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ABSTACT

Objective Nonalcoholic fatty liver disease (NAFLD) is a global epidemic without admitted

oNOYTULT D WN =

therapeutic agents in clinic. This meta-analysis aimed to assess the efficacy of the marketed
hepatoprotective and anti-inflammatory drug bicyclol in the treatment of NAFLD.

Design Studies up to February 2020 were searched in Embase, Pubmed, Cochrane Library
and several Chinese databases including CNKI, VIP and Wanfang database for randomized ‘
controlled trials (RCTs) using bicyclol to treat NAFLD. Supplemental researches were also
hand-searched. The studies were screened by the corresponding inclusion and exclusion
19 criteria and analyzed using Review Manager 5.3.

21 Results Twelve RCTs involving 1008 patients were included. No serious adverse events were
23 reported in bicyclol-treated groups. The total effective rate of bicyclol treatment is
25 significantly higher comparing with the control group. The efficacy of reducing serum AST,
27 TBIL and TC in NAFLD patients by bicyclol treatment was significantly higher than in

29 control group. When the substantial heterogeneity exists, subgroup analyses showed that

31 bicyclol monotherapy significantly decreased the ALT level and was likely to decrease TG

33 level. Correspondingly, bicyclol combination usage significantly decreased TG level and
35 presented the tendency to decrease ALT.
37 Conclusions Bicyclol is safe and effective in the treatment of patients with NAFLD following

39 improved liver function and reduced blood lipids. As liver dysfunction characterized by

* (s3gv) Inaladns juswaublasug

41 elevated aminotransferases and high blood lipids will substantially exacerbate NAFLD to
43 advanced liver diseases, bicyclol might be an alternative available drug to be explored for

45 NAFLD therapy in the future.

KEYWORDS: nonalcoholic fatty liver disease; meta-analysis; clinical practice; bicyclol
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Strengths and limitations of this study

® This was the first systematic review to determine the clinical effectiveness and safety of
bicyclol on nonalcoholic fatty liver diseases

® The significance of this study is to provide evidence-based clinical decision and
alternative medicine for solving the current "no-cure" situation of NAFLD.

® The limitation of this meta-analysis was the low quality of the existing literatures.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common spectrum of liver diseases
typically ranging from non-alcoholic fatty liver (NAFL) to non-alcoholic steatohepatitis
(NASH).! The benign and reversible NAFL merely characterized by excessive lipid droplets
deposition in hepatocytes, while NASH is a more aggressive condition characterized by
inflammatory infiltrates, visible cellular injury, and possible progression to or accompanied
by fibrosis and cirrhosis.> NAFLD is closely related to the high incidence of metabolic
syndrome, cardiovascular disease, type 2 diabetes, and advanced liver diseases.! Currently,
the prevalence of NAFLD worldwide is up to 25%, with the highest prevalence of 32% in the
Middle East and 31% in South America, and even the lowest prevalence in Africa was
estimated to be 14%.* Worse still, the prevalence of NAFLD worldwide was thought to be on
the rise. Though lifestyle changes targeted at weight loss through dietary interventions and
exercise are the most effective treatment, patients tend to be lack of adherence to these
important intervention targets.’ Recently, only one dual PPAR-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 inhibitors, had
entered different phases in clinical trials but presented limited or even no benefits.!:”:8
Therefore, new or complementary drugs for treating NAFLD are still urgently needed and this
dilemma might persistent for a long time.

Bicyclol, a hepatoprotective and anti-inflammatory drug approved in China since 2004,
was used to treat the elevation of aminotransferases caused by various chronic hepatitis
mainly in Asian countries.® It was rather safe and suitable for long term (more than 6 months)
oral administration.’ Many preclinical animal experiments have proved its excellent
therapeutic effect in chemical-, immunological-, fatty-, drug-induced liver injury, and bile
duct ligation, dimethylnitrosamine, bovine serum albumin or carbon tetrachloride caused
hepatic fibrosis.”!! Its detailed mechanisms involved in inhibiting hepatocyte apoptosis,
stabilizing mitochondrial or hepatocyte membranes, scavenging free radicals, enhancing

antioxidant gene expression and reducing lipid peroxides.!®!1? Although relevant clinical and
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preclinical cases, especially in China, have been reported for its potential therapeutic role in
NAFLD, 314 the effectiveness of bicyclol for NAFLD has not been precisely demonstrated
due to insufficient sample size and low quality of literature researches.

Given the urgent need for drugs and the reported application of bicyclol in NAFLD, this
meta-analysis evaluated its clinical therapeutic role in the treatment of patients with NAFLD

to provide evidence-based clinical decision and alternative medicine.

METHODS

The data used in this meta-analysis derived from previously published multicenter clinical
researches. The study protocol was confirmed by all authors before data collection. We used
analytical methods recommended in the Cochrane Handbook for Systematic Reviews of

Interventions'> and reported this study following the Preferred Reporting Items for Systematic

Reviews and meta-Analyses (PRISMA) checklist.!

Search Strategy

Studies up to February 2020 were searched in Pubmed, Embase, Cochrane Library and
Chinese databases, including China National Knowledge Infrastructure database (CNKI),
VIP-Chinese scientific and technological journal database, Wanfang digital periodical
full-text database. Search terms were (("Non alcoholic Fatty Liver Disease " OR " NAFLD"

n

OR '"nonalcoholic fatty liver" OR '"non-alcoholic fatty liver" OR Nonalcoholic
Steatohepatitis" 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(methylenedioxy)-4,4'-

dimethoxybiphenyl") without other restrictions. Additional studies were hand-searched in

Google Scholar and reference lists of relevant articles.

Inclusion and exclusion criteria

Inclusion criteria fulfilled the following criteria: 1) being randomized controlled trial (RCT);
2) male and female patients were diagnosed as NAFLD with or without type 2 diabetes
mellitus according to their corresponding guidelines; 3) the average baseline alanine

5
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transaminase (ALT) level should be more than 90 U/L (2~3 times the upper limit of normal
values'”), while triglyceride (TG) level should be between 2.5 and 5 mmol/L; 4) being
published English or Chinese articles. Exclusion criteria were 1) non-clinical studies,
non-randomized controlled trials; 2) drug-, viral-, alcohol-, autoimmune-, primary biliary
cholangitis, liver decompensation-, or malignancy- or genetic- caused liver injury; 3) studies
enrolling fewer than 20 subjects in each group, or treatment time of the studies less than 4
weeks; 4) studies without enough experimental data, such as case reports, reviews, conference

abstracts, or biochemical indicator missing.

Intervention Measures

Bicyclol monotherapy group (experimental group) was versus lifestyle intervention (LSI) or
other drug monotherapy group (control group). Bicyclol combined with other medical
treatment (experimental group) was versus the corresponding medicine group (control group).
Other potential factors, such as lifestyle intervention had to be consistent between the two

groups.

Outcome Indicators
Liver function indicators ALT, aspartate aminotransferases (AST), total bilirubin (TBIL) and
blood lipid parameters TG, total cholesterol (TC) were recorded. Total effective rate, adverse

events, and the anthropometric parameters body mass index (BMI) were also analyzed.

Data Extraction and quality assessment

The outcome indicators from all included articles were extracted from selected studies and
checked by two authors to guarantee the accuracy of data. The quality of randomized
controlled trials, which assigned as ‘high risk’, ‘low risk’ or ‘unclear risk’ to each item, was
assessed independently by two reviewers according to the Cochrane risk of bias tool.!> Any

discrepancies were resolved through discussion.

Data analysis
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Review Manager 5.3 was used to analyze the data.'®!° Odds ratio (OR) and pooled mean
difference (MD) with its corresponding 95% confidence interval (95% CI) were estimated for
binary outcomes and continuous outcomes, respectively. Heterogeneities were evaluated
using the chi-square (¥2) and I? statistics. When the outcome was homogeneous (I? < 50%
and P > 0.10) and the fixed-effect model was used; when the outcome was considered
heterogeneous (50% < I? < 75%) and the random-effect model was used. When the significant
heterogeneity exists (I > 75% and P < 0.10), subgroup analysis was conducted according to
bicyclol monotherapy and combination usage, and if I? still over 75% in the subgroup,
descriptive results were provided. The statistical significance between the experimental and

control group was set at P < 0.05.

Patient and public involvement

Patients and the public were not involved in this review.

RESULTS

Study selection

The whole flow chart of data selection was presented in Figure 1. Initially, 163 records were
searched out and then 91 records were retained after duplicates exclusion. We then achieved
33 studies after screening by title and abstract, in which reviews, case reports, animal
experiments, and studies with incongruent intervention measure and research orientation were
excluded. After screening the full text, we excluded studies without appropriate samples,
biochemical indicators, and baseline ALT and TG levels. One irrelevant study, which

included alcoholic fatty liver, were also excluded. At last, 12 studies in Chinese were

included.20-3!

Characteristics and quality evaluation of included studies

The characteristics of the included studies were clarified in Table 1. The publication year
ranges from 2005 to 2017, and the sample size ranges from 50 to 152 (median is 81). The
total sample size is 1008 with 523 patients in the treatment group and 485 counterparts in the

7
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control group. The baselines of patients’ outcome indicators are not different between the two
groups.

The quality assessment of the included studies was shown in Figure 2, in which one study
applied the random number table,?® other studies used random but without detailed methods.
All the studies did not report the blinding condition or the plan of allocation and concealment.

Besides, all the studies had provided complete outcome data without other predictable bias.

Bicyclol treatment is effective and safe for NAFLD patients

The therapeutic effect and safety of bicyclol for NAFLD were firstly evaluated. As shown in
Figure 3, the total effective rate and BMI indicated good homogeneity with I? of 42%, P =
0.18 and 0%, P = 0.75, respectively. 205 patients in 3 studies were reported for the total

effective rate, while 456 patients in 4 studies were included in BMI analysis. The fixed-effects

model revealed that the bicyclol group presented higher total effective rate (total effective rate:

OR =4.49; 95% CI 2.02 to 9.95; P = 0.0002), but no significant effect for BMI (BMI: MD =
—0.68; 95% CI —1.37 to 0.02; P = 0.06) comparing with the control group. No gastrointestinal
adverse events, such as nausea, vomiting, diarrhea, or headache were reported in the bicyclol

treatment group in the included studies.

Effect of bicyclol on liver function in NAFLD patients

Serum ALT level was reported in 12 studies. These trials involved 1008 patients, with 523
patients in the treatment group and 485 patients in control group. There was a high statistical
heterogeneity for ALT with I? of 95% and P < 0.00001. Therefore, the subgroup analysis was
conducted according to bicyclol monotherapy or combination treatment. The results revealed
that bicyclol monotherapy significantly reduced ALT in NAFLD patients than other drugs or
lifestyle interventions alone, which were analyzed by a random-effects model (ALT U/L: MD
= —34.07; 95% CI —36.70 to —31.43; P < 0.00001). However, there was significant
heterogeneity in the bicyclol combination subgroup with I? of 95%, P < 0.00001. Therefore,
we just performed descriptive analysis where bicyclol was more likely to decrease the levels

of ALT in all the seven studies when combination usage with other drugs (Figure 4A).
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Serum AST was recorded in eight trials covered 658 patients, including 335 and 323 in
treatment and control groups, respectively. There was a heterogeneity for AST with I? of 74%
(Figure 4B). A random-effects model demonstrated that the reduction of AST in NAFLD
patients treated by bicyclol was significant when monotherapy and combination usage (AST
U/L: MD =-15.20; 95% CI —20.51 to —9.90; P < 0.00001).

Serum TBIL was detected in six trials, which involved 472 participants, with 255 and
217 patients in treatment and control groups, respectively (Figure 4C). There was an excellent
homogeneity among the 6 studies with I> = 0% and P = 0.60, and the fixed-effect model
demonstrated that bicyclol could significantly decrease the TBIL level in NAFLD patients
(TBIL pmol/L: MD =-1.72; 95% CI —2.72 to —0.72; P = 0.0008).

Effect of bicyclol on blood lipids in NAFLD patients

Twelve studies reported the data of TG. These trials involved 1008 patients, with 523 patients
in treatment groups and 485 patients in control groups. There was a high statistical
heterogeneity for TG with I? of 90% and P < 0.00001, and thus the subgroup analysis was
conducted. Bicyclol combination subgroup indicated well homogeneous with I?=0% and P =

0.89, and it significantly decreased the TG level in NAFLD patients compared with other drug

monotherapy, which was analyzed by a random-effects model (TG mmol/L: MD = —0.39; 95%

CI —0.45 to —0.33; P < 0.00001). There was a substantial heterogeneity in the bicyclol
monotherapy subgroup with I of 95% and P < 0.00001. The descriptive analysis suggested
that bicyclol monotherapy was more likely to decrease the levels of TG in all the five
monotherapy studies (Figure 5A).

