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ABSTRACT

Objective Non-alcoholic fatty liver disease (NAFLD) is a
global epidemic without effective therapeutic agents in the
clinic. This meta-analysis aimed to assess the efficacy of
the marketed hepatoprotectant bicyclol at improving blood
biomarkers in patients with NAFLD.

Design Electronic databases were searched for
randomised controlled trials (RCTs) published up to August
2020 using bicyclol to treat NAFLD. The risk of bias,
quality of evidence and publication bias were evaluated.
Blood biomarkers, including alanine transaminase (ALT),
aspartate aminotransferase (AST), total bilirubin (TBIL),
triglyceride (TG) and total cholesterol (TC), were analysed
using Review Manager V.5.3 software. Outcomes with
significant heterogeneity (1% >75%) were divided into the
bicyclol monotherapy subgroup and combination treatment
subgroup.

Results Twelve RCTs involving 1008 patients were
finally included. No serious adverse events were reported
in the bicyclol-treated groups. The total effective rate of
bicyclol intervention for NAFLD was significantly higher
than that of the control group. The decreases in the levels
of AST (mean difference (MD) = —15.20; 95% Cl —20.51
to —9.90; 2=74%), TBIL (MD = —1.72; 95%Cl —2.72 to
—0.72; *=0%) and TC (MD = —0.52; 95% Cl —0.70 to
—0.34; >=67%) treated by bicyclol were significantly
higher than those in the control group. When a high
heterogeneity existed (I >75%), subgroup analyses were
conducted and revealed significantly decreased ALT levels
(MD = —34.07; 95% Cl —36.70 to —31.43; I>=0%) merely
in the bicyclol monotherapy subgroup, while TG level (MD
= —0.39; 95% Cl —0.45 to —0.33; [°=0%) was decreased
in the bicyclol combination therapy subgroup.
Conclusions The study presents the evidence of bicyclol
monotherapy and/or combination therapy for improving
liver function and blood lipid biomarkers in patients with
NAFLD. This preliminary study predicts that bicyclol might
be an alternative drug for NAFLD therapy in the future.

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is
the most common spectrum of liver diseases
typically ranging from non-alcoholic fatty
liver (NAFL) to non-alcoholic steatohepa-
titis (NASH).! Benign and reversible NAFL is
merely characterised by excessive lipid droplet
deposition in hepatocytes, while NASH is
a more aggressive condition characterised
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Strengths and limitations of this study

» This systematic review is the first to determine the
effect of bicyclol on blood biomarkers of patients
with non-alcoholic fatty liver disease (NAFLD).

» This study provides preliminary evidence that bicy-
clol might be efficacious for treatment of patients
with NAFLD.

» The limitation of this meta-analysis is the low quality
of the existing studies, and the results of this study
only apply to China because bicyclol has not been
approved in Europe and North America.

by inflammatory infiltrates, visible cellular
injury and possible progression to, or accom-
panied by, fibrosis and cirrhosis.* NAFLD is
closely related to the high incidence of meta-
bolic syndrome, cardiovascular disease, type
2 diabetes mellitus (T2DM) and advanced
liver diseases.' * Currently, the prevalence
of NAFLD worldwide is up to 25%, with the
highest prevalence of 32% reported in the
Middle East and 31% in South America,
and even the lowest prevalence in Africa was
estimated to be 14%.* Worse still, the prev-
alence of NAFLD worldwide is presumed
to be increasing.” There are no admitted
therapeutic agents from international soci-
eties for treating NAFLD, except for lifestyle
changes.”® However, patients tend to exhibit
poor adherence to this important interven-
tion.” Recently, only one dual peroxisome
proliferator-activated receptor-o./y agonist
saroglitazar magnesium has been approved
for the treatment of NASH without cirrhosis
in India."” However, numerous potential
agents, such as farnesoid X receptor agonists,
apoptosis signal-regulated kinase 1 inhibitors
and C-C chemokine receptor type 2/5 inhibi-
tors, have entered different phases in clinical
trials but presented limited or even no bene-
fits.' '' '* Therefore, new or complementary
drugs for treating NAFLD are still urgently
needed and this dilemma might persist for a
long time.

