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ABSTRACT 

Background: Rosuvastatin serve as a fundamental treatment for lowering the level of LPL-cholesterol, helping to 

prevent the risk of atherosclerosis cardiovascular disease that leads to death. This makes Rosuvastatin among the most 

widely prescribed medication classes globally. The liver-related side effects of Rosuvastatin are commonly 

characterized as an elevated risk of declining liver function that correlates with higher medication doses. Research 

indicates that Rosuvastatin -induced liver toxicity usually develops during the initial year of therapy.  

Objective: To assessment the connection of Rosuvastatin treatment period on liver function activity in people 

diagnosed with atherosclerotic cardiovascular disease. 

Method: The research spanned 24 weeks, with monitoring visits scheduled at weeks 1, 8, 16, and 24 to track changes 

in liver function parameters. The evaluation process incorporated clinical assessments and laboratory testing. To 

ensure reliable and consistent results, the study maintained rigorous protocols and assigned a dedicated technician to 

perform all evaluations.  

Results: Six months following the start therapy with rosuvastatin in atherosclerotic patients result showed: 

significantly increase (p<0.001) with (ALT, AST, GGT), as a liver injury signs, and result showed as synthetic liver 

efficacy a relatively significant decrease (p<0.001) in: (Total protein (6.3, 6.2, 5.5, 4.6gm/dL), Albumin (4.2, 3.2, 3.0, 

2.8gm/dL), Cholinesterase (10.6, 6.9, 6.5, 4.2 U/L), Prothrombin time showed a significant increase (9.6, 12, 12.8, 

13.2) at the period (1,8, 16, and 24 weeks) respectively. Result also showed a significant increase in: Total Bilirubin 

(0.7, 1.9, 2.5, 3.2 mg/dL), Direct Bilirubin (0.2, 1.2, 1.8, 2.3 mg/dL), ALP (70, 86, 139, 142 U/L), as liver excretion 

efficacy. Rosuvastatin can cause a variety of changes in the mechanisms of liver function, but not real damage to liver 

cells and tissues. Although the exact mechanism is still unclear, it is likely related to an idiosyncratic drug-induced 

liver injury. 
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INTRODUCTION 

Statins work by blocking 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, which helps lower both 

total cholesterol and low-density lipoprotein (LDL) cholesterol levels[1]. Numerous controlled studies have proven 

that reducing LDL cholesterol, especially with statin treatment, substantially decreases cardiovascular death rates and 

related events[2]. Research has also confirmed that HMG CoA inhibitors can prevent atherosclerotic problems and 

subsequent heart complications in people with ischemic heart disease[3]. Rosuvastatin belongs to a group of 

hydrophilic[4] statins that show a stronger preference for liver tissue[5]. This medication uses active transport to enter 

cells and generally stays out of tissues outside the liver[6], making it particularly effective in elderly patients over 75 

years old[7].  Research by Mostaza et al. showed that 10 mg/kg/day of rosuvastatin led to a 16% reduction in harmful 

atherosclerosis events[1]. While rosuvastatin successfully lowered cholesterol levels, studies found it also caused liver 

enzyme elevations[8][9]. We need to use careful judgment when prescribing rosuvastatin because its serious side 

effects might sometimes outweigh the benefits[10]. A separate study documented a 22% drop in major adverse 

atherosclerotic events. Both investigations observed mild liver enzyme increases with high-dose rosuvastatin, which 

raised questions about potential liver damage from statins[11]. Although statin-related liver toxicity occurs 

infrequently[12], using high-dose statins in heart patients continues to spark debate[13]. Numerous studies have 

examined how well statins work and their safety profile in people with atherosclerosis[14][15]. However, these 

research findings have limited broader application because they typically focus only on patients without considering 

their existing liver function[16]. To fill this research gap, we performed this study and collected data to explore the 
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relationship between Rosuvastatin treatment period and defective liver function. Chronic liver disease often shows no 

symptoms, and elevated liver enzymes may be the first sign of liver damage[17]. These concerns highlight the urgent 

need for an unbiased assessment of side effects linked to rosuvastatin use. Such evaluation is crucial for separating 

assumptions from real risks of statin therapy, especially regarding liver function. Our research specifically examines 

how effective and safe rosuvastatin (a water-soluble statin) is in elderly patients experiencing atherosclerosis. 

 

MATERIAL AND METHODS 

This clinical study enrolled Atherosclerotic Cardiovascular patients from the Baquba Laboratories accredited by the 

Iraqi Ministry of Health, throughout the period from March 2025 to September 2025. The principal standard for overall 

patients is as follows: age for patients (55 to 65 years), diagnosed with atherosclerotic cardiovascular disease.  

