
Journal of Biochemical and Molecular Toxicology

REVIEW

Optimizing Outcomes in Heart Transplantation: The Role
of High‐Intensity Statin Therapy
Nima Ghavamikia1 | Hossein Saffarfar2 | Babak Seifdavati3 | Mohaddeseh Jamali4 | Shadi Izadidehkordi5 |
Seyyed Abbas Pakmehr6 | Mohammadreza Aghabali7 | Negar Jahani8 | Payam Ali‐Khiavi9 | Abtin Soleimanian7 |
Ahmed Hijazi10 | Milad Vahedinezhad11 | Reza Shahhoseini12

1Cardiology Department, Tehran Heart Center, Tehran University of Medical Sciences, Tehran, Iran | 2Cardiovascular Research Center, Tehran University of

Medical Sciences, Tehran, Iran | 3Faculty of Pharmacy, Tabriz University of Medical Sciences, Tabriz, Iran | 4Rajiv Gandhi University of Health Sciences,

Bangalore, Karnataka, India | 5Department of Pharmacoeconomics and Pharmaceutical Administration, Faculty of Pharmacy, Tehran University of Medical

Sciences, Tehran, Iran | 6School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran | 7Tehran Medical Sciences Branch, Islamic Azad University,

Tehran, Iran | 8Student Research Committee, Faculty of Pharmacy, Mashhad University of Medical Sciences, Mashhad, Iran | 9Faculty of Medicine, Tabriz

University of Medical Sciences, Tabriz, Iran | 10Department of Medical Laboratory Sciences, College of Applied Medical Sciences, Prince Sattam bin Abdulaziz

University, Al‐Kharj, Saudi Arabia | 11Cardiovascular Research Center, Tabriz University of Medical Sciences, Tabriz, Iran | 12Faculty of Medicine, Istanbul

Medipol University, Istanbul, Turkey

Correspondence: Milad Vahedinezhad (Miladvahedinezhad@gmail.com) | Reza Shahhoseini (Rshahh93@gmail.com)

Received: 6 August 2024 | Revised: 10 September 2024 | Accepted: 11 November 2024

Funding: The authors received no specific funding for this work.

Keywords: coronary allograft vasculopathy | graft rejection | heart transplantation | high‐intensity statins | statin therapy

ABSTRACT
Heart transplantation is a vital procedure for patients with end‐stage heart failure, but it faces significant challenges, including graft
dysfunction, rejection, and cardiac allograft vasculopathy (CAV), which can compromise long‐term graft success. Research suggests

that statin therapy may offer significant benefits to heart transplant recipients, such as improved long‐term survival and reduced

rates of graft rejection and mortality. The aim of this review is to thoroughly examine the recent literature on this topic since 2005.

Early use of high‐dose statins appears to be particularly effective in preventing vasculopathy and improving outcomes, although a

titrated approach may help to reduce side effects. High‐dose statins may provide superior cardiovascular benefits, including lower

rates of CVD, slower progression of CVD and improved long‐term graft survival. Despite potential concerns about adverse effects,

evidence suggests that high‐intensity statins improve cholesterol levels without increasing serious adverse events after transplan-

tation. The goal of statin therapy in heart transplant recipients is to balance the well‐established benefits seen in the general

population with the specific needs of this group, with the ultimate goal of improving both longevity and quality of life.

1 | Introduction

Since its discovery in 1967, heart transplantation (HT) has
remained a life‐saving treatment for patients with end‐stage
heart failure, increasing survival rates by more than a decade.
However, there are far more heart transplant candidates than
heart donors. This is further complicated by issues such as graft

dysfunction and failure, immunosuppression‐related complica-
tions and allograft rejection, such as cardiac allograft vasculo-
pathy (CAV), acute cellular rejection (ACR), and antibody‐
mediated rejection (AMR), which limit graft viability [1].
Although the donor pool has expanded due to recent innova-
tions [2], posttransplant care should be optimized to increase
the survival of the transplanted organ. CAV is a unique form of
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coronary artery disease that affects the vasculature of the
transplanted heart and is a leading cause of morbidity and
mortality in heart transplant recipients. As such, the manage-
ment and mitigation of CAV progression is a critical aspect of
posttransplant care. Terminal malignancy is a significant cause
of death late after heart transplantation.

Statins are inhibitors of hydroxymethylglutaryl‐coenzyme A
(HMG‐CoA) reductase, the rate‐limiting enzyme in the cho-
lesterol biosynthesis pathway [3]. Statin therapy, widely used to
manage hyperlipidemia and prevent atherosclerotic cardiovas-
cular disease, has attracted attention for its potential benefits in
heart transplant recipients, including reducing the incidence of
CAV and improving long‐term outcomes, regardless of lipid
levels [4–9]. The International Society for Heart and Lung
Transplantation Guidelines (2024) strongly recommend (Class
I; Level of Evidence A) initiation of statins within 1–2 weeks of
heart transplantation, regardless of cholesterol levels [10].
Statins are believed to reduce the incidence of cardiac allograft
rejection and graft vasculopathy and increase the survival rates
of heart transplant patients [11].

In 2011, the FDA issued a boxed warning for Zocor (simvastatin),
introducing new restrictions and dosage limits to reduce the risk
of muscle injury, liver damage, and rhabdomyolysis. Drug in-
teractions, particularly with cyclosporine, have been identified as
a major cause of statin‐related adverse effects, leading to changes
in the labeling of cyclosporine and statins, and a shift in mana-
ging posttransplant hyperlipidaemia. Tacrolimus has since re-
placed cyclosporine in most immunosuppressive regimens.
However, discrepancies exist between drug information sources
and guidelines regarding statin interactions with cyclosporine or
tacrolimus, with limited data on tacrolimus [12]. While statin use

in heart transplant patients is well‐supported, long‐term com-
plications like myopathy and hepatotoxicity remain unclear.
Further research is needed on dosing, preoperative use, and
statin therapy in heart donors. This article reviews the current
understanding of statin therapy in heart transplantation, focusing
on its effects on CAV progression, outcomes, and safety.

