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Abstract

Background and Aim: Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most common
chronic liver disease worldwide and is strongly linked to metabolic comorbidities such as diabetes mellitus,
hypertension, dyslipidemia, and coronary artery disease. Despite their cardiovascular benefits, statins are historically
underused in patients with MASLD because of concerns regarding hepatotoxicity. This study aimed to evaluate the
impact of statins on liver transaminase levels in patients with MASLD and assess whether statin type or dose
influences these outcomes.

Materials and Methods: We conducted a retrospective review of 104 patients with MASLD who attended
outpatient clinics between January 2023 and December 2024. Patients on statins for >12 months were included,
while those with viral hepatitis, autoimmune liver disease, or significant alcohol intake were excluded. The data
collected included comorbidities, statin type/dose, and liver transaminase levels at baseline, 3, 6, and 12 months.
Patients without baseline transaminase levels available at the time of statin initiation were excluded. Of the 104
patients recruited, only 21 underwent transient elastography, of which two had advanced chronic liver disease.

Results: The mean BMI was 34.26 kg/m?. Most patients had diabetes mellitus (86%), hypertension (88.5%), and
dyslipidemia (98.1%). Transaminase levels remained stable over 12 months (ALT, ¥*(3)=0.340, p=0.952; AST,
¥*(3)=0.342, p=0.926). Statin type and dose had no significant effects on transaminase levels.

Conclusion: Statins of different types and doses did not significantly affect transaminases in patients with MASLD,
indicating that statins are safe for use in patients with MASLD who meet the criteria for lipid-lowering therapy.
Further studies are warranted to explore the long-term hepatic effects of statins in patients with metabolic
dysfunction-associated steatohepatitis (MASH), focusing on histological outcomes.

Keywords: Liver transaminases; MASLD,; statins.

Introduction



Metabolic dysfunction-associated fatty liver disease (MASLD), previously termed non-alcoholic fatty liver disease
(NAFLD), is the most common chronic liver disorder worldwide.[1] It is characterized by hepatic steatosis in the
presence of metabolic risk factors, such as obesity, type 2 diabetes mellitus, and dyslipidemia. MASLD not only
carries the risk of progression to steatohepatitis, fibrosis, and cirrhosis, but also significantly increases
cardiovascular morbidity and mortality,[2] which is the leading cause of death in this population.

Statins are widely prescribed lipid-lowering agents that have been proven to reduce cardiovascular risk in patients
with dyslipidemia. Given the high prevalence of dyslipidemia and atherosclerotic cardiovascular disease among
patients with MASLD, statins are frequently indicated.[3] However, concerns regarding potential hepatotoxicity and
elevated liver transaminase levels often lead to the hesitancy or discontinuation of statins in patients with chronic
liver disease.[4] Studies have shown that statins are under-prescribed in patients with MASLD despite the indication
for statins in these patients, with Del Ben et al.[5] demonstrating that 50% of their patients with MASLD with
indications for statins did not receive any statins. Blais et al.[6] showed that patients whose primary care providers
recognized the presence of MASLD were less likely to receive statins than those with undetected MASLD.

However, the hesitation to use statin therapy in patients with MASLD due to potential hepatotoxicity-is mostly
unwarranted. The current consensus recommends that statins (if required for the treatment of dyslipidemia or CVD
risk reduction) should be prescribed for patients with MASLD, even with modestly elevated serum liver enzyme
levels (< 3x the upper limit of normal).[7]

One study showed that statins are not only safe but may also exert beneficial effects on liver histology and reduce
the risk of fibrosis in patients with MASLD.[8] Nonetheless, real-world data examining the longitudinal effects of
statins on transaminase trends in patients with MASLD, especially across different statin types and doses, remain
limited and inconsistent.

This study aimed to address this gap by retrospectively analyzing the impact of statin therapy on liver transaminase
levels over time in patients with MASLD and by exploring whether these effects vary based on the type or dose of
statin used. Understanding this relationship/is crucial for informing clinical decision-making and optimizing both
hepatic and cardiovascular outcomes in this high-risk population.

