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Efficacy and Safety of Biphenyl Dimethyl Dicarboxylate and Ursodeoxycholic Acid 
Combination in Chronic Hepatitis Related to Metabolic Syndrome Components
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Background/Aims: Steatohepatitis related to metabolic syndrome is a chronic liver disease prevalent in patients not only with 
non-alcoholic steatohepatitis but also with alcoholic liver disease and chronic viral hepatitis. On the other hand, there is limited da-
ta on the effects of hepatotonic agents in these patients. Therefore, this study evaluated the efficacy of a combined hepatotonic 
agent in this population.
Methods: Thirty-three adults with chronic hepatitis and one or more components of metabolic syndrome were assigned randomly 
to receive biphenyl dimethyl dicarboxylate/ursodeoxycholic acid or a placebo for 24 weeks. The primary outcome was the normal-
ization of ALT (≤40 U/L). The secondary outcomes were the change in controlled attenuation parameter, transient elastography, 
and Chronic Liver Disease Questionnaire score. 
Results: The 33 patients were assigned randomly to two groups. Eight (50%) of 16 patients who received the intervention drug 
showed the normalization of ALT, whereas only one (6%) of 17 patients in the placebo group did so. In contrast, the change in con-
trolled attenuation, transient elastography, and Chronic Liver Disease Questionnaire were similar in the two groups. ALT was 
changed significantly during the four assessment periods, and this change was affected by the group. The interaction between the 
group and time was also significant. AST was changed significantly during the same period. This change was not affected by the 
group. 
Conclusions: Biphenyl dimethyl dicarboxylate/ursodeoxycholic acid combination reduced ALT in chronic liver disease related to 
metabolic syndrome. On the other hand, there is no evidence that this leads to improved hepatic steatosis and fibrosis within
6 months. (Korean J Gastroenterol 2021;77:179-189)
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INTRODUCTION

Metabolic syndrome is a disease and a risk factor for car-

diovascular diseases, including diabetes mellitus (DM), hyper-

tension, dyslipidemia, and central obesity. This is related to 

insulin resistance. Patients with this condition have a high 

risk of cardiovascular events.1,2 Individuals with metabolic 

syndrome had a significantly higher prevalence of non-alco-

holic fatty liver disease (NAFLD) than the controls.3 Moreover, 

individual metabolic abnormalities, such as increased waist 

circumference, impaired fasting glucose/DM, high triglyceride, 

and low high-density lipoprotein levels, are associated in-

dependently with NAFLD.3 This suggests that many patients 

with metabolic syndrome are vulnerable to cardiovascular dis-

ease and NAFLD, which can progress to hepatic fibrosis. The 

association between alcohol and metabolic syndrome is 

complex. High HDL cholesterol levels in alcoholics may reduce 

the risk of metabolic syndrome, but many people who drink 

socially often present high blood pressure and glucose levels, 

high triglyceride levels, and visceral obesity, which may in-

crease the risk of metabolic syndrome. According to 

meta-analysis, low alcohol intake (≤5 g/day) is associated with 

a low risk of metabolic syndrome, whereas heavy alcohol in-

take (≥35 g/day) is associated with a high risk of metabolic 

syndrome.4 On the other hand, the risk of aggravating liver 

disease by viral hepatitis has decreased since the introduction 

of effective antiviral agents for patients with hepatitis B or 

C, but the risk of steatohepatitis with metabolic abnormalities 

remains. 

Although physicians often encounter patients with steatohe-

patitis and metabolic syndrome together in various back-

grounds, there is little to improve their liver function. Generally, 

lifestyle modification, including diet, exercise, and alcohol re-

duction, is helpful, but most patients find it difficult to adopt 

a strictly abstinent lifestyle. Many therapeutic drugs for pa-

tients with NAFLD have been studied, but very few drugs have 

improved steatohepatitis in clinical trials. 

Biphenyl dimethyl dicarboxylate (BDD) is a hepatotonic 

agent that reduced hepatocellular damage and fibrosis in a 

rat model of liver fibrosis induced by carbon tetrachloride.5 

Ursodeoxycholic acid (UDCA) is a type of bile acid that affects 

cholestatic liver disease, such as primary biliary cholangitis. 

On the other hand, it is uncertain that this drug is effective 

for various other liver diseases. In 2004, a study showed that 

a combination of BDD/UDCA had a greater effect on ALT nor-

malization than a BDD single regimen in patients, among 

whom viral hepatitis was the dominant cause of chronic liver 

disease.6 Nevertheless, there is limited data on the efficacy 

of this combination for other liver diseases. Therefore, this 

study evaluated the efficacy of BDD/UDCA in improving nec-

ro-inflammation in patients with steatohepatitis related to 

metabolic syndrome.