Exclusions: the patient had any symptom of chronic hepatic diseases, kidney disease, thyroid defect, viral hepatitis, 

or diabetes. Also, the clinical trial was approved for ethical approval, and all patients in the study provided their 

consent. All patients treated with a rosuvastatin dosage of 10 mg/kg /day for 24 weeks were evaluated and divided 

into four time periods (1, 8, 16, and 24). The assessment methodology followed four stages, during which therapeutic 

progress was monitored by tracking lipid profile levels for all patients. Venous blood from all patients was withdrawn 

at baseline and after the 1st, 8th, 16th, and 24th week.  Serum was separated and aliquoted after centrifugation of the 

blood samples for 20 min and frozen at−20 °C to be stored until the assay time. Also, assessments for clinical and 

laboratory tests were included as a methodology recommended to be explained in table1.  

 

Table 1.All methodology recommended for clinical parameter tests in the study.[18] 

parameter methodology 

Alanine Aminotransferase (ALT) Bergmeyer et al,1986 

Aspartate Aminotransferase (AST) Bergmeyer et al,1986 

Gamma-Glutamyl Transferase  (GGT) Szasz et al,1976 

Alkaline phosphatase (ALP) colorimetric assay Method 

Cholinesterase Harper and Row, 1974 

Albumin DOUMAS B.T.1972 

total protein Biuret Method 

bilirubin Müller Method 

 

Statistical Analysis  

All indicators are reported as Mean ± SD. Statistical analysis of the results was performed using Statistical Package 

for the Social Sciences (SPSS) software version 26.0, along with Microsoft Excel 2016. The analysis utilized Analysis 

of Variance (ANOVA), and significant differences were assessed using Duncan's multiple range tests, with a 

significance level set at P ≤ 0.05. 

 

RESULT 

The current study continued six months after the treatment with rosuvastatin (10 mg/kg/day). All abnormalities in the 

liver function tests at the 8th, 16th, and 24th week (endpoint) were statistically significant (P≤0.05). 

1-Hepatocellular Injury Parameters 

The values of biochemical measurements for the liver enzymes are shown in Table 2. [Alanine Aminotransferase 

(ALT), Aspartate Aminotransferase (AST), and Gamma-Glutamyl Transferases (GGT) are considered to be markers 

of hepatocyte injury. The results showed increase levels enzymes in patients were given a drug compared with the 

initial test (before treatment). The results showed increase significant (P≤0.05) in ALT, AST, and GGT serum levels 

at the period (8, 16, and 24) weeks after treatment with rosuvastatin (10 mg/kg/day) compared to the initial test, which 

showed a normal level of ALT, AST, and GGT in serum(P≤0.05).  

 

Table (2): The level of hepatocellular injury parameters at the initial stage of the study, 8 weeks, 16 weeks, 

and 24 weeks after treatment with rosuvastatin (10 mg) daily. 

Parameters* Initial test 

Mean ± SD* 

8 week  Mean 

± SD* 

16thweek 

Mean ± SD* 

24thweek 

Mean ± SD* 

P-value 

ALT (IU/L) 35 ± 0.66 66 ±0.65 110 ±  0.80  224 ±  0.72  p<0.001 

AST (IU/L) 40 ± 0.48 78 ±   0.40  96 ±    0.23  140 ±0.30 p<0.001 
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GGT (IU/L) 30 ± 0.09 60 ±0.12 63 ±   0.08  77 ±    0.15  p<0.001 

*Normal range: (ALT) = (5-40 IU/L), (AST) = (10-40 IU/L), and (GGT) = (8-60 IU/L) *Expresses data in the 

mean ±SD.P<0.05. 

 

Rosuvastatin-induced liver injury has been associated with both hepatocellular and cholesteric patterns of injury[19]. 

A hepatocellular pattern of liver injury is defined by a predominant rise in aminotransferases, more specifically, 

alanine aminotransferase (ALT)[20][5]. And this result agreed with  Hayashi and Bjornson study.[21] Long-term 

treatment with Rosuvastatin elevated the risk of liver function decay, and this is called Rosuvastatin –induced liver 

toxicity, which develops over a long period of beginning treatment[22]. Our result in figre1, indicated the change in 

enzymes concentration during the time of treatment, this drug causes elevation of liver function test over time, and 

this similarity with by Glueck et al., who found these abnormalities are dose-dependent, a little derangement or no 

change in liver function with Rosuvastatin 5mg rather than 10mg which showed higher elevated when used for a long 

time [8]. While Kasliwal found a higher level of liver function tests when using 40mg of rosuvastatin daily [23]. 

Hepatocyte dysfunction or biliary duct diseases can cause an increase in GGT enzyme levels; therefore, the increase 

in GGT levels has been considered a premature and reactive marker of hepatocyte injury[24].  Previous studies have 

shown that a two-fold increase in liver enzymes compared to the limit can be an indicator for Rosuvastatin-induced 

hepatocyte injury [17][25]; thus, it is consistent with the result of our study, which suggested the increased  levels of 

[ALT, AST, and GGT] enzymes, related to liver dysfunctions during treatment with Rosuvastatin.  