This study aimed to investigate the effects of statin therapy on liver transaminases and lipid profiles in patients with
metabolic dysfunction—associated steatotic liver disease (MASLD). Specifically, changes in alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) levels over time in patients with MASLD receiving
statins were recorded. In addition, this study evaluated whether various statin types and doses had varying impacts
on liver transaminase levels and examined the influence of statin type and dose on low-density lipoprotein (LDL)
cholesterol reduction.

Materials and Methods
Study Population and Setting

We retrospectively reviewed the records of patients from the medical and gastroenterology outpatient clinics
between January 2023 and December 2024. Patients with MASLD and those who had been on statins for >12
months were included.

Patients diagnosed with MASLD confirmed by liver ultrasonography and meeting any one of the following
cardiometabolic criteria were included:



Cardiometabolic risk factors in adults include overweight or obesity, defined by a BMI >25 kg/m? (or >23 kg/m? in
Asian populations), and central obesity, defined by ethnicity-specific waist circumference cut-offs (=94 cm for
European men and >80 cm for women; >90 cm for South Asian/Chinese men and >80 cm for women; >85 cm for
Japanese men and >90 cm for women). Dysglycemia was characterized by prediabetes (HbAlc 5.7-6.4%, fasting
plasma glucose 5.6—-6.9 mmol/L, or 2-hour OGTT plasma glucose 7.8—11 mmol/L) or type 2 diabetes (HbAlc
>6.5%, fasting plasma glucose >7.0 mmol/L, 2-hour OGTT plasma glucose >11.1 mmol/L, or treatment for type 2
diabetes). Dyslipidemia is defined as plasma triglycerides >1.7 mmol/L or HDL-cholesterol <1.0 mmol/L in men
and <1.3 mmol/L in women, or on lipid-lowering treatment. Elevated blood pressure was defined as >130/85 mmHg
or the use of antihypertensive therapy.[9]

Patients who were less than 18 years old, or who had hepatitis B or C, autoimmune hepatitis, Wilson’s disease,
primary biliary cholangitis, primary sclerosing cholangitis, hemochromatosis, congenital liver diseases, drug-
induced hepatitis, and significant alcohol intake were excluded. Patients with no baseline liver transaminases
available at the time of statin initiation were excluded. Of the 104 patients recruited,.only 21 underwent transient
elastography, of which two had advanced chronic liver disease (ACLD).

Study Design

The first time statins were prescribed to the patient was set as the baseline (0 months), and the liver transaminases
and baseline lipid profiles were recorded. Liver transaminases and lipid profiles were recorded again at 3, 6, and 12
months. Other data collected included patient demographics, weight, BMI, statin type and dose, HbAlc levels, and
ultrasonography findings.

The data were anonymized, and no identifiable information-was reported.

Statistical Analysis

Statistical analyses were performed using SPSS version 30 (IBM, Chicago, IL, USA). Basic descriptive statistics,
including means and standard deviations, were used to characterize the study patients. In this study, age, BMI, ALT,
AST, LDL-C, total cholesterol, and HbA'lc were treated as continuous variables for both descriptive and inferential
analyses, with the means, standard deviations, and ranges reported. ALT and AST trends over time were analyzed as
continuous variables using Friedman’s test, given their non-parametric distribution. LDL-C was similarly analyzed
as a continuous variable. The Kruskal-Wallis test was performed to determine whether there was any correlation
between statin type and dose with ALT/AST trends, and the relationship between statin type and dose with the LDL
trend.

For subgroup-analyses, statin doses were categorized into standard clinical dose ranges (e.g., simvastatin 20—40 mg,
atorvastatin 20—80 mg, and rosuvastatin 1040 mg) to facilitate comparisons between potency levels. Multivariate
analyses were performed with adjustments for potential confounders, including age, BMI, diabetes mellitus,
hypertension, and chronic kidney disease, when assessing the effects of statin therapy on ALT and AST levels.

Ethics Approval and Consent

This study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. Patient
confidentiality and data privacy were strictly maintained throughout the study.

Ethics approval was obtained from the Medical Ethics Research Committee of Hospital Tengku Ampuan Afzan.
Informed consent was not required for this retrospective study.