2 | Statins and Heart Transplantation

2.1 | Potential Mechanisms of Action

There is a well‐known association between dyslipidemia and
the development of CAV, one of the main etiologies of allograft
rejection [11]. Statins may increase the survival rate of heart
transplants by decreasing serum cholesterol levels. According to
animal studies, hypercholesterolemia might result in hyper-
plasia of allograft vessel intima and lipid deposition [13]. Statins
can also increase the stability of atherosclerotic plaques in
mouse models of heart transplants [14]. Their effect on the
decreased atherosclerosis of the grafts and their improved en-
dothelial function and decreased endothelial permeability has
been revealed in heart transplant patients [15] (Figure 1).

In addition, statins may reduce allograft rejection by several
mechanisms (see graphical abstract). Statins have pleiotropic
properties, including increasing apoptosis, inhibiting angiogene-
sis, downregulating circulating cytokines, and reducing circu-
lating monocytes [16]. One possible mechanism is the reduction
in the synthesis of prenylated proteins, which ultimately leads to
the inhibition of protein biosynthesis, resulting in a reduction in
the proliferation, angiogenesis, and differentiation of tumor cells,
as well as affecting the proliferation of vascular smooth muscle

FIGURE 1 | Effect of different statins (fluvastatin, atorvastatin, lovastatin, pravastatin, rosuvastatin, simvastatin) on the outcome of heart

transplantation in patients with end‐stage heart failure. Statin therapy has been shown to exert immunomodulatory effects by reducing co‐
stimulatory molecules, inhibiting IFNγ‐induced MHC class II expression and increasing antigen‐presenting cell (APC) maturation. These changes

contribute to a reduction in antigen processing and presentation, influenced by decreased STAT4 and increased STAT6 and GATA3 activity.

Together, these effects help to reduce graft rejection and CAV, ultimately improving long‐term graft survival and patient outcomes.
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cells and the production of nitric oxide [17]. However, they boost
the expression of growth factor genes, which might increase the
proliferation of smooth muscle cells [18].

Statins have been shown to have immunological effects in vitro,
including regulation of DNA in cycling cells, inhibition of
monocyte chemotaxis, regulation of natural killer cell cyto-
toxicity and inhibition of antibody‐dependent cellular cyto-
toxicity. These effects may be due to changes in circulating
lipids or other mechanisms. These inhibitors have been shown
to reduce natural killer cell function and antibody‐dependent
cellular cytotoxicity, which can increase immunosuppression
and lead to clinically reduced allograft rejection [19, 20]. Statins'
immunomodulatory effects are also exerted via and enhancing
the effects of immunosuppressive agents such as cyclosporine
[21] associated with anti‐inflammatory effects. However, they
might increase the production of regulatory T cells, which is
associated with an impaired antitumor response [22].

Statins have been shown to directly reduce the virulence and
pathogenicity of several organisms, affect their signaling path-
ways and interact with several antimicrobial agents. They may
provide protection against infections caused by several pathogens
including Staphylococcus aureus, Mycobacterium tuberculosis and
Candida species. However, further clinical trials are needed to
validate the benefits of statins in preventing posttransplant
infections [23]. These combined effects may ultimately reduce
the incidence of cardiac allograft dysfunction in heart transplant
recipients, as evidenced by a meta‐analysis showing a 67%
reduction in coronary vasculopathy and a 63% reduction in he-
modynamically significant rejection episodes. They also have
antitumor effects in heart transplant recipients, as confirmed by
the same meta‐analysis showing a 70% reduction in terminal
cancer in these patients [16]. This anticancer effect is not
dependent on the statin dose or cholesterol reduction level.
Statins impact metalloproteinases, enzymes that aid in cell
transformation [24]. They also block the production of dolichol,
ubiquinol, farnesol, and geranylgeraniol, which are involved in
angiogenesis, tumor cell growth, and differentiation [25, 26].
These mechanisms likely account for the lower cancer rates
observed in heart transplant patients on statin therapy [27].

2.2 | Postoperative Statin Therapy in HT Patients

Statin therapy's impact on long‐term survival, graft rejection,
and inflammation in heart transplant patients has drawn sig-
nificant clinical interest [16, 28]. A meta‐analysis showed
reduced all‐cause mortality, fatal rejections, coronary vasculo-
pathy, and terminal cancer in patients treated with statins [16].
Table 1 is a summary of findings regarding therapeutic effects of
statins in patients with heart transplantation.