BM)

Li H, et al. BMJ Open 2020;10:e039700. doi:10.1136/bmjopen-2020-039700 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-7609-9399
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-039700&domain=pdf&date_stamp=2020-11-04

Bicyclol, a hepatoprotective and anti-inflammatory
drug that has been approved in China since 2004, was
used to treat increased levels of aminotransferases caused
by various forms of chronic hepatitis mainly in Asian
countries, while it has not been approved in Europe and
North America."” It is rather safe and suitable for long-
term (more than 6 months) oral administration." Many
preclinical animal experiments have confirmed its thera-
peutic effect in chemical-induced, immunological, fatty
and drug-induced liver injury, as well as hepatic fibrosis
caused by bile duct ligation, dimethylnitrosamine, bovine
serum albumin or carbon tetrachloride."* " The detailed
mechanisms of bicyclol involve the inhibition of hepato-
cyte apoptosis, stabilisation of mitochondrial or hepato-
cyte membranes, scavenging free radicals, increasing
the expression of antioxidant genes and reducing lipid
peroxide levels."* ' Although liver histology and MRI
have high accuracy for evaluating the liver fat content,"”
liver function and blood lipid biomarkers, which mainly
include alanine transaminase (ALT), aspartate amino-
transferase (AST), total bilirubin (TBIL), triglyceride
(TG) and total cholesterol (TC), are commonly used
to evaluate the severity of NAFLD and the subsequent
abnormal metabolism.'® ¥ Relevant clinical and preclin-
ical studies have reported the potential therapeutic role
of bicyclol in NAFLD,20 2 however, its effect on non-
invasive blood biomarkers in patients with NAFLD has
not been precisely confirmed due to insufficient sample
sizes and the low quality of studies. Hence, this meta-
analysis aimed to evidence the effect of bicyclol on blood
biomarker levels in patients with NAFLD through synthe-
sising the clinical data using bicyclol monotherapy alone
or in combination with other drugs to treat NAFLD, and
to preliminarily predict its clinical efficacy in the future.

METHODS

The data included in this meta-analysis were derived from
previously published clinical studies, all of which were
conducted in China. The study protocol was confirmed by
all authors before data collection. Our protocol has been
registered at the International Platform of Registered
Systematic Review and Meta-Analysis Protocols (INPLASY).
The registration number is INPLASY202080017 (DOI
number is 10.37766/inplasy2020.8.0017, https://inplasy.
com/inplasy-2020-8-0017/). We used analytical methods
recommended in the Cochrane Handbook for System-
atic Reviews of Interventions® and reported this study
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses checklist.’

Search strategy

Studies up to August 2020 were searched in PubMed,
Embase, Cochrane Library and Chinese databases,
including the China National Knowledge Infrastructure
database, the WeiPu (VIP)-Chinese scientific and techno-
logicaljournal database,and the Wanfang digital periodical
full-text database. Search terms were (‘Non alcoholic Fatty

Liver Disease’ OR ‘NAFLD’ OR ‘nonalcoholic fatty liver’
OR ‘non-alcoholic fatty liver’ OR ‘Nonalcoholic Steato-
hepatitis’s OR ‘Nonalcoholic Steatohepatitides’) AND
(‘bicyclol’ OR  ‘4,4’-bi-(1,3-benzodioxole)-5-carboxylic
acid, 5'-(hydroxymethyl)-7,7’-dimethoxy-, ‘methyl ester’
OR ‘6-methoxycarbonyl-6-hydroxymethyl-2,3,2’,3*-bis(me
thylenedioxy)—4,4’- ‘dimethoxybiphenyl’) without other
restrictions (online supplemental methods). Additional
studies were hand-searched in Google Scholar and the
reference lists of relevant articles.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) Randomised
controlled trials (RCTs); (2) Male and female patients
diagnosed with NAFLD complicated with or without
T2DM according to the corresponding guidelines; (3)
An average baseline ALT level greater than 90U/L (2~3
times the upper limit of normal values),** while a TG level
ranging from 2.5 mmol/L to 5mmol/L; and (4) Articles
published in the English or Chinese language. The exclu-
sion criteria were (1) Non-clinical studies, non-RCTs; (2)
Studies examining patients with liver injury induced by
drugs, viruses, alcohol, autoimmunity, primary biliary
cholangitis, liver decompensation, malignancy or
genetics; (3) Studies enrolling fewer than 20 subjects in
each group, or the treatment time of less than 4 weeks;
and (4) Studies without sufficient experimental data,
such as case reports, reviews, conference abstracts, or a
lack of sufficient biochemical indicators.