Results
Participants' Baseline Characteristics

A total of 104 patients were included in this study. The mean age was 53.97+13.66 years, and the mean BMI was
34.26+12.40 kg/m?*. Most participants had multiple metabolic comorbidities: 86.0% had diabetes mellitus, 88.5%
had hypertension, and 98.1% had dyslipidemia. Additionally, 14.4% had ischemic heart disease, 12.5% had a history
of stroke, and 27.9% had chronic kidney disease. In terms of demographics, this study included three main ethnic
groups in Malaysia (79 Malay — 76%, 13 Chinese — 12.5%, 12 Indian — 11.5%), and gender was equally distributed
(52 male, 52 female).

The statins used were simvastatin (n=23: 20 mg, n=9; 40 mg, n=14), atorvastatin (n=69: 10 mg, n=1; 20 mg, n=15;
40 mg, n=48; 60 mg, n=4; 80 mg, n=1), rosuvastatin (n=11: 10 mg, n = 3; 20 mg, n=7; 40.mg, n=1), pravastatin
(n=1: 40 mg, n=1).

(Table 1)

Impact of Statin Use on Liver Transaminases

Friedman’s test demonstrated no significant change in ALT levels across the study period (baseline, 3, 6, and 12
months): ¥*(3)=0.340, p=0.952. Post-hoc pairwise comparisons with Bonferroni correction revealed no significant
differences between any of the time points (all adjusted p>0.60). Similarly, AST levels remained stable over time
(x*(3)=0.342, p=0.926; all adjusted p>0.50)/(Fig. 1,2).

Effect of Statin Types and Doses on LDL-C

Kruskal-Wallis analysis showed no significant difference in LDL-C levels at 0, 3, 6, and 12 months among the
different statin types and doses (H=15.507, df=9, p=0.078). Although there was a trend towards lower LDL-C levels
with higher doses and higher-potency statins, this was not statistically significant (Fig. 3).

Effect of Statin Types and Doses on Liver Transaminases

For liver transaminases, statin types and doses demonstrated no significant effect on ALT and AST level trends in
multivariate analysis after adjusting for age, BMI, diabetes mellitus, and chronic kidney disease (p=0.512) (Fig. 4).

Discussion

In this study, we investigated the effects of statin therapy on liver transaminases and lipid profiles in patients with
MASLD. Our findings indicate that statin use for >12 months did not lead to significant elevations in ALT or AST
levels. Furthermore, we observed no significant differences in ALT or AST trends when comparing different statin
types or doses, even after adjusting for potential confounders, including age, BMI, diabetes mellitus, hypertension,
and chronic kidney disease.

MASLD is now recognized not only as the most common chronic liver disease worldwide but also as an important
cardiovascular risk factor. The cardiovascular burden among patients with MASLD is well established. Previous
studies have shown that MASLD is independently associated with subclinical atherosclerosis, electrocardiographic
abnormalities, and an increased prevalence of ischemic heart disease, cerebrovascular disease, and peripheral
vascular disease.[10,11] For example, a large study in Taiwan involving over 2,000 middle-aged male workers
found that individuals with ultrasound-confirmed MASLD were more likely to exhibit ischemic changes on resting



ECG, independent of traditional risk factors such as lipid profiles and smoking status.[12] Similarly, Targher et
al.[13] demonstrated that patients with type 2 diabetes mellitus and MASLD had a higher prevalence of coronary
and cerebrovascular diseases than diabetic patients without MASLD.

Despite the strong association between MASLD and cardiovascular disease, statins, which are widely proven to
reduce cardiovascular morbidity and mortality, are often under-prescribed in this population.[6] This is largely due
to concerns regarding potential hepatotoxicity.

In a large-scale cohort study, the incidence rate of statin-induced liver injury was rare and was estimated to be 13—15
events per 100,000 person-years.[14] In our study, three patients had transient elevation of liver transaminases,
which improved over time; these transient elevations were not statistically significant. We did not observe any
significant statin-induced liver injury, which could be partly due to our relatively small sample size. However, it is
important to note that our findings contribute to the growing body of evidence indicating that statins.do not
adversely affect liver transaminases in patients with MASLD, supporting their use in this group of patients.

