llt/LL peper  BupunjoN 1d17AH'DL'DL  -oid snomaid oN  [9€] 6102 IAVH
810¢
IaquIada( 0}
uolssaibal 5007 ‘Arenuer
159] UOIssalbal elaul pue /Aleiqn
($99M 87 0} 519663 pue SISA[RUBR DAL SURIYDOD) SY3 pue
8) S210IUAS pue 1581 UOIIRBIOD  -ISUSS ‘siskjeue ‘asequi3 ‘NI SSY1608L0CYAYD [1s]
$21101G0Jd Juel spbag dnoibgns -Q3In/Panand [414V4T4 SUBIY20D papuny oL (OY3dSOYd) 610T ‘NOLdHVYHS
(199M 7z 01 810z'aunf/1e|oyds
8) SOROIqUAS pue sisAjeue 916000 pue ‘IN|7 A11s1631 020}
soholqoid 1USWSSasse ON Ainisuss ~Q3n/pP=Nand 8L/t sueiyoo)  BuipunjoN IQ1IAHDLDL  -oid snomeid oN - [05] 610T ‘NYHY
610¢
(s429m gz 0} siskleue  ‘judy/asequiy pue
8) SONOIqUAS pue dnoibgns ‘sis ‘aueIyd0) A11s1621 10201
$O101goId JUSWISSaSSE ON  -Ajeue AJAIISUSS ‘PaNANd 78//S1 aueiyoo) padodasioN Q1 IdH'©LDL  -oid snoinaid oN [6¥] 610 NN
610¢
‘udy/aseqeieq
Buey uepp pue 2sip
QuIPaN Abojoig
eulyd ‘s|ed1poniad
[BDIUYD3] dSBU
-1yD Joj 3seqere
dIA ‘21n1dnaaselyu|
Sbpa|mouy|
[eUOIBN BUIYD
poyaw ||y pue sisAjeue ‘AINO ‘9ud
‘W) 159 549663 dnoibgns ‘sis -DS JO oM
(soam gz 01 'S10|d [2UUN4 JO  -AjBUB AYAIISUSS  ‘AJeIqI] SURIYD0D A11s1631 10201
1) $2101q0Id eulyD  uondadsul [ensip - ‘uoissaibal-elply  ‘ssequil ‘pagnd GSGL/8C  Peper ‘auelydo) papuny 1J71IQH ©OLDL  -0id snoinaid oN (871 610C ‘01X
poylaw spoylaw 9zis a|dwes
juswiean JudWISsasse JUdWISSasse |e101/sa1pnis uonedignd
jJo uoneinp selq Auauaboialay ydJess jo papnppul |00} JudWISSAsSE Jo 1eak
/UOIIUBAIDIU| uonedijqng Jo93Inos 9lep /saseq eleq Jo JaquinN selq Jo sty Bbuipung sawodnQ Ansibai [0d0104d /ioyinesii4

(panunuod) L ajqey



Page 7 of 19

(2023) 12:144

Naghipour et al. Systematic Reviews

payiodas JoN
/A%3] |IN4 [eulnor
eulys ayi pue
aseqeieq aud
-lpawolg assulyd

(S4o9M 7 0} '9DUSIDS JO g A1351631 [020)
8) S21101qoid BUIYD  JUDWISSISSE ON  JUSWISSISSE ON  ‘9Sequu] ‘Sul|palny yeL/p peper paiodal 10N 101 71aHDL  -oid snoiaaid oN [95] €107 'YW
SL0z ‘AInr
/dIAPUR IND ‘DS
sisleue ‘QIAQ ‘0DSE3 ‘ININ
(S329M ¢ 0} dnoibgns ‘sis -a3w/panand A11s1621 |0201
) so101qoid BUIYD  JUSWSSISSe ON  -A[eue ANAINISUSS  ‘AJeiqI] SueIyd0D) 5€5/6 aueIydod pspun{ 1Q11QH'©LDL  -oid snoiasid oN [S51 9107 ‘0OVD
910¢
‘Aleniga ‘asequug
(soam gz 01 sisAjeue ‘aueIyd0o) A11s1621 |0201 [¥<]
8) $21101q0ld elpul  JUSWSSSsse ON Ainisuss ‘Paand 96¢/L peper  BuipunjoN Dl -oidsnonaidoN /10T YYMIAY]
51531 549b67 pue
(Soam z 01 spbag puejo/d /10T 19qwiadaQg
8) S2110IqUAS ‘S0 |auuny ay3 jo sisAjeue /asequij pue A11s1621 |0201 [€q]
-Ig21d ‘s2poiqoid ¥SN  uondadsul [ensip dnoibgns paNand 60€1/5T aueIy0D pspung 1d1710H©OL DL -0id snopaid oN 8107 'NYWOT1
610¢
ludy /dIA pue
‘e1eq bue4 uepp
‘(I4ND) 2In12nUs
-elyu| abpajmouy
[euonen eulyn
'92U31D6 Jo
sisAjeue oM 241 ‘Areaqi]
(S9=M 17 01 dnoibans ‘sis duelyd0D By} £6187161077QdD
) $2101q01d eulyd 1591509663 -Ajeue AAIsUSS  ‘asequu ‘PaNgnd 9s¢el/te [ueIYd>0D pspund 107 71dH D1 DL (OY3dSOHd)  [2S1610T ONVL
poylaw spoyaw 9z|s s|dwes
jJusawleasy JuaWISSasse JuUdWISSAsse |el0y/saipnis uonedignd
Jo uoneinp selq Auauaboialay yd4eds jo papnjpul |00} JUBWISSISSE Jo Jeak
Juonuanidu] A1nunod uonediqnd J0 32IN0S  d)ep /saseq ejeq Jo 1IaquinN seiq Jo ysiy Buipung sawodnQ  A11s1b6ai [020104d /loyane 1sii4

