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Abstract 
Statins are the cornerstone of lipid-lowering therapy for the prevention of cardiovascular diseases. Among them, 
atorvastatin and rosuvastatin are widely prescribed high-intensity statins due to their potent efficacy in reducing 
low-density lipoprotein cholesterol (LDL-C) and cardiovascular morbidity and mortality. Despite their overall 
favorable safety profile, statins are associated with adverse drug reactions (ADRs) affecting musculoskeletal, 
hepatic, metabolic, neurological, and gastrointestinal systems. Pre-marketing clinical trials may not adequately 
detect rare, delayed, or population-specific adverse effects, highlighting the importance of post-marketing 
pharmacovigilance. 
This review evaluates and compares the safety profiles of atorvastatin and rosuvastatin with particular emphasis 
on pharmacovigilance signal detection. A narrative review of literature published between 2000 and 2025 was 
conducted using electronic databases including PubMed, Scopus, Web of Science, Embase, and Google Scholar. 
Pharmacovigilance databases such as the FDA Adverse Event Reporting System (FAERS) and WHO Vigibase 
were also examined. Studies including pharmacovigilance analyses, randomized controlled trials, observational 
studies, and systematic reviews assessing statin safety were included. Signal detection methods such as reporting 
odds ratio (ROR) and proportional reporting ratio (PRR) were reviewed to identify disproportionate reporting of 
adverse drug reactions. 
Available evidence indicates that both statins have favorable benefit–risk profiles; however, pharmacokinetic 
differences influence their safety patterns. Atorvastatin, a lipophilic statin extensively metabolized by CYP3A4, 
shows stronger signal associations with hepatotoxicity, diabetes mellitus, and neurological adverse effects. 
Rosuvastatin, a hydrophilic statin with greater hepatoselectivity and minimal cytochrome P450 metabolism, 
demonstrates relatively lower systemic adverse effects. Pharmacovigilance signal detection plays a crucial role in 
identifying rare adverse drug reactions, improving drug safety monitoring, and supporting individualized statin 
therapy. 
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Introduction 
Cardiovascular diseases (CVDs) remain the leading 
cause of morbidity and mortality worldwide, 
accounting for approximately 17.9 million deaths 
annually and representing a major global public health 
burden.¹ Dyslipidemia, particularly elevated low-
density lipoprotein cholesterol (LDL-C), is a major 
modifiable risk factor contributing to the development 
and progression of atherosclerosis, which underlies 
coronary artery disease, stroke, and peripheral vascular 

disease.² Effective management of dyslipidemia is 
therefore essential for reducing cardiovascular risk and 
improving clinical outcomes. 
Statins, also known as 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase inhibitors, are the 
most widely prescribed lipid-lowering agents due to 
their well-established efficacy and safety profile.³ 
These drugs act by inhibiting HMG-CoA reductase, the 
rate-limiting enzyme in hepatic cholesterol synthesis, 
resulting in decreased intracellular cholesterol 
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production and upregulation of LDL receptors on 
hepatocytes.⁴ This mechanism enhances clearance of 
circulating LDL cholesterol and significantly reduces 
plasma LDL levels. In addition to lipid-lowering 
effects, statins exhibit pleiotropic effects including 
anti-inflammatory activity, improved endothelial 
function, and stabilization of atherosclerotic plaques, 
which contribute to their cardiovascular protective 
effects.⁵ 
Among available statins, atorvastatin and rosuvastatin 
are classified as high-intensity statins due to their 
ability to reduce LDL-C levels by more than 50%.⁶ 
These statins are widely used in both primary and 
secondary prevention of cardiovascular disease due to 
their superior efficacy and favorable pharmacokinetic 
properties. Large clinical trials such as the Treating to 
New Targets (TNT) study and the Justification for the 
Use of Statins in Prevention: An Intervention Trial 
Evaluating Rosuvastatin (JUPITER) demonstrated 
significant reductions in cardiovascular events with 
atorvastatin and rosuvastatin therapy.⁷,⁸ 
Despite their favorable benefit-risk profile, statins are 
associated with adverse drug reactions that may affect 
patient compliance and clinical outcomes.⁹ Common 
adverse effects include muscle-related symptoms such 
as myalgia and myopathy, hepatic enzyme elevations, 
gastrointestinal disturbances, and neurological 
symptoms.¹⁰ Rare but serious adverse effects include 
rhabdomyolysis and severe hepatotoxicity.¹¹ Statin 
therapy has also been associated with an increased risk 
of new-onset diabetes mellitus, particularly with high-
intensity statin therapy.¹² 
Pre-marketing clinical trials are essential for evaluating 
drug safety; however, they have limitations in detecting 
rare, delayed, or population-specific adverse drug 
reactions due to limited sample size and duration.¹³ 
Additionally, clinical trial populations may not fully 
represent real-world patients with multiple 
comorbidities and concomitant medications.¹⁴ 
Therefore, post-marketing pharmacovigilance is 
critical for monitoring drug safety in real-world 
settings. 
Pharmacovigilance involves the detection, assessment, 
and prevention of adverse drug reactions using 
spontaneous reporting databases such as FAERS and 
WHO Vigibase.¹⁵ Signal detection methods such as 
reporting odds ratio (ROR) and proportional reporting 
ratio (PRR) enable identification of potential 
associations between drugs and adverse events.¹⁶ 
Pharmacovigilance signal detection has contributed 
significantly to identifying safety concerns associated 
with statins and improving patient safety. 