These results are consistent with emerging evidence suggesting that statins are safe for use in patients with MASLD.
Several studies have shown that statins do not increase the risk of hepatotoxicity in this population and may even
have potential hepatoprotective effects by improving steatosis and reducing inflammation.[15,16] Our findings
reinforce that statins should not be withheld from patients with MASLD when lipid-lowering therapy is indicated,
such as in patients at high risk of cardiovascular disease.[17]

However, the effectiveness of statins in treating metabolic dysfunction-associated-steatohepatitis (MASH) remains
unclear, as no large randomized controlled trials have evaluated their impact on histological outcomes.[9]

Although we noted a trend in which higher doses and higher-potency statins (e.g., atorvastatin 40-80 mg and
rosuvastatin 2040 mg) were associated with lower LDL-C levels, these differences did not achieve statistical
significance in our sample. This may be attributed to the limited sample sizes in certain statin subgroups and
variability in patient adherence or lifestyle factors, which werenot controlled for in this retrospective analysis.
Nevertheless, our observations align with other pharmacological data showing a dose-dependent LDL-lowering
effect of statins.[18]

Limitations

A major strength of our study is the real-world setting involving patients with multiple comorbidities representative
of those observed in clinical practice. The 12-month follow-up and multivariate adjustment for key confounders
(age, BMI, diabetes mellitus, hypertension, chronic kidney disease, and baseline liver transaminase levels) enhanced
the validity of our findings.

However, our study had.some limitations. The relatively small sample size, particularly within certain statin dose
groups, reduced the power to detect small differences in outcomes. Liver histology was not available; therefore, we
could not assess the impact of statins on fibrosis or steatosis progression. In addition, transient elastography was
only performed.for a small number of patients in this study, and the degree of fibrosis could not be determined for
other patients:

Since this was a retrospective study conducted in the outpatient clinics of a single center, there is a possibility of
selection bias. This could lead to the overrepresentation of patients who were more adherent to follow-up or more
engaged in care. Unmeasured confounders (e.g., lifestyle factors such as diet, exercise, and alcohol intake below the
exclusion threshold) could have influenced liver transaminases or lipid profiles independently of statin use.
Medication adherence was not directly measured; therefore, statin exposure may have been overestimated if
prescriptions were not consistently taken. We acknowledge this in the study limitations and recommend future
prospective studies to assess adherence.



Conclusion

Our study provides further evidence that statin therapy in patients with MASLD is not associated with significant
liver transaminase elevation or hepatotoxicity over 12 months of treatment. Statins of varying types and doses did
not result in significant differences in ALT or AST levels. Trends in LDL-C reduction with higher-potency statins
were observed, but were not statistically significant in this cohort. Statins are safe for use in patients with MASLD
who meet the criteria for lipid-lowering therapy. Further studies are warranted to explore the long-term hepatic
effects of statins in patients with MASH by measuring histological outcomes.

References

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

Fernandez CJ, Nagendra L, Pappachan JM. Metabolic dysfunction-associated fatty liver disease: An urgent call
for global action. TouchREV Endocrinol 2024;20(1):5-9.

Chan WK, Chuah KH, Rajaram RB, Lim LL, Ratnasingam J, Vethakkan SR et al. Metabolic dysfunction-
associated steatotic liver discase (MASLD): A state-of-the-art review. J Obes Metab Syndr 2023;32(3):197-213.
Martin A, Lang S, Goeser T, Demir M, Steffen HM, Kasper P, et al. Management of dyslipidemia in patients
with non-alcoholic fatty liver disease. Curr Atheroscler Rep2022;24(7):533-546.

Wright AP, Adusumalli S, Corey KE. Statin therapy in patients with cirrhosis.-Frontline Gastroenterol.
2015;6(4):255-261. doi:10.1136/flgastro-2014-100500

Del Ben M, Polimeni L, Baratta F, Pastori D, Loffredo L, Averna M, et al. Under-prescription of statins in
patients with non-alcoholic fatty liver disease. Nutr Metab Cardiovasc Dis 2017;27(2):161-167.