There were 11 studies that reported the data of TC. These trials involved 958 patients,
with 498 and 460 patients respectively in the treatment and control group. There was a
heterogeneity for TC with I? of 67% and P = 0.0007. A random-effects model demonstrated
that the reduction of TC in NAFLD patients treated by bicyclol was significant (TC mmol/L:
MD =-0.52; 95% CI —0.70 to —0.34; P < 0.00001) when monotherapy and combination usage
(Figure 5B).
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DISCUSSION

Liver injury and inflammation were the main causes to deteriorate liver histology during
NAFLD progression, and bicyclol was exactly an approved hepatoprotective and
anti-inflammatory drug used for the treatment of liver injury in multiply hepatitis.® Though
treating for NAFLD is its off-label use, the Chinese guidelines of prevention and treatment for
nonalcoholic fatty liver disease updated in 2018 recommend that hepatoprotectants could be
complementary treatment measures for NASH patients with elevated aminotransferases or
liver injury.’> A randomized, multicenter, vitamin E-controlled trial with 223 Chinese
NAFLD patients also showed vitamin E at a dose of 300 mg/day for 24 weeks is not better
than bicyclol plus metformin in the improvement of serum aminotransferase and hepatic
histological changes.'* In spite of this, systematic studies for the efficacy of bicyclol for
NAFLD are still lacking.

With meta-analysis through 12 Chinese studies including 1008 patients, this review
suggests that bicyclol, no matter monotherapy or combination with other drugs, has a positive
effect on improving liver function (ALT, AST, TBIL) and blood lipids (TG, TC). Though
bicyclol combination treatment for ALT and monotherapy for TG have considerable
heterogeneity, each trial in these included studies showed excellent therapeutic effects,
respectively. The total effective rate of bicyclol was also higher than that of the control group,
though only three studies clarified this outcome. Clinically, bicyclol was recommended to oral
administration for up to 6 months. In this meta-analysis, though adverse events, such as
gastrointestinal intolerance or headache were sporadically reported in control group, no such
mild discomforts were reported in bicyclol-treated group, which agreed with the extremely
mild and rare incidence of adverse reactions demonstrated by long-term clinical practice.’
Therefore, bicyclol was rather safe, well-tolerated, and more importantly, effective for
NAFLD patients.

The pathogenesis of NAFLD is complex, including immune responses, oxidative stress,
lipid peroxidation injury, abnormal fat metabolism, and environmental and genetic factors.?
These multiply mechanisms also remind us that hepatoprotection therapy and the combination
of multi-targeted drugs might represent a valid strategy to be used in the future.

Correspondingly, the limited research data suggested the detailed mechanisms of bicyclol for
10
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treating NAFLD were associated with ameliorating mitochondrial function, inhibition of
oxidative stress, and lipid metabolism regulation.!?3> However, explicit targets need to be
further revealed especially in high fat and obesity related animal model, and we speculated the
multiple targets related to immune, inflammation or lipid metabolism should be focused in the
further.

Since NAFLD is tightly associated (over 76%) with type 2 diabetes mellitus (T2DM),3*
patients with or without T2DM were included in this review. Besides, the course of disease
varies among these studies, and some studies did not report the patient's medical history, we
thus limited the baseline ALT and TG level to ensure the consistency of the included patients
as much as possible. We also defined the treatment duration as at least 4 weeks, for that
NAFLD is a chronic disease, and bicyclol was suitable for long-term oral administration.
Some limitations were accompanied by the analysis, which was reflected in the risk of bias
assessment. For example, most studies included in this study did not provide specific methods
of blind and random allocation concealments. In terms of the outcome indexes, most articles
lack the blood glucose and insulin resistance index. Therefore, the results of the meta-analysis
merely provide a reference based on the current evidence.

In conclusion, monotherapy or combination application of bicyclol can significantly
improve liver function and blood lipids and is rather safe in patients with NAFLD. Therefore,
bicyclol might be a new available choice for the treatment of NAFLD. However, the

conclusions also need to be further verified by more well designed and implemented studies.
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FIGURE LEGENDS

FIGURE 1. Flow diagram of data selection process.

FIGURE 2. The quality assessment of the included studies.
The quality of randomized controlled trials was assessed as ‘high risk’, ‘low risk’ or ‘unclear

risk’ to each item independently by two reviewers according to the Cochrane risk of bias tool.

FIGURE 3. The effect of bicyclol on total effective rate and BMI in NAFLD patients.

Review Manager 5.3 was used to analyze the data. Odds ratio (OR) with its 95% confidence
interval (95% CI) were estimated for total effective rate. Mean difference (MD) with its 95%
CI were estimated for BMI. Heterogeneities were evaluated using the chi-square (y2) and I?
statistics. I? < 50% and P > 0.10 were deemed as homogeneous and the fixed-effect model
was used. P < 0.05 were considered as statistically different between the experimental and

control group.

FIGURE 4. The effect of bicyclol on ALT, AST and TBIL in NAFLD patients.

Review Manager 5.3 was used to analyze the data. Mean difference (MD) with its 95% CI
were estimated for continuous outcomes. Heterogeneities were evaluated using the chi-square
(x2) and I? statistics. Among the studies, the ALT parameter was significantly heterogeneous
(I? > 75% and P < 0.10) and subgroup analysis was conducted (A); the AST parameter was
considered heterogeneous (50% < I> < 75%) and the random-effect model was used (B); the
TBIL parameter was homogeneous (I < 50% and P > 0.10) and the fixed-effect model was
used (C). P < 0.05 were considered as statistically different between the experimental and

control group.

FIGURE 5. The effect of bicyclol on TG and TC in NAFLD patients.
Review Manager 5.3 was used to analyze the data. Mean difference (MD) with its 95% CI

were estimated for continuous outcomes. Heterogeneities were evaluated using the chi-square
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(x2) and I statistics. Among the studies, the TG parameter was significantly heterogeneous
(I> > 75% and P < 0.10) and subgroup analysis was conducted (A); the TC parameter was
considered heterogeneous (50% < I? < 75%) and the random-effect model was used (B). P <

0.05 were considered as statistically different between the experimental and control group.
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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%  2.71[0.49,14.90] ] i
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] —
Total (95% CI) 106 99 100.0%  4.49 [2.02, 9.95] -
Total events 96 69

it Chiz = - - 2= 409 t i t !
Heterogeneity: Chi* = 3.47, df = 2 (P = 0.18); I = 42% 0.01 01 1 10 100

Test for overall effect: Z = 3.69 (P = 0.0002)

Experimental Control

Mean Difference

Mean Difference
1V, Fixed, 95% CI

50
76
42
60

16.8% -0.50[-2.19, 1.19]
32.9% -0.50[-1.71,0.71]
17.0% -0.16[-1.84, 1.52]
33.3% -1.20 [-2.40, -0.00]

B. BMI
Experimental Control
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI
Li 2014 251 47 50 256 39
Sun 2015 25 39 76 255 37
Zhang 2011 2553 3.98 42 2569 3.87
Zhang 2012 273 3.2 60 285 35
Total (95% CI) 228

Heterogeneity: Chi? = 1.22, df = 3 (P = 0.75); I* = 0%
Test for overall effect: Z = 1.91 (P = 0.06)

228

100.0% -0.68 [-1.37, 0.02]

-2 0 2 4
Experimental Control

Figure 3
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A ALT

Experimental Control Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bicyclol monotherapy
Liang 2007 432 63 45 784 161 38  9.2% -35.20 [-40.64, -29.76] il
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] e
Zhang 2012 48.7 10.5 60 856 15.6 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] -
Subtotal (95% CI) 201 187 42.9% -34.07 [-36.70, -31.43] L]
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 393 352 42 638 502 30 57% -24.50[-45.38,-3.62] -
Gao 2011 394 311 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] S
He 2011 435 62 47 812 132 35 93% -37.70[-42.42,-32.98] =
Li 2014 465 84 50 575 104 50 94% -11.00 [-14.71,-7.29] -
Sun 2015 454 83 76 564 93 76 95% -11.00[-13.80,-8.20] d
Zhang 2011 46.13 12.46 42 65.62 20.71 42  88% -19.49[-26.80,-12.18] —
Subtotal (95% CI) 322 298 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% CI) 523 485 100.0% -24.89 [-32.63, -17.15] -
Heterogeneity: Tau? = 162.49; Chi? = 242.06, df = 11 (P < 0.00001); 12 = 95% 75{0 25 o 2‘5 5’0
Test for overall effect: Z = 6.30 (P < 0.00001) Experimental Control
Test for subaroun differences: Chi? = 10.34. df = 1 (P = 0.001). I = 90.3%
B. AST

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 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 1586 40 387 199 40 14.2% -6.00 [-13.84, 1.84] -/
Li 2014 43.8 9.8 50 546 112 50 18.3% -10.80[-14.93,-6.67] -
Liao 2011 60.05 20.65 30 89.44 29.85 30 9.2% -29.39 [-42.38, -16.40] -
Sun 2015 437 98 76 535 111 76 19.1%  -9.80[-13.10, -6.50] -
Yan 2017 442 143 30 529 195 30 13.3%  -8.70[-17.35,-0.05] ]
Zhang 2011 4372 1532 42 5961 19.24 42 146% -15.89([-23.33,-8.45] DR
Total (95% CI) 335 323 100.0% -15.20 [-20.51, -9.90] ‘
Heterogeneity: Tau? = 35.59; Chi? = 27.41, df = 7 (P = 0.0003); I = 74% f t y y
Test for overall effect: Z = 5.62 (P < 0.00001) -50 D(f:r\memal 0 i) 2 50
C.TBIL

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ding 2009 142 26 42 16.2 3.7 30 42.2% -2.00[-3.54,-0.46]
Gao 2011 139 3.6 25 1563 38 25 23.8% -1.40][-3.45,0.65] il B
He 2011 132 73 47 121 83 35 84%  1.10[-2.35, 4.55] -1
Liang 2007 132 7.8 45 16.2 98 38 6.7% -3.00[-6.86,0.86] - |
Zhang 2012 153 7.4 60 17.2 86 60 12.2% -1.90[-4.77,0.97] -
Zhu 2005 129 68 36 159 87 23  6.7% -3.00[-6.87,0.87] - T
Total (95% CI) 255 217 100.0% -1.72 [-2.72, -0.72] L 4
Heterogeneity: Chi* = 3.64, df = 5 (P = 0.60); I = 0% T 5 . 5
Test for overall effect: Z = 3.37 (P = 0.0008) Experimental Control
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Experimental Control
Study or Subgroup Mean SD Total Mean S§D Total Weight

Mean Difference
IV, Random, 95% Cl

Mean Difference

Bicyclol monotherapy

Liang 2007 17 02 45 22 0.1 38 104%
Liao 2011 2.04 0.29 30 295 04 30 89%
Yan 2017 17 03 30 1.9 04 30 89%
Zhang 2012 19 03 60 22 05 60 9.4%
Zhu 2005 158 0.1 36 238 02 29 10.3%
Subtotal (95% CI) 201 187 47.8%

Heterogeneity: Tau® = 0.06; Chi* = 79.27, df = 4 (P < 0.00001). I* = 95%
Test for overall effect: Z = 4.81 (P < 0.00001)

Bicyclol combination

Ding 2009 269 062 42 3.07 086 30 5.8%
Gao 2011 265 0.54 25 321 088 25 5.2%
Guan 2013 24 1 40 26 141 40  45%
He 2011 1.7 02 47 21 02 35 102%
Li 2014 1.35 044 50 1.75 047 50 8.9%
Sun 2015 1.34 043 76 174 046 76 9.5%
Zhang 2011 1.38 045 42 166 0.61 42 8.0%
Subtotal (95% CI) 322 298 52.2%

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% CI) 523 485 100.0%
Heterogeneity: Tau? = 0.04; Chi? = 105.58, df = 11 (P < 0.00001); I* = 90%
Test for overall effect: Z=6.95 (P < 0.00001)

Test for subgroup differences: Chi? =1.72,df =1 (P = 0.19), F = 41.7%

-0.50 [-0.57, -0.43]
-0.91[-1.09, -0.73]
-0.20 [-0.38, -0.02]
-0.30 [-0.45, -0.15]
-0.80 [-0.88, -0.72]
-0.54 [-0.77, -0.32]