 

 
Figure-1- Rosuvastatin effect on: [(ALT), (AST), (GGT)] enzymes are considered to be markers of hepatocyte 

injury. At the initial stage of the study, 8 weeks, 16 weeks, and 24 weeks after treatment with rosuvastatin (10 

mg/kg/day). 

 

2- Liver Synthetic Capacity 

The values of biochemical measurements for the serum and plasma of patients that are shown in Table(2) are 

considered to be markers of liver synthetic capacity. Results showed a low concentration of total protein and albumin 

in patients treated with rosuvastatin (10mg/kg/day) compared to the initial test (before treatment). Results showed a 

significant decrease (P≤0.05) in total protein and albumin serum levels at period (8, 16, and 24) weeks after treatment 

with Rosuvastatin compared with initial test, which showed a normal level of total protein and albumin in serum 

(P≤0.05). Also, statistical results showed increase significant (P≤0.05)  in Prothrombin time serum levels at the period 

(8, 16, and 24 weeks) after being treated with Rosuvastatin compared with initial test, which showed a normal level 

of Prothrombin time in serum(P≤0.05). and this result is consistent with(Metwally et al.), who have found an 

association of Rosuvastatin with a decrease in the total proteins and albumin, which may be related to hepatic synthetic 

dysfunction[26].  

 

 

Table (3). Levels of liver synthetic capacity parameters at the initial stage of the study, 8 weeks, 16 weeks, and 

24 weeks after treatment with rosuvastatin (10 mg) daily. 

Parameters* Initial test 

Mean ± SD* 

8 week  Mean 

± SD* 

16thweek 

Mean ± SD* 

24thweek 

Mean ± SD* 
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Total protein (gm/dL) 6.3±1.02 6.2±1.07 5.5±0.91 4.6±1.23 p<0.001 

Albumin (gm/dL) 4.2±1.58 3.2±1.45 3.0±1.40 2.8±0.10 p<0.001 

Cholinesterase (U/L) 10.6±2.07 6.9±1.82 6.5±1.03 4.2±0.96 p<0.001 

Prothrombin time(PT) 8.6±0.16 10±1.05 11.8±1.36 13.2±1.11 p<0.001 

*Normal range: Total protein (6-8 gm/dL), Albumin (3.5-5.4gm/dL), Cholinesterase (8 -18 units/mL), 

Prothrombin time (9-12). *Expresses data in the mean ±SD.P<0.05. 

 

The results in Table 3 and Figure 2 showed a significant reduction (P≤0.05) in Cholinesterase serum levels at the 

period (8, 16, 24weeks) after treatment with Rosuvastatin (10mg/kg/day) compared to the initial test, which showed 

a normal level of Cholinesterase in serum(P≤0.05). The results were in similarity with the research by Pytel et al.) 

investigated the impact of lipid-lowering therapies (using rosuvastatin) on the activity of two enzymes, AChE and 

BChE, showing  low affective in enzyme after treatment with rosuvastatin: 26% LDL level, 26% AChE and 18% 

BChE compared with control[3]. 

 

 
Figure-2- Rosuvastatin effect on liver synthetic capacity parameters: Total protein(TP), Albumin(Alb), 

Cholinesterase (ChE), Prothrombin time (PT) at the initial stage of the study, 8 weeks, 16 weeks, and 24 

weeks after treatment with rosuvastatin(10 mg/kg/day). 

 

The liver’s biosynthetic capacity, reflected by serum albumin concentration, provides an indicator of hepatic function. 

Albumin measurement is often combined with prothrombin time to more comprehensively assess liver 

biosynthesis[27].Liver is the main manufactured of clotting factor ,therefore any dysfunction in liver synthetic ability 

can be led to prothrombin time prolongation [28]. In a previous study, rosuvastatin was associated with a reduction in 

platelet count, and it was the main cause of prothrombin time increase in patients with high LPL-cholesterol[29]. 

 

3- Liver Excretion Parameters 

The values of biochemical measurements for the serum of patients are shown in Table 4 and Figure 3, which are 

considered to be markers of liver excretion capacity. Results showed a significant decrease (P≤0.05) in total, direct 

bilirubin serum levels at periods (8, 16, and 24) weeks after treatment with Rosuvastatin (10 mg/kg/day) compared to 

the initial test, which showed a normal level of total, direct bilirubin in serum (P≤0.05). Also, The statistical results 

showed a significant increase (P≤0.05) in alkaline phosphatase serum levels at the period (8, 16, and 24) weeks after 

treatment with Rosuvastatin (10 mg/kg/day) compared to the initial test, which showed a normal level of alkaline 

phosphatase in serum(P≤0.05), and results agreed with Shah,2019 showed rising in level of bilirubin and alkaline 

phosphates to17.2 mg/dL,277U/L respectively in patients with jaundice after six weeks for starting treatment with 

(5mg)of  Rosuvastatin [30]. 