SUBJECTS AND METHODS

1. Study design and subjects

This study was a randomized, double-blind, placebo-con-

trolled clinical trial in a single center to evaluate the effects 

of BDD/UDCA (UDEX®, Pharmbio Korea, Seoul, Korea) on the 

serum aminotransferase level in patients with chronic liver 

disease and metabolic syndrome. The inclusion criteria were 

subjects aged ≥20 years, ALT level ≥60 U/L, and at least 

one component of metabolic syndrome, such as central obe-

sity (waist circumference ≥90 cm in males and ≥85 cm in 

females), high blood pressure (systolic blood pressure ≥130 

mmHg±diastolic blood pressure ≥85 mmHg or medication his-

tory for hypertension), high glucose (fasting glucose ≥100 

mg/dL, or medication history for DM), low HDL cholesterol 

(<40 mg/dL in males, <50 mg/dL in females, or medication 

history for low HDL cholesterol), and high triglyceride (≥150 

mg/dL or medication history for hypertriglyceridemia). They 

also should have the following findings suggestive of chronic 

liver disease: a history of elevated AST or ALT over the upper 

limit of the normal range for more than 6 months from screen-

ing, abnormal radiologic findings indicative of chronic liver dis-

ease or fatty liver on sonography or CT, or a medical history 

of hepatotonics for chronic liver disease for more than 30 

days. The patients were excluded if they had severe hepatitis 

(ALT >10 times the upper limit of the normal rage), severe 

alcoholic hepatitis, acute hepatitis A, uncontrolled acute or 

chronic hepatitis B (HBV DNA ≥2,000 IU/mL), uncontrolled 

chronic hepatitis C (positive HCV RNA), other chronic liver dis-

eases (including autoimmune hepatitis, primary biliary chol-

angitis, primary sclerosing cholangitis, Wilson disease, and 

hemochromatosis), untreated malignancy, decompensated 

cirrhosis, drug-induced liver injury, uncontrolled DM (HbA1c 

>8%), organ or bone-marrow transplantation, and pregnancy.
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Fig. 1. Flow chart of study enrollment.

2. Study protocol

The study subjects were screened for eligibility criteria with-

in 28 days from enrollment and had a 2-week washout period 

if they had been taking any hepatotonics. The subjects were 

educated on how to modify their lifestyle to improve metabolic 

syndrome via weight reduction and exercise. They were al-

lowed to maintain adequate medication for hypertension, DM, 

or dyslipidemia. The patients were advised to abstain from 

alcohol. The patients with viral hepatitis B were allowed to 

keep their antiviral agents.

All the subjects meeting the eligibility criteria were assigned 

randomly (1:1) to an oral combination pill of BDD 12.5 mg 

and UDCA 50 mg three times a day or to a placebo for 24 

weeks using a stratified randomization table according to the 

presence of alcohol history (men >40 g/day, female >20 

g/day) or viral hepatitis (allocation ratio, four in alcohol [-]/vi-

rus [-]: two in alcohol [+]/virus [-]: one in alcohol [-]/virus [+]). 

Assuming that the proportion of ALT normalization after 24 

weeks of treatment was 30% in the placebo group and 65% 

in the intervention group, a sample size of 35 subjects was 

calculated in each using a two-sample, two-sided proportion 

test with a power of 0.8, α-value of 0.05, and follow-up loss 

of 10%.7

The intervention and placebo drugs were provided as 

identical capsules in identical containers labeled with code 

numbers. The treatment was assigned by pharmacists blind-

ed to the identification of the code for each drug. The pa-

tients and investigators were also blinded to the treatment 

assignment.

After randomization, subjects returned for study visits at 

weeks 4, 12, and 24. The vital signs and body weight were 

measured, and routine biochemical tests were performed at 

the initial visit and each visit day. Transient elastography (TE) 

and controlled attenuation parameter (CAP) by FibroScan® 

(Echosens, Paris, France) were assessed at the initial visit 

and week 24. The Chronic Liver Disease Questionnaire (CLDQ) 

was checked to assess the quality of life of the subjects before 

and after treatment. At each visit, adherence to medication 

and adverse effects were evaluated. Institutional Review 

Board in Inje University Haeundae Paik Hospital approved this 

study (IRB No. HPIRB 2017-11-010).