-0.38 [-0.74, -0.02)
-0.56 [-0.96, -0.16]

-0.20 [-0.66, 0.26]
-0.40 [-0.49, -0.31]
-0.40 [-0.58, -0.22]
-0.40 [-0.54, -0.26]
-0.28 [-0.51, -0.05]
-0.39 [-0.45, -0.33]

-0.46 [-0.59, -0.33]

IV, Random, 95% Cl
-
*
>
4 05 0 05 1

Experimental Control

B.TC
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 4.12 0.44 42 47 051 30 115%  -0.58[-0.81,-0.35]

Guan 2013 46 15 40 49 13 40  53% -0.30 [-0.92, 0.32] -1

He 2011 43 07 47 45 07 35 100% -0.20 [-0.51, 0.11] el

Li 2014 3.24 0.89 50 412 1.21 50 80%  -0.88([-1.30,-0.46] -

Liang 2007 43 07 45 45 08 38 96% -0.20 [-0.53, 0.13]

Liao 2011 6.04 0.69 30 6.85 055 30 98%  -0.81[1.13,-0.49] S

Sun 2015 3.13 078 76 401 1.18 76  98%  -0.88[-1.20,-0.56] -

Yan 2017 55 07 30 59 068 30 96%  -0.40([-0.73,-0.07] Bk

Zhang 2011 317 097 42 424 125 42 71% -1.07 [-1.55, -0.59] -

Zhang 2012 43 08 60 48 09 60 10.0% -0.30 [-0.60, 0.00] -

Zhu 2005 42 06 3 44 08 29 92% -0.20 [-0.55, 0.15] T

Total (95% CI) 498 460 100.0% -0.52 [-0.70, -0.34] ’

Heterogeneity: Tau? = 0.06; Chi? = 30.43, df = 10 (P = 0.0007); I = 67%
Test for overall effect: Z = 5.68 (P < 0.00001)
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ABSTRACT

Objective Nonalcoholic fatty liver disease (NAFLD) is a global epidemic without admitted
therapeutic agents in the clinic. This meta-analysis aimed to assess the efficacy of the
marketed hepatoprotectant bicyclol for improving blood biomarkers in patients with NAFLD.
Design Studies up to August 2020 were searched in electronic databases for randomized
controlled trials (RCTs) using bicyclol to treat NAFLD. The risk of bias, quality of evidence,
and publication bias were evaluated. Blood biomarkers including alanine transaminase (ALT),
aspartate aminotransferases (AST), total bilirubin (TBIL), triglyceride (TG) and total

cholesterol (TC) were analyzed using Review Manager 5.3 software. Outcomes with
significant heterogeneity (1°275%) were divided into bicyclol monotherapy subgroup and

combination treatment subgroup.

Results Twelve RCTs involving 1008 patients were finally included. No serious adverse
events were reported in bicyclol-treated groups. The total effective rate of bicyclol
intervention for the fatty liver was significantly higher than that of the control group. The
decreased levels of AST (MD=-15.20; 95% CI —20.51 to —9.90; I? = 74%), TBIL (MD
=—1.72; 95% CI —2.72 to —0.72; 12 = 0%) and TC (MD=-0.52; 95% CI —0.70 to —0.34; 12

=67%) by bicyclol was significantly higher than in control group. When the high

heterogeneity existed (I2275%), subgroup analyses were conducted and showed that ALT

level (MD = —34.07; 95% CI —36.70 to —31.43; 1> =0%) was significantly decreased merely in
bicyclol monotherapy subgroup, while TG level (MD = —0.39; 95% CI —0.45 to —0.33; 12
=0%) decreased in 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 NAFLD patients. This
preliminary study predicts that bicyclol might be an alternative available drug to be explored
for NAFLD therapy in the future.

KEYWORDS: nonalcoholic fatty liver disease; meta-analysis; bicyclol; blood biomarkers
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Strengths and limitations of this study

® This was the first systematic review to determine the effect of bicyclol on blood
biomarkers of nonalcoholic fatty liver disease.

® The significance of this study is to provide preliminary evidence that bicyclol might be
efficacious for NAFLD.

® The limitation of this meta-analysis was the low quality of the existing literature.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common spectrum of liver diseases
typically ranging from non-alcoholic fatty liver (NAFL) to non-alcoholic steatohepatitis
(NASH).! The benign and reversible NAFL is merely characterized by excessive lipid
droplets deposition in hepatocytes, while NASH is a more aggressive condition characterized
by inflammatory infiltrates, visible cellular injury, and possible progression to or
accompanied by fibrosis and cirrhosis.> NAFLD is closely related to the high incidence of
metabolic syndrome, cardiovascular disease, type 2 diabetes, and advanced liver diseases.!?
Currently, the prevalence of NAFLD worldwide is up to 25%, with the highest prevalence of
32% in the Middle East and 31% in South America, and even the lowest prevalence in Africa
was estimated to be 14%.* Worse still, the prevalence of NAFLD worldwide was thought to
be on the rise.> There are no admitted therapeutic agents from international societies for
treating NAFLD except for lifestyle changes.®® However, patients tend to be lack of
adherence to this important intervention style.® Recently, only one dual PPAR-a/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 inhibitors, have
entered different phases in clinical trials but presented limited or even no benefits.!:11:12
Therefore, new or complementary drugs for treating NAFLD are still urgently needed and this
dilemma might be persistent for a long time.

Bicyclol, a hepatoprotective and anti-inflammatory drug approved in China since 2004,
was used to treat the elevation of aminotransferases caused by various forms of chronic
hepatitis mainly in Asian countries and partially in Russia, while it has not been approved in
Australia and America.!? It was rather safe and suitable for long term (more than 6 months)
oral administration.!> Many preclinical animal experiments have proven its therapeutic effect
in chemical-, immunological-, fatty-, drug-induced liver injury, and bile duct ligation,
dimethylnitrosamine, bovine serum albumin or carbon tetrachloride caused hepatic
fibrosis.!3-1> The detailed mechanisms of bicyclol involved in inhibiting hepatocyte apoptosis,

stabilizing mitochondrial or hepatocyte membranes, scavenging free radicals, enhancing
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antioxidant gene expression, and reducing lipid peroxides.'*1® Although liver histology and
magnetic resonance imaging (MRI) have high accuracy for evaluating liver fat!’, liver
function and blood lipid biomarkers, which mainly include alanine transaminase (ALT),
aspartate aminotransferases (AST), total bilirubin (TBIL), triglyceride (TG) and total
cholesterol (TC), are commonly used for evaluating the severity of NAFLD and the
subsequent abnormal metabolism.!®!° Relevant clinical and preclinical cases have been
reported for the potential therapeutic role of bicyclol in NAFLD,?%?! however, its effect on
non-invasive blood biomarkers in NAFLD has not been precisely demonstrated due to
insufficient sample size and low quality of literature researches. Hence, this meta-analysis
aimed to evidence the effect of bicyclol for blood biomarkers in NAFLD patients through
synthesize the clinical data using bicyclol monotherapy and/or combination to treat NAFLD,

and preliminarily predict its clinical practice in the future.

METHODS

The data used in this meta-analysis were derived from previously published clinical studies,
all of which were derived from China. The study protocol was confirmed by all authors before
data collection. Our protocol has been registered on the International Platform of Registered
Systematic Review and Meta-Analysis Protocols (INPLASY). The registration number was
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 Systematic Reviews of Interventions?> and reported this study

following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) 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 (CNKI),
VIP-Chinese scientific and technological journal database, Wanfang digital periodical
full-text database. Search terms were (("Non alcoholic Fatty Liver Disease " OR " NAFLD"

n

OR '"nonalcoholic fatty liver" OR '"non-alcoholic fatty liver" OR Nonalcoholic

5
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Steatohepatitis” 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(methylenedioxy)-4,4'-
dimethoxybiphenyl") without other restrictions (online supplementary 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) being randomized controlled trial (RCT); 2) male
and female patients were diagnosed as NAFLD with or without type 2 diabetes mellitus
according to their corresponding guidelines; 3) the average baseline alanine transaminase
(ALT) level should be more than 90 U/L (2~3 times the upper limit of normal values?#), while
triglyceride (TG) level should be between 2.5 and 5 mmol/L; and 4) being published English
or Chinese articles. The exclusion criteria were 1) non-clinical studies, non-randomized
controlled trials; 2) drug-, viral-, alcohol-, autoimmune-, primary biliary cholangitis, liver
decompensation-, or malignancy- or genetic- caused liver injury; 3) studies enrolling fewer
than 20 subjects in each group, or the treatment time of the study was less than 4 weeks; and 4)
studies without enough experimental data, such as case reports, reviews, conference abstracts,

or biochemical indicator missing.

Intervention measures

The bicyclol monotherapy group (experimental group) was versus lifestyle intervention (LSI)
or other drug monotherapy group (control group). Bicyclol combined with other medical
treatment (experimental group) was versus the corresponding medicine group (control group).
Other potential factors, such as lifestyle intervention had to be consistent between the two

groups.

Outcome indicators
Liver function indicators (ALT, AST, and TBIL) and blood lipid parameters (TG and TC)

were recorded. Adverse events, the anthropometric parameters body mass index (BMI), and
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the total effective rate of bicyclol intervention for the fatty liver which is based on blood

biomarkers and B-model ultrasonography results, were also analyzed.

Data extraction and quality assessment
The outcome indicators from all included studies were independently extracted and checked

by two authors (Hu Li and Nan-nan Liu) to guarantee the accuracy of the data. The quality of

randomized controlled trials, which was assigned as ‘high risk’, ‘low risk’, or ‘some concerns’

to each item, was also assessed independently by two reviewers according to the revised

Cochrane risk of bias tool.?> Any discrepancies were resolved through discussion.

Data analysis

Review Manager 5.3 was used to analyze the data.?®?’ Odds ratio (OR) and pooled mean
difference (MD) with the corresponding 95% confidence interval (95% CI) were estimated for
binary outcomes and continuous outcomes, respectively. Heterogeneities were evaluated
using the chi-square (y2) and I? statistics.?® When the outcome was homogeneous (I> < 50%
and P > 0.10), the fixed-effect model was used; when the outcome was considered
heterogeneous (50% < I> < 75%), the random-effect model was used. When significant
heterogeneity existed (I> > 75%), subgroup analysis was conducted according to bicyclol
monotherapy and combination usage, and if I? in subgroup was still over 75% in the subgroup,
descriptive results were provided without pooling estimates. The statistical significance
between the experimental and control group was set at P < 0.05. Publication bias was
assessed only for comparisons with at least five studies using the funnel plot and its symmetry
evaluation was performed by Egger’s regression tests through Stata 12.0 software. Significant
publication bias was defined as P < 0.10.28 Grading of the evidence for the key comparisons
was carried out using the grades of recommendation, assessment, development and evaluation

(GRADE) working group approach.??

Patient and public involvement

Patients and the public were not involved in this review.

7
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RESULTS

Study selection

The whole flow chart of data selection is presented in Figure 1. Initially, 166 records were
searched out, and 94 records were retained after duplicates exclusion. We then achieved 34
studies after screening by title and abstract, in which reviews, case reports, animal
experiments, and studies with incongruent intervention measures and research orientation
were excluded. After screening the full text, we excluded studies without appropriate samples,
biochemical indicators, and baseline ALT and TG levels. One irrelevant study, which

included alcoholic fatty liver, was also excluded. At last, 12 studies in Chinese were

included.?®-40

Characteristics, quality evaluation and publication bias of the included studies

The characteristics of the included studies were clarified in Table 1. All the studies are from
China with publication year ranging from 2005 to 2017, and the sample size ranging from 50
to 152 (median is 81). The total sample size is 1008 with 523 patients in the treatment group
and 485 counterparts in the control group. The baselines of patient outcome indicators are not
different between the two groups.

The quality assessment of the included studies was shown in Figure 2 according to the
latest revised Cochrane risk-of-bias tool (online supplementary Table S1), in which one study
applied the random number table,?® other studies used randomization but did not provide
detailed methods. All the studies did not report the blinding condition or the plan of allocation
and concealment. Besides, all the studies had provided complete outcome data without other
predictable bias.