Table (4).  Levels of liver excretion parameters at the initial stage of the study, 8 weeks, 16 weeks, and 24 

weeks after treatment with rosuvastatin (10 mg/kg/ day). 

Parameters* Initial test 

Mean ± SD* 

8 week  

 Mean ± SD* 

16thweek 

Mean ± SD* 

24thweek 

Mean ± SD* 

P-value 

Total Bilirubin(mg/dl) 0.7± 0.05 1.9± 0.02 2.5± 0.04 3.2± 0.09 p<0.001 

Direct Bilirubin(mg/dl) 0.2± 0.01 1.2± 0.06 1.8± 0.06 2.3± 0.17 p<0.001 
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ALP (U/L) 70 ± 0.22 86 ± 0.13 139 ± 0.41 142 ± 0.29 p<0.001 

*Normal range: Total Bilirubin (0.2-1.2 mg/dl), Direct Bilirubin (0.01-0.4mg/dL), ALP (40-130 U/L). 

*Expresses data in the mean ±SD.P<0.05. 

 

 
Figure-3- Rosuvastatin effect on liver excretion capacity parameters: Total Bilirubin, Direct Bilirubin at the 

(8 weeks, 16 weeks, and 24 weeks) after treatment with rosuvastatin (10 mg/kg/day). 

 

Elevated levels of ALP and bilirubin usually signal liver damage. Alkaline phosphatase is issues in the bile ducts raise 

the enzyme level[31]. Previous studies showed developed jaundice after 15 weeks starting Rosuvastatin (10mg 

/kg/day)[32], and after 6weeks starting Rosuvastatin (5mg/kg/day) in a hypercholesterolemia patient[30]. It is 

important to check for medications and potential causes of liver toxicity. Previous studies recommended performing 

liver function tests before starting Rosuvastatin and again after  6 and 12 weeks of treatment [33]. However, the 

recently updated recommendations suggest that testing can happen between 4 and 12 weeks, and if patients show 

symptoms of liver damage, testing of total bilirubin and alkaline phosphatase is necessary for liver safety. [34] 

 

DISCUSSION  

Patients over 40 take rosuvastatin to lower the risk of complications from atherosclerotic disease. The main role of 

Rosuvastatin is to reduce LDL-cholesterol a proximally 55- 60%, making it the top choice for many patients. This 

research, mainly using data from controlled trials, offers insights into safety and tolerability[31]. The result of this 

study showed that treatment with Rosuvastatin affected liver functions compared to the initial tests before treatment. 

We found that administering rosuvastatin 10mg/kg/day for 24 weeks significantly influenced the levels of biomarkers 

related to liver function and detoxification in elderly cardiovascular atherosclerosis patients. Previous research 

indicated that rosuvastatin increases liver enzymes, and can led to  physiological risk in liver tissues [35].   

Alanine Aminotransferase and Aspartate Aminotransferase are mainly synthesized by hepatic cells. ALT, mainly 

found in the liver cells rather than AST, which is also found in limited amounts in the heart and muscle[36]. Our study 

supports that biomarkers, aminotransferases, which released from liver cells will be increased by any reason of liver 

cell injury. Thus, diagnosis of biomarkers can improve early treatment [37].  Many studies indicated that early 

diagnosis is even therapeutically beneficial[38]. GGT is an enzyme found in the liver and biliary tract, also in various 

organs (pancreas and kidney). It plays a role in glutathione metabolism in multiple tissues. An increase in GGT is 

usually significant for liver and biliary diseases, especially when it occurs alongside other elevated liver tests[39].  

GGT levels can also rise due to medications. As a marker, it is highly sensitive to liver disease but lacks specificity[40]. 

Our study founded the treatment with rosuvastatin (10 mg/kg/day) increased serum levels of ALT, AST, and GGT 

after a long treatment period. In this study, the activities of serum total proteins and albumin levels decreased after 

Rosuvastatin treatment, suggesting potential hepatic injury[41]. Furthermore, the observed reduction in total proteins 

and albumin has been associated with liver damage[42]. Low serum albumin is an important indicator of chronic liver 

dysfunction[43]. Due to albumin's half-life of approximately 20 days, decreased serum levels reflect a prolonged 

failure in biosynthetic capacity rather than an acute injury[44]. In this study, treatment with rosuvastatin (10 

mg/kg/day) increased serum levels of ALP, total bilirubin, and conjugated bilirubin after 24 weeks of treatment, That 

mean reduction in liver excretory function.[45].  

