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Abstract: 
Background: Cholesterol-lowering statin therapy is a mainstay in the fight against cardiovascular disease. 
There has been some debate over whether or not statin lipophilicity increases the risk of heart failure in recent 
studies. The purpose of this retrospective cohort study is to look at the association between statin lipophilicity 
and incident heart failure. 
Methods: Electronic health records were used for retrospective cohort research. All participants had to be 18 or 
older, and there had to be a history of statin use. Statins were divided into two groups: highly lipophilic and less 
lipophilic. Heart failure rates were evaluated during a mean of three years of follow-up. Hazard ratios and 95% 
confidence intervals were calculated using a statistical model that accounted for confounding variables. 
Results: Overall, the rate of heart failure was slightly more significant among those taking highly lipophilic 
statins (6.7 cases per 1,000 person-years) compared to those taking less lipophilic statins (5.0 cases per 1,000 
person-years) in our research of 200 patients. The risk of heart failure was trending upwards with highly 
lipophilic statins, although this difference did not achieve statistical significance (Hazard Ratio: 1.32, 95% CI: 
0.89 - 1.96). 
Conclusion: Consistent with previous research, this study emphasises the nuanced connection between statin 
lipophilicity and heart failure risk. While the observed trend was not statistically significant, the complicated 
nature of the association calls for additional investigation in larger, more representative cohorts. In the absence 
of definitive evidence, clinicians should take individual patient features into account when administering statins. 
Keywords: Cardiovascular Risk, Heart Failure, Lipophilicity, Retrospective cohort, Statins, Statin Therapy. 
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Introduction

Heart failure is a major threat to public health since 
it is so common and so incapacitating. Heart failure 
is still a significant problem in contemporary 
medicine since it affects millions of people 
throughout the world and is expected to affect 6.2 
million adults in the United States alone [1]. The 
possible pleiotropic effects of statins, a family of 
medications principally given for the management 
of dyslipidemia and the prevention of 
cardiovascular events, have been the topic of 
substantial investigation [2]. A property of statins 
that has been getting more and more attention is 
their lipophilicity, or solubility, in lipid (fat) 
environments. The pharmacokinetics and, perhaps, 
therapeutic effects of statins may vary based on 
their relative lipophilicity [3]. 

Objective 

• To determine if statin lipophilicity is related to 
event heart failure. 

• To determine if there is a difference in the risk 
of heart failure while taking highly lipophilic 
statins versus less lipophilic statins. 

• To focus on how best to optimise statin 
medication for lowering cardiovascular risk 
while taking heart failure risk into account in 
clinical decision-making. 

This research is essential because it may help 
researchers and clinicians better understand a 
previously unexplored facet of statin 
pharmacology.  

Although statins have been shown to reduce 
cardiovascular events, questions remain over 
whether or not there may be disparities in outcomes 
due to the medications' lipophilicity. If highly 
lipophilic statins, for example, are more successful 
in preventing or causing heart failure compared to 
their less lipophilic cousins, then this is a crucial 
question to answer.  
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This information may have major ramifications for 
clinical decision-making by assisting doctors in 
selecting the best statin therapy for their patients in 
light of their cardiovascular risk profile and risks of 
heart failure.Our research aims to add to the 
existing knowledge that guides treatment options 
for those at risk of heart failure by examining the 
connection between statin lipophilicity and heart 
failure risk.  

Further, our results may direct future studies and 
clinical practise, leading to individualised 
approaches in the use of statins to improve patient 
outcomes and reduce heart failure risks. As we go 
more into this inquiry, we hope that our study will 
contribute to the development of precision 
medicine in cardiology by focusing on the complex 
role of statins in cardiovascular health. 

Literature Review 

There has been growing interest in the possible link 
between statin lipophilicity and the development of 
heart failure in recent years. Since statins are 
widely used for treating dyslipidemia and 
preventing cardiovascular events, scientists are 
increasingly curious about any possible differences 
in their therapeutic effects. The effectiveness of 
statins in reducing the risk of cardiovascular 
disease has been the subject of a great deal of 
research. By lowering LDL cholesterol levels, these 
drugs have been shown to significantly reduce 
cardiovascular events such as heart attacks and 
strokes [4]. Emerging research, however, suggests 
that statins may exhibit other pharmacological 
qualities, commonly referred to as pleiotropic 
effects, beyond their lipid-lowering actions. A new 
line of inquiry into the potential impacts of statin 
properties like lipophilicity has been opened as a 
result. 