The Egger’s tests of funnel plots (online supplementary Figure S1) for primary outcomes
showed that there was no significant publication bias among the blood biomarkers of ALT (8
studies, P=0.964), TC (11 studies, P=0.567), and TBIL (6 studies, P=0.485). However, ALT
(12 studies, P=0.027) and TG (12 studies, P=0.004) showed significant publication bias, we
speculated the heterogeneity in studies was the main determining factor and subgroup analysis

was conducted.
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Effect and safety of bicyclol intervention for patients with NAFLD

The therapeutic effect and safety of bicyclol for NAFLD were firstly evaluated. As shown in
Figure 3, changes in BMI and the total effective rate for improving fatty liver indicated no
heterogeneity with I? of 0%, P = 0.75, and I? of 42%, P = 0.18, respectively. A total of 205
patients in 3 studies were reported for the total effective rate, while 456 patients in 4 studies
were included in BMI analysis. The fixed-effects model revealed that the bicyclol group
presented a higher total effective rate (total effective rate: OR = 4.49; 95% CI 2.02 to 9.95; P
= 0.0002), but no significant effect for BMI (BMI: MD = —0.68; 95% CI —1.37 to 0.02; P =
0.06) comparing with the control group. No gastrointestinal adverse events, such as nausea,
vomiting, diarrhea, 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. There was a high
statistical heterogeneity for ALT with I? of 95% and P < 0.00001. Therefore, we further
divided these studies into bicyclol monotherapy subgroup and bicyclol combination treatment
subgroup according to the drug regimen used in the experimental group. The results revealed
that ALT in bicyclol monotherapy subgroup, which was analyzed by a random-effects model,
was significantly decreased compared with the corresponding control group (ALT U/L: MD =
—34.07; 95% CI —36.70 to —31.43; P < 0.00001). However, there was significant
heterogeneity in the bicyclol combination subgroup with I? of 95% and P < 0.00001.
Therefore, we performed a descriptive analysis in which bicyclol was more likely to decrease
the levels of ALT in all the seven studies when combined with other drugs (Figure 4A).
Serum AST was recorded in eight trials covering 658 patients, including 335 and 323 in
the treatment and control groups, respectively. There was a heterogeneity for AST with I? of

74% (Figure 4B). A random-effects model demonstrated that the reduction of AST in NAFLD
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patients treated by bicyclol was significant when monotherapy and combination usage (AST
U/L: MD =-15.20; 95% CI —20.51 to —9.90; P <0.00001).

Serum TBIL was detected in six trials, which involved 472 participants, with 255 and
217 patients in treatment and control groups, respectively (Figure 4C). There was an excellent
homogeneity among the 6 studies with I? = 0% and P = 0.60, and the fixed-effect model
demonstrated that bicyclol could significantly decrease the TBIL level in NAFLD patients
(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 data of TG. These trials involved 1008 patients, with 523 patients
in treatment groups and 485 patients in control groups. There was a high statistical
heterogeneity for TG with I? of 90% and P < 0.00001, and thus the subgroup analysis was
conducted. Bicyclol combination subgroup indicated no heterogeneity with 1> =0% and P =

0.89, and it significantly decreased the TG level in NAFLD patients compared with other drug

monotherapy, which was analyzed by a random-effects model (TG mmol/L: MD = —0.39; 95%

CI —0.45 to —0.33; P < 0.00001). There was a substantial heterogeneity in the bicyclol
monotherapy subgroup with 17 of 95% and P < 0.00001. The descriptive analysis showed that
bicyclol monotherapy was more likely to decrease the levels of TG in all the five
monotherapy studies (Figure 5A).

There were 11 studies that reported the data of TC. These trials involved 958 patients,
with 498 and 460 patients in the treatment and control group, respectively. The I? of TC was
67%, and therefore, the random-effects model was conducted and showed that the reduction
of TC in NAFLD patients treated by bicyclol was significant (TC mmol/L: MD =—0.52; 95%
CI—0.70 to —0.34; P < 0.00001) (Figure 5B).

Grading the evidence

Grading of the evidence was carried out for the key outcomes based on the limitations of
precision, publication bias, risk of bias, and heterogeneity. The quality of evidence was

observed to be either low or very low (Table 2).
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DISCUSSION

With a meta-analysis of 12 Chinese studies including 1008 patients, this review
evidenced that bicyclol, regardless of monotherapy or combination with other drugs, has a
positive effect on improving liver function (ALT, AST, and TBIL) and blood lipids (TG and
TC). Although bicyclol combination treatment for ALT and monotherapy for TG have
considerable heterogeneity, each trial in these included studies showed promising therapeutic
effects for abnormal blood biomarkers.

Clinically, bicyclol was recommended for oral administration for up to 6 months. In this
meta-analysis, although adverse events, such as gastrointestinal intolerance were sporadically
reported in the control group (Table 1), no such mild discomforts were reported in
bicyclol-treated group, which agreed with the extremely mild and rare incidence of adverse
reactions demonstrated by long-term clinical practice.!*> Moreover, only three of the included
studies concluded that there was a higher total effective rate of bicyclol intervention for fatty
liver, which was mainly based on blood biomarkers and B-model ultrasonography results. We
thus evaluated the liver function and blood lipid biomarkers as the primary outcome, though
liver histology is the gold standard and MRI has higher accuracy for assessing fatty liver.!”

The pathogenesis of NAFLD is complex and is tightly associated (over 76%) with type 2
diabetes mellitus (T2DM),*-# patients with or without T2DM were thus included in this
review. Besides, the course of the disease varies among these studies, and some studies did
not report the patient’s medical history, we thus limited the baseline ALT and TG level to
ensure the consistency of the included patients as much as possible. We also defined the
treatment duration as at least 4 weeks, for that NAFLD is a chronic disease, and bicyclol was
suitable for long-term oral administration. Though treating for NAFLD is its off-label use, the
Chinese guidelines of prevention and treatment for nonalcoholic fatty liver disease updated in
2018 recommend that hepatoprotectants could be complementary treatment measures for
NASH patients with elevated aminotransferases or liver injury.** Compared with the
intervention in the control group, including lifestyle changes and other drug treatments, the

alleviation for abnormal blood biomarkers by bicyclol is evident and is consistent with its
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clinical practice.?! It is worth noting that, subgroup analyses for ALT and TG, which were
conducted when the 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 only reported in
China and many of them did not provide specific methods of blinding and random allocation
concealments. In terms of the outcome indicators, most articles lack the blood glucose and
insulin resistance index, which leads to the results of the meta-analysis merely provide the
effect of bicyclol on liver function and blood lipid indicators. Though the biomarker AST, TC,
TBIL showed no publication bias, ALT and TG showed significant publication bias. We
speculated that the heterogeneity and a language bias contributed to it, and subgroup analysis
was conducted. Also, 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 evidence presents the effect of bicyclol monotherapy and/or
combination therapy for reducing liver function and blood lipid biomarkers in NAFLD
patients. This preliminary study predicts that bicyclol might be an alternative available drug to
be explored for NAFLD therapy in the future. However, the conclusion also needs to be

further verified by more well designed and implemented studies.
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Study S.a mple size . Intervention Dose of bicyclol| Duration| Outconies % ; Adverse events
Experimental|Control Experimental Control m2 Experimental Control
Liao 2011 30 30 Bicyclol Vitamin C | 50 mg, tid |12 weeks |(D@@DE None None
Liang 2007 45 38 Bicyclol UDCA | 25~50 mg, tid |24 weeks| @DODEZ & - -
Zhu 2005 36 29 Bicyclol Silymarin | 25~50 mg, tid |24 weeks @@@@@; - -
Yan 2017 30 30 Bicyclol DGEC 50mg, tid | 4weeks | @EOD@nS None None
Zhang 2012 60 60 Bicyclol LSI 25 mg, tid |24 weeks| @DO@EB - -
Gao 2011 25 25 Bicyclol + PPC PPC 25~50 mg, bid | 6 months| @@EEXDY Weight loss None
Ding 2009 42 30 Bicyclol + PPC PPC 25~50 mg, bid |6 months @@@@iﬂ(@é Weight loss None
He 2011 47 35 Bicyclol + PPC PPC 25~50 mg, tid | 6 months @@@@@ 3  None None
Li2014 50 50 [Bicyclol + Metformin| Metformin | 25 mg, bid |6 months| @@G&@E8)3 - -
Zhang 2011 42 42 |Bicyclol + Metformin| Metformin | 25~50 mg, bid |6 months| @@®B(@#®T  None Nausea, poor appetite
Sun 2015 76 76  [Bicyclol + Metformin| Metformin | 25 mg, bid |6 months| @@DB &89 - -
Guan 2013 40 40 Bicyclol + Silibinin | Silibinin 50 mg, tid 12 weeks @@@§ None None
2 3

(DTotal effective rate;@BMI;@Adverse Events;OALT; ®AST;®TBIL; DTG;®TC.
UDCA, ursodeoxycholic acid; DGEC, diammonium glycyrrhizinate enteric-coated capsule; LSI, lifestyle 1nt§rvegt10n PPC, polyene
phosphatidylcholine
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Table 2. Grading the evidence for key comparisons <Q g
O
No. of Participants uality of t ence
Outcomes Corresponding risk (95% CI) * . P Q y l% ﬁ}’m Comments
(studies) (GRA%@)U
N
ALT The mean ALT in the intervention groups was 24.89 1008 ®o % S SMD -24.89
standard deviations lower (32.63 to 17.15 lower) (12 studies) very low 323 (-32.63 to -17.15)
-~ "0
oW
AST The mean AST in the intervention groups was 15.2 658 P @?é g SMD -15.2
@
standard deviations lower (20.51 to 9.9 lower) (8 studies) low3 %% (-20.51 t0 -9.9)
at o
Q
TRIL The mean TBIL in the intervention groups was 1.72 472 ® @@% 3 SMD -1.72
standard deviations lower (2.72 to 0.72 lower) (6 studies) IOW% mi (-2.72 t0 -0.72)
3%
G The mean TG in the intervention groups was 0.46 standard 1008 oo = SMD -0.46
deviations lower (0.59 to 0.33 lower) (12 studies) very logy l’g' (-0.59 to -0.33)
TC The mean TC in the intervention groups was 0.52 standard 958 ® &P g SMD -0.52
deviations lower (0.7 to 0.34 lower) (11 studies) lowa E' (-0.7 to -0.34)
=—
= o
GRADE Working Group grades of evidence &: 2
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 fhange the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and i§ hk@y to change the estimate.

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

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

I Downgraded one level due to serious limitations in publication bias.
2 Downgraded one level for including studies with high risk of bias
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FIGURE LEGENDS

Figure 1. Flow diagram of data selection process.

Figure 2. The quality assessment of the included studies.
The quality of randomized controlled trials was assessed as ‘high risk’, ‘low risk’ or ‘some
concerns’ to each item independently by two reviewers according to the revised Cochrane risk

of bias tool.

Figure 3. The effect of bicyclol on total effective rate and BMI in patients with NAFLD.

Review Manager 5.3 was used to analyze the data. Odds ratio (OR) with its 95% confidence
interval (95% CI) were estimated for total effective rate. Mean difference (MD) with its 95%
CI were estimated for BMI. Heterogeneities were evaluated using the chi-square (x2) and I?
statistics. I < 50% and P > 0.10 were deemed as homogeneous and the fixed-effect model
was used. P < 0.05 were considered as statistically different between the experimental and

control group.

Figure 4. The effect of bicyclol on ALT, AST and TBIL in patients with NAFLD.

Review Manager 5.3 was used to analyze the data. Mean difference (MD) with its 95% CI
were estimated for continuous outcomes. Heterogeneities were evaluated using the chi-square
(x2) and I? statistics. 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-effect model was used (B); the TBIL parameter was
homogeneous (I> < 50% and P > 0.10) and the fixed-effect model was used (C). P < 0.05

were considered as statistically different between the experimental and control group.