Alkaline phosphatase is located in liver cells on the canalicular membrane, not in bile duct cells. Alkaline phosphatase 

typically rises due to increased synthesis of the enzyme in the canaliculus, which then moves to the sinusoid.  Alkaline 

phosphatase is also a marker for liver disease[46]. When the bile ducts are obstructed, ALP level increases even though 
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it does not raise serum bilirubin levels in some obstructions[47]. The minor elevated the canalicular  GGT enzyme 

can be an indicator of source alkaline phosphatase, which increases, comes from the liver[35].  

Bilirubin is formed by the breakdown of old red blood cells. In the liver, conjugation by uridine 5’-diphospho (UDP)-

glucuronosyltransferase makes conjugated bilirubin, allowing for its excretion in bile [48].  An elevated direct bilirubin 

level is significant. Fractionating total bilirubin is often helpful when ALT indicates liver cell dysfunction or 

cholestasis [49]. In a recent study, it was suggested if total bilirubin and ALP part levels rise, the drug must be stopped. 

Also should be re-measured this biomarkers after two to four weeks to determine whether to stop the rosuvastatin 

[50]. Cholinesterase’s are important in the human body[51]. We also see a drop in BChE activity in conditions that 

show oxidative stress and those marked by lipid metabolism issues. It seems that decreased cholinesterase activity is 

more common[52]. 

Rosuvastatin is widely used as a suitable drug for the treatment of hyperlipidemia and improving cardiovascular 

atherosclerotic disease. Mainly, the side effects of Rosuvastin lead to hepatotoxicity. Our study is concerned by 

diagnosis and assessment of the increase in the incidence of liver injury after using rosuvastatin for a long-term for 

treatment, although Rosuvastatin has benefits that sufficiently outweigh the risk of side effects. Most ensure that 

Rosuvastatin will be used for the patients should be needed. The risk side effect can be prevented by suitable 

examination before treatment and during the period of drug treatment. 

 

CONCLUSION  

In elderly cardiovascular patients, Rosuvastatin is generally well-tolerated and can effectively improve lipid profiles 

and cardiac function without significant impairment of liver synthetic ability or detoxification processes. Monitoring 

typically focuses on liver enzymes as surrogate biomarkers for potential hepatotoxicity, though serious injury remains 

rare. Further study, including randomized clinical trials, is required to provide decisive evidence through validating 

these retrospective findings. 

 

REFERENCE 

[1] J. M. Mostaza and C. Escobar, “Rosuvastatin-Based Lipid-Lowering Therapy for the Control of LDL Cholesterol 

in Patients at High Vascular Risk,” J. Clin. Med., vol. 13, no. 7, 2024, doi: 10.3390/jcm13071894. 

[2] A. P. Agouridis, T. D. Filippatos, M. Kostapanos, C. Kostara, and V. Tsimihodimos, “The effect of rosuvastatin 

alone or in combination with fenofibrate or omega-3 fatty acids on lipoprotein(a) levels in patients with mixed 

hyperlipidemia,” Arch. Med. Sci. – Atheroscler. Dis., vol. 9, no. 1, pp. 26–32, 2024, doi: 10.5114/amsad/178441. 

[3] E. Pytel, B. Bukowska, M. Koter-Michalak, M. Olszewska-Banaszczyk, P. Gorzelak-Pabiś, and M. Broncel, 

“Effect of intensive lipid-lowering therapies on cholinesterase activity in patients with coronary artery disease,” 

Pharmacol. Reports, vol. 69, no. 1, pp. 150–155, 2017, doi: 10.1016/j.pharep.2016.09.016. 

[4] F. Mach et al., “Adverse effects of statin therapy: perception vs. the evidence - focus on glucose homeostasis, 

cognitive, renal and hepatic function, haemorrhagic stroke and cataract,” Eur. Heart J., vol. 39, no. 27, pp. 2526–

2539, 2018, doi: 10.1093/eurheartj/ehy182. 

[5] H. I. Al-Sultani, A. O. Hussain, and H. S. Saleh, “Histophysiological Effect of Rosuvastatin on the Kidney in Male 

Albino Rats,” Adv. Anim. Vet. Sci., vol. 11, no. 12, pp. 1986–1992, 2023, doi: 

10.17582/journal.aavs/2023/11.12.1986.1992. 

[6] W. Mubashir, M. Sharik, W. Ahad, S. Aamir, and I. Riaz, “Hepatic Encephalopathy: A Comprehensive Review,” 

Acta Sci. Gastrointest. Disord., vol. 5, no. 7, pp. 67–71, 2022, doi: 10.31080/asgis.2022.05.0449. 

[7] M. Taherkhani, Z. Khanifar, A. Taherkhani, H. Hajishah, and A. Tavasol, “Assessing the effect of high-dose 

rosuvastatin in elderly patients over 75 with acute coronary syndrome,” BMC Cardiovasc. Disord., vol. 24, no. 1, 

2024, doi: 10.1186/s12872-024-04142-0. 

