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Purpose: Effective treatment of dyslipidemia with lipid-lowering agents is pivotal in the management of metabolic-associated fatty
liver disease (MAFLD) for preventing cardiovascular complications. We explored the associations between improvements in liver
injuries indicated by changes in transaminases and a reduction in lipid levels in MAFLD patients with dyslipidemia and elevated
transaminases during lipid-lowering therapies.
Methods: This prospective, cohort study enrolled consecutive MAFLD patients with hyperlipidemia and elevated transaminases.
Patients were divided into a group receiving lipid-lowering agents and an age-, sex- and baseline lipid level-matched control group
without receiving lipid-lowering agents. Clinical visits were performed at the 1st month and then every 3 months for 1 year.
Results: This study included 541 MAFLD patients (lipid-lowering group: 325 patients; control group: 216 patients). Compared with
controls, there was a substantially greater reduction in alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma
glutamyl transpeptidase (GGT), triglyceride (TG), total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-c) in the lipid-
lowering group after 12 months (all P < 0.05). The decrease in ALT was positively correlated with the decrease in TC (r = 0.332), TG
(r = 0.180), LDL-c (r = 0.253) and apolipoprotein E (ApoE) (r = 0.119), while the decrease in AST was positively correlated with the
decrease in TC (r = 0.228) and LDL-c (r = 0.192) (all P<0.05). The greater range of reduction in blood lipids (TC/TG/LDL-c), the
higher the transaminase and GGT normalization rate (all P<0.05). Multivariate analysis confirmed that a TG decrease of over 50%
remained an independent predictor of transaminase and GGT normalization (OR 2.07, 95% CI 1.12–3.84, P=0.020).
Conclusion: Lipid-lowering to target levels might be beneficial to liver injury improvements in MAFLD patients with dyslipidemia
when receiving lipid-lowering agents.
Keywords: dyslipidemia, metabolic dysfunction-associated fatty liver disease, alanine aminotransferase, triglyceride, gamma
glutamyl transpeptidase, statins

Introduction
Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease worldwide with a prevalence up to 25%
in the general population.1 NAFLD was renamed metabolic dysfunction-associated fatty liver disease (MAFLD) by the
international panel of experts in 2020. A recent meta-analysis including 116 studies shows that the global MAFLD prevalence
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in overweight/obese adults is estimated to be 50.7% (95%CI 46.9–54.4).2 The naming ofMAFLD emphasizes the importance
of metabolic abnormalities, thus emphasizing the importance of metabolic abnormalities in the management of MAFLD
patients.3 Dyslipidemia is very common in NAFLD patients and is manifested by elevated triglyceride (TG) levels, elevated
low-density lipoprotein cholesterol (LDL-c) levels and low high-density lipoprotein cholesterol (HDL-c) levels.4,5 A new
study in Japan shows that the overall prevalence of hypertriglyceridemia was 64.1% in MAFLD patients.6 Moreover, this
atherogenic dyslipidemia (elevated TG and LDL-c) has been proven as one of the most important established risk factors for
cardiovascular disease (CVD), which is the most common cause of death in NAFLD patients.7 Therefore, treatment of
dyslipidemia plays an important role in the long-term management of MAFLD patients.

The main hypolipidemic agents include statins and fenofibrate. The former inhibits 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG-CoA) reductase to effectively reduce LDL-c levels, and the latter acts as a peroxisome proliferator-
activated receptor-α (PPARα) agonist that effectively decreases TG levels. Although there were previous concerns about
the increased risk of hepatotoxicity from the main lipid-lowering treatments in NAFLD and most guidelines do not
recommend them as specific therapy, statin treatment was proven safe in NAFLD patients with both dyslipidemia and
elevated liver enzymes.8,9 Furthermore, several studies demonstrated the potential partially protective effect of statin
treatment on NAFLD-associated inflammation and fibrosis through their pleiotropic properties.10–12 Data derived from 5
post hoc analyses of randomized control trials and 5 biopsy-based studies consistently (mainly those focused on statin
treatment) demonstrated that the moderately abnormal levels of the liver enzymes containing alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) at baseline were ameliorated or achieved normalization in NASH.13

However, which factors determine liver enzyme level normalization under lipid-lowering treatments in MAFLD patients
with dyslipidemia remain unclear.