Figure 5. The effect of bicyclol on TG and TC in patients with NAFLD.
Review Manager 5.3 was used to analyze the data. Mean difference (MD) with its 95% CI

were estimated for continuous outcomes. Heterogeneities were evaluated using the chi-square
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(x2) and I? statistics. The TG parameter was significantly heterogeneous (I > 75%) and
subgroup analysis was conducted (A); the TC parameter was considered heterogeneous (50%
< I? < 75%) and the random-effect model was used (B). P < 0.05 were considered as

statistically different between the experimental and control group.
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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%  2.71[0.49,14.90] ] i
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] —
Total (95% CI) 106 99 100.0%  4.49 [2.02, 9.95] -
Total events 96 69

it Chiz = - - 2= 409 t i t !
Heterogeneity: Chi* = 3.47, df = 2 (P = 0.18); I = 42% 0.01 01 1 10 100

Test for overall effect: Z = 3.69 (P = 0.0002)

Experimental Control

B. BMI

Experimental
Study or Subgroup Mean _SD_Total

Control

Mean SD Total Weight

Mean Difference
IV, Fixed, 95% Cl

Mean Difference
1V, Fixed, 95% CI

Li 2014 251 47 50
Sun 2015 25 39 76
Zhang 2011 2553 398 42
Zhang 2012 273 32 60
Total (95% CI) 228

256 3.9
255 37
2569 3.87
285 35

Heterogeneity: Chi* = 1.22, df = 3 (P = 0.75); ¥ = 0%

Test for overall effect: Z = 1.91 (P = 0.06)

50
76
42
60

228

16.8%
32.9%
17.0%
33.3%

100.0%

0.50[-2.19, 1.19]
0.50[-1.71,0.71]
-0.16 [-1.84, 1.52]
-1.20 [-2.40, -0.00]

-0.68 [1.37, 0.02]

-2 0 2 4
Experimental Control
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A.ALT (U/L)

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

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Bicyclol monotherapy

Liang 2007 432 6.3 45 784 161 38 92%
Liao 2011 50.14 18.22 30 7815 22.25 30  82%
Yan 2017 478 187 30 825 39 30 6.9%
Zhang 2012 487 105 60 856 15.6 60 9.3%
Zhu 2005 473 8 36 793 96 29 93%
Subtotal (95% Cl) 201 187  42.9%

Heterogeneity: Tau? = 0.00; Chi? = 3.73, df = 4 (P = 0.44); 12 = 0%
Test for overall effect: Z = 256.35 (P < 0.00001)

Bicyclol combination

Ding 2009 383 352 42 638 50.2 30 57%
Gao 2011 394 311 25 614 473 25 54%
Guan 2013 355 126 40 431 148 40  91%
He 2011 435 6.2 47 812 132 35  93%
Li 2014 46.5 84 50 575 104 50 9.4%
Sun 2015 454 8.3 76 564 9.3 7% 9.5%
Zhang 2011 46.13 12.46 42 65.62 20.71 42 88%
Subtotal (95% Cl) 322 298 57.1%

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% CI) 523 485 100.0%
Heterogeneity: Tau? = 162.49; Chi? = 242.08, df = 11 (P < 0.00001); 1> = 95%
Test for overall effect: Z = 6.30 (P < 0.00001)

Test for subarouo differences: Chi? = 10.34. df = 1 (P = 0.001). I* = 90.3%

-35.20 [-40.64, -29.76]
-28.01 [-38.30, -17.72]
-34.70 [-50.18, -19.22]
-36.90 [-41.686, -32.14]
-32.00 [-36.36, -27.64]
-34.07 [-36.70, -31.43]

24,50 [-45.38, -3.62]
22,00 [-44.19, 0.19]
7.60 [-13.62, -1.58]

-37.70 [-42.42, -32.98]

-11.00 [-14.71, -7.29]
-11.00 [-13.80, -8.20]
-19.49 [-26.80, -12.18]
-18.39 [-27.57, -9.20]

-24.89 [-32.63, -17.15]

-

-50 -25 0 25 50
Experimental Control

B. AST (U/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 423 324 42 822 422 30 6.1% -39.90[-57.90,-21.90) —
Gao 2011 424 325 25 788 397 25  52% -36.20[-56.31,-16.09] -
Guan 2013 327 156 40 387 199 40 142% -6.00 [-13.84, 1.84] -7
Li 2014 438 938 50 548 11.2 50 18.3% -10.80[-14.93, -6.67] -
Liao 2011 60.05 2085 30 89.44 29.85 30 9.2% -29.39 [-42.38, -16.40] -
Sun 2015 437 96 76 535 111 76 191%  -9.80[-13.10, -6.50] il
Yan 2017 442 143 30 529 195 30 13.3%  -8.70[-17.35,-0.05) |
Zhang 2011 43.72 1532 42 5961 19.24 42 14.6% -15.89[-23.33, -8.45] T
Total (95% Cl) 335 323 100.0% -15.20 [-20.51, -9.90] <>
Heterogeneity: Tau? = 35.59; Chi? = 27.41, df = 7 (P = 0.0003); > = 74% _5‘;0 25 é 2‘5 5‘0

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

Experimental _Control

C. TBIL (pmol/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 142 286 42 162 37 30 422%
Gao 2011 139 386 25 153 38 25 23.8%
He 2011 132 73 47 121 83 35  84%
Liang 2007 132 78 45 162 9.8 38  67%
Zhang 2012 16.3 74 60 17.2 88 60 12.2%
Zhu 2005 129 6.8 36 159 87 29 6.7%
Total (95% CI) 255 217 100.0%

Heterogeneity: Chi® = 3.64, df = 5 (P = 0.60); I°=0%
Test for overall effect: Z = 3.37 (P = 0.0008)

-2.00 [-3.54, -0.46]
-1.40 [-3.45, 0.65)

1.10[-2.35, 4.55)
-3.00 [-6.86, 0.86]
-1.90 [4.77, 0.97]
-3.00 [-6.87, 0.87]

.72 [-2.72, -0.72]

-10 -5 0 5 10
Experimental Control
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A.TG (mmol/L)

Experimental Control
Study or Subgroup Mean SD Total Mean S§D Total Weight

Mean Difference
IV, Random, 95% Cl

Mean Difference

Bicyclol monotherapy

Liang 2007 17 02 45 22 0.1 38 104%
Liao 2011 2.04 0.29 30 295 04 30 89%
Yan 2017 17 03 30 1.9 04 30 89%
Zhang 2012 19 03 60 22 05 60 9.4%
Zhu 2005 158 0.1 36 238 02 29 10.3%
Subtotal (95% CI) 201 187 47.8%

Heterogeneity: Tau® = 0.06; Chi* = 79.27, df = 4 (P < 0.00001). I* = 95%
Test for overall effect: Z = 4.81 (P < 0.00001)

Bicyclol combination

Ding 2009 269 062 42 3.07 086 30 5.8%
Gao 2011 265 0.54 25 321 088 25 5.2%
Guan 2013 24 1 40 26 141 40  45%
He 2011 1.7 02 47 21 02 35 102%
Li 2014 1.35 044 50 1.75 047 50 8.9%
Sun 2015 1.34 043 76 174 046 76 9.5%
Zhang 2011 1.38 045 42 166 0.61 42 8.0%
Subtotal (95% CI) 322 298 52.2%

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% CI) 523 485 100.0%
Heterogeneity: Tau? = 0.04; Chi? = 105.58, df = 11 (P < 0.00001); I* = 90%
Test for overall effect: Z=6.95 (P < 0.00001)

Test for subgroup differences: Chi? =1.72,df =1 (P = 0.19), F = 41.7%

-0.50 [-0.57, -0.43]
-0.91[-1.09, -0.73]
-0.20 [-0.38, -0.02]
-0.30 [-0.45, -0.15]
-0.80 [-0.88, -0.72]
-0.54 [-0.77, -0.32]

-0.38 [-0.74, -0.02)
-0.56 [-0.96, -0.16]

-0.20 [-0.66, 0.26]
-0.40 [-0.49, -0.31]
-0.40 [-0.58, -0.22]
-0.40 [-0.54, -0.26]
-0.28 [-0.51, -0.05]
-0.39 [-0.45, -0.33]

-0.46 [-0.59, -0.33]

IV, Random, 95% Cl
-
*
>

—IT —DI.S 0 U:E

Experimental Control

B. TC (mmol/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 4.12 0.44 42 47 051 30 11.5%
Guan 2013 46 15 40 49 13 40 5.3%
He 2011 43 07 47 45 07 35 10.0%
Li 2014 3.24 0.89 50 412 1.21 50 8.0%
Liang 2007 43 07 45 45 08 38 96%
Liao 2011 6.04 0.69 30 6.85 055 30 98%
Sun 2015 313 078 76 4.01 1.18 7% 98%
Yan 2017 55 07 30 59 06 30 9.6%
Zhang 2011 317 097 42 424 125 42 71%
Zhang 2012 43 08 60 46 09 60 10.0%
Zhu 2005 42 06 3 44 08 29 92%
Total (95% CI) 498 460 100.0%

Heterogeneity: Tau? = 0.06; Chi? = 30.43, df = 10 (P = 0.0007); I = 67%
Test for overall effect: Z = 5.68 (P < 0.00001)

-0.58 [-0.81, -0.35)
-0.30 [-0.92, 0.32)
-0.20 [-0.51, 0.11]
-0.88 [-1.30, -0.46)
-0.20 [-0.53, 0.13]
-0.81[-1.13,-0.49]
-0.88 [-1.20, -0.56]
-0.40 [-0.73, -0.07)
-1.07 [-1.55, -0.59]
-0.30 [-0.60, 0.00]
-0.20 [-0.55, 0.15]

-0.52 [-0.70, -0.34]

-2 -1 0 1
Experimental Control
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Online supplementary materials
The effect of bicyclol on blood biomarkers of NAFLD: a systematic review

and meta-analysis

Hu Li 2, Nan-Nan Liu !, Zong-Gen Peng "

1 CAMS Key Laboratory of Antiviral Drug Research, Institute of Medicinal Biotechnology,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100050, China.

2 Key Laboratory of Biotechnology of Antibiotics, The National Health and Family Planning
Commission (NHFPC), Institute of Medicinal Biotechnology, Chinese Academy of
Medical Sciences & Peking Union Medical College, Beijing 100050, China.

3 Beijing Key Laboratory of Antimicrobial Agents, Institute of Medicinal Biotechnology,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100050, China.

* Correspondence should be addressed to Zong-Gen Peng (pumcpzg@126.com)

Online supplementary materials

Methods: Search Strategy

Figure S1: Funnel plot of alanine aminotransferase (A), aspartate transaminase (B), total

bilirubin(C), triglyceride (D) and total cholesterol (E).

Tbale S1: Support table for risk of bias judgement
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Online supplementary Methods: Search Strategy

Pubmed
No. |Query
1 |Non alcoholic Fatty Liver Disease
2 [INAFLD
3 [nonalcoholic fatty liver
4  |non-alcoholic fatty liver
5 [Nonalcoholic Steatohepatitis
6  [Nonalcoholic Steatohepatitides
7 |lor2or3or4orSor6
8 |bicyclol
9 |4,4'-bi-(1,3-benzodioxole)-5-carboxylic acid, 5'-(hydroxymethyl)-7,7'-dimethoxy-, methyl ester
10  |6-methoxycarbonyl-6'-hydroxymethyl-2,3,2',3"-bis(methylenedioxy)-4,4'- dimethoxybiphenyl
I1 |8or9orl0
12 |10 and 11
Embase
No. |Query
#1  |non AND alcoholic AND fatty AND liver AND disease
#2  [nafld
#3  |nonalcoholic AND fatty AND liver
#4  'non alcoholic' AND fatty AND liver
#5 |nonalcoholic AND steatohepatitis
#6 |nonalcoholic AND steatohepatitides
#7  [#1 or #2 or #3 or #4 or #5 or #6
#8  |bicyclol
#9  [#7 AND #8

Cochrane Library

ID |Search

#1 |MeSH descriptor: [Non-alcoholic Fatty Liver Disease] explode all trees

w0 ((nonalcoholic or non-alcoholic) near (fatty liver or steatohepatitis)):ti,ab,kw or fatty liver or
steatohepatitis:ti or nafld or nash:ti,ab,kw (Word variations have been searched)

#3 W#lor#2

#4 |bicyclol:ti,ab,kw (Word variations have been searched)

#5 |#3 and #4
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China National Knowledge Infrastructure database (CNKI)

( ( (EEB=AREREREN DR B8 AR AR DR 808 v_subject=rP 3308 R (ARE

FEVERE I VERTR) B title=rp 93 e (AR AS VE IR PERT ) B (R =Rl s P i PR AT ¢

o A=A RS EIR D PEAT R B v_subject=rh 93X R ARIRSVE IR T PERT 28) B title="p

PO AR TE IR ERT ) ) JF R (=004 8 S A4=XOAE 5 v_subject=15E3C

P IECOARE) B title=rP 98 3CH RECUOART)) ) (WAVLHED), L4 0. 4l B SOk 25 ek

£

VIP-Chinese scientific and technological journal database

(CELA B R B Al =R RS VE AR AT PE AT OR 4% B S i) ={F IS PR T PEIT ) AND 44 B i

H=XUAE)