(panunuod) | sjqel



Naghipour et al. Systematic Reviews (2023) 12:144 Page 8 of 19
Study name Statistics for each study Point estimate and 95% CI
Point Lower Upper
estimate limit limit p-Value
Ga0,2016 -0.090 -0.150  -0.030 0.003 e
Gkiourtzis, 2022 -3.950 -6.035  -1.865 0.000 o
Hadi,2019 22850 -33.005  -12.695 0.000
Huang,2022 -0.240 -0.530 0.050 0.105 -+
Khan,2019 (pro) -0.490 -0.870  -0.110 0.011 ——
Khan,2019 (syn) -0.060 -0.335 0.215 0.669 -
Koutnikova,2019 -12.890  -21.815  -3.965 0.005
Lavekar,2017 -61.750  -171.835  48.335 0.272
Li,2022 (pro) -0.170 -0.670 0.330 0.505 ——
Li,2022 (syn) -0.330 -0.615  -0.045 0.023 -
Liu,2019 (pro) -0.280 -0.525  -0.035 0.025 -@=-
Liu,2019 (syn) -0.340 -0.620  -0.060 0.017 -
Loman,2018 (pre) 8150 -31.055 14755 0.486
Loman,2018 (pro) 7230 -16.785 2.325 0.138
Loman,2018 (syn) -1L110 -55.905  33.685 0.627
Sharpton,2019 (pro) 3.300 9360  15.960 0.609
Sharpton,2019 (syn) ~ -15.780  -33.158 1.598 0.075
Tang,2019 -0.360 -0.635  -0.085 0.010 -—
Xia0,2019 9600  -22.130 2.930 0.133
0313 -0.516  -0.110 0.003 <
-2.00 -1.00 0.00 1.00 2.00
Microbial therapy Placebo
Meta Analysis
B Funnel Plot of Standard Error by Point estimate
O
20 .
o
. 40
o
=
w
= O
S 60
c
©
8
»n
80
100 : : ' : : ¢
|
-100 -80 -60 -40 -20 0 20 40 60 80 100

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)

Point estimate
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Table 2 Results of subgroup analysis with their effect size and 95% confidential interval
VARIABLE NUMBEROF  ES WITH 95%ClI ? PVALUE OF
STUDIES HETEROGENEITY
TG Total effect 19 (=0.31:-051,-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 1.05,14.75, P=0.48) 0.00% P=1
Units of reported MD 2 (=10.95:-33.7,11.17,P=033) 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:-047,—-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:-042.-0.03, P=0.01) 58.93% P=0.01
<1000 7 (—=0.30:-045,-0.14, P= <0.01) 2.03% P=040
TC Total effect 16 (—1.04:—1.46,-061,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;,—-895,—238,P<0.01) 97.34% P<0.01
Prebiotics 1 (=5.56:-1262,1.5,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 (—042:-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:=2297,-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 (-044:—0.77,—-0.10,P<0.01) 65.82% P=0.03
Sample size <500 4 (—856:—16.11,—1.00, P=0.02) 91.78% P<0.01
500-1000 8 (—143:-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 NUMBEROF  ES WITH 95%ClI ? PVALUE OF
STUDIES 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=04
Prebiotics 1 (2.25:0.68,3.81,P<0.01) 0.00% P=1
Units of reported MD 2 (—=855:=29.55,12.43,P=042) 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=045) 73.22% P<0.01
USA 5 (=0.03:-0.76,0.69, P=0.92) 84.67% P<0.01
Others 1 (154:—1.424.5,P=03) 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:-0.43,049, P=0.90) 63.75% P=0.06
Not reported 3 (=0.10:-0.17,-0.03, P<0.01) 0.00% P=041
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:-549,—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:—24.41621,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=037
No 12 (—0.96:-1.49,—-042,P<0.01) 90.79% P<0.01
Quality of studies Critically low 7 (-=040:-0.64,-0.17,P<0.01) 62.84% P=001
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 (-=044;,-0.75,-0.13,P<0.01) 66.90% P<0.01
<1000 5 (-0.61:-0.83,-0.38,P<0.01) 3931% 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 (I*=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,-091 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 (I*=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, >=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 (?=0.00%, P=0.4,
PP=214%, P=026, I’=14.10%, P=0.28, I’=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, P=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 (F=39.31%, P=0.15, =0.00%, P=0.37, I*=36.95%,
P=0.14, ’=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).
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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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Study name Statistics for each study Point estimate and 95% CI
Point Lower Upper
estimate limit limit p-Value
Yang,2021 -13.490 23420  -3.560 0.008 —
Xia0,2019 -15380  -26.505  -4.255 0.007 S—
Tang,2019 -0.730 -1.280  -0.180 0.009 @
Ma,2013 -0.280 -0.550  -0.010 0.042 Q@
Loman,2018 (pre) 25560  -12.620 1.500 0.123
Loman,2018 (pro) -7.100  -17.205 3.005 0.168
Loman,2018 (syn) -14.890  -17.340  -12.440 0.000
Liu,2019 (pro) -0.420 0685  -0.155 0.002
Liu,2019 (syn) -0.530 0885  -0.175 0.003
Li,2022 (pro) -0.420 -0.590  -0.250 0.000
Li,2022 (syn) -1.250 2275 -0225 0.017 -@-
Khan,2019 (pro) -0.130 -0.495 0.235 0.485
Khan,2019 (syn) -1.190 2395 0.015 0.053
Hadi,2019 -17.810  -25.115  -10.505 0.000
Gkiourtzis -6.150  -10270  -2.030 0.003 —@—t+—
Gao,2016 -0.220 0305  -0.135 0.000
-1.040 -1.466  -0.614 0.000 <o
-8.00 -4.00 0.00 4.00 8.00
Microbial therapy Placebo
Meta Analysis
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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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Study name Statistics for each study Point estimate and 95% CI
Point Lower Upper
estimate limit limit p-Value
Gao,2016 -0.120 -0.165 -0.075 0.000 q
Hadi,2019 1.540 -1.420 4.500 0.308 .
Huang,2022 -19.920  -30.555 -9.285 0.000
Khan,2019 (pro) -0.240 -0.535 0.055 0.111
Khan,2019 (syn) 0.240 -0.095 0.575 0.160
Li,2022 (pro) -0.090  -0.340 0.160 0.480
Li,2022 (syn) 0.200 -0.005 0.405 0.056
Liu,2019 (pro) -0.220 -0.485 0.045 0.104
Liu,2019 (syn) -0.440 -1.145 0.265 0.221
Loman,2018 (pre) 2.250 0.685 3.815 0.005 e S—
Loman,2018 (pro) -1.320 -1.995 -0.645 0.000 —Q—
Loman,2018 (syn) 1.080 -6.685 8.845 0.785 O
Ma,2013 -0.090 -0.165 -0.015 0.019
Tang,2019 0.430 -0.030 0.890 0.067
Xia0,2019 1.320 -2.000 4.640 0.436 O
-0.060 -0.199 0.079 0.398
-4.00 -2.00 0.00 2.00 4.00
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B Funnel Plot of Standard Error by Point estimate
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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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Study name Statistics for each study Point estimate and 95% CI
Point Lower  Upper
estimate limit limit p-Value
Gao,2016 -0.210 -0.260 -0.160  0.000
Hadi,2019 -17.010 -20.500 -13.520  0.000
Huang,2022 -1.380 -2.155 -0.605  0.000 -0
Khan,2019 (Syn) -1.100 -2.040 -0.160  0.022 -
Khan,2019 (Pro) -0.050 -0.570 0.470  0.851
Li,2022 (Syn) -0.880 -1.435 -0.325 0.002 @
Li,2022 (Pro) -0.420 -0.745 -0.095 0.011
Liu,2019 (Syn) -0.820 -1.200 -0.440  0.000 @
Liu,2019 (Pro) -0.410 -0.705 -0.115  0.006
Loman,2018 (Syn) -17.220 -34.615 0.175 0.052
Loman,2018 (Pro) 0.300 -4.995 5595 0.912 F
Loman,2018 (Pre) -4.970 -10.960 1.020 0.104 @
Ma,2013 -0.380 -0.780 0.020 0.063
Tang,2019 -0.540 -0.990 -0.090 0.019
Xiao,2019 -6.140 -21.715 9.435  0.440 —0
Pooled -0.778 -1.158 -0.398  0.000 <>|
-8.00 -4.00 0.00 4.00 8.00
Microbial therapy Placebo
Meta Analysis
B Funnel Plot of Standard Error by Point estimate
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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).
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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 (NPCI1L1) that are
transporters located on intestinal cells membrane
[80, 81]. Previous in vitro studies showed some pro-
biotics could reduce NPCI1L1 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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Fig. 6 Mechanism of gut microbiome modulation on lipid profile: 1 Bile salt deconjugation. 2 Increased hepatic LDL receptors. 3 Increased bile salt
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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
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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.