Identification of the changes in the lipid profile and transaminases are commonly used blood biomarkers for MAFLD.
Thus, it is of clinical importance to analyze the relationships between transaminase reduction and lipid changes. This may
help to address whether specific treatments that target lipid management should be established to gain the beneficial
effect of liver injury improvement in MAFLD patients. Therefore, we sought to explore the relationship between liver
transaminase levels and lipid changes in MAFLD patients on lipid-lowering agents (eg, statins and fibrates) and to
determine the predictive factors.

Materials and Methods
Study Patients and Design
In this prospective study, consecutive MAFLD outpatients in the fatty liver disease center of the First Affiliated Hospital
of Sun Yat-sen University between October 2014 and January 2020 were enrolled. Diagnosis of MAFLD: 1) the presence
of liver steatosis by abdominal ultrasonography; 2) one of the following three conditions: type 2 diabetes mellitus (T2
DM), overweight/obesity (BMI ≥23 kg/m2 in Asians), and lean/normal weight with ≥2 metabolic risk abnormalities.
Metabolic risk abnormalities are as follows: 1) blood pressure ≥130/85 mmHg or specific drug treatment; 2) waist
circumference ≥90/80 cm in Asian men and women; 3) plasma TG ≥150 mg/dl or specific drug treatment; 4)
prediabetes; 5) plasma HDL-c <40 mg/dl for men and <50 mg/dl for women or specific drug treatment; 6) plasma high-
sensitivity C-reactive protein (hs-CRP) level >2 mg/L); 7) homeostasis model assessment of insulin resistance (HOMA-
IR) score ≥2.5.3 Inclusion criteria: 1) elevated transaminase levels; 2) hyperlipidemia; 3) age 18 to 60 years old.
Exclusion criteria: 1) pregnancy or lactation; 2) coinfection with viral hepatitis B and C; 3) presence of autoimmune
liver disease-related antibodies; 4) alcohol consumption >10 g/day in females or >20 g/day in males; 5) cirrhosis; 6)
history of inherited metabolic liver disease and malignancies; 7) a previous history of carotid or coronary artery stenting.
The above exclusion criteria were made in order not to delay the treatment of liver damage caused by the above reasons
and their treatment may affect the evaluation of the effect of lipid-lowering agents.

Allocation and Intervention
Controls were selected to match on the following variables: sex, age and baseline lipid level. All participants signed
a written informed consent form. The study was approved by the local institute ethics committee [2014 No.112].
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According to the intervention, patients were divided into two groups: a lipid-lowering group and a control group not
receiving lipid-lowering agents. All patients received lifestyle interventions and were notified of the benefits and
potential morbidities of the lipid-lowering agent options for MAFLD, and the final treatment was judged by the patients
themselves. Lifestyle interventions included diet and exercise interventions. All patients received dietary recommenda-
tions from a professional nutritionist. Total daily calorie intake was calculated based on their own ideal body weight.
Patients were instructed to perform aerobic exercise particular walking after excluding exercise contraindications. For
lipid-lowering agents, moderate-intensity statins, such as rosuvastatin 10 mg or atorvastatin 20 mg, were prescribed, and
fenofibrate 200 mg was provided to lower serum triglycerides. For those with combined hyperlipidemia, a combination
of statins and fenofibrate was preferred if the TG level was over 5.7 mmol/L, while statins were given to the others.

Data Collection and Measurements
Structured questionnaires were applied to collect medical history, lifestyle habits, blood pressure and anthropometry
parameters (weight, height, waist circumference [WC] and body mass index [BMI, kg/m2]). Laboratory tests were
performed using serum samples acquired after at least 8 hours of fasting within one day of collection for serum markers
including hs-CRP, AST, ALT, gamma glutamyl transpeptidase (GGT), lipid profiles [total cholesterol (TC, OSR6216),
TG (OSR61118), LDL-c (OSR6283), HDL-c (OSR6287), apolipoprotein B (ApoB), apolipoprotein A-1 (ApoA-1) and
apolipoprotein E (ApoE) were determined by the enzymatic colorimetric method with Beckman Coulter reagent test
kits], insulin, and glucose, at both baseline and during treatment with the Abbott c8000 Automatic Biochemistry
Analyzer (Abbott, Abbott Park, IL, USA).