Wanfang digital periodical full-text database

TR SR &GS s (R (ARSI MR 05 AP0 )+ 3 (AR R M PR A ) )% * 2 A (RUA

)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 32 of 36

‘saIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold
* (s3gv) Jnauadns juswaublasug


http://qikan.cqvip.com/Qikan/search/index?LngMySearHistoryIdGuid=21883e26-7c8e-4ebb-be65-77397d6df733
http://qikan.cqvip.com/Qikan/search/index?LngMySearHistoryIdGuid=21883e26-7c8e-4ebb-be65-77397d6df733
http://qikan.cqvip.com/Qikan/search/index?LngMySearHistoryIdGuid=21883e26-7c8e-4ebb-be65-77397d6df733
http://qikan.cqvip.com/Qikan/search/index?LngMySearHistoryIdGuid=21883e26-7c8e-4ebb-be65-77397d6df733
http://bmjopen.bmj.com/

Page 33 of 36

oNOYTULT D WN =

BMJ Open

Figure S1. Funnel plot of alanine aminotransferase (A), aspartate transaminase (B), total

bilirubin(C), triglyceride (D) and total cholesterol (E).
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Table S1. Support table for risk of bias judgement 2 8
=S
Randomization o . . . o Q Selection of the .
Deviations from intended interventions Missing outcome data ~ Measuremers of the outcome Overall Bias *
@
@
§
]
(1]
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process # § reported result
Unique 1D >3
Stud 12 13 21 22 23 24 25 26 27 31 32 33 34 41 42 Z£.24.4 45 51 52 53

y S
lUN

Ding 2009 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N §I§§N NA Y N N High
~ 0

Gao 2011 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N %%N NA Y N N High
529

Guan 2013 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N §I§§N NA Y N N High
857

He 2011 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N yﬁgN NA Y N N High
283

Li 2014 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N ‘ﬂ:\HEN NA Y N N High
> S

. = 3 .

Liang 2007 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N ;_},IIE'N NA Y N N High
S o
=] =]

Liao 2011 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N i\llgN NA Y N N High
> b
o o

Sun 2015 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N %II%N NA Y N N High
= o

Yan 2017 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N :]§II§N NA Y N N High
(2] >

Zhang 2011 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N EIIEN NA Y N N High
S -
N

Zhang 2012 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N %IgN NA Y N N High
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Zhu 2005 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N NIgN NA Y N N High
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19 4.2 Could measurement or ascertainment of the outcome have differed between intervention groups?

20 4.3 If N/PN/NI to 4.1 and 4.2: Were outcome assessors aware of the intervention received by study participants?

4.4 1f Y/IPY/INI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received?
>3 5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before unEiin@ed outcome data were available for analysis?
24 5.2 Is the numerical result being assessed likely to have been selected, on the basis of the results, from multiple eligible outcomeﬁnegurements (e.g. scales, definitions, time points)
25 within the outcome domain? a2 o

57 5.3 .. multiple eligible analyses of the data?

o %"
Page 35 of 36 BMJ Open S 3
o =]
2 3
i g 2
2 # comments of Randomization process: study "Liao 2011": Random number table method, no information about allocation conce;éln@t; others: Random number table method, no
3 information about allocation concealment 2 §
g * Y/PY/PN/N/NI means Yes/Probably yes/Probably no/No/No information; Overall judgement for the result will be ‘High’ if on§'0f fhe domains is judged at ‘High’ risk of bias.
. &
6 1.1 Was the allocation sequence random? 3 9
7 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? S m%
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ABSTRACT

Objective Nonalcoholic 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 randomized 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 analyzed using Review Manager 5.3 software. Outcomes with
significant heterogeneity (I2 > 75%) were divided into bicyclol monotherapy subgroup and
combination treatment subgroup.

Results Twelve RCTs involving 1008 patients were finally included. No serious adverse
events were reported in 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% confidence interval (CI) —20.51
to —9.90; 12 = 74%), TBIL (MD = —1.72; 95% CI —2.72 to —0.72; 1> = 0%) and TC (MD =
—0.52; 95% CI —0.70 to —0.34; I? = 67%) treated by bicyclol were significantly higher than
those in control group. When a high heterogeneity existed (12 > 75%), subgroup analyses were

conducted and revealed significantly decreased ALT levels (MD = —34.07; 95% CI —36.70 to

—31.43; I = 0%) merely in bicyclol monotherapy subgroup, while TG level (MD = —0.39; 95%

CI -0.45 to —0.33; 12 = 0%) was decreased in 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 NAFLD patients. This
preliminary study predicts that bicyclol might be an alternative drug for NAFLD therapy in

the future.

KEYWORDS: nonalcoholic fatty liver disease; meta-analysis; bicyclol; blood biomarkers
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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 NAFLD.

® This study provides preliminary evidence that bicyclol 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 due to bicyclol has not been approved in Europe

and North America.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most common spectrum of liver diseases
typically ranging from nonalcoholic fatty liver (NAFL) to nonalcoholic steatohepatitis
(NASH).! The benign and reversible NAFL is merely characterized by excessive lipid droplet
deposition in hepatocytes, while NASH is a more aggressive condition characterized by
inflammatory infiltrates, visible cellular injury, and possible progression to or accompanied
by fibrosis and cirrhosis.> NAFLD is closely related to the high incidence of metabolic
syndrome, cardiovascular disease, type 2 diabetes, 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 prevalence of NAFLD worldwide is
presumed to be increasing.® There are no admitted therapeutic agents from international
societies for treating NAFLD, except for lifestyle changes.®® However, patients tend to
exhibit poor adherence to this important intervention.® Recently, only one dual peroxisome
proliferator-activated receptor (PPAR)-a/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 inhibitors, have entered different phases in clinical trials but
presented limited or even no benefits.!:'12 Therefore, new or complementary drugs for
treating NAFLD are still urgently needed and this dilemma might persist for a long time.
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.!3 Many preclinical animal experiments have confirmed its therapeutic effect in
chemical-, immunological-, fatty-, and drug- induced liver injury, as well as hepatic fibrosis
caused by bile duct ligation, dimethylnitrosamine, bovine serum albumin or carbon
tetrachloride.!3-'> The detailed mechanisms of bicyclol involved in the inhibition of

hepatocyte apoptosis, stabilization of mitochondrial or hepatocyte membranes, scavenging
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free radicals, increasing the expression of antioxidant genes, and reducing lipid peroxide
levels.'416 Although liver histology and magnetic resonance imaging (MRI) have high
accuracy for evaluating the liver fat content, !7 liver function and blood lipid biomarkers,
which mainly include alanine transaminase (ALT), aspartate aminotransferase (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
preclinical studies have reported the potential therapeutic role of bicyclol in NAFLD,?0-2!
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 synthesizing 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 on the International Platform
of Registered Systematic Review and Meta-Analysis Protocols (INPLASY). The registration
number was INPLASY202080017 (DOI number 1is 10.37766/inplasy2020.8.0017,
https://inplasy.com/inplasy-2020-8-0017/). We used analytical methods recommended in the
Cochrane Handbook for Systematic Reviews of Interventions?? and reported this study
following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) 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 (CNKI),
VIP-Chinese scientific and technological journal database, and Wanfang digital periodical

full-text database. Search terms were (("Non alcoholic Fatty Liver Disease" OR "NAFLD"
5
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OR '"nonalcoholic fatty liver" OR '"non-alcoholic fatty liver" OR "Nonalcoholic
Steatohepatitis" 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(methylenedioxy)-4,4'-
dimethoxybiphenyl") without other restrictions (online supplementary 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) randomized controlled trials (RCTs); 2) male and
female patients diagnosed as NAFLD complicated with or without type 2 diabetes mellitus
according to the corresponding guidelines; 3) an average baseline ALT level greater than 90
U/L (2 ~ 3 times the upper limit of normal values?*), while a TG level ranging from 2.5 to 5
mmol/L; and 4) articles published in the English or Chinese language. The exclusion criteria
were 1) non-clinical studies, non-randomized controlled trials; 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 intervention (LSI) or another drug as a monotherapy (control group). Bicyclol
combined with another medical treatment (experimental group) was compared with the
corresponding medicine (control group). Other potential factors, such as lifestyle

interventions 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
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(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 with
greater than 10% and TG with greater than 20%) and parameters of liver fat reduction under
B-model ultrasonography among the included participants in the corresponding studies, were

also analyzed.

Data extraction and quality assessment

The outcome indicators from all included studies were independently extracted and checked
by two authors (Hu Li and Nan-nan Liu) 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 two reviewers using the revised Cochrane risk of bias tool.?’

Any discrepancies were resolved through discussion.

Data analysis

Review Manager 5.3 software was used to analyze the data.?®*’” Odds ratio (OR) and pooled
mean difference (MD) with the corresponding 95% confidence interval (95% CI) were
estimated for binary outcomes and continuous outcomes, respectively. Heterogeneities were
evaluated using the chi-square (y?) and I? statistics.?® When the outcome was homogeneous
(I? < 50% and P > 0.10), the fixed-effect model was used, and the random-effect model was
used when the outcome was considered heterogeneous (50% < I? < 75%). When significant
heterogeneity was observed (I? > 75%), a subgroup analysis was conducted according to
bicyclol monotherapy and combination therapy, and if I? of the subgroup was still over than
75%, descriptive results were provided without pooling estimates. The statistical significance
of differences between the experimental and control group was set at P < 0.05. Publication
bias was assessed only for comparisons with at least five studies using the funnel plot and its
symmetry was evaluated using Egger’s regression tests through Stata 12.0 software.
Significant publication bias was defined as P < 0.10.2% Grading of the evidence for the key
comparisons was performed using the approach described by the grades of recommendation,

assessment, development and evaluation (GRADE) working group.??
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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 exclusion. We then
achieved 34 studies after screening the title and abstract, in which reviews, case reports,
animal experiments, and studies with incongruent intervention measures and research
orientation were excluded. After screening the full text, we excluded studies without
appropriate samples, biochemical indicators, and baseline 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 was shown in Figure 2 according to the
most recently revised Cochrane risk of bias tool (online supplementary Table S1), in which
one study applied the random number table,>® and other studies used randomization but did
not provide detailed methods. None of the studies reported the blinding condition or the plan
of allocation and concealment. Additionally, all the studies had provided complete outcome
data, without other predictable sources of bias.

The Egger’s tests of funnel plots (online supplementary 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 studies, P = 0.485). However, ALT (12

8
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studies, P = 0.027) and TG (12 studies, P = 0.004) showed significant publication bias. We
speculated that the heterogeneity in 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 indicated no
heterogeneity, with I? of 0%, P = 0.75, and I? of 42%, P = 0.18, respectively. Two hundred
and five patients in 3 studies were included in the analysis of the total effective rate, while
456 patients in 4 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 diarrhea, 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 analyzed using a random-effects model,
were significantly decreased compared with those of the corresponding 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).
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Serum AST levels were recorded in eight trials covering 658 patients, including 335 and
323 participants in the treatment and control groups, respectively. Heterogeneity was
observed for AST levels, with I? of 74% (Figure 4B). The random-effects model
demonstrated that the reduction of AST levels was significant in NAFLD patients 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 treatment and control groups, respectively (Figure 4C). There was an
excellent homogeneity among the 6 studies, with I>= 0% and P = 0.60, and the fixed-effect
model indicated that bicyclol significantly decreased the TBIL level in NAFLD patients
(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 analysis was conducted. The bicyclol combination subgroup did not display
heterogeneity, with I> =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 analyzed by a random-effects model (TG mmol/L: MD =—0.39; 95% CI —0.45 to —0.33;
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 monotherapy
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 TC was 67%, and
therefore, the random-effects model was conducted and showed that the reduction of TC
levels in NAFLD patients treated by bicyclol was significant (TC mmol/L: MD = —0.52; 95%
CI—0.70 to —0.34; P < 0.00001) (Figure 5B).
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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 monotherapy 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 monotherapy for TG levels showed considerable heterogeneity, each trial
among the included studies reported promising therapeutic effects on abnormal blood
biomarker levels.