Studies suggest early initiation of high‐dose statins may prevent
vasculopathy better, though titrated doses can reduce adverse
effects. In 2011, a pilot, randomized study by Potena and col-
leagues compared early maximal‐dose fluvastatin (80mg/day)
with a titrated‐dosing strategy (starting at 20 mg/day) in heart
transplant patients. Both approaches were similarly effective in
achieving LDL levels below 100mg/dL at 12 months, but the
maximal‐dose group had faster LDL reduction and lower overall

LDL levels. While the safety was comparable, the maximal‐dose
group showed potential advantages in preventing pathological
changes in graft coronary arteries, with less intimal volume
increase and a higher prevalence of negative remodeling [28]. A
subgroup analysis from a study on the impact of everolimus on
allograft vasculopathy found that patients on “high‐dose” stat-
ins experienced a significantly smaller increase in maximal
intimal thickness compared to those on “low‐dose” statins [36].
Pravastatin and simvastatin have been linked to increased sur-
vival and reduced graft rejection [37], with simvastatin also
reducing myocardial TNF‐alpha expression, which affects
inflammation and rejection [38]. However, atorvastatin can cause
myopathy, particularly with cyclosporine [39]. Statins like pra-
vastatin, fluvastatin, and low‐dose simvastatin are safer with
calcineurin inhibitors, especially cyclosporine, but their lipid‐
lowering effects are modest [40]. A study transitioning 30 heart
transplant patients from cyclosporine to tacrolimus with ator-
vastatin showed improved cholesterol levels and was well‐
tolerated by most participants [32]. The FDA's 2011 regulations
for simvastatin highlighted risks of muscle injury, liver damage,
and rhabdomyolysis, especially in combination with cyclospo-
rine, making tacrolimus the preferred calcineurin inhibitor in
many regimens [12]. Tacrolimus is preferred over cyclosporine as
a calcineurin inhibitor due to differences in their interactions
with statins. Cyclosporine increases systemic exposure to statins,
leading to a higher risk of complications. This occurs because
cyclosporine inhibits cytochrome P450 3A4 (CYP3A4), which is
involved in statin metabolism, and affects P‐glycoprotein (PGP)
and organic anion transporting polypeptide (OATP1B1), both of
which transport statins [12, 41, 42]. In contrast, tacrolimus does
not significantly affect these transporters or enhance statin ex-
posure, thereby reducing the risk of statin‐related side effects
[12]. Studies show that while cyclosporine increases statin levels
and the risk of adverse events, tacrolimus does not interfere with
statin pharmacokinetics, making it a safer choice when com-
bining statins with calcineurin inhibitors [41].

Data from the Heart Transplant Lipid Registry and other studies
confirm statin therapy lowers the risk of death and rejection,
independent of lipid levels [43]. Statins combined with angio-
tensin receptor blockers and steroid withdrawal also signifi-
cantly improved survival [22, 34]. A long‐term study with
simvastatin showed increased survival and reduced coronary
allograft vasculopathy [37]. Statin therapy has been associated
with lower incidences of rhabdomyolysis, myositis, and trans-
aminase elevation, while reducing low‐density lipoprotein and
cardiac allograft vasculopathy [35]. Data from the Heart
Transplant Lipid Registry showed that statin therapy was the
only factor independently associated with reduced death and
fatal rejection [44]. Chronic renal failure (CRF) after heart
transplantation, a common complication, increases mortality,
but statin therapy has been linked to a lower risk of CRF,
emphasizing the need for further studies [45].

3 | Immunomodulatory Effects of Statins

Statins, inhibitors of HMG‐CoA reductase, are widely used
as lipid‐lowering agents but also possess significant im-
munomodulatory properties. These effects extend beyond cho-
lesterol regulation and influence immune responses, particularly
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by inhibiting major histocompatibility complex class II (MHC‐II)
expression and thereby modulating T‐cell activation. This occurs
through the inhibition of the inducible promoter IV of the
transactivator CIITA, especially in cells like endothelial cells and
macrophages, without affecting constitutive MHC‐II expression
[46, 47]. Consequently, statins can suppress MHC‐II‐mediated
immune responses, offering a new mechanism for immuno-
suppression in organ transplantation and other conditions [48].

In heart transplant patients, the immunomodulatory effects of
statins have shown clinical benefits, such as reduced inflam-
mation and graft rejection. Statins decrease TNF‐alpha levels in
myocardial tissue and lower circulating monocyte levels,
thereby reducing allograft dysfunction and improving survival
rates [38]. The immunosuppressive potential of statins also
manifests in their ability to alter the monocyte population and
regulate adhesion molecules, influencing immune responses
posttransplantation [49].

Beyond transplantation, studies suggest that statins could benefit
autoimmune diseases. For instance, statin therapy in systemic
lupus erythematosus (SLE) patients resulted in improved en-
dothelial function and increased flow‐mediated dilation (FMD),
with benefits observed both in patients with and without con-
ventional cardiovascular risk factors. Additionally, atorvastatin
showed a significant increase in resting brachial artery diameter
compared to control groups, indicating vascular improvements
[50]. These vascular effects align with the broader anti‐
inflammatory and immunomodulatory actions of statins, which
have been associated with reduced disease activity in rheumatoid
arthritis, improvements in proteinuria in vasculitis, and better
vascular outcomes in systemic sclerosis [51].

Clinical trials have further demonstrated differential effects of
various statins on immune markers. For example, atorvastatin led
to downregulation of MHC‐II antigens and CD38 activation on
T cells, while simvastatin had opposite effects. Interestingly, sim-
vastatin inhibited superantigen‐mediated T‐cell activation, which
may contribute to its protective role in infections like staphylococcal
bacteremia [52]. Statin therapy, particularly high‐dose regimens, has
also been shown to increase regulatory T cell (Treg) frequency and
elevate anti‐inflammatory cytokines like IL‐10 and TGF‐β, while
reducing pro‐inflammatory cytokines like IFN‐gamma [53].

These findings underscore the potential for statins to serve as
adjunct immunosuppressive therapy in both transplantation
and autoimmune diseases. They not only help prevent graft
rejection but may also reduce cancer risk in transplant re-
cipients and benefit patients with chronic inflammatory con-
ditions [27, 54]. The pleiotropic effects of statins, including their
anti‐inflammatory and immunosuppressive actions, make them
promising candidates for broader therapeutic applications in
immune‐mediated diseases [51]. However, further prospective
studies are needed to fully elucidate their long‐term benefits
and mechanisms in these contexts.