The NAFLD Fibrosis Score (NFS) formula was −1.675+0.037 x age (years)+0.094 x BMI (kg/m2) +1.13 x impaired
fasting glucose/diabetes (yes = 1, no = 0) +0.99 x AST/ALT ratio−0.013 x platelet count (x 109/L) −0.66 x albumin (g/dL).14

The fibrosis-4 index (FIB-4) index formula was (age [years] x AST [IU/L])/(platelet count [109/L] x (ALT [IU/L])1/2).15

The imaging evaluation of the liver included high-resolution B-mode abdominal ultrasonography in all patients. The
liver stiffness measurement was conducted by 2D-SWE in most patients. Total liver fat content was detected by MRI-
PDFF using a 3.0-Tesla scanner (Siemens 3.0T MAGNETOM Verio) in part of patients.

Treatment Response Assessment
Elevated transaminases were considered when ALT was elevated with or without elevated AST or GGT. Elevated ALT
was defined as serum ALT > 19 U/L for women and >30 U/L for men.16 Elevated ASTwas defined as serum AST >37 U/
L and elevated GGT was defined as serum GGT >50 U/L according to the reference range of our detector. Transaminase
normalization was considered when both ALT and AST decreased to normal. Dyslipidemia, cardiovascular risk classes
and LDL-c targets were defined in accordance with the Chinese guidelines for the management of dyslipidemia in
adults.17 Dyslipidemia was defined as TC ≥5.2 mmol/L, LDL-c ≥3.4 mmol/L, TG ≥1.7 mmol/L, or HDL-c <1.0 mmol/L.
Thus, patients were sorted as low, moderate, high, or very high risk for CVD, and the LDL-c treatment goals for each risk
group were 3.4, 3.4, 2.6, and 1.8 mmol/L, respectively. Patients were treated to target when their LDL-c levels were
lower than the treatment goal after 12 months of treatment.

Follow-Up
The treatment course was 12 months, and for both groups, the response of liver function tests to lifestyle intervention
alone or in combination with lipid-lowering medications was evaluated at baseline, the first 4 weeks and every 12 weeks
after treatment. The side effects of drugs, including symptoms, levels of transaminases and serum creatine kinase (CK)
levels, were monitored during treatment.

Statistical Analysis
Data are expressed as means ± SD, numbers with percentages (%), or medians with interquartile ranges (IQRs).
Comparisons of dichotomized variables between groups were analyzed by the chi-square test. Continuous variables
were analyzed by Mann–Whitney U-tests and Student’s t-tests. The effects of lipid-lowering agents on parameters were
investigated using repeated-measures analysis of variance (ANOVA). The correlation between the decrease in
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transaminase and other variables were analyzed by Spearman correlation coefficients. Predictors of transaminase
normalization by lipid-lowering agents were analyzed by binary logistic regression analysis. A two-tailed P < 0.05
was considered significant. SPSS software (version 25.0, SPSS, Chicago, IL) was used for all analyses.

Results
Baseline Characteristics
At the beginning of the study, 562 MAFLD patients with baseline elevated transaminases and dyslipidemia were included
(lipid-lowering group: 338 patients; control group: 224 patients). During the follow-up period, 9 patients were lost and 4
patients discontinued lipid-lowering agents because of elevated ALT or CK in the lipid-lowering group. Eight patients in
the control group were lost during follow-up. Finally, 541 patients were included in the study (lipid-lowering group: 325
patients; control group: 216 patients). There was no statistically significant difference in transaminases, blood lipids, or
other clinical indicators between these two groups at baseline (Table 1). In the lipid-lowering group, the most commonly
prescribed lipid-lowering agent was atorvastatin (36.9%, 120/325, 20 mg daily), followed by rosuvastatin (29.5%, 96/
325, 10 mg daily), fenofibrate (28.0%, 91/325, 200 mg daily), and atorvastatin combined with fenofibrate (5.5%, 18/325,
atorvastatin 20 mg and fenofibrate 200 mg daily).