Intervention measures

The bicyclol monotherapy group (experimental group)
was compared with groups treated with a lifestyle inter-
vention (LSI) or another drug as a monotherapy (control
group). Bicyclol combined with another medical treat-
ment (experimental group) was compared with the
corresponding medicine (control group). Other poten-
tial factors, such as LSIs were required to be consistent
between the two groups.

Outcome indicators

Liver function indicators (ALT, AST and TBIL levels)
and blood lipid parameters (TG and TC levels) were
recorded. Adverse events, the anthropometric parameter
body mass index (BMI), and the total effective rate, which
was defined as the ratio of participants who have achieved
significant decreases in blood biomarker levels (the
decreased level of TC >10% and TG >20%) and parame-
ters of liver fat reduction under B-model ultrasonography
among the included participants in the corresponding
studies, were also analysed.

Data extraction and quality assessment

The outcome indicators from all included studies were inde-
pendently extracted and checked by two authors (HL and
NNL) to guarantee the accuracy of the data. The quality of
RCTs, which was assigned as a ‘high risk’, ‘low risk’ or ‘some
concerns’ for each item, was also assessed independently by
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two reviewers using the revised Cochrane risk of bias tool.

Any discrepancies were resolved through discussion.

Data analysis

Review Manager V.5.3 software was used to analyse the
data.’*?” OR and pooled mean difference (MD) with the
corresponding 95% Clwere estimated for binary outcomes
and continuous outcomes, respectively. Heterogeneities
were evaluated using the x* and I” statistics.”> When the
outcome was homogeneous (I°<50%and P>0.10), the
fixed-effects model was used, and the random-effects
model was used when the outcome was considered hetero-
geneous (50% < I’ < 75%). When significant heteroge-
neity was observed (up to 75%), a subgroup analysis was
conducted according to bicyclol monotherapy and combi-
nation therapy, and if the I* of the subgroup was still over
75%, descriptive results were provided without pooling
estimates. The statistical significance of differences
between the experimental and control groups was set at
P<0.05. Publication bias was assessed only for compari-
sons with at least five studies using the funnel plot and
its symmetry was evaluated using Egger’s regression tests
through Stata V.12.0 software. Significant publication
bias was defined as p<0.100.*® Grading of evidence for
the key comparisons was performed using the approach
described by the Grading of Recommendations, Assess-
ment, Development and Evaluation working group.*

Patient and public involvement
Patients and the public were not involved in this review.

RESULTS

Study selection

The whole flow chart of the data selection process is
presented in figure 1. Initially, 166 records were searched

out, and 94 records were retained after duplicate exclu-
sion. We then achieved 34 studies after screening the
title and abstract, in which reviews, case reports, animal
experiments, and studies with incongruent interven-
tion measures and research orientation were excluded.
After screening the full text, we excluded studies without
appropriate samples, biochemical indicators, and base-
line ALT and TG levels. One irrelevant study, which
included patients with alcoholic fatty liver, was also
excluded. Finally, 12 studies published in Chinese were
included.**

Characteristics, quality evaluation and publication bias of the
included studies

The characteristics of the included studies are presented
in table 1. All the studies were conducted in China and
published from 2005 to 2017, and the sample size ranged
from 50 to 152 (median of 81). The total sample size is
1008 with 523 patients in the treatment group and 485
participants in the control group. The baseline values of
patient outcome indicators were not different between
the two groups.

The quality assessment of the included studies is
shown in figure 2 according to the most recently revised
Cochrane risk of bias tool (online supplemental table S1),
in which one study applied the random number table,”
and other studies used randomisation but did not provide
detailed methods. None of the studies reported the
blinding condition or the plan of allocation and conceal-
ment. Additionally, all the studies had provided complete
outcome data, without other predictable sources of bias.

The Egger’s tests of funnel plots (online supplemental
figure S1) for primary outcomes did not reveal significant
publication bias among the blood biomarkers of AST (8
studies, p=0.964), TC (11 studies, p=0.567) and TBIL (6

149 records identified
through database searching

17 additional records identified

through other sources

l

94 records

after duplicates removed

34 records after

screening by title and abstract

22 records excluded

« Insufficient sample (n=1)

« Data missing (n=9)

'

v

« Irrelevant (n=1)

12 studies included in quantitative
synthesis (meta-analysis)

« Baseline ALT and TG (n=11)

| nciuged | [ Enigivility | (screening] [identification|

Figure 1

Flow diagram of data selection process. ALT, alanine transaminase; TG, triglyceride.
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Figure 2 The quality assessment of the included studies. The quality of randomised controlled trials was assessed as a
‘high risk’, ‘low risk’ or ‘some concerns’ to each item independently by two reviewers according to the most recently revised

Cochrane risk of bias tool.

studies, p=0.485). However, ALT (12 studies, p=0.027)
and TG (12 studies, p=0.004) showed significant publi-
cation bias. We speculated that the heterogeneity in the
studies was the main determining factor, and a subgroup
analysis was conducted.