This review aims to comprehensively evaluate the 
safety profiles of atorvastatin and rosuvastatin and 
highlight the importance of pharmacovigilance signal 
detection in improving drug safety and optimizing 
clinical decision-making. 
 
Methodology 
This study was conducted as a narrative review of the 
published literature to evaluate and compare the safety 
profiles of atorvastatin and rosuvastatin, with a 
particular focus on pharmacovigilance data and signal 
detection methods related to adverse drug reactions 
(ADRs). The World Health Organization defines 
ADR’s as “a response to a medication that is noxious 
and unintended and occurs at doses normally used in 
man.” 17A comprehensive literature search was 
performed across multiple electronic databases 
including PubMed, Scopus, Web of Science, Embase, 
and Google Scholar to identify relevant publications. 
In addition to traditional literature sources, major 
pharmacovigilance databases such as the U.S. Food 
and Drug Administration Adverse Event Reporting 
System (FAERS) and the World Health Organization 
global database, Vigibase, were also examined to 
capture reported adverse drug reaction signals 
associated with statin therapy. The search included 
studies published between January 2000 and March 
2025. 
The search strategy incorporated a combination of 
keywords and medical subject headings related to 
statins and drug safety. The primary search terms 
included “atorvastatin,” “rosuvastatin,” “statins,” 
“adverse drug reactions,” “pharmacovigilance,” 
“signal detection,” “reporting odds ratio,” and “drug 
safety.” These terms were used individually and in 
combination using Boolean operators to ensure 
comprehensive retrieval of relevant literature. Studies 
were included if they evaluated the safety profile, 
adverse drug reactions, or pharmacovigilance signals 
associated with atorvastatin or rosuvastatin. Eligible 
study designs included pharmacovigilance analyses, 
randomized controlled trials, observational studies, 
cohort studies, case–control studies, and systematic 
reviews that reported safety outcomes related to statin 
use. Articles not published in English, conference 
abstracts without full text, and studies lacking relevant 
safety data were excluded. 
Particular emphasis was placed on studies utilizing 
pharmacovigilance signal detection methodologies. 
The principal disproportionality analysis methods 
reviewed included the Reporting Odds Ratio (ROR) 
and the Proportional Reporting Ratio (PRR). In 
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pharmacovigilance analysis, a signal was considered 
present when the ROR was greater than 1 or when the 
PRR was greater than or equal to 2, suggesting a 
disproportionate reporting of a specific adverse event 
associated with the drug of interest.¹⁶ 
Relevant studies were screened and reviewed to 
identify reported adverse events, safety signals, and 
comparative safety outcomes between atorvastatin and 
rosuvastatin. The findings from the selected literature 
were then synthesized narratively to provide an 
overview of the pharmacovigilance evidence related to 
statin safety. 
Review of Literature 
Pharmacological Characteristics 
Atorvastatin is classified as a lipophilic (fat-soluble) 
statin. This chemical property allows it to easily diffuse 
across cell membranes, resulting in extensive 
metabolism primarily driven by the hepatic CYP3A4 
enzyme system. While effective, this lipophilicity 
facilitates a much wider distribution throughout 
extrahepatic (peripheral) tissues, which inherently 
increases its potential to cause systemic adverse effects 
and drug-drug interactions.18 Conversely, rosuvastatin 
is a hydrophilic (water-soluble) statin. This structural 
difference grants it significantly greater 
hepatoselectivity—meaning it preferentially targets the 
liver where cholesterol synthesis occurs—and ensures 
it undergoes minimal cytochrome P450 (CYP) 
metabolism. As a result, rosuvastatin produces far 
lower systemic exposure in peripheral tissues.19 These 
fundamental pharmacokinetic differences are the 
primary drivers behind the distinct variations observed 
in their respective safety profiles. A detailed 
description is shown in Figure 1. 