Effect of Lipid-Lowering Agents on Transaminases and Metabolic Indicators in MAFLD
Patients with Dyslipidemia
There was a substantial reduction in ALT, AST, GGT, TC, TG, LDL-c, ApoB, ApoE, free fatty acid (FFA) and fasting
blood glucose after 12 months of treatment in the lipid-lowering group, whereas there were no significant changes in the
laboratory indicators of the control group between baseline and 12 months (Table 1). Furthermore, the effects on the
reduction in ALT, AST, GGT, TC, TG, LDL-c and ApoE were greater in the lipid-lowering group than in the control
group during the study, as determined by using repeated-measures analysis of variance (ANOVA) (Figure 1 and
Supplementary Table 1).

The Correlation Between Changes in Transaminases and Blood Lipids
In 541 MAFLD patients, the decrease in ALT was positively correlated with the decrease in TC (r = 0.332), TG (r =
0.180), LDL-c (r = 0.253) and ApoE (r = 0.119), while the decrease in AST positively correlated with the decrease in TC
(r = 0.228) and LDL-c (r = 0.192) by spearman correlation coefficients (all P<0.05). In the lipid-lowering group, the
decrease in ALT (r = 0.139, P<0.05) and AST (r = 0.190, P<0.01) was positively correlated with the decrease in TC,
respectively. However, there was no correlation between the decrease in transaminase and blood lipids in the control
group (Figure 2).

The Impact of Declining Blood Lipid Levels on Transaminase and GGT Normalization
The transaminase and GGT normalization rate in the lipid-lowering group (52.8%, 169/325) was significantly higher than
that in the control group (29.6%, 64/216) after 12 months of follow-up (P<0.001). Additionally, the single ALT, AST or
GGT normalization rate in the lipid-lowering group was higher than that in the control group (all P<0.001) (Figure 3A).
Furthermore, when we divided patients receiving lipid-lowering agents into a statin group (n = 216) and a fibrate group
(n = 91), the results showed that there was no difference in transaminase and GGT normalization rate between these two
groups, and similar results were obtained in the MAFLD with T2DM group (n = 67) and without T2DM group (n = 258),
as well as in the male group (n = 241) and female group (n = 84) (All P>0.5) (Figure 3B and C).

In the lipid-lowering group, the proportions of patients who were at mild, moderate, high, and very high risk for CVD
were 25.8% (84/325), 19.7% (64/325), 44.3% (144/325), and 10.2% (33/325), respectively, whereas in the control group,
the proportions were 25.5% (55/216), 20.8% (45/216), 44.0% (95/216), and 9.7% (21/216), respectively. The proportion
of patients with LDL-c treated to target was higher in the lipid-lowering group than in the control group (62.8% vs
25.9%, P<0.001), with a similar result for non-HDL-c (71.5% vs 24.5%, P<0.001) (Figure 3D and E).
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Table 1 Comparison of Clinical and Laboratory Characteristics at Baseline and the 12th Month Between Lipid-Lowering Group and
Control Group

Characteristics Lipid-Lowering Group (n=325) Control Group (n=216) Baseline Comparison