Effect and safety of the bicyclol intervention for patients with
NAFLD

The therapeutic effect and safety of bicyclol for NAFLD
were first evaluated. As shown in figure 3, changes in BMI
and the total effective rate at improving fatty liver indi-
cated no heterogeneity, with I* of 0%, p=0.75, and I* of
42%, p=0.18, respectively. Two hundred and five patients
in three studies were included in the analysis of the total
effective rate, while 456 patients in four studies were
included in the BMI analysis. The fixed-effects model
revealed an increased total effective rate (total effective
rate: OR=4.49; 95% CI 2.02 to 9.95; p=0.0002) but no
significant effect on BMI (BMI: MD = -0.68; 95% CI -1.37
to 0.02; p=0.06) in the bicyclol group compared with the
control group. No gastrointestinal adverse events, such
as nausea, vomiting and diarrhoea, or headache were
reported in the bicyclol treatment group in the included
studies (table 1).

Effect of bicyclol on liver function biomarkers in patients with
NAFLD
Serum ALT levels were reported in 12 studies. These
trials involved 1008 patients, with 523 patients in the
treatment group and 485 patients in the control group.
A high level of statistical heterogeneity for ALT levels was
observed, with I? of 95% and p<0.00001. Therefore, we
further divided these studies into a bicyclol monotherapy
subgroup and bicyclol combination treatment subgroup
according to the drug regimen used in the experimental
group. ALT levels in the bicyclol monotherapy subgroup,
which were analysed using a random-effects model, were
significantly decreased compared with those of the corre-
sponding control group (ALT U/L: MD =-34.07; 95% CI
-36.70 to -31.43; p<0.00001). However, significant
heterogeneity was observed in the bicyclol combination
subgroup with I* of 95% and p<0.00001. Therefore, we
performed a descriptive analysis and showed that bicyclol
was more likely to decrease the levels of ALT in all seven
studies when administered in combination with other
drugs (figure 4A).

Serum AST levels were recorded in eight trials covering
658 patients, including 335 and 323 participants in the
treatment and control groups, respectively. Heterogeneity
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A. Total effective rate

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Guan 2013 38 40 35 40 28.9% 2.711[0.49, 14.90] ] b
Liao 2011 26 30 11 30 24.3% 11.23[3.10,40.71] =
Zhu 2005 32 36 23 29 46.8% 2.09 [0.53, 8.25] —T
Total (95% CI) 106 99 100.0%  4.49[2.02, 9.95] N
Total events 96 69
e Chi2 = = - .12 = 499 t } } t
Heterogeneity: Chi? = 3.47, df =2 (P = 0.18); I? = 42% 0.01 01 y 10 100
Test for overall effect: Z = 3.69 (P = 0.0002) Experimental  Control
B. BMI
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Li 2014 251 4.7 50 256 3.9 50 16.8% -0.50[-2.19, 1.19] =
Sun 2015 25 39 76 255 37 76 32.9% -0.50[-1.71,0.71] L
Zhang 2011 2553 3.98 42 2569 3.87 42 17.0% -0.16[-1.84, 1.52] =
Zhang 2012 273 32 60 285 35 60 33.3% -1.20[-2.40, -0.00] =
Total (95% Cl) 228 228 100.0% -0.68 [-1.37, 0.02] N
Heterogeneity: Chiz = 1.22, df = 3 (P = 0.75); I2 = 0% 2 2 0 2 4‘
Test for overall effect: Z = 1.91 (P = 0.06) Experimental Control

Figure 3 The effect of bicyclol on total effective rate and BMI in patients with NAFLD. Review Manager V.5.3 software was
used to analyse the data. OR with its 95% CI was estimated for total effective rate. Mean difference (MD) with its 95% Cl

was estimated for BMI. Heterogeneities were evaluated using the %2 and I? statistics. | 2 <50% and p>0.10 were deemed as
homogeneous and the fixed-effects model was used. p<0.05 was considered as statistically different between the experimental
and control groups. BMI, body mass index; NAFLD, non-alcoholic fatty liver disease.

was observed for AST levels, with I? of 74% (figure 4B).
The random-effects model demonstrated that the reduc-
tion of AST levels was significant in patients with NAFLD
treated by bicyclol as a monotherapy and combination
therapy (AST U/L: MD = -15.20; 95% CI —20.51 to —9.90;
p <0.00001).