4 | Intensity of Statin Therapy in HT

The intensity of statin therapy, characterized by reduced low‐
density lipoprotein cholesterol (LDL‐C), is crucial in posttransplantT
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care [55]. Intense statin therapy has been associated with im-
proved outcomes in the general population, but its effects on
heart transplantation patients have not been as thoroughly
studied [56]. A growing body of evidence suggests that high‐
intensity statin therapy may confer superior benefits to
moderate‐intensity regimens, particularly in the early period
following transplantation. In the general population, high‐
intensity statins are well‐established in reducing the risk
of cardiovascular events [16]. Translating this benefit to
heart transplant patients requires understanding this group's
unique safety and efficacy considerations. For instance, heart
transplant recipients are on complex medication regimens,
including immunosuppressive therapy, which could interact
with statin metabolization and amplify potential side effects
[57]. Comparisons of moderate‐intensity and high‐intensity
statins generally demonstrate a favorable profile for intense
statin therapy. Nevertheless, the existing literature on the use
of high‐intensity statins in heart transplant recipients is lim-
ited. Studies such as those by Heeney et al. [31] have begun to
fill this gap by demonstrating the feasibility of administering
high‐intensity statins in heart transplant recipients receiving
tacrolimus. The concern with high‐intensity statins revolves
around potential adverse events, such as myopathy and liver
enzyme elevations, which could be exacerbated by concomi-
tant medications used in immunosuppression.

Despite these concerns, evidence points toward a positive
impact of high‐intensity statins on cholesterol levels without a
concomitant increase in serious adverse events, offering a
promising outlook on their use posttransplantation. It is critical,
however, to maintain vigilant monitoring for side effects,
especially considering the potential for drug–drug interactions
in this patient population. In heart transplant recipients, the
reduction in LDL‐C levels could translate to decreased rates of
CAV, delay the progression of existing CAV, or possibly
improve long‐term graft survival. However, this correlation
requires a more comprehensive investigation. Moreover, studies
have indicated that factors such as the timing of statin initia-
tion, the dose intensity, and the specific statin used can influ-
ence the time to adverse cardiovascular events following
transplantation [58]. In support of this, some retrospective
analyzes have suggested the benefits of higher statin intensity
early after transplantation, emphasizing early and potent statin
therapy might safeguard against the rapid development of CAV
in the first few years posttransplant, a period when the risk is
exceptionally high [28, 59]. Tacrolimus is a cornerstone
immunosuppressant used in heart transplant recipients and is
known for its effectiveness in preventing graft rejection. How-
ever, this medication can complicate the use of statins due to its
impact on cytochrome P450 enzymes, which are involved in
statin metabolism. The interaction between high‐intensity statins
and tacrolimus can lead to increased statin blood levels and a
heightened risk for statin‐related side effects. The safety and
efficacy of high‐intensity statins in this context have been eval-
uated in several studies, including Heeney et al. [31], which re-
ported no significant increase in adverse events with high‐
intensity statins in patients receiving tacrolimus. There is a critical
need for further research, particularly large‐scale, randomized
controlled trials, to validate the safety and efficacy of this
approach. Addressing the gap in knowledge about statin intensity
and its implications for CAV and other transplant‐related

outcomes is of utmost importance. Research should also explore
patient‐specific factors, such as genetic polymorphisms, that may
affect statin metabolism and response in the transplant setting
[29, 30].

5 | Preoperative Statin Therapy in HT Patients

Preoperative statin therapy has received significant attention in
the field of cardiovascular medicine, especially regarding its
impact on heart transplant recipients. Statins possess anti‐
inflammatory and immunomodulatory properties that can reduce
primary graft dysfunction and mortality in heart transplant re-
cipients (Figure 1). These are critical factors for transplant sur-
geries' short‐ and long‐term success. Optimizing pretransplant
care, including the potential benefits of statin therapy, cannot be
underestimated as clinicians aim to enhance patient outcomes.
Understanding the influence of preoperative statin use on heart
transplantation outcomes is crucial, as it could affect preoperative
protocols and long‐term patient care strategies [4]. Table 2 is a
summary of studies exploring preoperative benefits of statin
therapy in heart transplantation patients.

Remnant cholesterol (RC) is the cholesterol in triglyceride‐rich
lipoproteins linked to atherosclerosis and CAV. High RC levels
are a risk factor for cardiac events. Despite statin use, managing
RC remains inconsistent, as statins may not effectively lower all
lipid fractions [6, 62]. A study of 184 recipients found elevated
RC levels were associated with CAV onset, and statin therapy
did not consistently reduce RC levels [6]. This raises questions
about statins' efficacy in managing RC and suggests the need for
alternative treatments. While statins show potential in pre-
transplant care, their effects vary, with some studies showing
survival benefits and others minimal posttransplant impact.
Limitations of the study include its retrospective design and
potential selection bias. Prospective, randomized studies are
needed to confirm these findings and refine statin use in heart
transplant care.

6 | Statin Therapy in Pediatric HT Patients

Pediatric heart transplantation is a life‐saving procedure for
children with end‐stage heart disease. While the surgery can
dramatically improve survival and quality of life, it also intro-
duces a new set of challenges, one of which is the prevention of
CAV. Despite the positive results observed in adults, the impact
of statin therapy on the pediatric heart transplant population
remains uncertain and requires further investigation [7]. The
use of statin therapy for pediatric heart transplant recipients has
been inconsistent. This variability is partly due to the nuances
of the pediatric population, such as differences in lipid metab-
olism compared to adults and the lack of clear guidelines spe-
cifically tailored for children [5]. Table 3 presents a summary of
findings reported by studies investigating the effects of statin
therapy on pediatric patients undergoing heart transplantation.