Baseline 12 Months P Baseline 12 Months P P

Male, n (%) 241 (74.2) - - 167 (77.3) - - 0.403

Age, years 41.9±12.8 - - 41.4±12.6 - - 0.677

Weight, kg 72.6±12.9 71.6±12.5 0.348 73.7±11.5 73.3±11.7 0.733 0.286

BMI, kg/m2 26.0±3.5 25.5±3.4 0.100 26.0±3.1 26.0±3.3 0.892 0.273

WC, cm 88.4±9.3 87.4±8.8 0.248 89.3±8.2 89.3±8.8 0.962 0.841

SBP, mmHg 129±16 129±16 0.995 128±16 128±15 0.944 0.583

DBP, mmHg 84±13 84±13 0.928 83±13 83±12 0.912 0.582

Hypertension, n (%) 147 (45.2) - - 98 (45.4) - - 0.975

T2DM, n (%) 67 (20.6) - - 41 (19.0) - - 0.641

ALT, U/L 80±37 26±15 <0.001 78±34 74±33 0.145 0.570

AST, U/L 52±31 25±13 <0.001 53±33 49±22 0.100 0.686

GGT, U/L 89±61 40±19 <0.001 89±58 82±41 0.090 0.920

TC, mmol/L 6.1±1.3 3.6±0.7 <0.001 6.0±1.0 5.9±1.1 0.611 0.190

TG, mmol/L 3.1±1.9 1.4±0.7 <0.001 2.9±1.7 2.7±1.4 0.090 0.317

HDL-c, mmol/L 1.2±0.5 1.2±0.4 0.453 1.2±0.4 1.2±0.4 0.827 0.307

LDL-c, mmol/L 4.0±0.9 2.5±0.8 <0.001 3.9±0.8 3.8±0.7 0.175 0.656

ApoA-1, g/L 1.4±0.5 1.4±0.3 0.995 1.3±0.3 1.4±0.3 0.250 0.521

ApoB, g/L 1.1±0.3 1.0±0.3 0.001 1.1±0.2 1.0±0.2 0.097 0.112

ApoE, mg/L 57±28 47±25 <0.001 54±22 57±40 0.451 0.276

Lp-A, mg/L 204±192 202±209 0.884 193±179 199±190 0.840 0.631

UA, μmol/l 416±104 393±103 0.015 415±106 407±116 0.700 0.966

FFA, mmol/L 572±220 418±118 <0.001 543±177 509±162 0.264 0.353

FBG, mmol/L 5.6±1.2 5.4±1.0 0.006 5.5±1.3 5.3±1.2 0.213 0.453

FINS, μU/mL 12.1±9.6 11.3±8.6 0.328 11.5±6.0 11.5±7.9 0.956 0.552

HOMA-IR 3.1±3.2 3.0±2.8 0.655 2.8±1.7 2.8±1.9 0.813 0.336

HbA1c, % 6.1±1.1 5.9±1.1 0.735 6.1±1.2 5.8±1.1 0.219 0.981

FIB-4 index 1.27±0.95 1.23±0.80 0.756 1.25±0.77 1.19±0.67 0.643 0.904

NFS −1.36±1.62 −1.70±2.03 0.366 −1.48±1.82 −2.12±2.35 0.325 0.728

LSM, kPa 6.5±2.4 6.4±2.3 0.700 6.1±1.6 6.6±2.0 0.239 0.277

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; T2DM, type 2 diabetes; ALT, alanine
aminotransferease; AST, aspartate aminotransferase; GGT, gamma glutamyltranspeptidase; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein choles-
terol; LDL-c, low-density lipoprotein cholesterol; ApoA-1, apolipoprotein A-1; ApoB, apolipoprotein B; ApoE, apolipoprotein E; LP-A, lipoprotein-A; UA, uric acid; FFA, free
fatty acid; FBG, fasting blood glucose; FINS, fasting insulin; HOMA-IR, homeostatic model assessment of insulin resistance; HbA1c, glycated hemoglobin; FIB-4, Fibrosis-4;
NFS, NAFLD fibrosis score; LSM, liver stiffness measurement.
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The ranges of reduction in TG (P=0.047) and LDL-c (P=0.047) in the transaminase and GGT normalization group
(n = 169) were higher than those in the transaminase and GGT nonnormalized group (n = 156) (Figure 3F). Additionally,
according to the range of reduction in blood lipids (TC/TG/LDL-c), patients were divided into a decreased over 10%
group, a decreased over 30% group and a decreased over 50% group, the results showed that the greater range of
reduction in blood lipids (TC/TG/LDL-c), the higher the transaminase and GGT normalization rate (Figure 3G). There
was no statistical difference in transaminase and GGT normalization rate between LDL-c treated to target group and
LDL-c decreased over 50% group (53.7% vs 61.0%, P=0.263).