Serum TBIL levels were detected in six trials, involving
472 participants, with 255 and 217 patients in the treat-
ment and control groups, respectively (figure 4C). There
was excellent homogeneity among the six studies, with
I’=0% and p=0.60, and the fixed-effects model indicated
that bicyclol significantly decreased the TBIL level in
patients with NAFLD (TBIL pmol/L: MD =-1.72; 95% CI
-2.72 to -0.72; p =0.0008).

Effect of bicyclol on blood lipid biomarkers in patients with
NAFLD

Twelve studies reported the TG levels. These trials involved
1008 patients, with 523 patients in the treatment groups
and 485 patients in the control groups. A high level of
statistical heterogeneity was observed for TG levels, with
I* of 90% and p<0.00001, and thus the subgroup anal-
ysis was conducted. The bicyclol combination subgroup
did not display heterogeneity, with ’=0% and p=0.89, and
it significantly decreased the TG level in patients with
NAFLD compared with patients receiving monotherapy
with other drugs, which was analysed by a random-effects
model (TG mmol/L: MD = -0.39; 95% p<0.00001).
Substantial heterogeneity was observed in the bicyclol
monotherapy subgroup, with I* of 95% and p<0.00001.

The descriptive analysis showed that bicyclol mono-
therapy was more likely to decrease the levels of TG in all
the five monotherapy studies (figure 5A).

Eleven studies reported the TC levels. These trials
involved 958 patients, with 498 and 460 patients in the
treatment and control groups, respectively. The I? of TG
was 67%, and therefore, the random-effects model was
conducted and showed that the reduction of TC levels
in patients with NAFLD treated by bicyclol was signifi-
cant (TC mmol/L: MD = -0.52; 95% CI -0.70 to -0.34;
p<0.00001) (figure 5B).

Grading the evidence

The evidence for the key outcomes was graded based on
the limitations of precision, publication bias, risk of bias
and heterogeneity. The quality of evidence was either low
or very low (table 2).

DISCUSSION

By performing a meta-analysis of 12 Chinese studies
including 1008 patients, this review provided evidence
that bicyclol, regardless of its application as a mono-
therapy or in combination with other drugs, exerts a
positive effect on improving liver function (ALT, AST and
TBIL) and blood lipid levels (TG and TC). Although the
bicyclol combination treatment for ALT levels and mono-
therapy for TG levels showed considerable heterogeneity,
each trial among the included studies reported promising
therapeutic effects on abnormal blood biomarker levels.
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A.ALT (U/L)

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Experimental Control

Study or Subgroup _Mean SD_Total Mean SD_Total Weight
Bicyclol monotherapy

Liang 2007 43.2 6.3 45 784 1641 38  9.2% -35.20 [-40.64, -29.76] -
Liao 2011 50.14 18.22 30 78.15 22.25 30 8.2% -28.01[-38.30,-17.72] =
Yan 2017 478 187 30 825 39 30 6.9% -34.70[-50.18,-19.22]

Zhang 2012 48.7 105 60 856 156 60  9.3% -36.90[-41.66, -32.14] -

Zhu 2005 47.3 8 36 793 96 29  9.3% -32.00 [-36.36, -27.64] N
Subtotal (95% CI) 201 187  42.9% -34.07 [-36.70, -31.43] ¢

Heterogeneity: Tau? = 0.00; Chi? = 3.73, df =4 (P = 0.44); I? = 0%
Test for overall effect: Z = 25.35 (P < 0.00001)

Bicyclol combination

Ding 2009 303 352 42 638 502 30 57% -24.50[-45.38,-3.62]
Gao 2011 304 311 25 614 473 25 54%  -22.00[44.19,0.19]

Guan 2013 355 126 40 431 148 40 91%  -7.60[-13.62,-1.58] =

He 2011 435 62 47 812 132 35 9.3% -37.70[-42.42,-32.98] -

Li 2014 465 84 50 575 104 50 9.4% -11.00 [-14.71,-7.29] Ak

Sun 2015 454 83 76 564 93 76 95% -11.00[-13.80, -8.20] *

Zhang 2011 4613 1246 42 6562 20.71 42 8.8% -19.49[-26.80,-12.18] b=

Subtotal (95% CI) 322 208 57.1% -18.39 [-27.57,-9.20] -

Heterogeneity: Tau? = 126.78; Chi? = 109.39, df = 6 (P < 0.00001); I = 95%

Test for overall effect: Z = 3.92 (P < 0.0001)