Abbreviations

PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT Randomized control trial

TG Triglyceride

HDL High-density lipoprotein

LDL Low-density lipoprotein

TC Total cholesterol

NAFLD Non-alcoholic fatty liver disease
ES Effect size

MD Mean difference

WMD Weighted mean difference
SMD Standard mean difference

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513643-023-02299-x.

Additional file 1: Table S1. Search strategy and keywords of this umbrella
review. Table S2. Quality assessment of included studies based on
AMSTAR 2 checklist

Page 17 of 19

Acknowledgements
We acknowledge BioRender since all the illustrations are created with BioRen-
dercom

Authors’ contributions

Concept development (provided idea for the research): A. N and M. OG, E.AS.
Design (planned the methods to generate the results): Z.M. Supervision
(provided oversight, responsible for organization and implementation, writing
of the manuscript): ZM and A.N. Data collection/processing (responsible for
experiments, patient management, organization, or reporting data): A. N,

M. S, and M. OG. Analysis/interpretation (responsible for statistical analysis,
evaluation, and presentation of the results): 1.A, ZM and B.F. Literature search
(performed the literature search): A. N and M. OG. Writing (responsible for
writing a substantive part of the manuscript): All authors. All authors read and
approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pharmaceutics, Faculty of Pharmacy, Kerman University

of Medical Sciences, Kerman, Iran. “Gastrointestinal and Liver Diseases
Research Center, Guilan University of Medical Sciences, Rasht, Iran. 3Student
Research Committee, School of Medicine, Guilan University of Medical Sci-
ences, Rasht, Iran. “Guilan University of Medical Sciences, Rasht, Iran. *Pediatric
Gastroenterology and Hepatoloy Research center, Zabol University of Medical
Sciences, Zabol, Iran. ®Department of Parasitology and Mycology, School

of Medicine, Zabol University of Medical Sciences, Zabol, Iran. ’Institute

of Physical Chemistry, Polish Academy of Sciences, Marsaw, Poland. ®Digestive
Disease Research Institute, Tehran University of Medical Sciences, Tehran, Iran.

Received: 21 January 2023 Accepted: 28 July 2023
Published online: 21 August 2023

References

1. Puri P, Sanyal AJ. Nonalcoholic fatty liver disease: Definitions, risk factors,
and workup. Clinical liver disease. 2012;1(4):.99-103. https://doi.org/10.
1002/cld.81.

2. Abd El-Kader SM, EI-Den Ashmawy EM. Non-alcoholic fatty liver disease:
the diagnosis and management. World J Hepatol. 2015;7(6):846-58.
https://doi.org/10.4254/wjh.v7.i6.846.