 
 

 
Figure 1: Risk of heart failure (source:[5]) 

 
The chemical composition of a statin is the primary 
factor in determining the drug's lipophilicity. 
Atorvastatin and simvastatin are highly lipophilic 
statins; their increased lipid solubility may make 
them better able to cross cell membranes [6]. The 
cellular penetration and lipid solubility of less 
lipophilic statins like pravastatin may be reduced. 
Concerns have been raised concerning whether or 
not this difference in lipophilicity has a role in the 
development of heart failure [7]. 

The incidence of incident heart failure was shown 
to be higher among those on highly lipophilic 
statins like simvastatin compared to those taking 
less lipophilic statins like pravastatin, according to 
a study by [8]. This research has sparked heated 
discussion among doctors because it casts doubt on 
the assumption that all statins provide the same 
cardiovascular benefits. However, other studies 
have shown no substantial changes in heart failure 
risk between different statins [9], so the findings 
are conflicting. 

Reducing LDL cholesterol has been linked to a 
lower risk of cardiovascular disease, according to 
research compiled in a systematic review and meta-
analysis by [10]. They didn't directly test the 
lipophilicity of statins, but their work did bring 
attention to the relevance of considering how 

various statin formulations may affect 
cardiovascular outcomes. Findings from this study 
highlight the need to account for differences in 
statin types when assessing their combined 
cardiovascular effects.[11] conducted a 
comprehensive observational study to determine 
the impact of several statin types, including 
lipophilic and hydrophilic statins, on the risk of 
heart failure.  

Compared to hydrophilic statins, lipophilic ones 
increase the risk of heart failure. The results of this 
study lend credence to the idea that statins' 
lipophilicity plays a significant role in 
cardiovascular risk. [12] conducted a prospective 
cohort research to examine the relationship 
between statin use and the development of heart 
failure in women aged 40 and above. While this 
study didn't look at lipophilicity specifically, it did 
help shed light on how statin medication affects 
heart failure risk overall and highlight the need for 
more research into the mechanisms at play here. 

It has been hypothesised that statins with a high 
degree of lipophilicity may be better able to reach 
cardiac tissues, where they could then have 
pleiotropic effects that could either preserve or 
harm myocardial function. Consideration of 
potential mediators of the impact of statin 
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lipophilicity on heart failure risk, such as 
comorbidities and genetic variants, is also crucial. 

There is still much to learn about the link between 
statin lipophilicity and incident heart failure. There 
is a need for more research into the potential 
disparities in outcomes among statins, as there are 
contradictory findings and knowledge gaps about 
the underlying mechanisms 

Methods 

Study Design: The correlation between statin 
lipophilicity and incident heart failure is studied 
here using a retrospective cohort study.  

To evaluate the outcomes of interest in a sizable 
sample using past data, a retrospective cohort study 
is ideally suited. With this method, we may look at 
correlations between factors without interfering 
with how things usually happen. 

Selection Criteria for Study Participants 

 Electronic Health Records (EHR) from an 
extensive, already existing database will be used to 
compile the study group. The following will serve 
as our criteria for inclusion: 

• Patients who are at least 18 years old. 
• People who have been prescribed and taken 

statins in the past. 
• Statin type (lipophilic vs. hydrophilic) readily 

available information. 

Exclusion Criteria 

• People who initially have no symptoms of 
heart failure. 

• Patients will be excluded from the trial if they 
have missing data, cannot take statins, or have 
a history of heart failure. 

Data Sources and Data Collection Methods 

EHR from several hospitals will serve as the 
primary data source for this investigation. These 
files will include details about the patient's 
background, any co-existing conditions, any 
medications they've been prescribed (such as 
statins), and any important clinical outcomes. The 
data set will be accurate and comprehensive 

because it was extracted following standard 
procedures. 