Total (95% ClI) 523 485 100.0% -24.89 [-32.63, -17.15] >

Heterogeneity: Tau? = 162.49; Chi2 = 242,06, df = 11 (P < 0.00001); I = 95% _5*0 25 o 2’5 5‘0

Test for overall effect: Z = 6.30 (P < 0.00001)

7 . Experimental Control
Test for subaroup differences: Chiz = 10.34. df = 1 (P = 0.001). I =90.3%

B. AST (U/L)

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Ding 2009 423 324 42 822 422 30 6.1% -39.90 [-57.90, -21.90]
Gao 2011 424 325 25 786 397 25 52% -36.20[-56.31,-16.09]

Guan 2013 327 156 40 387 199 40 14.2%  -6.00[-13.84,1.84]

Li 2014 438 98 50 546 112 50 183% -10.80[-14.93,-6.67] =

Liao 2011 60.05 2065 30 89.44 29.85 30  9.2% -29.39[42.38,-16.40] —

Sun 2015 437 96 76 535 111 76 19.1%  -9.80[-13.10,-6.50] el

Yan 2017 442 143 30 529 195 30 133% -8.70[-17.35,-0.05]

Zhang 2011 4372 1532 42 5061 1924 42 14.6% -15.89[-23.33,-8.45] =

Total (95% Cl) 335 323 100.0% -15.20 [-20.51, -9.90] L 4

Heterogeneity: Tau? = 35.59; Chi? = 27.41, df = 7 (P = 0.0003); I2 = 74% _5’0 25 5 2’5 550

Test for overall effect: Z = 5.62 (P < 0.00001) Experimental _Control

C. TBIL (umol/L)

Mean Difference
IV, Fixed, 95% CI
=

Mean Difference
IV, Fixed, 95% CI

Experimental Control

Study or Subgroup Mean _SD Total Mean SD Total Weight

Ding 2009 142 26 42 162 37 30 422% -2.00[-3.54,-0.46]
Gao 2011 139 36 25 153 38 25 23.8% -1.40[-3.45,0.65] =T

He 2011 132 7.3 47 121 83 35 84% 1.10[-2.35,4.55] =

Liang 2007 132 78 45 162 98 38 67% -3.00[-6.86, 0.86] ~

Zhang 2012 153 74 60 17.2 86 60 12.2% -1.90[-4.77,0.97] = =

Zhu 2005 129 68 36 159 87 29 6.7% -3.00[-6.87,0.87] ™

Total (95% Cl) 255 217 100.0% -1.72[-2.72,-0.72] <*

Heterogeneity: Chi? = 3.64, df = 5 (P = 0.60); I> = 0% - 1 . 5 5 5 1=0
Test for overall effect: Z = 3.37 (P = 0.0008) Experimental  Control

Figure 4 The effect of bicyclol on ALT, AST and TBIL levels in patients with NAFLD. Review Manager V.5.3 software was
used to analyse the data. Mean difference (MD) with its 95% Cl was estimated for continuous outcomes. Heterogeneities were
evaluated using the %? and I? statistics. The ALT parameter was significantly heterogeneous (1>75% and P<0.10) and subgroup
analysis was conducted (A); the AST parameter was considered heterogeneous (50% < I> <75%) and the random-effects
model was used (B); the TBIL parameter was homogeneous (><50% and p>0.10) and the fixed-effects model was used (C).
p<0.05 was considered as statistically different between the experimental and control groups. ALT, alanine transaminase; AST,
aspartate aminotransferase; NAFLD, non-alcoholic fatty liver disease; TBIL, total bilirubin.

In the clinic, bicyclol is recommended for oral admin-
istration for up to 6 months. Although adverse events,
such as gastrointestinal intolerance were sporadically
reported in the control group in this meta-analysis
(table 1), these mild discomforts were not reported in the
bicyclol-treated group, which agreed with the extremely
mild and rare incidence of adverse reactions observed in
long-term clinical practice.”” Moreover, only three of the
included studies concluded that the bicyclol intervention
produced a higher total effective rate for fatty liver, which
was mainly based on blood biomarker levels and B-model
ultrasonography results. We thus evaluated the liver func-
tion and blood lipid biomarkers as the primary outcome,
although liver histology is the gold standard and MRI has
higher accuracy for assessing fatty liver."”