Independent Predictors of Transaminase Normalization by Lipid-Lowering Agents
Weight loss (OR 1.81, 95% CI 1.03–3.12, P=0.039), TC decreased over 50% (OR 1.84, 95% CI 0.98–3.40, P=0.049), TG
decreased over 50% (OR 2.08, 95% CI 1.14–3.82, P=0.018) and LDL-c decreased over 50% (OR 1.85, 95% CI 1.03–
3.32, P=0.04) were favorable predictors of transaminase and GGT normalization in the univariate analysis. Multivariate
analysis confirmed that a TG decrease of over 50% remained an independent predictor of transaminase and GGT
normalization (OR 2.07, 95% CI 1.12–3.84, P=0.020) (Table 2).

Effect of Lipid-Lowering Agents on Transaminases and Metabolic Indicators in MAFLD
Patients with MRI-PDFF
There were 60 patients with liver fat content diagnosed by MRI-PDFF both before and after 12 months of treatment,
including 48 males (80.0%) and 12 females (20.0%), with an average age of 45.4±12.7 years. The liver fat content
decreased significantly after 12 months of treatment (P<0.05) (Supplementary Table 2). Further linear correlation
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Figure 1 Decrease trends of transaminases and blood lipids in the lipid-lowering group (n = 325) and control group (n = 216). Repeated-measures analysis of variance
(ANOVA) for the comparison of effects on ALT (A), AST (B), GGT (C), total cholesterol (D), triglyceride (E), and LDL-c (F) between lipid-lowering group and control
group. P values were for the ANOVA analysis between the two groups.
Abbreviations: ALT, alanine aminotransferease; AST, aspartate aminotransferase; GGT, gamma glutamyltranspeptidase; LDL-c, low-density lipoprotein cholesterol; TC,
total cholesterol; TG, triglyceride.
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analysis found that the decrease in liver fat content was positively correlated with the decrease in TC (r = 0.295) and
LDL-c (r = 0.286) (all P<0.05) (Supplementary Figure 1).

Safety
Among the patients in the lipid-lowering group, 2 (0.6%) patients had asymptomatic elevated creatine kinase after taking
rosuvastatin for 6 months (144 and 224 U/L, respectively). The other 2 (0.6%) patients had elevated ALT after taking

Figure 2 Correlation analysis between changes in transaminase and blood lipids in the lipid-lowering group (n = 325) and control group (n = 216). ***P < 0.001, **P < 0.01.
*P < 0.05.
Abbreviations: Δ, changes; ALT, alanine aminotransferease; AST, aspartate aminotransferase; GGT, gamma glutamyltranspeptidase; TC, total cholesterol; TG, triglyceride;
LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; ApoA-1, apolipoprotein A-1; ApoB, apolipoprotein B; ApoE, apolipoprotein E.
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Figure 3 The impact of declining blood lipid levels on transaminase and GGT normalization. Comparison of transaminase and GGT normalization rate between the lipid-
lowering group (n = 325) and control group (n = 216) (A), statin group (n = 216) and fibrate group (n = 91) (B and C), MAFLD with T2DM group (n = 67) and without
T2DM group (n = 258), the male group (n = 241) and female group (n = 84) (C), and groups of 3 different reduction ranges in blood lipids (G). Comparison of LDL-c (D) and
non-HDL-c (E) treated to target rate between the lipid-lowering group and the control group. Comparison of reduction ranges in blood lipids between the transaminase and
GGT normalization group (n = 169) and nonnormalized group (n = 156) (F). ***P < 0.001, *P < 0.05.
Abbreviations: ALT, alanine aminotransferease; AST, aspartate aminotransferase; GGT, gamma glutamyltranspeptidase; TC, total cholesterol; TG, triglyceride; LDL-c, low-
density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; CVD, cardiovascular disease; T2DM, type 2 diabetes.

https://doi.org/10.2147/DMSO.S356371

DovePress

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:151180

Liao et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


rosuvastatin for 3 and 4 months, respectively. The ALT levels in one patient were 53 U/L at baseline and 126 U/L after 3
months, while in another patient 47 U/L at baseline and 179 U/L after 4 months. All four patients stopped taking
rosuvastatin when increased CK or ALT was detected.