3. Angulo P Machado MV, Diehl AM. Fibrosis in nonalcoholic fatty
liver disease: mechanisms and clinical implications. Semin Liver Dis.
2015;35(2):132-45. https://doi.org/10.1055/5-0035-1550065.

4. Cooper J, Baumgartner K, Smith A, St L. Liver disease: nonalcoholic fatty
liver disease. FP essentials. 2021;511:29-35.

5. Tevar AD, Clarke C, Wang J, et al. Clinical review of nonalcoholic
steatohepatitis in liver surgery and transplantation. J Am Coll
Surg. 2010;210(4):515-26. https://doi.org/10.1016/j.jamcollsurg.
2010.01.020.

6. Collier J. Non-alcoholic fatty liver disease. Medicine. 2007;35(2):86-8.

7. Paschos P, Paletas K. Non alcoholic fatty liver disease and metabolic
syndrome. Hippokratia. 2009;13(1):9.

8. Moore JB. Non-alcoholic fatty liver disease: the hepatic consequence
of obesity and the metabolic syndrome. Proceedings of the Nutrition
Society. 2010;69(2):211-20.


https://doi.org/10.1186/s13643-023-02299-x
https://doi.org/10.1186/s13643-023-02299-x
https://doi.org/10.1002/cld.81
https://doi.org/10.1002/cld.81
https://doi.org/10.4254/wjh.v7.i6.846
https://doi.org/10.1055/s-0035-1550065
https://doi.org/10.1016/j.jamcollsurg.2010.01.020
https://doi.org/10.1016/j.jamcollsurg.2010.01.020

Naghipour et al. Systematic Reviews

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

(2023) 12:144

Le MH, Yeo YH, Li X, et al. 2019 Global NAFLD Prevalence: A Systematic
Review and Meta-analysis. Clin Gastroenterol Hepatol. 2021. https://doi.
0rg/10.1016/j.cgh.2021.12.002.

Cheemerla S, Balakrishnan M. Global epidemiology of chronic liver dis-
ease. Clin Liver Dis. 2021;17(5):365-70. https://doi.org/10.1002/cld.1061.

. Koopman N, Molinaro A, Nieuwdorp M, Holleboom AG. can bugs be

drugs? The potential of probiotics and prebiotics as treatment for non-
alcoholic fatty liver disease. Aliment Pharmacol Ther. 2019;50(6):628-39.
Sookoian S, Pirola CJ. Genetic predisposition in nonalcoholic fatty liver
disease. Clin Mol Hepatol. 2017;23(1):1.

Mokhtari Z, Gibson DL, Hekmatdoost A. Nonalcoholic fatty liver disease,
the gut microbiome, and diet. Adv Nutr. 2017;8(2):240-52.

Meroni M, Longo M, Dongiovanni P. The role of probiotics in nonalcoholic
fatty liver disease: a new insight into therapeutic strategies. Nutrients.
2019;11(11):2642.

Moschen AR, Kaser S, Tilg H. Non-alcoholic steatohepatitis: a microbiota-
driven disease. Trends Endocrinol Metab. 2013;24(11):537-45.

Tripathi A, Debelius J, Brenner DA, et al. The gut-liver axis and the
intersection with the microbiome. Nat Rev Gastroenterol Hepatol.
2018;15(7):397-411.

CaoY, Deng Y, Wang J, Zhao H, Zhang J, Xie W.The association between
NAFLD and risk of chronic kidney disease: a cross-sectional study. Thera-
peutic Adv Chronic Dis. 2021;12:20406223211048650. https://doi.org/10.
1177/20406223211048649.

Ma C, Yan K, Wang Z, et al. The association between hypertension and
nonalcoholic fatty liver disease (NAFLD): literature evidence and systems
biology analysis. Bioengineered. 2021;12(1):2187-202. https://doi.org/10.
1080/21655979.2021.1933302.

Targher G, Corey KE, Byrne CD, Roden M. The complex link between
NAFLD and type 2 diabetes mellitus — mechanisms and treatments. Nat
Rev Gastroenterol Hepatol. 2021;18(9):599-612. https://doi.org/10.1038/
$41575-021-00448-y.

Fabbrini E, Sullivan S, Klein S. Obesity and nonalcoholic fatty liver disease:
biochemical, metabolic, and clinical implications. Hepatology (Baltimore,
MD). 2010;51(2):679-89. https://doi.org/10.1002/hep.23280.

Arslan U, Yenercag M. Relationship between non-alcoholic fatty liver dis-
ease and coronary heart disease. World J Clin Cases. 2020;8(20):4688-99.
https://doi.org/10.12998/wjcc.v8.i20.4688.

Paschos P, Paletas K. Non alcoholic fatty liver disease and metabolic
syndrome. Hippokratia. 2009;13(1):9-19.

Amini-Salehi E, Hassanipour S, Joukar F, et al. Risk factors of non-alcoholic
fatty liver disease in the iranian adult population: a systematic review
and meta-analysis. Systematic Review Hepat Mon. 2023;23(1):e131523.
https://doi.org/10.5812/hepatmon-131523.

Phisalprapa P, Prasitwarachot R, Kositamongkol C, et al. Economic
burden of non-alcoholic steatohepatitis with significant fibrosis in
Thailand. BMC Gastroenterol. 2021;21(1):135. https://doi.org/10.1186/
$12876-021-01720-w.

Allen AM, Van Houten HK, Sangaralingham LR, Talwalkar JA, McCoy RG.
Healthcare cost and utilization in nonalcoholic fatty liver disease: real-
world data from a large U.S. Claims Database Hepatology (Baltimore, Md).
2018;68(6):2230-8. https://doi.org/10.1002/hep.30094.

