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Article 
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Abstract: Metabolic dysfunction associated fatty liver disease (MAFLD), a globally prevalent chronic liver 
disease, has only limited pharmacological options. Both metformin and Ganwei, a botanical supplement 
containing a potent inducer for glycine N-methyltransferase (GNMT), have shown great promise for MAFLD. 
We conducted a 4-arm, randomized, placebo-controlled trial to investigate the safety and efficacy of metformin 
and Ganwei for MAFLD. Between September 2021 and March 2023, 64 patients with MAFLD were received 
metformin alone, Ganwei alone, combination of metformin and Ganwei, and placebo for 6 months. The 
primary MAFLD outcome was assessed by control attenuation parameter (CAP) and kilopascal (kPa) scores 
for liver steatosis and fibrosis, utilizing FibroScan. At 6 months after treatment, significant MAFLD 
improvements were observed in patients treated with Ganwei alone (repeated measures ANOVA test, p = 0.048 
for both CAP and kPa scores). By employing a 6-point steatosis grade scale, the Ganwei alone arm exhibited a 
statistically better improvement than the placebo-controlled arm (mean score 1.1±1.9 vs. 0.1±0.7, p < 0.01). In 
addition, patients in the Ganwei alone arm showed significant quality-of-life improvements. There was no 
serious adverse events observed. Our study demonstrated that Ganwei can be an effective treatment option for 
MAFLD patients. Clinical trial registration: NCT06244550 

Keywords: MAFLD; NASH; botanical supplement; GNMT inducer; rs10948059 
 

1. Introduction 

Metabolic dysfunction associated fatty liver disease (MAFLD), previously known as 
nonalcoholic fatty liver disease (NAFLD), is a major chronic liver disease affecting nearly 25-30% of 
the global population [1]. MAFLD is defined as hepatic steatosis, or fatty liver disease, plus one of 
the following three criteria: overweight or obesity, type 2 diabetes mellitus, and metabolic 
dysregulation. With the Westernization of diets and increasingly lack of physical activities, the 
prevalence of obesity, diabetes, and hyperlipidemia all contribute to hiking prevalence of MAFLD in 
recent years. MAFLD includes a wide spectrum of liver injuries from simple steatosis to non-alcoholic 
steatohepatitis (NASH) that may lead to serious complications such as liver cirrhosis and liver cancer 
[1–3]. MAFLD is also strongly associated with major human ailments such as metabolic syndrome, 
cardiovascular diseases and insulin resistance [2,3]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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The pathogenesis of MAFLD is complex and not fully understood. The liver, responsible for 
metabolizing carbohydrates and fatty acids, somehow becomes overwhelmed, leading to the 
production of toxic lipids. Current understanding suggests that both environmental factors, such as 
diet, exercise, obesity, gut microbiota, and genetics play important roles in the development of 
MAFLD. Disruptions in lipid metabolism, inhibition of mitochondrial function, and impaired export 
of triglycerides from liver cells all have been implicated to the abnormal accumulation of lipids within 
the liver. Insulin resistance can further exacerbate this process by converting excessive carbohydrates 
to triglycerides and increasing uptake of fatty acids in the liver. Additionally, lipid alterations in liver 
cells may increase oxidative stress, activate a cascade of cellular signaling pathways and trigger 
immune responses that damage liver cells and lead to the development of hepatic inflammation, 
fibrosis, and potentially liver cancer [2,3]. 

The metabolism of carbohydrates plays a key role in the development of MAFLD, as it may 
increase lipid synthesis within the liver, by depleting adenosine triphosphate (ATP) rapidly, 
imposing stress on mitochondria and endoplasmic reticulum, and cause liver cell necrosis. In this 
regard, the multifunctional protein Glycine N-methyltransferase (GNMT) plays an important 
regulatory role in liver carbohydrate metabolism, and its expression is downregulated in the liver 
tissues of MAFLD patients [4]. Insulin resistance is also implicated in both pathogenesis and 
progression of MAFLD. Currently, weight loss and lifestyle modification are the mainstay therapy 
for MAFLD, and effective pharmacological interventions for MAFLD remain largely lacking [5,6]. 