Discussion
Lipid-lowering agent-associated hepatic toxicity is often a concern in the treatment of individuals with MAFLD
accompanied by both hypertriglyceridemia and liver injuries, and this may lead to the under-prescription or delayed
initiation of statins.8,18 Previous studies support that statin treatment appears to be safe and might even improve
abnormalities of hepatic enzymograms in NAFLD with concomitant hypertriglyceridemia and liver injuries.19–23 Our
study confirmed the effectiveness and safety of lipid-lowering agents added to therapy compared to lifestyle mono-
therapy. More importantly, our study demonstrated that the extent to which lipid levels were lowered was correlated with
the normalization of transaminase levels, which was independent of weight changes and the prescription of lipid-
lowering agents. These important findings reveal that the liver benefits from LDL-c- or TG-lowering treatments.

The hallmark of NAFLD is the overaccumulation of intrahepatic lipids derived from an imbalance among lipid
generation, efflux and degradation.24 In some NAFLD patients, increases in hepatic de novo synthesis of fatty acids and
cholesterol are both involved in the pathogenesis of hepatocyte injury and death, and they subsequently cause progres-
sion to inflammation and subsequent fibrosis.25 Therefore, inhibition of intrahepatic lipogenesis might be a therapeutic
target for MAFLD. Emerging population-based studies have showed that statin use may reduce the development and
progression of MAFLD. A nationwide study from Korea that included 5,339,901 subjects showed that statins may
reduce the risk of significant liver fibrosis.11 In addition to the cholesterol-lowering effects of statins, the results from
animal model studies observed that statins decreased the levels of proinflammatory cytokines, such as TNF-α, TGF-β1,
IL-1β and IL-6, and identified that small guanine triphosphate binding proteins (GTPases), proliferator-activated
receptor α, and paraoxonase 1 are other potential key mediators that exert anti-inflammatory and anti-fibrosis effects
on NAFLD.10,26 The fibrates have been shown to reduce hepatic steatosis, hepatic macrophage accumulation and
inflammatory gene expression, and upregulate genes involved in beta oxidation in animal models.27 Fibrates could
also reduce plasma ALT concentration of biopsy-confirmed NASH/NAFLD patients.28,29 Existing data suggest that the
mechanism of statins or fibrates on MAFLD is multi-pathway. Our current study found that there was no difference in

Table 2 Univariate and Multivariate Analyses of Factors Associated with Transaminase and GGT Normalization by Lipid-
Lowering Agents

Variables Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Female 1.01 (0.55–1.85) 0.985 - -

Age, years 1.01 (0.99–1.03) 0.479 - -

Baseline BMI ≥23kg/m2 0.74 (0.36–1.53) 0.419 - -

Baseline TC ≥5.2mmol/L 1.26 (0.62–2.53) 0.523 - -

Baseline TG ≥1.7mmol/L 1.25 (0.60–2.51) 0.525 - -

Baseline LDL-c ≥3.4mmol/L 1.23 (0.64–2.36) 0.538 - -

Weight loss (%) 1.81 (1.03–3.12) 0.039 1.60 (0.87–2.95) 0.132

TC decreased over 50% 1.84 (0.98–3.40) 0.049 1.28 (0.61–2.65) 0.514

TG decreased over 50% 2.08 (1.14–3.82) 0.018 2.07 (1.12–3.84) 0.020

LDL-c decreased over 50% 1.85 (1.03–3.32) 0.040 1.64 (0.83–3.21) 0.154

Abbreviations: GGT, gamma glutamyltranspeptidase; BMI, body mass index; TC, total cholesterol; TG, triglyceride; LDL-c, low-density lipoprotein cholesterol.
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the transaminase reversion rate between the fibrate group and the statin group. Furthermore, the logistic regression
model confirmed the independent effect of changes in TG, not statins or fibrates, on transaminases and GGT restorations.
Taken together, these data support the hepatic benefits of either statins or fibrates treatment by transaminase and GGT
reduction. However, whether statins and fibrates reduce transaminases and GGT in other ways in addition to cholesterol-
lowering effect remains unclear.