Younossi Z, Anstee QM, Marietti M, et al. Global burden of NAFLD and
NASH: trends, predictions, risk factors and prevention. Nat Rev Gastro-
enterol Hepatol. 2018;15(1):11-20. https://doi.org/10.1038/nrgastro.
2017.109.

Pouwels S, Sakran N, Graham Y, et al. Non-alcoholic fatty liver disease
(NAFLD): a review of pathophysiology, clinical management and effects
of weight loss. BMC Endocr Disord. 2022;22(1):1-9.

ZhouY, Zheng T, Chen H, et al. Microbial intervention as a novel target

in treatment of non-alcoholic fatty liver disease progression. Cell Physiol
Biochem. 2018;51(5):2123-35. https://doi.org/10.1159/000495830.
Meroni M, Longo M, Dongiovanni P. The role of probiotics in nonalcoholic
fatty liver disease: a new insight into therapeutic strategies. Nutrients.
2019;11(11). https://doi.org/10.3390/nu11112642.

Lynch SV, Pedersen O.The human intestinal microbiome in health and
disease. N Engl J Med. 2016;375(24):2369-79.

Davani-Davari D, Negahdaripour M, Karimzadeh |, et al. Prebiotics: defini-
tion, types, sources, mechanisms, and clinical applications. Foods (Basel,
Switzerland). 2019;8(3). https://doi.org/10.3390/foods8030092.

32.

33.

34.

35.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 18 of 19

de Vrese M, Schrezenmeir J. Probiotics, prebiotics, and synbiotics. Adv Bio-
chem Eng Biotechnol. 2008;111:1-66. https://doi.org/10.1007/10_2008_097.
Koutnikova H, Genser B, Monteiro-Sepulveda M, et al. Impact of bacterial
probiotics on obesity, diabetes and non-alcoholic fatty liver disease
related variables: a systematic review and meta-analysis of randomised
controlled trials. BMJ Open. 2019;9(3):e017995.

Xiao M-W, Lin S-X, Shen Z-H, Luo W-W, Wang X-Y. Systematic review with
meta-analysis: the effects of probiotics in nonalcoholic fatty liver disease.
Gastroenterol Res Pract. 2019,2019:14845982019.

Khalesi S, Johnson DW, Campbell K, et al. Effect of probiotics and synbiot-
ics consumption on serum concentrations of liver function test enzymes:
a systematic review and meta-analysis. Eur J Nutr. 2018;57(6):2037-53.
Hadi A, Mohammadi H, Miraghajani M, Ghaedi E. Efficacy of synbiotic
supplementation in patients with nonalcoholic fatty liver disease: a sys-
tematic review and meta-analysis of clinical trials: Synbiotic supplemen-
tation and NAFLD. Crit Rev Food Sci Nutr. 2019;59(15):2494-505. https://
doi.org/10.1080/10408398.2018.1458021.

Stachowska E, Portincasa P, Jamiot-Milc D, Maciejewska-Markiewicz D,
Skonieczna-Zydecka K. The relationship between prebiotic supplementa-
tion and anthropometric and biochemical parameters in patients with
NAFLD-A systematic review and meta-analysis of randomized controlled
trials. Nutrients. 2020;12(11). https://doi.org/10.3390/nu12113460.
Shuster J. Review: Cochrane handbook for systematic reviews for
interventions, Version 5.1.0, published 3/2011. Julian PT. Higgins and Sally
Green, Editors. Res Synth Methods. 2011;2:126-30.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement:

an updated guideline for reporting systematic reviews. Syst Rev.
2021;10(1):1-11.

Shea BJRB, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P,
Welch V, Kristjansson E, Henry DA. AMSTAR 2: a critical appraisal tool for
systematic reviews that include randomised or non-randomised studies
of healthcare interventions, or both. BMJ. 2017;358:4008 (https://amstar.
ca/Amstar_Checklist php#:~:text=To%20cite%20this%20tool%3A%20She
a,5ep%2021%3B358%3Aj4008).

Sterne JA, Sutton AJ, loannidis JP, et al. Recommendations for examining
and interpreting funnel plot asymmetry in meta-analyses of randomised
controlled trials. Bmj. 2011;343:d4002. https://doi.org/10.1136/bmj.d4002.
Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997,315(7109):629-34. https://
doi.org/10.1136/bm;j.315.7109.629.

Gkiourtzis N, Kalopitas G, Vadarlis A, et al. The benefit of probiotics in
pediatric nonalcoholic fatty liver disease: a meta-analysis of randomized
control trials. J Pediatr Gastroenterol Nutr. 2022;75(3):e31-7. https://doi.
org/10.1097/mpg.0000000000003537.

Huang Y, Wang X, Zhang L, et al. Effect of probiotics therapy on nonalco-
holic fatty liver disease. Comput Math Methods Med. 2022,2022:7888076.
https://doi.org/10.1155/2022/7888076.

Li S, Liu J,Wang Z, et al. The promising role of probiotics/prebiotics/
synbiotics in energy metabolism biomarkers in patients with NAFLD: a
systematic review and meta-analysis. Front Public Health. 2022;10:862266.
https://doi.org/10.3389/fpubh.2022.862266.

Yang R, Shang J, Zhou Y, Liu W, Tian Y, Shang H. Effects of probiotics on
nonalcoholic fatty liver disease: a systematic review and meta-analysis.
Expert Rev Gastroenterol Hepatol. 2021;15(12):1401-9. https://doi.org/10.
1080/17474124.2022.2016391.

Koutnikova H, Genser B, Monteiro-Sepulveda M, et al. Impact of bacterial
probiotics on obesity, diabetes and non-alcoholic fatty liver disease
related variables: a systematic review and meta-analysis of randomised
controlled trials. BMJ Open. 2019;9(3):e017995. https://doi.org/10.1136/
bmjopen-2017-017995.