[8] J. Ashraf et al., “Statins and Abnormal Liver Function Tests: Is There a Correlation?,” Cureus, vol. 12, no. 8, 2020, 

doi: 10.7759/cureus.10145. 

[9] N. K. Hwang, J. S. Park, K. S. Cha, and J. S. Kang, “Hepatotoxicity associated with a short course of rosuvastatin,” 

Chin. Med. J. (Engl)., vol. 128, no. 12, pp. 1693–1694, 2015, doi: 10.4103/0366-6999.158382. 

[10] X. Wang et al., “Impact of rosuvastatin on metabolic syndrome patients with moderate to severe metabolic 

associated fatty liver disease without overt diabetes: A randomized clinical trial,” Diabetes Metab. Syndr. Clin. Res. 

Rev., vol. 18, no. 9, p. 103126, 2024, doi: 10.1016/j.dsx.2024.103126. 

[11] J. T. Kim et al., “Comparative Effectiveness of Rosuvastatin Versus Atorvastatin in Acute Ischemic Stroke 

Treatment,” J. Am. Hear. Assoc. , vol. 14, no. 3, 2025, doi: 10.1161/JAHA.124.038080. 

[12] Z. M. Elhadad, A. B. Kassem, A. M. El Amrawy, A. Salahuddin, and N. A. El-Bassiouny, “Comparative Study 

Between the Effects of High Doses of Rosuvastatin and Atorvastatin on Ventricular Remodeling in Patients with ST-

Segment Elevation Myocardial Infarction,” Cardiovasc. Drugs Ther., vol. 39, no. 5, pp. 1113–1123, 2025, doi: 

10.1007/s10557-024-07621-w. 

[13] M. Herbet, M. Gawrońska-Grzywacz, M. Izdebska, I. Piątkowska-Chmiel, and E. Jagiełło-Wójtowicz, “Impact 



Genetics and Molecular Research 25 (16s): 2026      7 

of combined treatment with rosuvastatin and antidepressants on liver and kidney function in rats,” Exp. Ther. Med., 

vol. 11, no. 4, pp. 1459–1464, 2016, doi: 10.3892/etm.2016.3068. 

[14] P. Y. Kwo, S. M. Cohen, and J. K. Lim, “ACG Clinical Guideline: Evaluation of Abnormal Liver Chemistries,” 

Am. J. Gastroenterol., vol. 112, no. 1, pp. 18–35, 2017, doi: 10.1038/ajg.2016.517. 

[15] P. Singh, “Biochemical Mechanisms of Drug-Drug Interactions : Implications for Pharmacy Practice,” vol. 6, 

no. 2, pp. 4–6, 2023. 

[16] A. S. Elhwuegi and M. M. Elfakhri, “Pharmacological Profile and Mechanisms of Cardiovascular Protective 

Effects of Statins: An Update,” Libyan Int. Med. Univ. J., vol. 10, no. 01, pp. 018–028, 2025, doi: 10.1055/s-0045-

1809043. 

[17] D. Y. Cheon and S.-H. Jo, “Adverse effects of statin therapy and their treatment,” Cardiovasc. Prev. 

Pharmacother., vol. 4, no. 1, pp. 1–6, 2022, doi: 10.36011/cpp.2022.4.e4. 

[18] A. Watson, “Liver function tests (LFTs),” Aust. Fam. Physician, vol. 29, no. 1, p. 17, 2000. 

[19] K. K. Ray et al., “Treatment gaps in the implementation of LDL cholesterol control among high- and very 

high-risk patients in Europe between 2020 and 2021: the multinational observational SANTORINI study,” Lancet 

Reg. Heal. - Eur., vol. 29, pp. 1–11, 2023, doi: 10.1016/j.lanepe.2023.100624. 

[20] M. M. Y. Lee, N. Sattar, J. J. V. McMurray, and C. J. Packard, “Statins in the Prevention and Treatment of 

Heart Failure: a Review of the Evidence,” Curr. Atheroscler. Rep., vol. 21, no. 10, pp. 1–8, 2019, doi: 10.1007/s11883-

019-0800-z. 

[21] Kuschner, O’connor, and A. M. Butz, “乳鼠心肌提取 HHS Public Access,” Physiol. Behav., vol. 176, no. 12, 

pp. 139–148, 2017, doi: 10.1007/s11901-018-0411-0.Long-Term. 

[22] B. Poojary, J. Jose, S. R. Nagpavan, and F. U. Dhalayat, “Rosuvastatin-induced acute hepatitis: Insights from 

clinical experience on drug-induced liver injury,” Muller J. Med. Sci. Res., vol. 15, no. 1, pp. 68–71, 2024, doi: 

10.4103/mjmsr.mjmsr_71_23. 