A recent study has showed the association between ALT and AST reduction with TG reduction after treatment of
saroglitazar in NAFLD patients with diabetic dyslipidemia.30 Statins, fibrates and saroglitazar have different mechanisms
and targets on MAFLD patients. Statins inhibit HMG-CoA reductase to effectively reduce LDL-c levels, while fibrates
acts as a PPARɑ agonist that effectively decreases TG levels.31–33 And saroglitazar is a dual PPAR ɑ/γ agonist.34

Therefore, whether the improvement of liver injuries in MAFLD patients receiving the aforementioned pharmaceutical
treatment is directly associated with primary pharmacological property of the drugs or indirectly related to their lipid-
lowering effect still deserves further investigation. Our research partly explained that the latter would be also potential
mechanisms. Moreover, although a correlation between blood lipid reduction and transaminase reduction has been found,
it is still unclear whether this correlation could be translated into useful predictor in the clinical practice. And our study
firstly illustrated the predicting value of lipid-lowering effect could be reliable predictors of transaminase reduction.

Current researches have shown that there is still a high proportion of patients not treated to LDL-c target in patients
with dyslipidemia. Two studies in the United States found that 37.5% and 57.4% of patients with dyslipidemia were not
treated to achieve their LDL-c target, respectively.35,36 A recent Asian study also showed that up to 58.9% of NAFLD
patients with dyslipidemia were not treated to their LDL-c target.37 Patients not treated to their LDL-c target become
another important burden for the management of dyslipidemia in MAFLD patients. Our study also showed that there was
a high proportion of patients not treated to their LDL-c target even though their transaminases and GGT returned to
normal. Therefore, it would suggest continuing to use statins or even increasing the dose of statins to achieve their LDL-c
target, which could ultimately reduce CVD risk in MAFLD patients.

The main strength of this study was that it was a prospective study with an age-, sex- and baseline lipid level-matched
control group. However, this study had some limitations. First, our study was a single-center study. Second, there were
not all patients receiving MRI-PDFF estimation, which affected the accuracy of assessing changes in liver fat content.
Third, the overall weight loss of patients after treatment was not obvious, which may underestimate the efficacy of the
lifestyle intervention when compared to lipid-lowering therapy. Furthermore, patients in our study were followed up for
up to one year, and long-term observation of efficacy and safety is needed.

Conclusions
The present study shows that lipid-lowering agents can effectively reduce blood lipids, transaminases in MAFLD patients
with both elevated liver enzymes and dyslipidemia. More importantly, our results demonstrate that the extent to which
blood lipid levels were lowered was correlated with the treatment transaminase levels, which was independent of weight
changes or the other effects of lipid-lowering agents. The more reduction of blood lipid levels, the more benefit of liver
injury improvements indicated by liver enzymes. However, the study shows that the extent of blood lipid reduction and
the rate of LDL-c treated to target are far from enough in MAFLD patients. These findings indicate that the use of
enhanced lipid-lowering agents in these patients is necessary to simultaneously achieve the blood lipid treatment target
and improve liver injury. However, long-term studies are required to further verify its long-term efficacy and safety in
MAFLD patients.

Abbreviations
MAFLD, metabolic-associated fatty liver disease; CVD, cardiovascular disease; NAFLD, nonalcoholic fatty liver
disease; BMI, body mass index; T2DM, type 2 diabetes; DBP, diastolic blood pressure; WC, waist circumference;
SBP, systolic blood pressure; ALT, alanine aminotransferease; AST, aspartate aminotransferase; GGT, gamma gluta-
myltranspeptidase; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol; TG, triglyceride; ApoA-1,
apolipoprotein A-1; HDL-c, high-density lipoprotein cholesterol; ApoB, apolipoprotein B; LP-A, lipoprotein-A;
ApoE, apolipoprotein E; UA, uric acid; FFA, free fatty acid; FBG, fasting blood glucose; FINS, fasting insulin;
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HOMA-IR, homeostatic model assessment of insulin resistance; hs-CRP, high-sensitivity C-reactive protein; HbA1c,
glycated hemoglobin; FIB-4, Fibrosis-4; LSM, liver stiffness measurement; NFS, NAFLD fibrosis score; LFC, liver fat
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