3. Outcomes

The primary outcome was the proportion of ALT normal-

ization (≤40 U/L) at 24 weeks of administering the study 

drugs. Secondary outcomes were the change in controlled at-

tenuation parameter and liver stiffness and the change in 

the score of CLDQ from enrollment to 24 weeks of admin-

istration of the study drugs. 

4. Statistical analysis

The data are presented as the frequency with a percentage 
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Table 1. Baseline Characteristics of the Trial Population

UDEX (n=16) Placebo (n=17)

Demographic

  Age (years) 52 (38-56)  52 (40-57) 

  Male 13 (81.3)    15 (88.2)   

  Alcohol 4 (25.0)  1 (5.9)   

  Hypertension 4 (25.0)  5 (29.4) 

  Diabetes mellitus 3 (18.8)  2 (11.8) 

Anthropometric

  BMI (kg/m2) 27.4 (25.0-31.5) 28.2 (26.9-32.3)

  Waist circumference (cm)  98.5 (96.2-102.0)   99.0 (95.7-107.3)

  SBP (mmHg)  129.5 (121.3-140.3)    137.0 (127.5-144.0)

  DBP (mmHg) 80.5 (71.0-85.0) 83.0 (78.0-86.5)

Laboratory

  WBC (/mm3)  7,295 (6,853-8,073)    7,910 (6,795-9,360)

  Hemoglobin (g/dL) 16.2 (14.4-16.6) 16.4 (15.1-17.0)

  Platelet count (×103/mm3) 250 (220-302) 247 (178-290)

  PT INR 1.02 (0.97-1.06) 1.00 (0.98-1.05)

  AST (U/L) 50.0 (42.3-64.3) 46.0 (37.0-57.0)

  ALT (U/L)  90.5 (72.3-110.5) 75.0 (67.0-98.5)

  ALP (U/L)   71.5 (62.5-105.0) 77.0 (63.5-86.5)

  GGT (U/L)   59.5 (44.5-100.8) 54.0 (44.5-85.0)

  Total bilirubin (mg/dL) 0.84 (0.63-0.91) 0.91 (0.59-1.19)

  Albumin (g/dL) 4.7 (4.5-4.8) 4.5 (4.4-4.7)

  BUN (mg/dL) 13.6 (10.6-16.2) 14.0 (12.4-17.3)

  Creatinine (mg/dL) 0.98 (0.90-1.00) 1.05 (0.92-1.13)

  Glucose (mg/dL) 108.0 (99.5-123.8) 105.0 (99.5-118.5)

  Total cholesterol (mg/dL)  186.0 (167.8-206.3)   201.0 (169.0-229.0)

  LDL-cholesterol (mg/dL) 109.5 (88.8-139.8)   124.0 (102.5-161.5)

  Triglyceride (mg/dL)   157.0 (101.8-199.3)    167.0 (134.5-263.0)

  HDL-cholesterol (mg/dL) 42.0 (34.3-50.8) 42.0 (36.5-48.0)

  AFP (ng/mL) 2.8 (1.6-4.1) 2.0 (1.6-2.4) 

  HBsAg 3 (18.8)  4 (23.5) 

  IgG anti-HBc 8 (50.0)  11 (64.7)   

  Anti-HCV 2 (12.5)  1 (5.9)   

Liver stiffness & steatosis

  Transient elastography (kPa) 7.2 (4.8-9.9) 6.2 (5.6-8.0) 

  Controlled attenuation parameter (dB/m) 327 (284-347) 316 (295-350)

Chronic Liver Disease Questionnaire

  Abdominal symptom 17.5 (15.3-21.0) 19.0 (16.5-21.0)

  Fatigue 24.5 (21.3-30.8) 23.0 (16.0-30.0)

  Systemic symptom 27.5 (24.5-33.5) 27.0 (25.0-32.5)

  Activity 19.0 (17.3-21.0) 18.0 (17.0-21.0)

  Emotion 44.0 (37.3-51.8)  47.0 (40.0-52.5)

  Worry 30.5 (23.5-34.0) 27.0 (22.5-33.5)

  Total 159 (145-186) 155 (143-190)

Values are frequency with percentage in parentheses for categorical data and median (interquartile range) for continuous data. All the variables 
between both group have p-value less than 0.05 except albumin (p-value 0.047)
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; PT, prothrombin time; INR, international 
normalized ratio; AST, aminotransferase; ALT alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma glutamyl transpeptidase; BUN, 
blood urea nitrogen; LDL, low-density lipoprotein; HDL, high-density lipoprotein; AFP, alpha fetoprotein; HBsAg, hepatitis B virus surface antigen; 
IgG anti-HBc, immunoglobulin anti-hepatitis core antigen; Anti-HCV, anti-hepatitis C virus. 
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Table 2. Proportion of ALT Normalization at 24 Weeks of Administration of the Study Drugs