Metformin is an antidiabetic drug that can improve insulin sensitivity by increasing insulin-
mediated insulin receptor tyrosine kinase activity and subsequent post-receptor insulin signaling 
pathways. Metformin has been postulated to have therapeutic effects toward MAFLD. Ganwei is a 
botanical supplement consists of compounded herbal extracts from Schisandra chinensis, Punica 
granatum and Paeonia lactiflora. The glycoside natural product 1,2,3,4,6-penta-O-galloyl-β-d-
glucopyranoside (PGG) is the active component in Paeonia lactiflora root extracts that can enhance 
GNMT expression [7,8]. Preclinical animal and cell experiments have demonstrated that Paeonia 
lactiflora can repair liver damages and hepatic inflammation. In a recent study, PGG was shown to 
effectively reverse bodyweight gain, elevated serum aminotransferases, as well as hepatic steatosis 
and steatohepatitis in a high fat diet-induced NAFLD mice model [9]. In addition, combination of 
metformin and PGG showed synergistic effect in reducing liver lipid droplet accumulation and 
reversal of fatty liver disease in the NAFLD mice [9]. Based on these findings, we conducted a 4-arm, 
randomized placebo-controlled clinical trial investigating the safety and efficacy of metformin alone, 
Ganwei alone and combination of metformin and Ganwei in patients with MAFLD. The primary 
outcome of this trial was patients’ MAFLD as assessed by liver elastography (FibroScan). Key 
secondary outcomes included safety and patients’ metabolic syndrome, as assessed by body weight, 
triglyceride and Hemoglobin A1c (HbA1c). 

2. Results 

This randomized controlled trial was conducted between September 2021 and March 2023. 
Among 68 individuals screened, 64 eligible patients were enrolled to receive either metformin alone 
(arm A, n = 16), metformin and Ganwei combination (arm B, n = 16), placebo (arm C, n = 16) or Ganwei 
alone (arm D, n = 16) (Figure 1). Two patients in arm B discontinued due to an unexpected diagnosis 
of nasopharyngeal cancer in one patient and unrelated personal reasons in another patient. One 
patient in arm C discontinued due to allergic reaction to placebo; and one patient in arm D did not 
complete the study due to an unrelated personal injury. At the end, 60 patients completed the trials 
(arm A, n = 16; arm B, n = 14; arm C, n = 15; arm D, n = 15), which constitute the full analysis set (FAS). 
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Figure 1. Clinical trial flow diagram. 

Baseline Demographics and Clinical Characteristics of Study Participants 

Baseline demographics and characteristics of trial patients were shown in Table 1. Briefly, a total 
of 44 males and 16 females completed the study. The mean age (range 50.8-55.0 years), body weight 
(range 79.4-85.6 kg) and body weight mass (BMI; range 27.6-29.8 kg m-2), as well as the mean scores 
for CAP (range 317.1-333.1 dB/m) and kPa (range 5.7-7.4) by liver elastography (FibroScan) were 
similar across four treatment arms. Total cholesterol levels were similar, while triglyceride was 
slightly higher in arm B. During the course of the study, 7 patients (11.7 %) continued to receive statin 
therapy for hyperlipidemia. While all mean baseline HbA1c values were below 6.2% (range 5.8-6.1), 
all mean Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) values were above 3 
(range 3.6-6.7). 

Table 1. Demographics and characteristics of trial patients. 
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Primary Outcome 

The primary outcome of this trial was the severity of steatosis and fibrosisas assessed by utilizing 
transient elastography (FibroScan). As shown in Figure. 2A, the mean CAP score of the Ganwei alone 
arm decreased significantly from 333.07 (before treatment) to 312.80 (3 months after treatment 
initiation, p = 0.008) and 296.53 (6 months after treatment initiation, p = 0.028). In a similar fashion, 
the mean kPa score of the Ganwei alone arm also decreased significantly from 7.31 (before treatment) 
to 6.05 (3 months after treatment initiation, p = 0.049) and 5.93 (6 months after treatment initiation). 
At 6 months after treatment initiation, statistically significant MAFLD improvements in both CAP 
and kPa scores were observed for the Ganwei alone arm (repeated measures ANOVA test, p = 0.048 
for both). In contrast, no improvement on either CAP or kPa score was observed for the metformin 
alone arm, the combination of metformin and Ganwei arm or the placebo arm (Figure. 2A). 