[23] F. K. Mohammad and R. F. Al-Shalchi, “Mini meta-analysis of anticholinesterase actions of atorvastatin, 

simvastatin and rosuvastatin, and in silico identification of their protein targets in Mus musculus,” Toxicol. Reports, 

vol. 14, no. December 2024, p. 101958, 2025, doi: 10.1016/j.toxrep.2025.101958. 

[24] F. O. Ogar, O. A. Georgewill, and V. T. Ibubeleye, “Toxicological Effect of Green Tea (Camelia sinensis) on 

Haematological Parameters in Wistar Rats,” Asian J. Res. Med. Pharm. Sci., vol. 12, no. 3, pp. 39–45, 2023, doi: 

10.9734/ajrimps/2023/v12i3219. 

[25] T. H. Lee, W. R. Kim, and J. J. Poterucha, “Evaluation of Elevated Liver Enzymes,” Clin. Liver Dis., vol. 16, 

no. 2, pp. 183–198, 2012, doi: 10.1016/j.cld.2012.03.006. 

[26] M. A. A. Metwally, E. Y. I. El-Zawahry, M. A. Ali, D. F. Ibrahim, and S. A. Sabry, “Rosuvastatin and 

Ezetimibe loaded PLGA: an investigation approach for the treatment of hyperlipidemia induced by Triton in male 

albino rats,” J. Adv. Vet. Res., vol. 14, no. 5, pp. 789–792, 2024. 

[27] H. J. Zhou, Z. Q. Li, D. E. Dili, and Q. Xie, “Human albumin infusion for reducing hyponatremia and 

circulatory dysfunction in liver cirrhosis: A meta-analysis update,” World J. Hepatol., vol. 17, no. 6, pp. 1–16, 2025, 

doi: 10.4254/wjh.v17.i6.106418. 

[28] M. A. Kalas, L. Chavez, M. Leon, P. T. Taweesedt, and S. Surani, “Abnormal liver enzymes: A review for 

clinicians,” World J. Hepatol., vol. 13, no. 11, pp. 1688–1698, 2021, doi: 10.4254/wjh.v13.i11.1688. 

[29] S. H. Tonu, J. F. Dewan, F. Hasnat, and B. R. Jahan, “Comparison Between Atorvastatin and Rosuvastatin on 

Anti- Thrombogenic Effect in Patients with Hyperlipidemia,” J. Enam Med. Coll., vol. 8, no. 3, pp. 153–158, Oct. 

2018, doi: 10.3329/jemc.v8i3.38365. 

[30] J. Shah, V. Lingiah, N. Pyrsopoulos, and M. Galan, “Acute Liver Injury in a Patient Treated With Rosuvastatin: 

A Rare Adverse Effect,” Gastroenterol. Res., vol. 12, no. 5, pp. 263–266, 2019, doi: 10.14740/gr1212. 

[31] C. B. Newman et al., Statin Safety and Associated Adverse Events A Scientific Statement from the American 

Heart Association, vol. 39, no. 2. 2019. doi: 10.1161/ATV.0000000000000073. 

[32] A. Setyo Adji et al., “Lipid profile and safety of rosuvastatin monotherapy versus rosuvastatin plus ezetimibe 

in high risk coronary artery disease: a systematic review and meta-analysis of randomized controlled trials,” Egypt. 

Hear. J., vol. 77, no. 1, 2025, doi: 10.1186/s43044-025-00654-y. 

[33] K. Kajinami et al., “Statin intolerance clinical guide 2018,” J. Atheroscler. Thromb., vol. 27, no. 4, pp. 375–

396, 2020, doi: 10.5551/jat.50948. 

[34] S. Hajimohammadi, O. Lockridge, and P. Masson, “New views on physiological functions and regulation of 

butyrylcholinesterase and potential therapeutic interventions,” Front. Mol. Biosci., vol. 12, no. June, pp. 1–16, 2025, 

doi: 10.3389/fmolb.2025.1625318. 

[35] L. D. Averbukh, A. Turshudzhyan, D. C. Wu, and G. Y. Wu, “Statin-induced Liver Injury Patterns: A Clinical 

Review,” J. Clin. Transl. Hepatol., vol. 10, no. 3, pp. 543–552, 2022, doi: 10.14218/JCTH.2021.00271. 

[36] A. Vavlukis, K. Mladenovska, K. Davalieva, M. Vavlukis, and A. Dimovski, “Rosuvastatin effects on the HDL 

proteome in hyperlipidemic patients,” Acta Pharm., vol. 73, no. 3, pp. 363–384, 2023, doi: 10.2478/acph-2023-0034. 