Variable
ITT population PP population

UDEX (n=16) Placebo (n=17) p-value UDEX (n=11) Placebo (n=16) p-value

ALT ≤40 U/L 8 (50.0) 1 (5.9) <0.01 8 (72.7) 1 (6.3) <0.01

ALT >40 U/L 8 (50.0) 16 (94.1) 3 (27.3) 15 (93.8)

ALT normalization is defined as ≤40 U/L at 24 weeks of administration of study drugs. Values are frequency with percentage in parentheses.
ALT, alanine aminotransferase; ITT, intention-to-treat; PP, per-protocol. 

Fig. 2. Comparison of ALT normalization at 24 weeks in intention- 
to-treat and per-protocol analysis. ALT, alanine aminotransferase; 
ITT, intention-to-treat; PP, per-protocol.

for the categorical variables and as mean±standard deviation 

and median and interquartile range for the continuous 

variables. The differences in the characteristics of the study 

participants across subgroups were compared using a 

chi-square test or Fisher’s exact test for the categorical varia-

bles and an independent test or Mann-Whitney’s U test for 

the continuous variables as appropriate. A paired t-test or 

Wilcoxon’s signed-rank test was also used to compare two 

assessment time points. The Shapiro-Wilk’s test was used to 

check if the distribution was normal.

A two-way repeated-measures (RM) ANOVA was used to 

compare the repeated measured numeric variables in groups 

and within each group. The Bonferroni procedure was applied 

to post hoc analyses. The last observation carried forward 

was applied to treat the missing values in intention-to-treat 

(ITT) analysis. All statistical analyses were carried out using 

SPSS 24.0 (IBM SPSS Statistics, Chicago, IL, USA), and p-val-

ues <0.05 were considered significant.

RESULTS

1. Baseline characteristics

Between January 31st, 2018, and June 11th, 2019, 33 

subjects who had chronic liver disease related to metabolic 

syndrome were assigned randomly to a UDEX group (n=16) 

or a placebo group (n=17). The enrollment of subjects was 

stopped because the supply of raw material for the drugs 

became difficult during this study abruptly. Eleven of 16 pa-

tients in the UDEX group and 16 out of 17 in the placebo 

group completed every visit and evaluation (Fig. 1). The 

baseline demographics and clinical and laboratory character-

istics were similar in the two groups. The median BMI in the 

UDEX and placebo groups was 27.4 kg/m2 and 28.2 kg/m2, 

respectively. The median ALT level, TE, and CAP in the UDEX 

group were 90.5 U/L, 7.2 kPa, and 327 dB/m, respectively 

(Table 1). The median ALT level, TE, and CAP in the placebo 

groups were 75.0 U/L, 6.2 kPa, and 316 dB/m, respectively. 

The baseline characteristics in per-protocol (PP) analysis 

were comparable between the two groups (Supplementary 

Table 1)

2. Proportion of ALT normalization 

Eight (50.0%) of the UDEX group and one (5.9%) of the 

placebo group in ITT analysis showed ALT normalization at 

24 weeks of administration, showing a significant statistical 

difference (p=0.007). In PP analysis, this proportion was 72.7% 

and 6.3% in each group, respectively (p=0.001) (Table 2, 

Fig. 2).

3. Change of liver stiffness and steatosis

In ITT analysis, the median change in TE was -0.15 kPa 

and -0.50 kPa in the UDEX and placebo groups, respectively. 

The median change in CAP was -2.00 dB/m2 and -8.00 dB/m2 

in the UDEX and placebo groups, respectively. Neither variable 

was statistically different between the groups. This trend cor-

responded to PP analysis (Table 3).