 
Figure 1: Comparative Pharmacokinetics and Safety 
Profiles of Atorvastatin vs. Rosuvastatin 
Musculoskeletal Safety Profile 
Muscle-related toxicity remains the most frequently 
reported adverse effect associated with statin therapy. 
This toxicity presents on a clinical spectrum ranging 
from mild myalgia (muscle aches without enzyme 
elevation) and myopathy (muscle weakness) to severe, 
potentially fatal rhabdomyolysis (muscle 

breakdown).20 The underlying pathophysiological 
mechanism driving this damage is largely believed to 
involve statin-induced mitochondrial dysfunction 
within muscle cells, which impairs cellular energy 
production and may be linked to the depletion of 
coenzyme Q10.21 Comprehensive signal detection 
studies utilizing post-marketing databases have 
consistently demonstrated an increased rate of 
reporting for muscle toxicity with both atorvastatin and 
rosuvastatin.22 However, because lipophilic statins 
such as atorvastatin readily penetrate extrahepatic cell 
membranes, they achieve greater concentrations in 
muscle tissue, leading to a theoretically higher and 
more frequently observed risk of muscle toxicity 
compared to hydrophilic alternatives.18 

Hepatic Safety Profile 
Because statins exert their primary mechanism of 
action and undergo extensive metabolism within the 
liver, they are well-documented to cause asymptomatic 
elevations in liver transaminases (liver enzymes).23 
Ongoing signal detection studies analyzing adverse 
event registries have successfully identified robust 
hepatotoxicity signals associated with the use of both 
atorvastatin and rosuvastatin.24 Notably, atorvastatin 
consistently demonstrates stronger, more pronounced 
hepatotoxicity signals, a phenomenon largely 
attributed to its heavy reliance on the CYP enzyme 
system for hepatic clearance, which can place a higher 
metabolic burden on the liver.25 

Metabolic Safety Profile 
In recent clinical evaluations, statin therapy has been 
independently associated with a dose-dependent 
increased risk of developing incident diabetes mellitus, 
potentially by altering insulin sensitivity and beta-cell 
secretion.¹² Advanced signal detection studies 
specifically evaluating this metabolic risk have 
demonstrated markedly increased diabetes risk signals 
associated with the use of atorvastatin when directly 
compared to rosuvastatin, suggesting a distinct 
metabolic profile between the two drugs.26 

Neurological Safety Profile 
While less common than musculoskeletal or hepatic 
issues, statins are capable of causing a variety of 
neurological adverse effects, most notably including 
headaches, peripheral neuropathy, and occasionally 
sleep disturbances or cognitive fuzziness.27 Because 
highly lipophilic statins such as atorvastatin possess the 
necessary chemical properties to cross the blood-brain 
barrier far more easily than hydrophilic statins, they 
exert a more direct pharmacological effect on the 
central nervous system.18 Consequently, signal 
detection studies reveal significantly stronger and more 
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frequent neurological adverse effect signals for 
atorvastatin compared to its counterparts.28 

Gastrointestinal Safety Profile 
Patients frequently report gastrointestinal adverse 
effects upon initiating or titrating statin therapy. The 
most commonly reported gastrointestinal symptoms 
include nausea, constipation, diarrhea, and dyspepsia 
(indigestion).29 Fortunately, in routine clinical practice, 
these adverse effects are usually mild, transient in 
nature, and can often be managed effectively without 
discontinuing the medication. 
Role of Pharmacovigilance Signal Detection 
Pharmacovigilance signal detection plays a critical, 
ongoing role in post-marketing drug safety. By 
systematically analyzing large, spontaneous reporting 
databases (such as the FDA's FAERS), researchers can 
identify previously unrecognized or emerging adverse 
drug reactions.¹⁵ The statistical methods utilized to 
quantify these safety signals rely on disproportionality 
analysis, most notably including: 
Reporting Odds Ratio (ROR): An estimate of the 
relative risk of an adverse event occurring with a 
specific drug compared to all other drugs in the 
database. 
Proportional Reporting Ratio (PRR): A measure of how 
frequently an adverse event is reported for a specific 
drug relative to the reporting frequency of that same 
event for all other drugs. 
Together, these mathematical models help 
epidemiologists detect mathematically significant 
drug-safety signals that warrant further regulatory 
review. 
Comparative Safety Profile 
When summarizing the overall comparative safety 
profile, atorvastatin consistently demonstrates stronger 
post-marketing signal associations with several critical 
adverse events. Most notably, these include: 
Diabetes mellitus (new-onset) 
Hepatotoxicity (transaminase elevations) 
Neurological adverse effects (due to central nervous 
system penetration) 
Conversely, rosuvastatin generally demonstrates a 
much lower propensity for broad systemic adverse 
effects. This superior systemic safety profile is 
primarily due to its hydrophilic structure and high 
hepatoselectivity, which effectively restricts its 
pharmacological activity mostly to the liver.19 