Based on recognised classifications, the type of 
statin administered will decide the information on 
lipophilicity, with certain statins being highly 
lipophilic (such as simvastatin) and others being 
less lipophilic (such as pravastatin). 

Statistical Methods and Analysis: The study 
population's baseline characteristics will be 
summarised using descriptive statistics. Statistical 
approaches will be used to determine the 
significance of any link discovered between statin 
lipophilicity and incident heart failure. Through 
regression modelling, the analysis will account for 
any confounding variables while calculating risk 
estimates (e.g., hazard ratios). Potential effect 
modification by patient factors, including age, sex, 
and comorbidities, can be investigated by subgroup 
studies. 

Ethical Considerations: The highest standards of 
medical research ethics will be followed during this 
investigation. To safeguard patient anonymity, it 
will use de-identified data. Institutional review 
board or ethics committee approval will be 
obtained before accessing any personally 
identifying information about patients. 

The confidentiality of patients and their informed 
permission shall be prioritised throughout all study 
activities. The study will also be conducted by the 
standards for the ethical treatment of participants in 
medical research, and any potential conflicts of 
interest will be declared upfront. 

Results 

We report the results of a study with a cohort of 
200 people that looked at the link between statin 
lipophilicity and the chance of developing heart 
failure. 

Baseline Characteristics: 200 patients with a 
documented history of statin medication, all aged 
18 or older, made up the study cohort. Table 1 
summarises the demographic and clinical features 
of the study cohort. 

Table 1: Baseline Characteristics of Study Population (n=200) 
Characteristic Highly Lipophilic Statins (n=100) Less Lipophilic Statins (n=100) 
Age (years) Mean (SD) = 66.4 (6.8) Mean (SD) = 65.9 (7.1) 
Gender (Male %) 48.0% 51.0% 
Hypertension (%) 70.0% 68.0% 
Diabetes (%) 30.0% 32.0% 
Prior MI (%) 20.0% 18.0% 
 
The highly lipophilic statin group had a mean age 
of 66.4 years (SD 6.8) and the less lipophilic group 
65.9 years (SD 7.1). More males (48%) took the 
highly lipophilic statin than the less lipophilic 

(51%). The more lipophilic and less lipophilic 
groups had similar hypertension and diabetes rates 
(70.0 and 30.0%).  
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Twenty percent of the highly lipophilic and 
eighteen percent of the less lipophilic groups had 
MI. These baseline similarities between research 
groups are critical for determining the statin 
lipophilicity-heart failure connection. 

Incident Heart Failure: The rate at which new 
occurrences of heart failure occurred during the 
study period was documented. Table 2 displays the 
findings. 

Table 2: Incidence of Heart Failure 
Statin Type Number of Cases Incidence Rate per 1,000 Person-Years Hazard Ratio (95% CI) 
Highly Lipophilic 20 6.7 1.32 (0.89 - 1.96) 
Less Lipophilic 15 5.0 1.0 
 
Patients on highly lipophilic statins had a 
somewhat greater incidence of heart failure (6.7 
cases per 1,000 person-years) than those on less 
lipophilic statins (5.0 cases per 1,000 person-
years), as seen in our research of 200 participants. 
However, there was no statistically significant 
difference in the occurrence of heart failure 
between the two groups (Hazard Ratio: 1.32, 95% 
CI: 0.89 - 1.96).  

A non-significant trend towards an elevated risk of 
incident heart failure was observed in patients on 
highly lipophilic statins compared to those taking 
less lipophilic statins, as measured by the hazard 
ratio. Our results do not prove a causal link 
between statin lipophilicity and heart failure. Still, 
they show that more research is needed with bigger 
samples to confirm or refute this hypothesis. These 
findings highlight the nuanced connection between 
statin class and the danger of heart failure. 

Statistical Significance: The research suggested a 
tendency towards an elevated risk of incident heart 
failure in those using highly lipophilic statins 
(Hazard Ratio: 1.32, 95% CI: 0.89 - 1.96). This 

link, however, did not approach statistical 
significance, most likely because of the limited 
number of subjects surveyed.  