4. Quality of life assessment in patients

When only the subjects who completed CLDQ at the begin-

ning and end of treatment were analyzed, the systemic symp-

toms, emotional function, and total CLDQ in the UDEX group, 
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Table 3. Change in Transient Elastography and Controlled Attenuation Parameter

Variable
ITT population PP population

UDEX (n=16) Placebo (n=17) p-value UDEX (n=11) Placebo (n=16) p-value

Change of TE

  Mean±SD -0.96 ± 1.72 -0.59 ± 1.54 0.53 -1.39 ± 1.94 -0.63 ± 1.59 0.28

  Median (IQR)
-0.15 

(-2.25 to 0.00)
-0.50 

(-1.65 to 0.25)
-1.20 

(-2.50 to -0.10)
-0.55 

(-1.68 to 0.38)

Change of CAP

  Mean±SD -10.75±26.33 -11.76 ± 35.22 0.93 -15.64±30.91 -12.50±36.24 0.82

  Median (IQR)
-2.00 

(-25.50 to 0.00)
-8.00 

(-45.00 to 20.00)
-8.00 

(-43.00 to 1.00)
-13.00 

(-45.50 to 20.50)

Values are presented as mean±standard deviation and median (IQR).
TE, transient elastography; CAP, controlled attenuation parameter; IQR, interquartile range; ITT, intention-to-treat; PP, per-protocol.

Table 4. Quality of Life Assessment in Patients with Chronic Liver Disease in Per-protocol Analysis

Variable

Group Change from baseline

UDEX (n=11) Placebo (n=16)

Baseline 24 week p-value Baseline 24 week p-value UDEX Placebo p-value

Abdominal 
symptoms

19.0 
(15.0-21.0)

19.0 
(18.0-21. 0)

0.15
18.5 

(15.8-21.0)
21.0 

(19.3-21.0)
0.01

0.0 
(0.0-2.0)

2.0 
(0.0-3.0)

0.63

Fatigue 25.0 
(21. 0-32.0)

29.0 
(20.0-35.0)

0.38
22.5 

(15.5-9.8)
28.0 

(21.3-31.8)
<0.01

2.0 
(-2.0 to 4.0)

1.5 
(0.0-4.8)

0.67

Systemic 
symptoms

29.0 
(24.0-34. 0)

30.0 
(27.0-35.0)

0.05
27.0 

(24.5-2.0)
31.5 

(28.3-34.0)
0.03

1.0 
(0.0-2.0)

2.50 
(0.0-4.8)

0.50

Activity 21.0 
(17.0-21. 0)

21.0 
(17.0-21.0)

0.49
18.0 

(16.5-1.0)
19.5 

(17.3-21.0)
0.17

0.0 
(-1.0 to 0.0)

0.0 
(0.0-1.0)

0.06

Emotional 
function

42.0 
(37.0-53.0)

46.0 
(40.0-56.0)

0.01
46.0 

(39.5-2.8)
50.5 

(44.3-54.0)
0.01

4.0 
(3.0-8.0)

3.0 
(0.0-8.0)

0.84

Worry 31.0 
(25.0-34. 0)

32.0 
(25.0-35.0)

0.17
27.0 

(22.3-3.3)
30.0 

(24.3-34.8)
0.15

1.0 
(0.0-3.0)

1.5 
(-0.8 to 3.8)

0.84

Total CLDQ 160 
(145-192)

163 
(145-203)

0.03
155 

(141-187)
172 

(161-194)
<0.01

8.0 
(2.0-19.0)

10.5 
(4.3-18.0)

0.40

Values are presented as median (interquartile range).
CLDQ, Chronic Liver Disease Questionnaire.

and abdominal symptoms, fatigue, systemic symptoms, emo-

tional symptoms, and total CLDQ in the placebo group were 

improved compared to the initial values. On the other hand, 

the changes in the specific and total CLDQ score were similar 

in the two groups (Table 4).

5. Changes in liver enzymes and metabolic parameters 

according to the treatment group

Decreases in body weight, BMI, ALT, and AST at 24 weeks 

were observed in the UDEX group compared to the placebo 

group, but only the change in ALT level showed a sig-

nificance between the two groups. GGT, glucose, and systolic 

pressure were similar in the two groups during the study pe-

riod (Fig. 3).

6. Comparison of change in ALT and AST during the 

treatment period

ALT was changed significantly during the four assessment 

periods (p<0.001), which was affected by the group (p=0.023). 

The interaction between the group and time was also sig-

nificant (p<0.001). Post hoc analyses showed that this sig-

nificant improvement in ALT stemmed from a significant im-

provement in the UDEX group. ALT was decreased significantly 

during four weeks in the UDEX group, whereas there was no 

significant change in the placebo group (Table 5). The results 

of BMI-adjusted RM ANCOVA were similar (Fig. 4A).
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A B

C D

E F

G

Fig. 3. Changes in liver enzymes and metabolic parameters: (A) weight, (B) BMI, (C) ALT, (D) AST, (E) GGT, (F) glucose, and (G) systemic blood
pressure according to treatment group. BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma
glutamyltranspeptidase.
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Table 5. Comparison of the Change in the Serum ALT and AST Levels During the Treatment Period between Groups