 

Figure 2. Clinical outcomes: (A) Liver steatosis (CAP) and liver stiffness relating to fibrosis (kPa); (B) 
metabolic profiles. 

In order to rigorously grade liver steatosis changes of our patients, an expanded 6-point steatosis 
grade scale, derived from the steatosis grade scale of 2021 EU LiverScreen project, was employed 
(Table 2A) [10]. In this expanded 6-point scale, two additional grades, namely “more severe” and 
“very severe” steatosis grades for CAP of 331–360 and >360, respectively, were added. Utilizing this 
6-point steatosis scale, as shown in Table 2B, in the Ganwei alone arm, one patient showed an 
impressive complete steatosis resolution from S5 to S0 (+5 score); two patients improved from S4 to 
S1 (+4 score); one patient improved 2 stages (+2 score) and 4 patients improved by 1 stage (+1 score). 
With additional 6 patients with no improvement (0 score) and one patient with 2 stages of 
deterioration (-2 score), the mean score for the Ganwei alone arm was 1.1±1.9 (Table 2B). The mean 
scores for the metformin alone arm, the combination of metformin and Ganwei arm and the placebo 
arm were 0.4±1.0, 0.0±0.9 and 0.1±0.7, respectively (Table 2B). Statistical analysis showed only the 
mean score of the Ganwei alone arm, but not the metformin alone arm (p = 0.17) or the combination 
of metformin and Ganwei arm (p = 0.33), was significantly higher than the placebo arm (p < 0.01) 
(Table 2B). 

Table 2. Effect of trial drugs on liver steatosis: (A) an expanded 6-point Steatosis Grade scale based 
on CAP scores, (B) steatosis improvement/deterioration measured by the 6-point Steatosis scale. 
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Secondary Outcomes 

 Metabolic Profiles 
As shown in Figure. 2B, significant reductions of body weight and serum HbA1c were observed 

at 6 months from treatment initiation in the metformin alone arm (both p < 0.001) and the combination 
of metformin and Ganwei arm (p = 0.011 and p = 0.042, respectively), but not in the Ganwei alone 
arm or the placebo arm. On the other hand, there was no significant changes in serum triglyceride 
observed in all 4 treatment arms. 
 Liver Function Tests 

As shown in Figure. 2B, significant decreases in both serum AST and ALT were observed only 
in the metformin alone arm (p = 0.039 and p = 0.031, respectively), but not in the other 3 treatment 
arms. 
 Quality of Life 

As assessed by the SF-36 Health Survey, patients in the Ganwei alone arm showed significant 
quality-of-life improvement in three domains of health status, including Physical functioning, 
Emotional well-being and General health domains (Figure. 3). Notably, all 3 domains improved as 
early as 3 months after treatment initiation, and the general health domain even extended the trend 
to 6 months after treatment initiation. Patients in the combination of metformin and Ganwei arm 
showed early improvement at 3 months after treatment initiation in the physical functioning domain, 
but not in the emotional well-being domain, nor the general health domain.  

(A) 

 
Steatosis 

2021 LiverScreen scale An expanded scale for current 
study 

CAP (db/m) Steatosis 
Grade 

CAP (db/m) Steatosis Grade 

No 0 - 236 S0 0 - 236 S0 
Mild 237 - 270 S1 237 - 270 S1 
Moderate 271 - 302 S2 271 - 302 S2 
Severe >302 S3 303 - 330 S3 
More severe - - 331 - 360 S4 
Very severe - - >360 S5 

   
(B)  
Steatosis Grade 
changes 

 
Score 

Patient No. by treatment arm 
Metformin  Metformin+Ganwei  Placebo  Ganwei 

Improvement by 5 +5 0 0 0 1 
Improvement by 4 +4 0 0 0 2 
Improvement by 3 +3 0 0 0 0 
Improvement by 2 +2 3 1 0 1 
Improvement by 1 +1 3 2 5 4 
No change 0 8 7 7 6 
Deterioration by 1 -1 2 4 3 0 
Deterioration by 2 -2 0 0 0 1 

Mean score 0.4+1.0 0.0+0.9* 0.1+0.7* 1.1+1.9*
a metformin vs. placebo, p =0.17 
b metformin+Ganwei vs. placebo, p =0.33 
c Ganwei vs. placebo, p <0.01 
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Figure 3. Quality-of-life outcome by 36-Item Short Form Health Survey (SF-36). 