In the clinic, bicyclol is recommended for oral administration 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 function 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 type
2 diabetes mellitus (T2DM),*-43 patients with or without T2DM were thus included in this
review. Additionally, 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 baseline 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 bicyclol to treat

11
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NAFLD is an off-label use, the Chinese guidelines of prevention and treatment for
nonalcoholic fatty liver disease updated in 2018 recommend that hepatoprotectants are
potentially complementary treatment measures for NASH patients with elevated
aminotransferase levels or liver injury.** Compared with the intervention in the control group,
including lifestyle changes and other drug treatments, the alleviation of abnormal blood
biomarker levels by bicyclol is evident and consistent with its clinical practice.?! 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 indicators, 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 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 effectiveness 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
alternative 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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Study S.a mple size . Intervention Dose of bicyclol| Duration| Outconies % ; Adverse events
Experimental|Control Experimental Control m2 Experimental Control
Liao 2011 30 30 Bicyclol Vitamin C | 50 mg, tid |12 weeks |(D@@DE None None
Liang 2007 45 38 Bicyclol UDCA | 25~50 mg, tid |24 weeks| @DODEZ & - -
Zhu 2005 36 29 Bicyclol Silymarin | 25~50 mg, tid |24 weeks @@@@@; - -
Yan 2017 30 30 Bicyclol DGEC 50mg, tid | 4weeks | @EOD@nS None None
Zhang 2012 60 60 Bicyclol LSI 25 mg, tid |24 weeks| @DO@EB - -
Gao 2011 25 25 Bicyclol + PPC PPC 25~50 mg, bid | 6 months| @@EEXDY Weight loss None
Ding 2009 42 30 Bicyclol + PPC PPC 25~50 mg, bid |6 months @@@@iﬂ(@é Weight loss None
He 2011 47 35 Bicyclol + PPC PPC 25~50 mg, tid | 6 months @@@@@ 3  None None
Li2014 50 50 [Bicyclol + Metformin| Metformin | 25 mg, bid |6 months| @@G&@E8)3 - -
Zhang 2011 42 42 |Bicyclol + Metformin| Metformin | 25~50 mg, bid |6 months| @@®B(@#®T  None Nausea, poor appetite
Sun 2015 76 76  [Bicyclol + Metformin| Metformin | 25 mg, bid |6 months| @@DB &89 - -
Guan 2013 40 40 Bicyclol + Silibinin | Silibinin 50 mg, tid 12 weeks @@@§ None None
2 3

(DTotal effective rate;@BMI;@Adverse Events;OALT; ®AST;®TBIL; DTG;®TC.
UDCA, ursodeoxycholic acid; DGEC, diammonium glycyrrhizinate enteric-coated capsule; LSI, lifestyle 1nt§rvegt10n PPC, polyene
phosphatidylcholine
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Table 2. Grading the evidence for key comparisons <Q g
O
No. of Participants uality of t ence
Outcomes Corresponding risk (95% CI) * . P Q y l% ﬁ}’m Comments
(studies) (GRAﬁ@)tr
N
ALT The mean ALT in the intervention groups was 24.89 1008 ®o % S SMD -24.89
standard deviations lower (32.63 to 17.15 lower) (12 studies) very low 323 (-32.63 to -17.15)
-~ "0
oW
AST The mean AST in the intervention groups was 15.2 658 P @?é g SMD -15.2
@
standard deviations lower (20.51 to 9.9 lower) (8 studies) low3 %% (-20.51 t0 -9.9)
at o
Q
TRIL The mean TBIL in the intervention groups was 1.72 472 ® @@% 3 SMD -1.72
standard deviations lower (2.72 to 0.72 lower) (6 studies) IOW% mi (-2.72 t0 -0.72)
3%
TG The mean TG in the intervention groups was 0.46 1008 oo = SMD -0.46
standard deviations lower (0.59 to 0.33 lower) (12 studies) very logy l’g' (-0.59 to -0.33)
TC The mean TC in the intervention groups was 0.52 958 ® &P g SMD -0.52
standard deviations lower (0.7 to 0.34 lower) (11 studies) lowa E' (-0.7 to -0.34)
=—
= o
GRADE Working Group grades of evidence &: 2
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 fhange the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and i§ hk@y to change the estimate.

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

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

I Downgraded one level due to serious limitations in publication bias.
2 Downgraded one level for including studies with high risk of bias
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FIGURE LEGENDS

Figure 1. Flow diagram of data selection process.

Figure 2. The quality assessment of the included studies.
The quality of randomized 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.

Figure 3. The effect of bicyclol on total effective rate and BMI in patients with NAFLD.

Review Manager 5.3 software was used to analyze the data. The odds ratio (OR) with its 95%
confidence interval (95% CI) were estimated for total effective rate. Mean difference (MD)
with its 95% CI was estimated for BMI. Heterogeneities were evaluated using the chi-square
(x?) and I? statistics. I> < 50% and P > 0.10 were deemed as homogeneous and the
fixed-effect model was used. P < 0.05 was considered as statistically different between the

experimental and control group.

Figure 4. The effect of bicyclol on ALT, AST and TBIL levels in patients with NAFLD.

Review Manager 5.3 software was used to analyze the data. Mean difference (MD) with its 95%

CI was estimated for continuous outcomes. Heterogeneities were evaluated using the
chi-square (y?) and I? statistics. ALT parameter was significantly heterogeneous (I> > 75%
and P < 0.10) and subgroup analysis was conducted (A); the AST parameter was considered

heterogeneous (50% < I? < 75%) and the random-effect model was used (B); the TBIL

parameter was homogeneous (I? < 50% and P > 0.10) and the fixed-effect model was used (C).

P < 0.05 was considered as statistically different between the experimental and control group.

Figure 5. The effect of bicyclol on TG and TC levels in patients with NAFLD.

Review Manager 5.3 software was used to analyze the data. Mean difference (MD) with its 95%

CI was estimated for continuous outcomes. Heterogeneities were evaluated using the
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chi-square (y?) and I? statistics. The TG parameter was significantly heterogeneous (12 > 75%)
and subgroup analysis was conducted (A); the TC parameter was considered heterogeneous
(50% < I? < 75%) and the random-effect model was used (B). P < 0.05 was considered as

statistically different between the experimental and control group.

23
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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%  2.71[0.49,14.90] ] i
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] —
Total (95% CI) 106 99 100.0%  4.49 [2.02, 9.95] -
Total events 96 69

it Chiz = - - 2= 409 t i t !
Heterogeneity: Chi* = 3.47, df = 2 (P = 0.18); I = 42% 0.01 01 1 10 100

Test for overall effect: Z = 3.69 (P = 0.0002)

Experimental Control

B. BMI

Experimental
Study or Subgroup Mean _SD_Total

Control

Mean SD Total Weight

Mean Difference
IV, Fixed, 95% Cl

Mean Difference
1V, Fixed, 95% CI

Li 2014 251 47 50
Sun 2015 25 39 76
Zhang 2011 2553 398 42
Zhang 2012 273 32 60
Total (95% CI) 228

256 3.9
255 37
2569 3.87
285 35

Heterogeneity: Chi* = 1.22, df = 3 (P = 0.75); ¥ = 0%

Test for overall effect: Z = 1.91 (P = 0.06)

50
76
42
60

228

16.8%
32.9%
17.0%
33.3%

100.0%

0.50[-2.19, 1.19]
0.50[-1.71,0.71]
-0.16 [-1.84, 1.52]
-1.20 [-2.40, -0.00]

-0.68 [1.37, 0.02]

-2 0 2 4
Experimental Control
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A.ALT (U/L)

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

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Bicyclol monotherapy

Liang 2007 432 6.3 45 784 161 38 92%
Liao 2011 50.14 18.22 30 7815 22.25 30  82%
Yan 2017 478 187 30 825 39 30 6.9%
Zhang 2012 487 105 60 856 15.6 60 9.3%
Zhu 2005 473 8 36 793 96 29 93%
Subtotal (95% Cl) 201 187  42.9%

Heterogeneity: Tau? = 0.00; Chi? = 3.73, df = 4 (P = 0.44); 12 = 0%
Test for overall effect: Z = 256.35 (P < 0.00001)

Bicyclol combination

Ding 2009 383 352 42 638 50.2 30 57%
Gao 2011 394 311 25 614 473 25 54%
Guan 2013 355 126 40 431 148 40  91%
He 2011 435 6.2 47 812 132 35  93%
Li 2014 46.5 84 50 575 104 50 9.4%
Sun 2015 454 8.3 76 564 9.3 7% 9.5%
Zhang 2011 46.13 12.46 42 65.62 20.71 42 88%
Subtotal (95% Cl) 322 298 57.1%

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% CI) 523 485 100.0%
Heterogeneity: Tau? = 162.49; Chi? = 242.08, df = 11 (P < 0.00001); 1> = 95%
Test for overall effect: Z = 6.30 (P < 0.00001)

Test for subarouo differences: Chi? = 10.34. df = 1 (P = 0.001). I* = 90.3%

-35.20 [-40.64, -29.76]
-28.01 [-38.30, -17.72]
-34.70 [-50.18, -19.22]
-36.90 [-41.686, -32.14]
-32.00 [-36.36, -27.64]
-34.07 [-36.70, -31.43]

24,50 [-45.38, -3.62]
22,00 [-44.19, 0.19]
7.60 [-13.62, -1.58]

-37.70 [-42.42, -32.98]

-11.00 [-14.71, -7.29]
-11.00 [-13.80, -8.20]
-19.49 [-26.80, -12.18]
-18.39 [-27.57, -9.20]

-24.89 [-32.63, -17.15]

-

-50 -25 0 25 50
Experimental Control

B. AST (U/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 423 324 42 822 422 30 6.1% -39.90[-57.90,-21.90) —
Gao 2011 424 325 25 788 397 25  52% -36.20[-56.31,-16.09] -
Guan 2013 327 156 40 387 199 40 142% -6.00 [-13.84, 1.84] -7
Li 2014 438 938 50 548 11.2 50 18.3% -10.80[-14.93, -6.67] -
Liao 2011 60.05 2085 30 89.44 29.85 30 9.2% -29.39 [-42.38, -16.40] -
Sun 2015 437 96 76 535 111 76 191%  -9.80[-13.10, -6.50] il
Yan 2017 442 143 30 529 195 30 13.3%  -8.70[-17.35,-0.05) |
Zhang 2011 43.72 1532 42 5961 19.24 42 14.6% -15.89[-23.33, -8.45] T
Total (95% Cl) 335 323 100.0% -15.20 [-20.51, -9.90] <>
Heterogeneity: Tau? = 35.59; Chi? = 27.41, df = 7 (P = 0.0003); > = 74% _5‘;0 25 é 2‘5 5‘0

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

Experimental _Control

C. TBIL (pmol/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 142 286 42 162 37 30 422%
Gao 2011 139 386 25 153 38 25 23.8%
He 2011 132 73 47 121 83 35  84%
Liang 2007 132 78 45 162 9.8 38  67%
Zhang 2012 16.3 74 60 17.2 88 60 12.2%
Zhu 2005 129 6.8 36 159 87 29 6.7%
Total (95% CI) 255 217 100.0%

Heterogeneity: Chi® = 3.64, df = 5 (P = 0.60); I°=0%
Test for overall effect: Z = 3.37 (P = 0.0008)

-2.00 [-3.54, -0.46]
-1.40 [-3.45, 0.65)

1.10[-2.35, 4.55)
-3.00 [-6.86, 0.86]
-1.90 [4.77, 0.97]
-3.00 [-6.87, 0.87]

.72 [-2.72, -0.72]

-10 -5 0 5 10
Experimental Control
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A.TG (mmol/L)

Experimental Control
Study or Subgroup Mean SD Total Mean S§D Total Weight

Mean Difference
IV, Random, 95% Cl

Mean Difference

Bicyclol monotherapy

Liang 2007 17 02 45 22 0.1 38 104%
Liao 2011 2.04 0.29 30 295 04 30 89%
Yan 2017 17 03 30 1.9 04 30 89%
Zhang 2012 19 03 60 22 05 60 9.4%
Zhu 2005 158 0.1 36 238 02 29 10.3%
Subtotal (95% CI) 201 187 47.8%

Heterogeneity: Tau® = 0.06; Chi* = 79.27, df = 4 (P < 0.00001). I* = 95%
Test for overall effect: Z = 4.81 (P < 0.00001)

Bicyclol combination

Ding 2009 269 062 42 3.07 086 30 5.8%
Gao 2011 265 0.54 25 321 088 25 5.2%
Guan 2013 24 1 40 26 141 40  45%
He 2011 1.7 02 47 21 02 35 102%
Li 2014 1.35 044 50 1.75 047 50 8.9%
Sun 2015 1.34 043 76 174 046 76 9.5%
Zhang 2011 1.38 045 42 166 0.61 42 8.0%
Subtotal (95% CI) 322 298 52.2%