Variable
Group Analysis for repeated measures

UDEX (n=16) Placebo (n=17) p-value Source Crude p-value Adjusted p-valuea

ALT

   Baseline 96.75±29.36 88.71±42.00 0.11 Group 0.02 0.01

   4 week 43.06±23.47 81.82±42.07 <0.01 Time <0.01 <0.01

   12 week 47.00±37.17 86.88±42.87 <0.01 Group×Time <0.01 <0.01

   24 week 43.69±25.49 77.24±36.27 0.01

AST

   Baseline 52.38±11.55 50.59±23.30 0.20 Group 0.54 0.54

   4 week 43.38±13.15 45.53±15.65 0.91 Time <0.01 <0.01

   12 week 39.94±12.90 47.59±15.40 0.11 Group×Time 0.19 0.09

   24 week 40.13±11.99 43.41±13.66 0.75

Values are the mean±SD and Bonferroni’s post-hoc test was used for multiple comparisons between each the three time points. Means with 
different scripts are different from each other (p<0.05).
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
ap-values were adjusted for change in BMI during treatment period.

A B

Fig. 4. Comparison of the changes in serum ALT and serum AST levels during the treatment period between groups in an intention-to-treat
analysis. (A) ALT, two-way repeated-measures ANCOVA adjusted for the change of BMI during the treatment period. (B) AST, 2-way repeated
measures ANCOVA adjusted for the change in BMI during the treatment period. ALT, alanine aminotransferase; AST, aspartate
aminotransferase; BMI, body mass index.

Table 6. Adverse Event

Variable
Group

p-value
UDEX (n=16) Placebo (n=17)

Adverse event 3 (18.8) 0 (0.0) 0.103

   Dizziness 1 (6.3) 0 (0.0) 0.485

   Dyspepsia 1 (6.3) 0 (0.0) 0.485

   Epigastric soreness   2 (12.5) 0 (0.0) 0.227

   Hypertriglyceridemia 1 (6.3) 0 (0.0) 0.485

p-values were derived from Fisher’s exact test.

AST was changed significantly during the four assessment 

periods (p<0.001); however, this change was not affected by 

the group (p=0.544). Although AST was decreased sig-

nificantly during four weeks in the UDEX group and there was 

no significant change in the placebo group, the interaction 

between group and time was not significant (p=0.194) (Table 

5). The results of BMI-adjusted RM ANCOVA also show a sim-

ilar outcome (Fig. 4B).
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7. Safety assessment

Among the 16 subjects in the UDEX group, dizziness, dys-

pepsia, epigastric soreness, and hypertriglyceridemia were re-

ported, but no such reports were made in the placebo group. 

The causal relationship between the adverse effects and the 

study drug was not definite (Table 6).

DISCUSSION

In this double-blind, randomized, placebo-controlled phase 

4 trial, the combination drug, including BDD and UDCA, led 

to ALT normalization in half of the 16 patients (50%) with 

chronic liver disease related to metabolic syndrome. This pro-

portion was steeply elevated to 73% in those for whom the 

medication was completed over the 24-week study. Moreover, 

this change in ALT level during the study period was confirmed 

after adjusting for the change in BMI.

BDD is a synthesized intermediate derivative of schisandrin 

C extracted from Schisandria chinenesis,8 and has shown ALT 

reduction in chronic active liver diseases9 and in protecting 

against carbon tetrachloride, D-galactosamine, and thio-

acetamide-induced hepatic damage.10,11 BDD combined with 

garlic oil reduced ALT level rapidly and produced significantly 

higher ALT normalization rates after 4, 8, and 12 weeks than 

the placebo group among patients with chronic hepatitis, of 

which NALFD was the dominant cause.12

UDCA is a natural, hydrophilic bile acid that normally con-

stitutes ~3% of the human biliary pool.13 Patients with primary 

biliary cholangitis treated with UDCA showed significant im-

provements in the serum levels of bilirubin, alkaline phospha-

tase, AST, and GGT in a multicenter, controlled trial.14 Another 

trial reported that high-dose UDCA (28-35 mg/kg) improved 

the aminotransferase level, serum fibrosis markers, and se-

lected metabolic parameters in non-alcoholic steatohepatitis 

(NASH). On the other hand, these benefits have not been con-

firmed in histologic endpoints.15

Recently, several potential drugs for NASH have been 

evaluated. Pioglitazone and vitamin E showed improvements 

in serum aminotransferases, hepatic steatosis, and lobular 

inflammation in NASH without DM but had little effect on hep-

atic fibrosis.16 On the other hand, pioglitazone may provoke 

weight gain, pedal edema, and precipitation of congestive 

heart failure in high-risk patients. Concerns about prostate 

cancer after long-term use of vitamin E have been raised. 