Pravastatin may help reduce the risk of coronary artery vascu-
lopathy (CAV) in pediatric heart transplant recipients. A review
showed that pravastatin significantly lowers CAV risk in these

6 of 10 Journal of Biochemical and Molecular Toxicology, 2024
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patients [64]. Besides lowering cholesterol, pravastatin might
protect the coronary arteries, which is important for children.
The drug's effect on total cholesterol in kids could also support
heart health and graft longevity. However, more prospective
studies are needed to confirm these benefits and understand
how pravastatin works in children. The link between statin
uses and CAV in pediatric heart transplant patients is not fully
clear. While statins have shown varied effects on CAV in
adults, their impact on children remains uncertain [5]. This
uncertainty raises questions about whether adult statin pro-
tocols are suitable for children or if adjustments are needed. It
is crucial to examine factors like genetic predispositions, pre‐
transplant lipid levels, and age to tailor statin therapy for
young patients [5]. Despite potential benefits, statin therapy
has not shown clear improvements in rejection rates or sur-
vival for pediatric heart transplant recipients [63]. This high-
lights the complexity of post‐transplant care and the need for
comprehensive approaches. A prospective trial is needed to
better understand statins' role and provide clearer guidance for
pediatric heart transplant care.

7 | Statin Therapy in Heart Donors

Despite advancements in surgical techniques and postoperative
care, myocardial injury during the perioperative period can
significantly affect the short‐ and long‐term outcomes of heart
transplantation [67]. Reducing myocardial injury is thus a
critical component of posttransplant care. One potential
method for reducing myocardial injury is the pretreatment of
organ donors with simvastatin [35]. Simvastatin is a lipid‐
lowering agent that belongs to the class of drugs known as
statins, which have been noted for their ability to manage
cholesterol levels and their pleiotropic effects that may protect
against myocardial ischemic damage [37]. This treatment
strategy has attracted attention due to its potential to improve
transplant outcomes. The pretreatment of organ donors with
simvastatin has been associated with a reduction in biomarkers
of myocardial injury posttransplant. Additionally, it has been
indicated that simultaneous treatment with tacrolimus may not
significantly impact the baseline immunosuppressive effects in
these patients [68]. A decrease in troponin levels and other
markers following transplantation indicates less injury to the
cardiac tissue, which can be critical for the survival of the graft
and the recipient. Moreover, studies have shown that simvas-
tatin treatment may lead to a decrease in inflammatory cyto-
kines and growth factors that are involved in the body's
rejection response. Another notable benefit of donor simvasta-
tin treatment is the reduced need for rejection treatments that
can lead to hemodynamic compromise. By modulating the
immune response and potentially reducing the severity of cel-
lular rejection, simvastatin may minimize the need for aggres-
sive immunosuppressive therapies that can have serious side
effects and impact patient morbidity and mortality. Concerns
about the safety of administering medications to organ donors
are paramount, given the potential implications for multiple
recipients. However, evidence suggests that simvastatin treat-
ment does not adversely affect noncardiac transplant function,
making it a potentially safe and effective adjunct to the standard
care of organ donors. The absence of adverse effects in re-
cipients of noncardiac solid organ transplants from simvastatin‐

treated donors underscores the drug's general safety profile.
Before the widespread adoption of this therapy, the potential
risks and benefits must be carefully weighed in each case.
However, given the documented safety and possible benefits,
donor simvastatin treatment represents a promising strategy for
improving heart transplant outcomes.

8 | Conclusion

Postoperative statin therapy improves survival and graft func-
tion in heart transplant recipients, likely due to its anti‐
inflammatory and immunomodulatory effects, independent of
lipid control. Early statin use should become standard practice,
with future research focusing on optimizing protocols for dos-
age and timing. Further investigation is needed to clarify the
precise mechanisms behind these benefits, but routine statin
therapy holds significant promise for enhancing patient out-
comes and quality of life.

Author Contributions

Nima Ghavamikia: conceptualization, investigation, writing–original
draft, writing–review and editing. Hossein Saffarfar: conceptualization,
investigation, writing–original draft, writing–review and editing. Babak
Seifdavati: writing–original draft. Mohaddeseh Jamali: writing–
original draft. Shadi Izadidehkordi: writing–original draft. Seyyed
Abbas Pakmehr: writing–original draft. Mohammadreza Aghabali:
writing–original draft. Negar Jahani: writing–original draft. Payam
Ali‐Khiavi:writing–original draft. Abtin Soleimanian: writing–original
draft. Ahmed Hjazi: writing–original draft. Reza Shahhoseini: con-
ceptualization, writing–original draft, writing–review and editing and
supervision. Milad Vahedinezhad: conceptualization, writing–original
draft, writing–review and editing and supervision.

Acknowledgments

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing not applicable to this article as no data sets were generated
or analyzed during the current study.

References

1. M. A. Awad, A. Shah, and B. P. Griffith, “Current Status and Out-
comes in Heart Transplantation: A Narrative Review,” Reviews in
Cardiovascular Medicine 23, no. 1 (January 2022): 1.

2. K. K. Khush, L. Potena, W. S. Cherikh, et al., “The International
Thoracic Organ Transplant Registry of the International Society for
Heart and Lung Transplantation: 37th Adult Heart Transplantation
Report—2020; Focus on Deceased Donor Characteristics,” Journal of
Heart and Lung Transplantation 39, no. 10 (October 2020): 1003–1015.

3. N. C. Ward, G. F. Watts, and R. H. Eckel, “Statin Toxicity: Mecha-
nistic Insights and Clinical Implications,” Circulation Research 124, no.
2 (January 2019): 328–350.