Xiao MW, Lin SX, Shen ZH, Luo WW, Wang XY. Systematic review with
meta-analysis: the effects of probiotics in nonalcoholic fatty liver disease.
Gastroenterol Res Pract. 2019;2019:1484598. https://doi.org/10.1155/
2019/1484598.

Liu L, Li P, LiuY, Zhang Y. Efficacy of probiotics and synbiotics in patients
with nonalcoholic fatty liver disease: a meta-analysis. Dig Dis Sci.
2019;64(12):3402-12. https://doi.org/10.1007/510620-019-05699-z.

Khan MY, Mihali AB, Rawala MS, Aslam A, Siddiqui WJ. The promising

role of probiotic and synbiotic therapy in aminotransferase levels and
inflammatory markers in patients with nonalcoholic fatty liver disease


https://doi.org/10.1016/j.cgh.2021.12.002
https://doi.org/10.1016/j.cgh.2021.12.002
https://doi.org/10.1002/cld.1061
https://doi.org/10.1177/20406223211048649
https://doi.org/10.1177/20406223211048649
https://doi.org/10.1080/21655979.2021.1933302
https://doi.org/10.1080/21655979.2021.1933302
https://doi.org/10.1038/s41575-021-00448-y
https://doi.org/10.1038/s41575-021-00448-y
https://doi.org/10.1002/hep.23280
https://doi.org/10.12998/wjcc.v8.i20.4688
https://doi.org/10.5812/hepatmon-131523
https://doi.org/10.1186/s12876-021-01720-w
https://doi.org/10.1186/s12876-021-01720-w
https://doi.org/10.1002/hep.30094
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1159/000495830
https://doi.org/10.3390/nu11112642
https://doi.org/10.3390/foods8030092
https://doi.org/10.1007/10_2008_097
https://doi.org/10.1080/10408398.2018.1458021
https://doi.org/10.1080/10408398.2018.1458021
https://doi.org/10.3390/nu12113460
https://amstar.ca/Amstar_Checklist.php#:~:text=To%20cite%20this%20tool%3A%20Shea,Sep%2021%3B358%3Aj4008
https://amstar.ca/Amstar_Checklist.php#:~:text=To%20cite%20this%20tool%3A%20Shea,Sep%2021%3B358%3Aj4008
https://amstar.ca/Amstar_Checklist.php#:~:text=To%20cite%20this%20tool%3A%20Shea,Sep%2021%3B358%3Aj4008
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1097/mpg.0000000000003537
https://doi.org/10.1097/mpg.0000000000003537
https://doi.org/10.1155/2022/7888076
https://doi.org/10.3389/fpubh.2022.862266
https://doi.org/10.1080/17474124.2022.2016391
https://doi.org/10.1080/17474124.2022.2016391
https://doi.org/10.1136/bmjopen-2017-017995
https://doi.org/10.1136/bmjopen-2017-017995
https://doi.org/10.1155/2019/1484598
https://doi.org/10.1155/2019/1484598
https://doi.org/10.1007/s10620-019-05699-z

Naghipour et al. Systematic Reviews

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

(2023) 12:144

- a systematic review and meta-analysis. Eur J Gastroenterol Hepatol.
2019;31(6):703-15. https://doi.org/10.1097/meg.0000000000001371.
Sharpton SR, Maraj B, Harding-Theobald E, Vittinghoff E, Terrault NA.
Gut microbiome-targeted therapies in nonalcoholic fatty liver disease:
a systematic review, meta-analysis, and meta-regression. Am J Clin
Nutr. 2019;110(1):139-49. https://doi.org/10.1093/ajcn/nqz042.

Tang Y, Huang J, Zhang WY, et al. Effects of probiotics on nonalcoholic
fatty liver disease: a systematic review and meta-analysis. Therap Adv
Gastroenterol. 2019;12:1756284819878046. https://doi.org/10.1177/
1756284819878046.

Loman BR, Herndndez-Saavedra D, An R, Rector RS. Prebiotic and pro-
biotic treatment of nonalcoholic fatty liver disease: a systematic review
and meta-analysis. Nutr Rev. 2018;76(11):822-39. https://doi.org/10.
1093/nutrit/nuy031.

A SL, DVR, Manohar T, A AL. Role of probiotics in the treatment of nonal-
coholic fatty liver disease: a meta-analysis. Euroasian J Hepatogastroen-
terol. 2017;7(2):130-137. https://doi.org/10.5005/jp-journals-10018-1233.
Gao X, Zhu'Y,WenY, Liu G, Wan C. Efficacy of probiotics in non-alco-
holic fatty liver disease in adult and children: a meta-analysis of rand-
omized controlled trials. Hepatol Res. 2016;46(12):1226-33. https://doi.
org/10.1111/hepr.12671.

Ma YY, Li L, Yu CH, Shen Z, Chen LH, Li YM. Effects of probiotics on
nonalcoholic fatty liver disease: a meta-analysis. World J Gastroenterol.
2013;19(40):6911-8. https://doi.org/10.3748/wjg.v19.i40.6911.

Mao J, Zhan H, Meng F, et al. Costunolide protects against alcohol-
induced liver injury by regulating gut microbiota, oxidative stress

and attenuating inflammation in vivo and in vitro. Phytother Res.
2022,36(3):1268-83. https://doi.org/10.1002/ptr.7383.

Jiang G, Sun C, Wang X, et al. Hepatoprotective mechanism of
Silybum marianum on nonalcoholic fatty liver disease based on
network pharmacology and experimental verification. Bioengineered.
2022;13(3):5216-35. https://doi.org/10.1080/21655979.2022.2037374.
Xu'S, Jiang X, Jia X, et al. Silymarin modulates microbiota in the gut to
improve the health of sow from late gestation to lactation. Animals
(Basel). 2022;12(17). https://doi.org/10.3390/ani12172202.