Obeticholic acid showed improvement in the histologic find-

ings of NASH, but an abnormality of the lipid metabolism also 

occurred.17 A glucacon-like peptide-1 analog, liraglutide, 

showed improved NASH more than the placebo did, but its 

effect was concomitant with weight loss; hence, the improve-

ment of NASH may not have originated from the hep-

atoprotective effect of this drug or from the weight loss.18 

According to a mouse experiment on chemically induced 

liver injury, BDD administration decreased the hepatic fatty 

degeneration induced by alcohol.19 Another animal study re-

ported that BDD had a potent antioxidant effect in the normal 

and injured liver by inhibiting the signaling caspases and TNF-

α.20 In a methionine-choline-deficient model of rodent NASH, 

the animals treated with UDCA experienced a marked reduction 

in steatosis, inflammation, and hepatic cell injuries, such as 

hepatocyte necrosis and ultrastructural changes.21 Furthermore, 

in diabetic mice fed a high-fat diet, UDCA improved hepatic 

insulin resistance and reduced the steatosis and hepatic cho-

lesterol content significantly.22 These preclinical studies sug-

gested that BDD and UDCA might improve the liver function 

in NASH, but there is controversy as to whether each drug 

has a significant effect in clinical settings. 

At this point, some researchers are asking whether the 

combination of conventional hepatotonic agents, such as BDD 

and UDCA, might induce some improvement in NASH or sim-

ilar conditions, but there is limited data available.

In 2004, a phase 3 trial showed that more patients with 

a BDD/UDCA combination reached ALT normalization than 

with a BDD monotherapy in chronic hepatitis, in which HBV 

infection was the leading cause.6 Therefore, this study first 

showed that a BDD/UDCA combination improved the serum 

ALT level in chronic hepatitis related to metabolic syndrome 

with background steatohepatitis. In contrast to previous stud-

ies, this study included patients with a hazardous drinking 

history and controlled viral hepatitis. Recently, there has been 

a large population with a drinking history but presented sim-

ilar clinical features to NASH instead of typical alcoholic 

hepatitis. Furthermore, because more hepatitis B and C pa-

tients could be treated by antiviral agents, more patients have 

lived without viremia but with metabolic syndrome, which of-

ten accompanies steatohepatitis. Therefore, the benefits of 

BDD/UDCA combination in this study could be applied to a 

broader range of patients. 

Despite the improved serum ALT level, the BDD/UDCA com-
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bination did not improve the non-invasive liver fibrosis, or liver 

steatosis marker. This finding corresponded to a previous re-

port that BDD showed rapid normalization of the serum ALT 

but had no beneficial effect on the histological grade and 

stage of liver disease after 12 months of medication.23 

Moreover, this study drug did not improve the quality of life 

markers for chronic liver disease more than the placebo. This 

suggests that the BDD/UDCA combination might improve the 

necro-inflammation in steatohepatitis but could not alter the 

pathophysiology of steatohepatitis related to metabolic syn-

drome itself. 

This study has several limitations. First, it did not include 

enough subjects according to the planned sample-size calcu-

lation to verify the efficacy of the study drug as a primary 

endpoint. On the other hand, the calculated post hoc power 

with the current study result was 84%, which is slightly better 

than the desired power of 80%. Furthermore, ITT and PP anal-

ysis showed a significant difference in ALT normalization in 

this study, suggesting that this preliminary result should be 

confirmed by a further study that includes more subjects.

Second, five subjects in the intervention group withdrew 

from the study, which was more frequent than in the placebo 

group. Among these subjects, three withdrew consent after 

enrollment, and two could not be contacted. The three sub-

jects who withdrew their consent did not complain of any ad-

verse effects; hence, their withdrawal did not contribute to 

the safety issue of the study drug. In addition, a significant 

difference in the primary endpoint in ITT analysis despite this 

follow-up loss suggests that the study drug has significant 

efficacy in a conservative interpretation. 

Third, the histology findings of the status of steatohepatitis 

and fibrosis were not checked. Therefore, it is unclear ALT 

normalization was reflective of steatohepatitis in this setting. 

Finally, the previous medications of DM and dyslipidemia 

at enrollment were allowed; thus, it was impossible to eval-

uate the effect of the study drug on the serum glucose and 

cholesterol in this study.