Genetics and Molecular Research 25 (16s): 2026      8 

[37] Z. Yuan, J. Peng, Z. Shu, X. Qin, and J. Zhong, “Interpretable multitemporal liver function indicator model for 

prediction and risk factor analysis of drug induced liver injury,” Sci. Rep., vol. 14, no. 1, pp. 1–10, 2024, doi: 

10.1038/s41598-024-66952-8. 

[38] S. Thakur, V. Kumar, R. Das, V. Sharma, and D. K. Mehta, “Biomarkers of Hepatic Toxicity: An Overview,” 

Curr. Ther. Res. - Clin. Exp., vol. 100, p. 100737, 2024, doi: 10.1016/j.curtheres.2024.100737. 

[39] S. Weber, J. Allgeier, G. Denk, and A. L. Gerbes, “Marked Increase of Gamma-Glutamyltransferase as an 

Indicator of Drug-Induced Liver Injury in Patients without Conventional Diagnostic Criteria of Acute Liver Injury,” 

Visc. Med., vol. 38, no. 3, pp. 223–228, 2022, doi: 10.1159/000519752. 

[40] F. K. Ho et al., “Association of gamma-glutamyltransferase levels with total mortality, liver-related and 

cardiovascular outcomes: A prospective cohort study in the UK Biobank,” eClinicalMedicine, vol. 48, no. Cv, p. 

101435, 2022, doi: 10.1016/j.eclinm.2022.101435. 

[41] R. Luo, X. Sun, F. Shen, B. Hong, and Z. Wang, “Effects of high-dose rosuvastatin on ventricular remodelling 

and cardiac function in st-segment elevation myocardial infarction,” Drug Des. Devel. Ther., vol. 14, pp. 3891–3898, 

2020, doi: 10.2147/DDDT.S254948. 

[42] L. Muchaili and S. K. Masenga, “Rosuvastatin was not beneficial in reducing arterial stiffness and may be 

associated with cardiometabolic adverse events in men with HIV,” Aids, vol. 38, no. 11, pp. 1720–1721, 2024, doi: 

10.1097/QAD.0000000000003957. 

[43] A. H. H. Alshamrani et al., “Biochemical Mechanisms in Drug Metabolism: Implications for Personalized 

Pharmacotherapy in Pharmacy Practice,” Egypt. J. Chem., vol. 67, no. 13, pp. 1493–1505, 2024, doi: 

10.21608/ejchem.2024.336222.10796. 

[44] Y. M. Vuu, A. Kadar Shahib, and M. Rastegar, “The Potential Therapeutic Application of Simvastatin for 

Brain Complications and Mechanisms of Action,” Pharmaceuticals, vol. 16, no. 7, 2023, doi: 10.3390/ph16070914. 

[45] “Rosuvastatin,” no. Md, pp. 1–16, 2025. 

[46] N. Khatiwada and Z. Hong, “Potential Benefits and Risks Associated with the Use of Statins,” Pharmaceutics, 

vol. 16, no. 2, 2024, doi: 10.3390/pharmaceutics16020214. 

[47] M. Ruscica, N. Ferri, M. Banach, C. R. Sirtori, and A. Corsini, “Side effects of statins: from pathophysiology 

and epidemiology to diagnostic and therapeutic implications,” Cardiovasc. Res., vol. 118, no. 17, pp. 3288–3304, 

2022, doi: 10.1093/cvr/cvac020. 

[48] H. Zgheib et al., “Liver function tests as predictors of common bile duct stones in acute cholecystitis patients 

with a chronic history: A retrospective cohort study on the ACS-NSQIP database,” Med. (United States), vol. 100, no. 

33, 2021, doi: 10.1097/MD.0000000000026885. 

[49] A. Shuchleib-Cung, J. R. García-Romo, and M. Barrera-Ramírez, “Liver function tests for detection of 

choledocholithiasis in patients with acute calculous cholecystitis,” An. Médicos la Asoc. Médica del Cent. Médico 

ABC, vol. 68, no. 3, pp. 153–159, 2025, doi: 10.24875/amh.m23000028. 

[50] A. Bagheri, M. Mashhadi Akbar Boojar, and M. M. Akbar Boojar, “A Review of Liver Damage Caused by 

Statins,” Adv. Pharmacol. Ther. J., vol. 5, no. 2, pp. 1–12, 2025, doi: 10.18502/aptj.v5i2.19453. 

[51] M. Pohanka, “Cholinesterases, a target of pharmacology and toxicology,” Biomed. Pap., vol. 155, no. 3, pp. 

219–230, 2011, doi: 10.5507/bp.2011.036. 

[52] A. Alizadeh, N. Lotfinezhad, Z. Abasian, F. Najari, and B. Mostafazadeh, “The lower levels of serum and rbc 

cholinesterase in acute opioid poisoning,” Iran. J. Toxicol., vol. 14, no. 2, pp. 111–114, 2020, doi: 

10.32598/ijt.14.2.672. 