The pathogenesis of NAFLD is complex and is strongly
associated (over 76%) with T2DM;*~** patients with or
without T2DM were thus included in this review. Addi-
tionally, the course of the disease varied among the
included studies, and some studies did not report the
patient’s medical history; therefore, we limited the base-
line ALT and TG levels to ensure the consistency of the
included patients as much as possible. We also defined
the treatment duration as at least 4 weeks, because
NAFLD is a chronic disease and bicyclol is suitable for
long-term oral administration. Although the use of bicy-
clol to treat NAFLD is an off-label use, the Chinese guide-
lines of prevention and treatment for NAFLD updated
in 2018 recommend that hepatoprotectants are poten-
tially complementary treatment measures for patients
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A. TG (mmol/L)
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean 8§D Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bicyclol monotherapy
Liang 2007 1.7 02 45 22 041 38 10.4% -0.50 [-0.57, -0.43] -
Liao 2011 2.04 0.29 30 295 04 30 8.9% -0.91[-1.09, -0.73] T
Yan 2017 1.7 03 30 19 04 30 8.9% -0.20 [-0.38, -0.02] -
Zhang 2012 19 03 60 22 05 60 9.4% -0.30 [-0.45, -0.15] -
Zhu 2005 158 0.1 36 238 0.2 29 10.3% -0.80[-0.88, -0.72] -
Subtotal (95% Cl) 201 187 47.8% -0.54[-0.77,-0.32] -
Heterogeneity: Tau? = 0.06; Chi? = 79.27, df = 4 (P < 0.00001); 1> = 95%
Test for overall effect: Z =4.81 (P < 0.00001)
Bicyclol combination
Ding 2009 2.69 0.62 42 3.07 0.86 30 5.8% -0.38 [-0.74, -0.02] -
Gao 2011 2.65 0.54 25 3.21 0.88 25 52% -0.56 [-0.96, -0.16] -
Guan 2013 24 1 40 26 1.1 40 4.5% -0.20 [-0.66, 0.26] - 1
He 2011 1.7 02 47 21 02 35 10.2% -0.40 [-0.49, -0.31] -
Li 2014 1.35 044 50 1.75 047 50 8.9% -0.40 [-0.58, -0.22] -
Sun 2015 1.34 043 76 1.74 0.46 76 9.5% -0.40 [-0.54, -0.26] -
Zhang 2011 1.38 0.45 42 1.66 0.61 42 8.0% -0.28 [-0.51, -0.05] D
Subtotal (95% Cl) 322 298 52.2%  -0.39 [-0.45, -0.33] L 2
Heterogeneity: Tau? = 0.00; Chi? = 2.30, df = 6 (P = 0.89); I? = 0%
Test for overall effect: Z =12.08 (P < 0.00001)
Total (95% ClI) 523 485 100.0%  -0.46 [-0.59, -0.33] <o
Heterogeneity: Tau? = 0.04; Chiz = 105.58, df = 11 (P < 0.00001); I2 = 90% 1 0 5 5 ol 5 1
Test for overall effect: Z = 6.95 (P < 0.00001) Expe;'imental Control '
Test for subgroup differences: Chi? = 1.72, df =1 (P = 0.19), ?=41.7%
B. TC (mmol/L)
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ding 2009 412 044 42 4.7 0.51 30 11.5% -0.58 [-0.81, -0.35] -
Guan 2013 46 15 40 49 13 40 53% -0.30 [-0.92, 0.32] B
He 2011 43 07 47 45 07 35 10.0% -0.20 [-0.51, 0.11] T
Li 2014 3.24 0.89 50 4.12 1.21 50 8.0% -0.88[-1.30, -0.46] -
Liang 2007 43 07 45 45 08 38 9.6% -0.20 [-0.53, 0.13] T
Liao 2011 6.04 0.69 30 6.85 0.55 30 9.8% -0.81[-1.13, -0.49] -
Sun 2015 3.13 0.78 76 4.01 1.18 76 9.8% -0.88 [-1.20, -0.56] -
Yan 2017 55 0.7 30 59 0.6 30 9.6% -0.40[-0.73, -0.07] -
Zhang 2011 3.17 0.97 42 424 125 42 71% -1.07 [-1.55, -0.59] -
Zhang 2012 43 08 60 46 0.9 60 10.0% -0.30 [-0.60, 0.00] ™
Zhu 2005 42 06 36 44 08 29  9.2% -0.20 [-0.55, 0.15] T
Total (95% Cl) 498 460 100.0% -0.52[-0.70, -0.34] L 2
Heterogeneity: Tau? = 0.06; Chi? = 30.43, df = 10 (P = 0.0007); I = 67% 2 1 5 1 2
Test for overall effect: Z = 5.68 (P < 0.00001) Experimental Control