Blais P, Lin M, Kramer JR, El-Serag HB, Kanwal F/Statins are underutilized in patients with nonalcoholic fatty
liver disease and dyslipidemia. Dig Dis Sci 2016;61(6):1714-1720.

Zhou XD, Targher G, Byrne CD, Somers. V, Kim SU, Chahal CAA, et al. An international multidisciplinary
consensus statement on MAFLD and the risk of CVD. Hepatol Int 2023;17(4):773-791.

Nascimbeni F, Aron-Wisnewsky J, Pais R, et al. Statins, antidiabetic medications and liver histology in patients
with diabetes with non-alcoholic fatty liver disease. BMJ Open Gastroenterol 2016;3(1):¢000075.

European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes
(EASD); European Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice
Guidelines on the management of metabolic dysfunction-associated steatotic liver disease (MASLD). J Hepatol
2024;81(3):492-542.

Byrne CD, Targher G. NAFLD: A multisystem disease. J Hepatol 2015;62(1 Suppl):S47-S64.

Targher G, Day CP, Bonora E. Risk of cardiovascular disease in patients with NAFLD. N Engl J Med
2010;363(14):1341-1350.

Lin YC, Lo HM, Chen JD. Sonographic fatty liver, overweight and ischemic heart disease. World J
Gastroenterol 2005;11(31):4838-4842.

Targher G, Arcaro G. Non-alcoholic fatty liver disease and increased risk of cardiovascular disease.
Atherosclerosis 2007;191(2):235-240.

Verma SK; Huang J, Hutchinson HG, Estevez I, Kuang K, Reynolds SL, et al. Statin use and severe acute liver
injury among patients with elevated alanine aminotransferase. Clin Epidemiol 2022;14:1535-1545.

Athyros VG, Tziomalos K, Gossios TD, Griva T, Anagnostis P, Kargiotis K, et al. Safety and efficacy of long-
term statin treatment for cardiovascular events in patients with coronary heart disease and abnormal liver tests
in the Greek Atorvastatin and Coronary Heart Disease Evaluation (GREACE) Study: A post-hoc analysis.
Lancet 2010;376:1916-1922.

Boutari C, Pappas PD, Anastasilakis D, Mantzoros CS. Statins’ efficacy in non-alcoholic fatty liver disease: A
systematic review and meta-analysis. Clin Nutr 2022;41(10):2195-2206.

Ho A, Kiener T, Nguyen QN, Le QA. Effect of statin use on liver enzymes and lipid profile in patients with
non-alcoholic fatty liver disease (NAFLD). J Clin Lipidol 2024;18(4):e501-e508.

Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018 AHA/ACC/multisociety
guideline on the management of blood cholesterol. J Am Coll Cardiol 2019;73(24):€285-e350.



Table 1. Baseline characteristics of the study participants

Parameter Mean + SD Range
Age (years) 53.97+13.66 27-86
Weight (kg) 85.21+25.43 40.0-186.0
BMI (kg/m?) 34.26+12.40 10.6-72.5
ALT (U/L) 31.49+19.11 6-107
AST (U/L) 29.96 £14.32 8-83
LDL-C (mmol/L) 2.89+1.14 1.24-6.37
Total cholesterol (mmol/L) 4.97+1.41 2.29-9.55
HDL-C (mmol/L) 1.25+0.28 0.45-1.89
Triglycerides (mmol/L) 1.80£0:94 0.67-5.59
HbAlc (%) 8.79+2.45 5.3-15.6

BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; LDL: Low-density

lipoprotein; HbAlc: Hemoglobin Alc.
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Figure 1. ALT level after starting statin at 0-month, 3-month, 6-month, 12-month
ALT: Alanine aminotransferase.
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Figure 2. AST level after starting statin at 0-month, 3-month, 6-month, 12-month
AST: Aspartate aminotransferase.
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Figure 3. LDL level at 3, 6, 12-month post statin initiation among us statin ty{es and doses
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Figure 4. ALT & AST level after starting statin at 6-month, 12-month in relation to statin types & doses
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.