 Adverse events 
All trial patients tolerated 4 treatment regimens well. There were no severe adverse events 

observed across all 4 study arms (Table 3). Mild diarrhea not requiring medication, nor 
hospitalization was observed in 4 patients of the metformin arm and 5 patients of the combination of 
metformin and Ganwei arm during the trial. One patient in the placebo arm developed skin rash. 

Table 3. Summary of adverse events (AEs). 

 
 The role of GNMT rs10948059 polymorphism 

Single nucleotide polymorphisms (SNPs) are the most common type of genetic variation among 
people. The SNP rs10948059 is located in the promoter region of GNMT gene and affects its promoter 
activity. GNMT rs10948059 genotyping assay was used to investigate the effect of genetic 
predisposition on efficacy of Ganwei for liver steatosis. As shown in Table 4, a significantly improved 
liver steatosis score was observed in patients of the Ganwei alone arm with C/T or T/T allele than 
with C/C allele (2.8±2.2 vs. 0.5±1.4, P < 0.05). Assessing patients with greater than 1 steatosis grade 
improvement, the responder ratio was significantly higher for patients with C/T or T/T allele than 
with C/C allele (3/4; 75% vs. 1 /11; 9.1%, P < 0.05) (Table 4). 

 
Metformin 

Metformin + 
Ganwei 

Placebo Ganwei 

 
Patient No. (%) 

 
16 (100%) 

 
14 (100%) 

 
14 (100%) 

 
15 (100%) 

 
Patients with treatment-
emergent events leading to 
discontinuation 

 
0 (0%) 

 
1 (7.1%) 

 
1 (7.1%) 

 
1 (6.7%) 

 
Patients with drug-related 
treatment-emergent events 

 
4 (25%) 

 
5 (35.7%) 

 
1 (7.1%) 

 
0 (0%) 

 
Diarrhea 

 
4 (25%) 

 
5 (35.7%) 

 
0 (0%) 

 
0 (0%) 

 
Rash 

 
0 (0%) 

 
0 (0%) 

 
1 (7.1%) 

 
0 (0%) 
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Table 4. Liver steatosis improvement/deterioration of patients treated by Ganwei based on GNMT 
rs10948059 polymorphism. 

 

3. Discussion 

In this study, we conducted a 4-arm, randomized placebo-controlled trial to evaluate the safety 
and effectiveness of metformin, Ganwei, and their combination for adult MAFLD patients. Without 
validated biomarkers of response to treatment, the assessment of therapeutic agents for MAFLD is a 
complex process. In the current study, patients’ MAFLD was assessed by CAP (measuring liver 
steatosis) and kPa (measuring liver stiffness, relating to fibrosis) scores, utilizing FibroScan. Our 
findings showed significant improvement of MAFLD in patients treated with Ganwei alone, but not 
with metformin alone, combination of metformin and Ganwei or placebo (Table 2). In addition to 
improvements in CAP (liver steatosis) grades and kPa (liver stiffness relating to fibrosis) scores, 
certain quality-of-life measures were also improved significantly for patients treated with Ganwei 
alone (Figure. 3).  

Previous study showed that GNMT regulates the homeostasis of cholesterol metabolism, and 
hepatic cholesterol accumulation can result from downregulation of GNMT in a high-fat diet-induced 
MASH mouse model [4]. Previous study also demonstrated that PGG can upregulates GNMT 
expression and reverse fat droplet accumulation in liver cells.9 The demonstrated effect of Ganwei 
on MAFLD of the current study can be attributed to its PGG content that activates GNMT, but also 
possibly its other undetermined active compounds of the herbal extracts. GNMT is an S-
adenosylmethionine-dependent methyltransferase that can potentially influence DNA methylation 
and impact gene expressions in many important human physiological systems. GNMT is a 
multifunctional protein involved in methylation and the folic acid cycle, one-carbon metabolism, 
liver detoxification mechanisms, NPC2 (Niemann-Pick type C2 protein) stability regulation, Treg 
differentiation, and PTEN activation [4,11–13]. Future study may explore GNMT as a therapeutic 
target for a variety of health improvements.  