4. D. F. Baba, H. Suciu, C. Avram, et al., “The Role of Preoperative
Chronic Statin Therapy in Heart Transplant Receipts—A Retrospective
Single‐Center Cohort Study,” International Journal of Environmental
Research and Public Health 20, no. 4 (February 2023): 3471.

8 of 10 Journal of Biochemical and Molecular Toxicology, 2024

 10990461, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jbt.70070 by Istanbul M

edipol U
niversity, W

iley O
nline L

ibrary on [21/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5. M. Townsend, M. Khoury, D. Koehl, et al., “Uncertain Benefit of
Statins in Pediatric Heart Transplant Recipients: A Phts Analysis,”
Journal of Heart and Lung Transplantation 43, no. 5 (May 2024): 703–713.

6. E. Alyaydin, C. Pogoda, A. Dell'Aquila, et al., “Cardiac Allograft
Vasculopathy in a Long‐Term Follow‐Up After Heart Transplantation:
Role of Remnant Cholesterol in Residual Inflammation,” Cardiology
Journal 29, no. 5 (2022): 782–790.

7. J. H. Berger, J. A. Faerber, O. Okunowo, M. J. O'Connor,
M. L. O'Byrne, and K. Y. Lin, “Clinical Practice Variation of Statin Use
in Pediatric Heart Transplantation,” Journal of Heart and Lung
Transplantation 41, no. 4 (April 2022): S88–S89.

8. T. M. Ellimuttil, K. Harrison, A. T. Rollins, et al., “Effect of Statin
Intensity on the Progression of Cardiac Allograft Vasculopathy,”
Cardiac Failure Review 7 (March 2021): e15.

9. A. Velleca, M. A. Shullo, K. Dhital, et al., “The International Society for
Heart and Lung Transplantation (ISHLT) Guidelines for the Care of
Heart Transplant Recipients,” Journal of Heart and Lung Transplantation
42, no. 5 (May 2023): e1–e141.

10. Y. Peled, A. Ducharme, M. Kittleson, et al, “International Society for
Heart and Lung Transplantation Guidelines for the Evaluation and Care
of Cardiac Transplant Candidates—2024,” Journal of Heart and Lung
Transplantation (August 2024).

11. C. M. Luo, N. K. Chou, N. H. Chi, et al., “The Effect of Statins on
Cardiac Allograft Survival,” Transplantation Proceedings 46, no. 3 (April
2014): 920–924.

12. D. R. Migliozzi and N. J. Asal, “Clinical Controversy in Transplan-
tation: Tacrolimus Versus Cyclosporine in Statin Drug Interactions,”
Annals of Pharmacotherapy 54, no. 2 (February 2020): 171–177.

13. L. P. Perrault, F. Mahlberg, C. Breugnot, et al., “Hyper-
cholesterolemia Increases Coronary Endothelial Dysfunction, Lipid
Content, and Accelerated Atherosclerosis After Heart Transplantation,”
Arteriosclerosis, Thrombosis, and Vascular Biology 20, no. 3 (March
2000): 728–736.

14. K. Shimizu, M. Aikawa, K. Takayama, P. Libby, and R. N. Mitchell,
“Direct Anti‐Inflammatory Mechanisms Contribute to Attenuation of
Experimental Allograft Arteriosclerosis by Statins,” Circulation 108, no.
17 (October 2003): 2113–2120.

15. M. Weis, S. Pehlivanli, B. M. Meiser, and W. Von Scheidt, “Sim-
vastatin Treatment Is Associated With Improvement in Coronary En-
dothelial Function and Decreased Cytokine Activation in Patients After
Heart Transplantation,” Journal of the American College of Cardiology
38, no. 3 (September 2001): 814–818.

16. A. Vallakati, S. Reddy, M. E. Dunlap, and D. O. Taylor, “Impact of
Statin Use After Heart Transplantation,” Circulation: Heart Failure 9,
no. 10 (October 2016): e003265.

17. J. A. Farmer, “Pleiotropic Effects of Statins,” Current Atherosclerosis
Reports 2, no. 3 (May 2000): 208–217.

18. J. Alfon, J. F. Guasch, M. Berrozpe, and L. Badimon, “Nitric Oxide
Synthase II (NOS II) Gene Expression Correlates With Atherosclerotic
Intimal Thickening. Preventive Effects of HMG‐CoA Reductase Inhib-
itors,” Atherosclerosis 145, no. 2 (August 1999): 325–331.

19. S. Katznelson, X. M. Wang, D. Chia, et al., “The Inhibitory Effects of
Pravastatin on Natural Killer Cell Activity In Vivo and on Cytotoxic T
Lymphocyte Activity in Vitro,” Journal of Heart and Lung
Transplantation: The Official Publication of the International Society
for Heart Transplantation 17, no. 4 (April 1998): 335–340.

20. A. B. Henslee and T. A. Steele, “Combination Statin and Chemo-
therapy Inhibits Proliferation and Cytotoxicity of an Aggressive Natural
Killer Cell Leukemia,” Biomarker Research 6, no. 1 (2018): 26.

21. F. Akhlaghi, J. Ashley, A. Keogh, and K. Brown, “Cyclosporine
Plasma Unbound Fraction in Heart and Lung Transplantation Re-
cipients,” Therapeutic Drug Monitoring 21, no. 1 (February 1999): 8–16.

22. M. R. Goldstein, L. Mascitelli, and F. Pezzetta, “Do Statins Prevent
or Promote Cancer?,” Current Oncology. Switzerland 15 (2008): 6–7.