Clinical Implications 
To actively mitigate these risks and ensure therapeutic 
efficacy, clinicians must implement proactive 
monitoring strategies for all patients on statin therapy. 
Key clinical practices include monitoring: 

Liver function: Obtaining baseline transaminase levels 
before initiation and checking them if symptoms of 
hepatotoxicity arise. 
Muscle symptoms: Educating patients to report 
unexplained muscle pain or weakness, and checking 
creatine kinase (CK) levels if myopathy is suspected. 
Blood glucose levels: Routinely screening fasting 
blood glucose or HbA1c, particularly in patients with 
predisposing risk factors for diabetes. 
Ultimately, robust pharmacovigilance data combined 
with individualized clinical monitoring drastically 
improves overall patient safety and long-term 
cardiovascular outcomes. 
Limitations 
This review has several limitations. As a narrative 
review, the study relies on previously published 
literature and pharmacovigilance data, which may be 
subject to reporting bias, underreporting, and 
incomplete clinical information. Spontaneous 
reporting systems such as FAERS and Vigibase cannot 
establish causal relationships between drugs and 
adverse events, and the data may be influenced by 
confounding factors such as comorbidities, 
concomitant medications, and variations in reporting 
practices. In addition, heterogeneity among included 
studies and differences in study design, patient 
populations, and outcome measures may limit direct 
comparison of safety outcomes between atorvastatin 
and rosuvastatin. 
Future Directions 
Future research should focus on large-scale 
pharmacoepidemiological studies and real-world 
evidence to further clarify the comparative safety 
profiles of statins across diverse populations. The 
integration of advanced pharmacovigilance 
methodologies, including machine learning and 
artificial intelligence-based signal detection, may 
enhance early identification of adverse drug reactions. 
Prospective studies evaluating genetic susceptibility, 
pharmacogenomics, and patient-specific risk factors 
may also facilitate personalized statin therapy. 
Strengthening global pharmacovigilance reporting 
systems and encouraging active adverse event 
reporting will further improve the detection and 
management of statin-associated adverse drug 
reactions and ultimately enhance patient safety. 
Conclusion 
Atorvastatin and rosuvastatin are among the most 
widely prescribed high-intensity statins and play a 
critical role in the management of dyslipidemia and 
prevention of cardiovascular diseases. Both agents 
demonstrate strong efficacy in lowering LDL-
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cholesterol and reducing cardiovascular morbidity and 
mortality. Overall, these statins possess a favorable 
benefit–risk profile; however, differences in their 
pharmacokinetic and pharmacodynamic properties 
influence their safety patterns. Evidence from 
pharmacovigilance and clinical studies indicates that 
atorvastatin, being a lipophilic statin extensively 
metabolized by the CYP3A4 enzyme system, shows 
stronger associations with certain adverse drug 
reactions, including hepatotoxicity, new-onset diabetes 
mellitus, and neurological effects. In contrast, 
rosuvastatin, a hydrophilic statin with greater 
hepatoselectivity and minimal cytochrome P450 
metabolism, generally demonstrates lower systemic 
exposure and a comparatively reduced risk of systemic 
adverse effects. 
 
Pharmacovigilance signal detection plays a pivotal role 
in identifying rare, delayed, and previously 
unrecognized adverse drug reactions that may not be 
detected during pre-marketing clinical trials. 
Analytical methods such as reporting odds ratio (ROR) 
and proportional reporting ratio (PRR) enable early 
identification of potential safety signals from large 
pharmacovigilance databases such as FAERS and 
WHO Vigibase. These approaches contribute 
significantly to improving drug safety monitoring, 
guiding regulatory decisions, and supporting 
individualized treatment strategies in clinical practice. 
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