The SNP rs10948059 is located in the promoter region of GNMT gene and affects its promoter 
activity. GNMT rs10948059 polymorphism is related to susceptibility to several diseases [14,15]. To 
investigate the role of GNMT gene activity in the therapeutic effect of Ganwei on MAFLD, SNP 
rs10948059 genotyping was conducted in patients of the Ganwei alone arm. Our results showed 
significantly better steatosis grade improvement in patients with C/T or T/T allele than with C/C allele 
(Table 4), implicating the therapeutic effect of Ganwei on MAFLD is mediating through GNMT gene 
activity. Future studies with patient selection based on GNMT rs10948059 polymorphism may 
further confirm the above hypothesis and optimize the therapeutic ratio of Ganwei for MAFLD 
patients. Nonetheless, our findings demonstrate the importance of GNMT rs10948059 polymorphism 
for the effectiveness of Ganwei for MAFLD. 

Steatosis Grade 
changes 

 
Score 

Ganwei treatment arm (No. = 15) 
C/C allele CT or T/T allele 

Improvement by 5 +5 0 1 
Improvement by 4 +4 1 1 
Improvement by 3 +3 0 0 
Improvement by 2 +2 0 1 
Improvement by 1 +1 4 0 
No change 0 5 1 
Deterioration by 1 -1 0 0 
Deterioration by 2 -2 1 0 

Mean score 0.5 + 1.4 2.8 + 2.2* 

*p < 0.05 
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Insulin resistance is crucial in the pathogenesis of MAFLD, suggesting that drugs improving 
insulin sensitivity, such as metformin, might have therapeutic effects. However, recent large-scale 
clinical trial results have not supported this hypothesis. Our negative findings of metformin alone for 
patients with MAFLD is in agreement with these trials. Metformin is an anti-hyperglycemic agent 
that can cause weight loss as an aftereffect. Meta-analyses also have shown that metformin can reduce 
liver transaminase levels in patients with fatty liver disease [16]. Indeed, reduction of body weight, 
as well as decrease in serum HbA1c, AST and ALT were observed in the metformin alone treatment 
arm of our study (Figure 2B).  

It’s intriguing that combination of metformin and Ganwei did not show any MAFLD 
improvement in our study. This result is different from previous findings of synergism between 
metformin and the GNMT inducer PGG in the preclinical study using high fat diet-induced NAFLD 
mice model [9]. There can be many possible causes of these discrepancies. First, the NAFLD mice 
model and human MAFLD are two fundamentally different systems. Second, Ganwei used in the 
current trial is a mixture of three herbal extracts, which possibly contains many biologically active 
ingredients in addition to PGG. It’s plausible that some of these active ingredients may interfere and 
negate the synergistic effect of metformin.  

MAFLD is a lifestyle-related disease with complex risk factors and etiology. The decision about 
which therapy to use for the treatment of MAFLD should be based on both the efficacy and side 
effects of the therapy. Different therapeutic options such as lifestyle modifications including diet 
control/restriction and increased physical activities, bariatric surgery and a variety of other drugs 
have been studied for the treatment of MAFLD. Unfortunately, none of these available options are 
effective, and any improvement in stopping MAFLD progression would be only temporary if patients 
do not amend their lifestyle. Based on this premise, an effective oral medication that can be easily 
incorporated into patient’s daily routine appears to be the most suitable solution for MAFLD. In this 
regard, a randomized controlled trial demonstrated oral vitamin E (800 IU daily) was superior to 
placebo for adults with biopsy-diagnosed nonalcoholic steatohepatitis (NASH) and without diabetes 
[17]. However, further research demonstrated that vitamin E intake was inversely associated with 
the non-alcoholic fatty liver disease (NAFLD) outcome measured by liver ultrasound elastography 
[17]. Recently, a phase 3, randomized controlled trial showed that Resmetirom, an oral thyroid 
hormone receptor beta (THR-β)–selective agonist, was superior to placebo to treat NASH [18]. 
However, significant adverse side effects such as diarrhea and nausea severely hampered the long-
term use of Resmetirom for MAFLD. On the other hand, as a natural nutritional supplement with 
good efficacy and minimal side effects, Ganwei can be an optimal therapeutic option for MAFLD. 