23. H. Y. Sun and N. Singh, “Antimicrobial and Immunomodulatory
Attributes of Statins: Relevance in Solid‐Organ Transplant Re-
cipients,” Clinical Infectious Diseases 48, no. 6 (March 2009):
745–755.

24. K. Kamio, X. D. Liu, H. Sugiura, et al., “Statins Inhibit Matrix Me-
talloproteinase Release From Human Lung Fibroblasts,” European
Respiratory Journal 35, no. 3 (March 2010): 637–646.

25. K. Hindler, C. S. Cleeland, E. Rivera, and C. D. Collard, “The Role of
Statins in Cancer Therapy,” Oncologist 11, no. 3 (March 2006): 306–315.

26. M. Weis, C. Heeschen, A. J. Glassford, and J. P. Cooke, “Statins
Have Biphasic Effects on Angiogenesis,” Circulation 105, no. 6
(February 2002): 739–745.

27. G. M. Fröhlich, K. Rufibach, F. Enseleit, et al., “Statins and the Risk
of Cancer After Heart Transplantation,” Circulation 126, no. 4 (July
2012): 440–447.

28. L. Potena, F. Grigioni, P. Ortolani, et al., “Safety and Efficacy of
Early Aggressive Versus Cholesterol‐Driven Lipid‐Lowering Strategies
in Heart Transplantation: A Pilot, Randomized, Intravascular Ultra-
sound Study,” Journal of Heart and Lung Transplantation 30, no. 12
(December 2011): 1305–1311.

29. J. R. Golbus, S. Adie, M. Yosef, V. L. Murthy, K. D. Aaronson, and
M. C. Konerman, “Statin Intensity and Risk for Cardiovascular Events
After Heart Transplantation,” ESC Heart Failure 7, no. 5 (October
2020): 2074–2081.

30. J. R. Golbus, S. Adie, S. Hanigan, et al., “Higher Intensity Statin
Therapy Reduces Clinical Endpoints After Heart Transplantation Inde-
pendent of Lipid Levels,” Journal of Heart and Lung Transplantation 38,
no. 4 (April 2019): S76.

31. S. A. Heeney, S. L. Tjugum, M. E. Corkish, and I. B. Hollis, “Safety
and Tolerability of High‐Intensity Statin Therapy in Heart Transplant
Patients Receiving Immunosuppression With Tacrolimus,” Clinical
Transplantation 33, no. 1 (January 2019): e13454.

32. B. Skalicka, M. Kubanek, I. Malek, et al., “Conversion to Tacrolimus
and Atorvastatin in Cyclosporine‐Treated Heart Transplant Recipients
With Dyslipidemia Refractory to Fluvastatin,” Journal of Heart and
Lung Transplantation 28, no. 6 (June 2009): 598–604.

33. S. A. Lubitz, S. Pinney, J. P. Wisnivesky, A. Gass, and D. A. Baran,
“Statin Therapy Associated With a Reduced Risk of Chronic Renal
Failure After Cardiac Transplantation,” Journal of Heart and Lung
Transplantation 26, no. 3 (March 2007): 264–272.

34. S. A. Lubitz, D. A. Baran, M. M. Alwarshetty, et al., “Improved
Survival With Statins, Angiotensin Receptor Blockers, and Steroid
Weaning After Heart Transplantation,” Transplantation Proceedings 38,
no. 5 (June 2006): 1501–1506.

35. F. Grigioni, S. Carigi, L. Potena, et al., “Long‐Term Safety and
Effectiveness of Statins for Heart Transplant Recipients in Routine
Clinical Practice,” Transplantation Proceedings 38, no. 5 (June 2006):
1507–1510.

36. M. Masetti, L. Potena, M. Nardozza, et al., “Differential Effect of
Everolimus on Progression of Early and Late Cardiac Allograft Vascu-
lopathy in Current Clinical Practice,” American Journal of
Transplantation 13, no. 5 (2013): 1217–1226.

37. K. Wenke, B. Meiser, J. Thiery, and B. Reichart, “Impact of Sim-
vastatin Therapy After Heart Transplantation: An 11‐Year Prospective
Evaluation,” Herz Kardiovaskuläre Erkrankungen 30, no. 5 (August
2005): 431–432.

38. C. K. Wallace, S. J. Stetson, S. A. Küçüker, et al., “Simvastatin
Decreases Myocardial Tumor Necrosis Factor α Content in Heart
Transplant Recipients,” Journal of Heart and Lung Transplantation 24,
no. 1 (January 2005): 46–51.

9 of 10

 10990461, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jbt.70070 by Istanbul M

edipol U
niversity, W

iley O
nline L

ibrary on [21/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



39. D. N. Patel, F. D. Pagani, T. M. Koelling, et al., “Safety and Efficacy
of Atorvastatin in Heart Transplant Recipients,” Journal of Heart and
Lung Transplantation 21, no. 2 (February 2002): 204–210.

40. J. Lindenfeld, R. L. Page, R. Zolty, et al., “Drug Therapy in the Heart
Transplant Recipient—Part III: Common Medical Problems,”
Circulation 111, no. 1 (January 2005): 113–117.

41. W. P. D. Lemahieu, M. Hermann, A. Asberg, et al., “Combined
Therapy With Atorvastatin and Calcineurin Inhibitors: No Interactions
With Tacrolimus,” American Journal of Transplantation 5, no. 9
(September 2005): 2236–2243.

42. A. Åsberg, “Interactions Between Cyclosporin and Lipid‐Lowering
Drugs: Implications for Organ Transplant Recipients,” Drugs 63, no. 4
(2003): 367–378.

43. A. H. Wu, C. M. Ballantyne, B. C. Short, et al., “Statin Use and Risks
of Death or Fatal Rejection in the Heart Transplant Lipid Registry,”
American Journal of Cardiology 95, no. 3 (February 2005): 367–372.