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% CI) 523 485 100.0%
Heterogeneity: Tau? = 0.04; Chi? = 105.58, df = 11 (P < 0.00001); I* = 90%
Test for overall effect: Z=6.95 (P < 0.00001)

Test for subgroup differences: Chi? =1.72,df =1 (P = 0.19), F = 41.7%

-0.50 [-0.57, -0.43]
-0.91[-1.09, -0.73]
-0.20 [-0.38, -0.02]
-0.30 [-0.45, -0.15]
-0.80 [-0.88, -0.72]
-0.54 [-0.77, -0.32]

-0.38 [-0.74, -0.02)
-0.56 [-0.96, -0.16]

-0.20 [-0.66, 0.26]
-0.40 [-0.49, -0.31]
-0.40 [-0.58, -0.22]
-0.40 [-0.54, -0.26]
-0.28 [-0.51, -0.05]
-0.39 [-0.45, -0.33]

-0.46 [-0.59, -0.33]

IV, Random, 95% Cl
-
*
>

—IT —DI.S 0 U:E

Experimental Control

B. TC (mmol/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 4.12 0.44 42 47 051 30 11.5%
Guan 2013 46 15 40 49 13 40 5.3%
He 2011 43 07 47 45 07 35 10.0%
Li 2014 3.24 0.89 50 412 1.21 50 8.0%
Liang 2007 43 07 45 45 08 38 96%
Liao 2011 6.04 0.69 30 6.85 055 30 98%
Sun 2015 313 078 76 4.01 1.18 7% 98%
Yan 2017 55 07 30 59 06 30 9.6%
Zhang 2011 317 097 42 424 125 42 71%
Zhang 2012 43 08 60 46 09 60 10.0%
Zhu 2005 42 06 3 44 08 29 92%
Total (95% CI) 498 460 100.0%

Heterogeneity: Tau? = 0.06; Chi? = 30.43, df = 10 (P = 0.0007); I = 67%
Test for overall effect: Z = 5.68 (P < 0.00001)

-0.58 [-0.81, -0.35)
-0.30 [-0.92, 0.32)
-0.20 [-0.51, 0.11]
-0.88 [-1.30, -0.46)
-0.20 [-0.53, 0.13]
-0.81[-1.13,-0.49]
-0.88 [-1.20, -0.56]
-0.40 [-0.73, -0.07)
-1.07 [-1.55, -0.59]
-0.30 [-0.60, 0.00]
-0.20 [-0.55, 0.15]

-0.52 [-0.70, -0.34]

-2 -1 0 1
Experimental Control
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Online supplementary materials
The effect of bicyclol on blood biomarkers of NAFLD: a systematic review

and meta-analysis

Hu Li 2, Nan-Nan Liu !, Zong-Gen Peng "

1 CAMS Key Laboratory of Antiviral Drug Research, Institute of Medicinal Biotechnology,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100050, China.

2 Key Laboratory of Biotechnology of Antibiotics, The National Health and Family Planning
Commission (NHFPC), Institute of Medicinal Biotechnology, Chinese Academy of
Medical Sciences & Peking Union Medical College, Beijing 100050, China.

3 Beijing Key Laboratory of Antimicrobial Agents, Institute of Medicinal Biotechnology,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100050, China.

* Correspondence should be addressed to Zong-Gen Peng (pumcpzg@126.com)

Online supplementary materials

Methods: Search Strategy

Figure S1: Funnel plot of alanine aminotransferase (A), aspartate transaminase (B), total

bilirubin(C), triglyceride (D) and total cholesterol (E).

Tbale S1: Support table for risk of bias judgement
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Online supplementary Methods: Search Strategy

Pubmed
No. |Query
1 |Non alcoholic Fatty Liver Disease
2 [INAFLD
3 [nonalcoholic fatty liver
4  |non-alcoholic fatty liver
5 [Nonalcoholic Steatohepatitis
6  [Nonalcoholic Steatohepatitides
7 |lor2or3or4orSor6
8 |bicyclol
9 |4,4'-bi-(1,3-benzodioxole)-5-carboxylic acid, 5'-(hydroxymethyl)-7,7'-dimethoxy-, methyl ester
10  |6-methoxycarbonyl-6'-hydroxymethyl-2,3,2',3"-bis(methylenedioxy)-4,4'- dimethoxybiphenyl
I1 |8or9orl0
12 |10 and 11
Embase
No. |Query
#1  |non AND alcoholic AND fatty AND liver AND disease
#2  [nafld
#3  |nonalcoholic AND fatty AND liver
#4  'non alcoholic' AND fatty AND liver
#5 |nonalcoholic AND steatohepatitis
#6 |nonalcoholic AND steatohepatitides
#7  [#1 or #2 or #3 or #4 or #5 or #6
#8  |bicyclol
#9  [#7 AND #8

Cochrane Library

ID |Search

#1 |MeSH descriptor: [Non-alcoholic Fatty Liver Disease] explode all trees

w0 ((nonalcoholic or non-alcoholic) near (fatty liver or steatohepatitis)):ti,ab,kw or fatty liver or
steatohepatitis:ti or nafld or nash:ti,ab,kw (Word variations have been searched)

#3 W#lor#2

#4 |bicyclol:ti,ab,kw (Word variations have been searched)

#5 |#3 and #4
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China National Knowledge Infrastructure database (CNKI)

( ( (EEB=AREREREN DR B8 AR AR DR 808 v_subject=rP 3308 R (ARE

FEVERE I VERTR) B title=rp 93 e (AR AS VE IR PERT ) B (R =Rl s P i PR AT ¢

o A=A RS EIR D PEAT R B v_subject=rh 93X R ARIRSVE IR T PERT 28) B title="p

PO AR TE IR ERT ) ) JF R (=004 8 S A4=XOAE 5 v_subject=15E3C

P IECOARE) B title=rP 98 3CH RECUOART)) ) (WAVLHED), L4 0. 4l B SOk 25 ek

£

VIP-Chinese scientific and technological journal database

(CELA B R B Al =R RS VE AR AT PE AT OR 4% B S i) ={F IS PR T PEIT ) AND 44 B i

H=XUAE)

Wanfang digital periodical full-text database

TR SR &GS s (R (ARSI MR 05 AP0 )+ 3 (AR R M PR A ) )% * 2 A (RUA

)
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Figure S1. Funnel plot of alanine aminotransferase (A), aspartate transaminase (B), total

bilirubin(C), triglyceride (D) and total cholesterol (E).
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Table S1. Support table for risk of bias judgement 2 8
=S
Randomization o . . . o Q Selection of the .
Deviations from intended interventions Missing outcome data ~ Measuremers of the outcome Overall Bias *
@
@
§
]
(1]
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process # § reported result
Unique 1D >3
Stud 12 13 21 22 23 24 25 26 27 31 32 33 34 41 42 Z£.24.4 45 51 52 53

y S
lUN

Ding 2009 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N §I§§N NA Y N N High
~ 0

Gao 2011 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N %%N NA Y N N High
529

Guan 2013 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N §I§§N NA Y N N High
857

He 2011 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N yﬁgN NA Y N N High
283

Li 2014 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N ‘ﬂ:\HEN NA Y N N High
> S

. = 3 .

Liang 2007 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N ;_},IIE'N NA Y N N High
S o
=] =]

Liao 2011 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N i\llgN NA Y N N High
> b
o o

Sun 2015 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N %II%N NA Y N N High
= o

Yan 2017 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N :]§II§N NA Y N N High
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Zhang 2011 Y NI Y NI NI Y N NA Y NA Y NA NA NA N N EIIEN NA Y N N High
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19 4.2 Could measurement or ascertainment of the outcome have differed between intervention groups?

20 4.3 If N/PN/NI to 4.1 and 4.2: Were outcome assessors aware of the intervention received by study participants?

4.4 1f Y/IPY/INI to 4.3: Could assessment of the outcome have been influenced by knowledge of intervention received?
>3 5.1 Were the data that produced this result analysed in accordance with a pre-specified analysis plan that was finalized before unEiin@ed outcome data were available for analysis?
24 5.2 Is the numerical result being assessed likely to have been selected, on the basis of the results, from multiple eligible outcomeﬁnegurements (e.g. scales, definitions, time points)
25 within the outcome domain? a2 o

57 5.3 .. multiple eligible analyses of the data?

o %"
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2 # comments of Randomization process: study "Liao 2011": Random number table method, no information about allocation conce;éln@t; others: Random number table method, no
3 information about allocation concealment 2 §
g * Y/PY/PN/N/NI means Yes/Probably yes/Probably no/No/No information; Overall judgement for the result will be ‘High’ if on§'0f fhe domains is judged at ‘High’ risk of bias.
. &
6 1.1 Was the allocation sequence random? 3 9
7 1.2 Was the allocation sequence concealed until participants were enrolled and assigned to interventions? S m%
g 1.3 Did baseline differences between intervention groups suggest a problem with the randomization process? % § =3
10 2.1 Were participants aware of their assigned intervention during the trial? %% N
11 2.2 Were carers and people delivering the interventions aware of participants’ assigned intervention during the trial? %?D S
g 2.3 If Y/PY/NI to 2.1 or 2.2: Were there deviations from the intended intervention that arose because of the experimental context% ag
14 241fYIPY to 2.3: Were these deviations likely to have affected the outcome? ;f?b =
15 2.5 Was an appropriate analysis used to estimate the effect of assignment to intervention? = §§
o
16 3.1 Were data for this outcome available for all, or nearly all, participants randomized? gﬁ;:); ;
:; 4.1 Was the method of measuring the outcome inappropriate? g E%
S5—z
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TITLE 5 o

Title 1 | Identify the report as a systematic review, meta-analysis, or both. S m% 1
D ABSTRACT 588
',Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data so@oﬁ% study eligibility criteria, | 2
; participants, and interventions; study appraisal and synthesis methods; results; Iimitatlon&,%&l lusions and
A implications of key findings; systematic review registration number. ° ig

[0)
5INTRODUCTION 552
==

7Rationale 3 | Describe the rationale for the review in the context of what is already known. g @ § 4-5
B Objectives 4 | Provide an explicit statement of questions being addressed with reference to participantsil?';' @té"rventions, comparisons, | 5
D outcomes, and study design (PICOS). gm 3
' METHODS 33
P Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), % dgf available, provide 5
B registration information including registration number. o -8
;Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characterlstlcsge g; years considered, 6
L language, publication status) used as criteria for eligibility, giving rationale. » 3
¥ Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with stﬁby guthors to identify 5-6
B additional studies) in the search and date last searched. 3 5
;Search 8 | Present full electronic search strategy for at least one database, including any limits use(ﬂa sugh that it could be 5-6
1 repeated. § 5
D Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic r§ |e!w and, if applicable, 5-6
B included in the meta-analysis). @ N
?Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in dLYbIlcgte) and any processes 7
P for obtaining and confirming data from investigators. >
7 Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and agly assumptions and 6-7
5 simplifications made. ®
P Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specificatiorﬁbf whether this was 7

studies done at the study or outcome level), and how this information is to be used in any data synthgsis.
p Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). %5 7
iSynthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including rr@asures of consistency 7
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D

the systematic review.

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., pub‘ﬁca@on bias, selective 7
reporting within studies). g rjn 3
D Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- regy&ﬁlon) if done, 7
indicating which were pre-specified. o 3 P
fan) § D)
3 RESULTS g‘:‘? g
f'Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, W|ff1 ge%sons for 8
P exclusions at each stage, ideally with a flow diagram. N
;Study characteristics 18 | For each_ study, p_res.ent characteristics for which data were extracted (e.g., study size, P@@i follow-up period) | 8, Table1
5 and provide the citations. §$ =
P Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessme% %ge item 12). 8, Figure 2
;Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple sum_ﬁwaryzdata for each 8-10
) intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.> §
B Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measure%of @nsistency. 8-10
;Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). g g 8, Figure 2
b Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta- r;égrenssmn [see Item 9-10
[ 16]). © 3
% ~
H» DISCUSSION 5 S
D Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; g’ons;"der their 11
[ relevance to key groups (e.g., healthcare providers, users, and policy makers). I @
U Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e. %% mfpmplete retrieval 12
A of identified research, reporting bias). Q
5 Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and |mpI|cat|oﬂ£s for future 12
3] research. P
FUNDING §
b Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of datag role of funders for | 13
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