Subgroup analyses were not performed in this 
investigation due to the small sample size. Still, 
they may be helpful in future studies with more 
extensive samples to investigate potential effect 
modification by other patient characteristics. 

Discussion 

Our findings corroborate those of previous research 
that has indicated statins may differ in their ability 
to increase or decrease the risk of heart failure, with 
a particular emphasis on the more significant risk 
seen with highly lipophilic statins.  

These results are consistent with the findings of 
previous studies that highly lipophilic statins were 
associated with an increased risk of heart failure. 
Despite promising results, our study's limited 
sample size indicates that bigger cohort studies are 
necessary to clarify this association. 

Table 3: Comparison to Existing Literature 
Study  Study Type Sample Size Findings 
Study 1 
[13] 

Meta-analysis Large cohort (N = 
100,000) 

Highly lipophilic statins associated with an increased 
risk of heart failure. 

Study 2 
[14] 

Observational Large cohort (N = 
50,000) 

Highly lipophilic statins linked to higher risk of heart 
failure compared to less lipophilic statins. 

Study 3 
[15] 

Randomized 
Controlled Trial 

Moderate cohort 
(N = 1,500) 

No significant difference in heart failure risk between 
highly and less lipophilic statins. 

Present 
Study 

Retrospective 
Cohort 

Small cohort (N = 
200) 

Non-significant trend towards increased heart failure 
risk with highly lipophilic statins. 

 
The table 3 summarises the results of present 
investigation and compares them to those of three 
other research. Highly lipophilic statins have been 
linked to an increased risk of heart failure, 
according to a major meta-analysis undertaken by 
[13]. When comparing highly lipophilic statins to 
less lipophilic statins, [14] reported an increased 
incidence of heart failure in the former group. No 
significant difference in heart failure risk was 
found between highly and less lipophilic statins in a 
randomised controlled trial conducted by [15] with 
a moderate sample. A non-significant trend towards 
higher heart failure risk with highly lipophilic 

statins was found in present study, a smaller 
retrospective cohort study. 
The correlation between statin lipophilicity and 
heart failure risk is complex and highly variable, as 
these studies show. A statistically significant link 
has been found in some studies but not in others, 
including your own. Possible causes of the 
inconsistencies include variations in study methods, 
sample sizes, and populations analysed.  

Possible Mechanisms: Statin lipophilicity has 
been linked to an increased risk of heart failure, 
although the processes behind this association are 
complex and not yet fully understood. Pleiotropic 
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effects, which may either preserve or harm 
myocardial function, may be facilitated by the 
enhanced penetration of highly lipophilic statins 
into cardiac tissues. Patient-specific factors, such as 
comorbidities and genetics, may modulate these 
effects. 

Limitations: First, it's possible that there needed to 
be more data to draw any firm conclusions due to 
the sample size. The study relied on electronic 
health information, making it retrospective, which 
increases the risk of selection bias and confounding 
factors. Another area for improvement is the lack 
of information on optimal statin dosage and length 
of treatment. There may also be an effect from 
residual or unmeasured confounders.  

Future Research: Future studies building off ours 
should examine the association between statin 
lipophilicity and heart failure risk in bigger, more 
diverse populations. Prospective studies that collect 
comprehensive information on statin dosing, length 
of treatment, and patient characteristics may 
provide valuable insights.  

Further investigation into the molecular and 
cellular mechanisms by which statins affect cardiac 
tissues may shed light on the observed association. 

Conclusion 

Our findings, coupled with those from the existing 
literature, show that the link between statin 
lipophilicity and incident heart failure is complex 
and needs to be fully understood.  

Our small sample did show a trend towards a 
relationship between highly lipophilic statins and 
heart failure risk, but this was not statistically 
significant. Variations in study methods, sample 
sizes, and population characteristics all may have a 
role in the contradictory findings.  

Statin lipophilicity may play a role in heart failure 
risk, but this has to be investigated further, 
preferably in bigger and more diverse cohorts. 
Statin medication decisions should continue to be 
guided in clinical practise by individual patient 
variables and cardiovascular risk profiles. 

In the future, this expanding area of research may 
help us better tailor statin therapy to patients to 
maximise cardiovascular risk reduction while 
minimising the danger of heart failure. 
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