The findings of this study have to be seen in light of some limitations. First, given the invasive 
nature, histologic assessment from liver biopsy specimen was not adopted for our study. Instead, 
MAFLD was assessed by CAP grades and kPa scores utilizing transient elastography (FibroScan). 
Second, this study has rather small patient number, low female representation, and relatively short 
follow up. The short follow up period may not fully capture long-term outcomes and late adverse 
effects. Third, though were advised to avoid medications that might influence MAFLD, 11.7% (7/60) 
patients continued to receive statin therapy for hyperlipidemia during the study. It’s plausible that 
some patients might be involved in lifestyle modifications including diet control/restriction and 
increasing physical activities to assist weight loss and to improve their MAFLD.  

In conclusion, the current study showed Ganwei alone arm exhibiting statistically better MAFLD 
and quality-of-life improvements than the placebo-controlled arm. GNMT rs10948059 polymorphism 
analysis demonstrated significantly better steatosis grade improvement by Ganwei in patients with 
C/T or T/T allele than with C/C allele. Our study demonstrated that Ganwei can be an effective 
treatment option for MAFLD patients, particularly individuals with GNMT rs10948059 C/T or T/T 
allele. 

4. Materials and Methods 

Study Design  
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This randomized, placebo-controlled single-institution study was approved by the Institutional 
Review Board of Taipei City Hospital (approved number TCHIRB-11002006) and recruited all 
patients at the Taipei City Hospital, Taiwan. All participants voluntarily gave written consent prior 
to trial participation. This study was registered at clinicaltrials.gov as NCT06244550. 

Study Population 

The eligible patients were adults aged between 20-80 years old with diagnosis of MAFLD. Fatty 
liver was imagic diagnosed by abdominal ultrasonography with the characteristics of fine brightness 
of hepatic parenchyma, far echobeam attenuation, or blurred hepatic vessel [19]. Quantitative 
assessment of hepatic fibrosis and steatosis were measured by using stiffness and controlled 
attenuation parameter (CAP) based on transient elastography (FibroScan®)[20]. The exclusion criteria 
included the following: female patients who are pregnant or breastfeeding; diabetic patients 
undergoing medication treatment; patients clinically diagnosed with alcoholic hepatitis, 
autoimmune hepatitis, or biliary liver disease; excessive alcohol consumption (> 15 grams/day for 
females, > 30 grams/day for males); users of weight-loss products and vitamin E supplements; 
individuals with an estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73m².  

Study Products 

All the medications including metformin (glucophage®, 500mg metformin hydrochloride, 
Merck) tablets, Ganwei capsules and placebos were dispensed from the central pharmacy of Taipei 
City Hospital. Ganwei was produced by The One Biopharmaceutical Co., Ltd. (address: No. 65-6, 
Gaotie 7th Rd., Zhubei City, Hsinchu County 302, Taiwan, 
https://www.theonebiopharm.com/?locale=en). Each Ganwei capsule contained herbal extracts from 
Schisandra chinensis, Punica granatum and Paeonia lactiflora. Ganwei has obtained “Health Food” 
certificate from Taiwan Food and Drug Administration (TFDA, Taiwan) (Registration number: No. 
A00445). In terms of placebo, each capsule contained 500 mg of corn starch which is indistinguishable 
from the content of Ganwei. 