Wang C, Li S, Xue P, et al. The effect of probiotic supplementation

on lipid profiles in adults with overweight or obesity: A meta-

analysis of randomized controlled trials. Journal of Functional Foods.
2021;86:104711. https://doi.org/10.1016/jjff.2021.104711.

. Mo R, Zhang X, Yang Y. Effect of probiotics on lipid profiles in hyper-

cholesterolaemic adults: a meta-analysis of randomized controlled
trials. Med Clin (Barc). 2019;152(12):473-81. https://doi.org/10.1016/j.
medcli.2018.09.007.

Jiang J,Wu C, Zhang C, et al. Effects of probiotic supplementation on
cardiovascular risk factors in hypercholesterolemia: A systematic review
and meta-analysis of randomized clinical trial. J Functional Foods.
2020;74:104177. https://doi.org/10.1016/jjff.2020.104177.

Behrouz V, Aryaeian N, Zahedi MJ, Jazayeri S. Effects of probiotic and
prebiotic supplementation on metabolic parameters, liver aminotrans-
ferases, and systemic inflammation in nonalcoholic fatty liver disease:
A randomized clinical trial. J Food Sci. 2020;85(10):3611-7. https://doi.
org/10.1111/1750-3841.15367.

Cho YA, Kim J. Effect of probiotics on blood lipid concentrations: a
meta-analysis of randomized controlled trials. Medicine (Baltimore).
2015;94(43):e1714. https://doi.org/10.1097/md.0000000000001714.
Wu'Y, Zhang Q, Ren Y, Ruan Z. Effect of probiotic Lactobacillus on lipid
profile: a systematic review and meta-analysis of randomized, con-
trolled trials. PLoS One. 2017;12(6):e0178868. https://doi.org/10.1371/
journal.pone.0178868.

Pan B, Liu X, Shi J, et al. A meta-analysis of microbial therapy against
metabolic syndrome: evidence from randomized controlled trials.
Front Nutr. 2021;8:775216. https://doi.org/10.3389/fnut.2021.775216.
Kocsis T, MoIndr B, Németh D, et al. Probiotics have beneficial meta-
bolic effects in patients with type 2 diabetes mellitus: a meta-analysis
of randomized clinical trials. Sci Rep. 2020;10(1):11787. https://doi.org/
10.1038/541598-020-68440-1.

Hu YM, Zhou F, Yuan Y, Xu YC. Effects of probiotics supplement in
patients with type 2 diabetes mellitus: a meta-analysis of randomized tri-
als. Med Clin (Barc). 2017;148(8):362-70. https://doi.org/10.1016/j.medcli.
2016.11.036. (Efectos del suplemento de probidticos en pacientes con
diabetes mellitus tipo 2: metaandlisis de ensayos aleatorizados).

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Page 19 of 19

Ridlon JM, Kang DJ, Hylemon PB. Bile salt biotransformations by human
intestinal bacteria. J Lipid Res. 2006;47(2):241-59. https://doi.org/10.1194/
jIrR500013-JLR200.

Gérard P. Metabolism of cholesterol and bile acids by the gut microbiota.
Pathogens. 2013;3(1):14-24. https://doi.org/10.3390/pathogens3010014.
Kumar M, Nagpal R, Kumar R, et al. Cholesterol-lowering probiotics as
potential biotherapeutics for metabolic diseases. Exp Diabetes Res.
2012,2012:902917. https://doi.org/10.1155/2012/902917.

Lecerf JM, de Lorgeril M. Dietary cholesterol: from physiology to cardio-
vascular risk. Br J Nutr. 2011;106(1):6-14. https://doi.org/10.1017/s0007
114511000237.

Ishimwe N, Daliri EB, Lee BH, Fang F, Du G. The perspective on cholesterol-
lowering mechanisms of probiotics. Mol Nutr Food Res. 2015;59(1):94—
105. https://doi.org/10.1002/mnfr.201400548.

Zhao C, Dahlman-Wright K. Liver X receptor in cholesterol metabolism. J
Endocrinol. 2010;204(3):233-40. https://doi.org/10.1677/joe-09-0271.
Fava F, Lovegrove JA, Gitau R, Jackson KG, Tuohy KM. The gut microbiota
and lipid metabolism: implications for human health and coronary heart
disease. Curr Med Chem. 2006;13(25):3005-21. https://doi.org/10.2174/
092986706778521814.

Ahn YT, Kim GB, Lim KS, Baek YJ, Kim HU. Deconjugation of bile salts by
Lactobacillus acidophilus isolates. Int Dairy J. 2003;13(4):303-11. https://
doi.org/10.1016/50958-6946(02)00174-7.

Lye HS, Kuan CY, Ewe JA, Fung WY, Liong MT. The improvement of
hypertension by probiotics: effects on cholesterol, diabetes, renin, and
phytoestrogens. Int J Mol Sci. 2009;10(9):3755-75. https://doi.org/10.
3390/ijms10093755.

Lye HS, Rusul G, Liong MT. Removal of cholesterol by lactobacilli via incor-
poration and conversion to coprostanol. J Dairy Sci. 2010;93(4):1383-92.
https://doi.org/10.3168/jds.2009-2574.

Lye H-S, Rahmat-Ali G, Liong M-T. Mechanisms of cholesterol removal by
lactobacilli under conditions that mimic the human gastrointestinal tract.
Int Dairy J. 2010;20(3):169-75. https://doi.org/10.1016/j.idairyj.2009.10.
003.

Davis HR Jr, Zhu LJ, Hoos LM, et al. Niemann-Pick C1 Like 1 (NPCTLT1) is the
intestinal phytosterol and cholesterol transporter and a key modulator of
whole-body cholesterol homeostasis. J Biol Chem. 2004,279(32):33586-
92. https://doi.org/10.1074/jbc.M405817200.