In conclusion, this study suggests that the combination of 

BDD and UDCA might induce ALT normalization in steatohepa-

titis related to metabolic syndrome, which physicians often 

encounter in their clinic. On the other hand, it is unclear if 

this combination could prevent or reverse the progression of 

chronic liver disease in hard endpoints, such as liver fibrosis. 

Therefore, the long-term efficacy and safety of this population 

for this point need to be evaluated in a more sophisticated 

study in the future.
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Supplementary Table 1. Baseline Characteristics of the Trial Population in Per-protocol Analysis

UDEX (n=11) Placebo (n=16)

Demographic

   Age (years) 52 (39-56) 50 (39-56) 

   Male 9 (81.8) 14 (87.5)    

   Alcohol 1 (9.1)    1 (6.3)    

   Hypertension 2 (18.2) 5 (31.3)  

   Diabetes mellitus 2 (18.2) 2 (12.5) 

Anthropometric

   BMI (kg/m2) 26.7 (24.8-30.9) 29.0 (26.8-32.4)

   Waist circumference (cm)   98.0 (95.5-102.0) 100.2 (95.9-107.6)

   SBP (mmHg) 129 (121-141) 137(127-144)

   DBP (mmHg) 80 (70-85) 82 (78-86) 

Laboratory

   WBC (/mm3)   7,440 (6,930-8,080)   7,935 (6,895-9,550)

   Hemoglobin (g/dL) 16.1 (14.3-16.4) 16.5 (15.5-17.0)

   Platelet count (×103/mm3) 250 (223-309) 241 (177-296)

   PT INR 1.00 (0.96-1.04) 1.00 (0.99-1.05)

   AST (U/L) 51 (46-66) 47 (37-60) 

   ALT (U/L) 87 (71-139) 76 (67-102)

   ALP (U/L) 72 (64-107) 79 (61-88)   

   GGT (U/L) 63 (44-102) 57 (43-90) 

   Total bilirubin (mg/dL) 0.88 (0.77-0.95) 0.88 (0.57-1.20)

   Albumin (g/dL) 4.7 (4.6-4.8) 4.5 (4.3-4.7) 

   BUN (mg/dL) 13.7 (10.5-16.4) 14.1 (12.3-18.0)

   Creatinine (mg/dL) 0.99 (0.93-1.14) 1.06 (0.91-1.13)

   Glucose (mg/dL) 110 (101-144) 108 (100-120)

   Total cholesterol (mg/dL) 187 (170-216) 199 (169-222)

   LDL-cholesterol (mg/dL) 122 (98-141) 119 (102-155)

   Triglyceride (mg/dL) 171 (111-253) 169 (133-264)

   HDL-cholesterol (mg/dL) 43 (34-52) 43 (36-48) 

   AFP (ng/mL) 3.2 (1.7-4.6) 2.1 (1.6-2.4) 

   HBsAg 2 (18.2)  4 (25.0)  

   IgG anti-HBc 7 (63.6)  10 (62.5)    

   Anti-HCV 1 (9.1)    1 (6.3)    

Liver stiffness & steatosis

   Transient elastography (kPa) 7.2 (4.8-9.9) 6.2 (5.6-8.0)

   Controlled attenuation parameter (dB/m) 327 (284-347) 316 (295-350)

Chronic Liver Disease Questionnaire

   Abdominal symptom 17.5 (15.3-21.0) 19.0 (16.5-21.0)

   Fatigue 24.5 (21.3-30.8) 23.0 (16.0-30.0)

   Systemic symptom 27.5 (24.5-33.5) 27.0 (25.0-32.5)

   Activity 19.0 (17.3-21.0) 18.0 (17.0-21.0)

   Emotion 44.0 (37.3-51.8) 47.0 (40.0-52.5)

   Worry 30.5 (23.5-34.0) 27.0 (22.5-33.5)

   Total 159 (145-186) 155 (143-190)

Values are frequency with percentage in parentheses for categorical data and median (interquartile range) for continuous data. All the variables 
between both group have p-value less than 0.05 except albumin (p-value 0.033).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, white blood cell; PT, prothrombin time; INR, international 
normalized ratio; AST, aminotransferase; ALT alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma glutamyl transpeptidase; BUN, 
blood urea nitrogen; LDL, low-density lipoprotein; HDL, high-density lipoprotein; AFP, alpha fetoprotein; HBsAg, hepatitis B surface antigen; IgG 
anti-HBc, immunoglobulin anti-hepatitis core antigen; Anti-HCV, anti-hepatitis C virus. 