Study Protocol 

Patients were randomly assigned in a 1:1:1:1 ratio to receive metformin alone (orally 500mg/25kg 
bw/day; arm A, n = 16), combination of metformin (orally 500mg/25kg bw/day) and Ganwei (orally 
500mg/15kg bw/day; arm B, n = 16), placebo (orally 500mg/15kg bw/day; arm C, n = 16) or Ganwei 
(orally 500mg/15kg bw/day; arm D, n = 16). All patients were unaware of their trial-arm assignments 
as were site personnel and sponsor personnel who were conducting the trial, administering the 
investigational product, and performing clinical assessments. Only a few selected persons were 
aware of the trial-arm assignments to facilitate dispensation of trial drugs. After randomization, all 
participants were asked to orally intake the assigned drug or placebo capsules for 180 days. Patients 
were followed according to a predetermined schedule for outcome measurements, as well as 
assessment of the safety and tolerability of the study drugs. Patients were followed for an additional 
12 weeks after treatment completion. The study accorded with the ethical principles of the 
Declaration of Helsinki and was consistent with the International Conference on Harmonization of 
Good Clinical Practice and applicable regulatory requirements.  

Outcome Measurements 

Outcome measurements were taken prior to treatment (baseline), and at week 12 (3-months 
point), week 24 (6-months point) and week 36 (9-months point) after treatment initiation. The 
primary outcome of this trial was patients’ MAFLD, namely liver fatty changes (steatosis) and liver 
fibrosis (stiffness related to liver scarring), as assessed by endpoints including CAP and kilopascal 
(kPa) scores, utilizing liver elastography (FibroScan). Key secondary outcomes included safety and 
patients’ metabolic-profiles, as assessed by endpoints including body weight, triglyceride, and 
Hemoglobin A1c (HbA1c), as well as liver function tests, including aspartate transaminase (AST), 
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alanine amino transferase (ALT). In addition, the Medical Outcomes Study 36-Item Short-Form 
Health Survey (SF-36) was administered for the assessment of quality of life of trial patients. SF-36 
generally obtains data for the analysis of the following 8 domains of health status: physical 
functioning, role limitations due to physical health, role limitations due to emotional problems, 
energy/fatigue, emotional well-being, social functioning, bodily pain and general health. Adverse 
Events (AEs) were reported by patients or caregivers and confirmed by a physician. All AE diagnoses 
reported were standardized using the Medical Dictionary of Regulatory Activities (MedDRA) 
version 23. 

DNA Purification and Taq Man Assay for GNMT rs10948059 Genotyping 

The DNA extracted from PBMC samples of trial participants was examined for the identification 
of GNMT gene polymorphisms: rs10948059 SNP (single nucleotide polymorphism). The rs10948059 
was analyzed by the TaqMan-Allelic Discrimination method. The design of primers followed 
previous studies [21]. All assays were conducted using 96-well PCR plates, with every plate including 
no template control, allele 1 and allele 2 template-containing control. The PCR reaction mixture 
contained 2.5 μl 10× Buffer A, 3.5 μl 25 mM MgCl2, 2 μl 200 μM dNTPs, 3 μl 2.5 μM primers, 1 μl 5 
μM Probe 1, 1 μl Probe 2, 0.125 μl 5 units/μl TaqGold, 9.375 μl water, and 2.5 μl 10 ng DNA. The 
temperature conditions were 95°C for 5 min followed by 40 cycles consisting of 95°C for 15 s and 
64°C for 1 min. All analyses were conducted using the StepOne Plus Real-Time PCR System (Applied 
Biosystems, Foster City, CA). The results were analyzed by the Allelic Discrimination software. 

Statistical Analysis 

This study was designed to evaluate the effectiveness of 4 different treatments (Arms A, B, C 
and D) for trial patients over multiple visits. To assess the effect of treatments on levels of biochemical 
markers over time, a repeated measures Analysis of Variance (ANOVA) test was conducted. The 
repeated measures ANOVA was performed to determine the main effects of Time, Treatment, and 
the Time × Treatment interaction. Additionally, an Analysis of Covariance (ANCOVA) model was 
employed to evaluate the effects of different treatments on changes in biomarkers over multiple visits 
(week 12, week 24 and week 36). The ANCOVA model was specified with the change in biomarker 
from baseline (CFB) or percent change from baseline (%CFB) at each follow-up visit as the dependent 
variable, treatments as the independent variable, and baseline biomarker level as the covariate. This 
model adjusted the mean CFB values to account for differences in baseline biomarker levels. All 
statistical analyses were conducted using R version 4.2.0 and the R package ‘rstatix’. 
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