Figure 5 The effect of bicyclol on TG and TC levels in patients with NAFLD. Review Manager V.5.3 software was used

to analyse the data. Mean difference (MD) with its 95% CI was estimated for continuous outcomes. Heterogeneities were
evaluated using the X2 and I? statistics. The TG parameter was significantly heterogeneous (1*>75%) and subgroup analysis
was conducted (A); the TC parameter was considered heterogeneous (50% < [°<75%) and the random-effects model was used
(B). p<0.05 was considered as statistically different between the experimental and control groups. NAFLD, alcoholic fatty liver

disease; TC, total cholesterol; TG, triglyceride.

with NASH with elevated aminotransferase levels or liver
injury.** Compared with the intervention in the control
group, including lifestyle changes and other drug treat-
ments, the alleviation of abnormal blood biomarker levels
by bicyclol is evident and consistent with its clinical prac-
tice.”' Notably, subgroup analyses for ALT and TG levels,
which were conducted when significant heterogeneity
existed, also provided substantial evidence for its effect.
This review has to interpret the limitations of the low
quality of the included studies, publication bias and

low grading of evidence. All the included studies were
conducted in China, and many of them did not provide a
description of specific methods of blinding and random
allocation concealments. In terms of the outcome indi-
cators, most articles lacked information on the blood
glucose levels and insulin resistance index, and thus the
results of the meta-analysis merely provide the effect of
bicyclol on liver function and blood lipid indicators.
Though the biomarkers AST, TC and TBIL showed
no publication bias, ALT and TG showed significant
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Table 2 Grading the evidence for key comparisons

Quality of the
No. of participants evidence

Outcomes Corresponding risk (95% CI)* (studies) (GRADE) Comments
ALT The mean ALT in the intervention groups was 24.89 1008 DO very SMD -24.89

SD lower (32.63 to 17.15 lower) (12 studies) lowtt (-32.63 to —17.15)
AST The mean AST in the intervention groups was 15.2 658 OPOO lowt SMD-15.2

SD lower (20.51 to 9.9 lower) (eight studies) (-20.51 to -9.9)
TBIL The mean TBIL in the intervention groups was 1.72 472 PO lowt SMD-1.72

SD lower (2.72 to 0.72 lower) (six studies) (-2.72 t0 -0.72)
TG The mean TG in the intervention groups was 0.46 SD 1008 DO very SMD -0.46

lower (0.59 to 0.33 lower) (12 studies) lowtt (-0.59 to -0.33)
TC The mean TC in the intervention groups was 0.52 SD 958 OPOO lowt SMD -0.52

lower (0.7 to 0.34 lower) (11 studies) (-0.7 to —0.34)

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the

estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the

estimate.
Very low quality: We are very uncertain about the estimate.

*The corresponding risk (and its 95% Cl) is based on the assumed risk in the comparison group and its 95% ClI.

TDowngraded one level due to serious limitations in publication bias.
FDowngraded one level for including studies with high risk of bias.

ALT, alanine transaminase; AST, aspartate aminotransferase; GRADE, Grading of Recommendations Assessment, Development and
Evaluation; SMD, standardised mean difference; TBIL, total bilirubin; TC, total cholesterol; TG, triglyceride.

publication bias. We speculated that the heterogeneity
and language bias contributed to this publication bias,
and subgroup analysis was conducted. Additionally, when
the degree of heterogeneity was large, Egger’s tests did
not have good properties.” Similarly, the low grading of
evidence was mainly derived from the publication bias,
risk of bias and heterogeneity. Therefore, the results of
the meta-analysis merely provide a reference based on the
current evidence.

In conclusion, the present study presents the effec-
tiveness of bicyclol monotherapy and/or combination
therapy at ameliorating the altered liver function and
blood lipid biomarkers in patients with NAFLD. This
preliminary study predicts that bicyclol might be an alter-
native available drug to be explored for NAFLD therapy
in the future. However, the conclusion also needs to be
further verified in more well-designed and implemented
studies.
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