Altmann SW, Davis HR Jr, Zhu LJ, et al. Niemann-Pick C1 Like 1

protein is critical for intestinal cholesterol absorption. Science.
2004;303(5661):1201-4. https://doi.org/10.1126/science.1093131.

Huang Y, Wu F, Wang X, Sui Y, Yang L, Wang J. Characterization of Lacto-
bacillus plantarum Lp27 isolated from Tibetan kefir grains: a potential
probiotic bacterium with cholesterol-lowering effects. J Dairy Sci.
2013;96(5):2816-25. https://doi.org/10.3168/jds.2012-6371.

Huang Y, Zheng Y. The probiotic Lactobacillus acidophilus reduces cho-
lesterol absorption through the down-regulation of Niemann-Pick C1-like
1in Caco-2 cells. Br J Nutr. 2010;103(4):473-8. https://doi.org/10.1017/
s0007114509991991.

Guilloteau P, Martin L, Eeckhaut V, Ducatelle R, Zabielski R, Van Immerseel
F. From the gut to the peripheral tissues: the multiple effects of butyrate.
Nutr Res Rev. 2010;23(2):366-84. https://doi.org/10.1017/5095442241
0000247.

Wolever TM, Spadafora PJ, Cunnane SC, Pencharz PB. Propionate inhibits
incorporation of colonic [1,2-13C]acetate into plasma lipids in humans.
Am J Clin Nutr. 1995,61(6):1241-7. https://doi.org/10.1093/ajcn/61.6.1241.
Bordoni A, Amaretti A, Leonardi A, et al. Cholesterol-lowering pro-

biotics: in vitro selection and in vivo testing of bifidobacteria. Appl
Microbiol Biotechnol. 2013;97(18):8273-81. https://doi.org/10.1007/
500253-013-5088-2.

Stancu CS, Sanda GM, Deleanu M, Sima AV. Probiotics determine hypolipi-
demic and antioxidant effects in hyperlipidemic hamsters. Mol Nutr Food
Res. 2014;58(3):559-68. https://doi.org/10.1002/mnfr.201300224.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1097/meg.0000000000001371
https://doi.org/10.1093/ajcn/nqz042
https://doi.org/10.1177/1756284819878046
https://doi.org/10.1177/1756284819878046
https://doi.org/10.1093/nutrit/nuy031
https://doi.org/10.1093/nutrit/nuy031
https://doi.org/10.5005/jp-journals-10018-1233
https://doi.org/10.1111/hepr.12671
https://doi.org/10.1111/hepr.12671
https://doi.org/10.3748/wjg.v19.i40.6911
https://doi.org/10.1002/ptr.7383
https://doi.org/10.1080/21655979.2022.2037374
https://doi.org/10.3390/ani12172202
https://doi.org/10.1016/j.jff.2021.104711
https://doi.org/10.1016/j.medcli.2018.09.007
https://doi.org/10.1016/j.medcli.2018.09.007
https://doi.org/10.1016/j.jff.2020.104177
https://doi.org/10.1111/1750-3841.15367
https://doi.org/10.1111/1750-3841.15367
https://doi.org/10.1097/md.0000000000001714
https://doi.org/10.1371/journal.pone.0178868
https://doi.org/10.1371/journal.pone.0178868
https://doi.org/10.3389/fnut.2021.775216
https://doi.org/10.1038/s41598-020-68440-1
https://doi.org/10.1038/s41598-020-68440-1
https://doi.org/10.1016/j.medcli.2016.11.036
https://doi.org/10.1016/j.medcli.2016.11.036
https://doi.org/10.1194/jlr.R500013-JLR200
https://doi.org/10.1194/jlr.R500013-JLR200
https://doi.org/10.3390/pathogens3010014
https://doi.org/10.1155/2012/902917
https://doi.org/10.1017/s0007114511000237
https://doi.org/10.1017/s0007114511000237
https://doi.org/10.1002/mnfr.201400548
https://doi.org/10.1677/joe-09-0271
https://doi.org/10.2174/092986706778521814
https://doi.org/10.2174/092986706778521814
https://doi.org/10.1016/s0958-6946(02)00174-7
https://doi.org/10.1016/s0958-6946(02)00174-7
https://doi.org/10.3390/ijms10093755
https://doi.org/10.3390/ijms10093755
https://doi.org/10.3168/jds.2009-2574
https://doi.org/10.1016/j.idairyj.2009.10.003
https://doi.org/10.1016/j.idairyj.2009.10.003
https://doi.org/10.1074/jbc.M405817200
https://doi.org/10.1126/science.1093131
https://doi.org/10.3168/jds.2012-6371
https://doi.org/10.1017/s0007114509991991
https://doi.org/10.1017/s0007114509991991
https://doi.org/10.1017/s0954422410000247
https://doi.org/10.1017/s0954422410000247
https://doi.org/10.1093/ajcn/61.6.1241
https://doi.org/10.1007/s00253-013-5088-2
https://doi.org/10.1007/s00253-013-5088-2
https://doi.org/10.1002/mnfr.201300224

	Effects of gut microbial therapy on lipid profile in individuals with non-alcoholic fatty liver disease: an umbrella meta-analysis study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Background
	Methods
	Search strategy and study selection
	Inclusion and exclusion criteria
	Quality assessment
	Data extraction
	Data synthesis

	Results
	Studies characteristics
	Effects of microbial therapy on TG
	Effects of microbial therapy on TC
	Effects of microbial therapy on HDL
	Effects of microbial therapy on LDL

	Discussion
	1-Bile salt deconjugation and 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

	Advantages, limitations, and future research
	Conclusion
	Anchor 31
	Acknowledgements
	References