44. P. Muntner, L. D. Colantonio, M. Cushman, et al., “Validation of the
Atherosclerotic Cardiovascular Disease Pooled Cohort Risk Equations,”
Journal of the American Medical Association 311, no. 14 (April 2014):
1406–1415.

45. C. Pouteil‐Noble, A. Hemdawy, E. Villar, P. Boissonnat, and
L. Sebbag, “Chronic Renal Failure and End‐Stage Renal Disease Are
Associated With a High Rate of Mortality After Heart Transplantation,”
Transplantation Proceedings 37, no. 2 (March 2005): 1352–1354.

46. V. Steimle, L. A. Otten, M. Zufferey, and B. Mach, “Complementa-
tion Cloning of an MHC Class II Transactivator Mutated in Hereditary
MHC Class II Deficiency (or Bare Lymphocyte Syndrome),” Cell 75, no.
1 (October 1993): 135–146.

47. V. Steimle, C. A. Siegrist, A. Mottet, B. Lisowska‐Grospierre, and
B. Mach, “Regulation of MHC Class II Expression by Interferon‐γ
Mediated by the Transactivator Gene CIITA,” Science 265, no. 5168
(July 1994): 106–109.

48. B. Kwak, F. Mulhaupt, S. Myit, and F. Mach, “Statins as a Newly
Recognized Type of Immunomodulator,” Nature Medicine 6, no. 12
(December 2000): 1399–1402.

49. J. E. Fildes, S. M. Shaw, A. Mitsidou, et al., “HMG‐CoA Reductase
Inhibitors Deplete Circulating Classical and Non‐Classical Monocytes
Following Human Heart Transplantation,” Transplant Immunology 19,
no. 2 (May 2008): 152–157.

50. G. A. Ferreira, T. P. Navarro, R. W. Telles, L. E. C. Andrade, and
E. I. Sato, “Atorvastatin Therapy Improves Endothelial‐Dependent
Vasodilation in Patients With Systemic Lupus Erythematosus: An
8 Weeks Controlled Trial,” Rheumatology 46, no. 10 (October 2007):
1560–1565.

51. S. Khattri and G. Zandman‐Goddard, “Statins and Autoimmunity,”
Immunologic Research 56, no. 2–3 (July 2013): 348–357.

52. T. Fehr, C. Kahlert, W. Fierz, et al., “Statin‐Induced Im-
munomodulatory Effects on Human T Cells In Vivo,” Atherosclerosis
175, no. 1 (July 2004): 83–90.

53. F. Mach, “Statins as Immunomodulatory Agents,” supplement,
Circulation 109, no. S21 (June 2004): 15–17.

54. J. E. Fildes, S. M. Shaw, S. G. Williams, and N. Yonan, “Potential
Immunologic Effects of Statins in Cancer Following Transplantation,”
Cancer Immunology, Immunotherapy 58, no. 3 (March 2009): 461–467.

55. A. Oesterle, U. Laufs, and J. K. Liao, “Pleiotropic Effects of Statins
on the Cardiovascular System,” Circulation Research 120, no. 1 (January
2017): 229–243.

56. C. Baigent, L. Blackwell, and J. Emberson, “Efficacy and Safety of
More Intensive Lowering of LDL Cholesterol: A Meta‐Analysis of Data
From 170 000 Participants in 26 Randomised Trials,” Lancet 376, no.
9753 (2010): 1670–1681.

57. I. B. Hollis, B. N. Reed, and M. P. Moranville, “Medication Man-
agement of Cardiac Allograft Vasculopathy After Heart Transplanta-
tion,” Pharmacotherapy: The Journal of Human Pharmacology and Drug
Therapy 35, no. 5 (May 2015): 489–501.

58. M. R. Mehra, P. A. Uber, K. Vivekananthan, et al., “Comparative
Beneficial Effects of Simvastatin and Pravastatin on Cardiac Allograft
Rejection and Survival,” Journal of the American College of Cardiology
40, no. 9 (November 2002): 1609–1614.

59. T. Kato, T. Tokoro, Y. Namii, et al., “Early Introduction of HMG‐
CoA Reductase Inhibitors Could Prevent the Incidence of Transplant
Coronary Artery Disease,” Transplantation Proceedings 32, no. 2 (March
2000): 331–333.

60. Y. Peled, R. Klempfner, and Y. Kassif, “Preoperative Statin Therapy
and Heart Transplantation Outcomes,” Annals of Thoracic Surgery 110
(2020): 1280–1285.

61. B. Krishnan, K. P. Vakil, A. Sankar, D. Duprez, and D. G. Benditt,
“Impact of Pre‐Operative Statin Use on Risk of Mortality and Early Atrial
Fibrillation After Heart Transplantation,” Clinical Transplantation 30,
no. 5 (2016): 628–632.

62. A. Varbo, M. Benn, A. Tybjærg‐Hansen, and B. G. Nordestgaard,
“Elevated Remnant Cholesterol Causes Both Low‐Grade Inflammation
and Ischemic Heart Disease, Whereas Elevated Low‐Density Lipo-
protein Cholesterol Causes Ischemic Heart Disease Without Inflam-
mation,” Circulation 128, no. 12 (September 2013): 1298–1309.

63. S. C. Greenway, R. Butts, D. C. Naftel, et al., “Statin Therapy Is Not
Associated With Improved Outcomes After Heart Transplantation in
Children and Adolescents,” Journal of Heart and Lung Transplantation
35, no. 4 (2016): 457–465.

64. W. T. Mahle, R. N. Vincent, A. M. Berg, and K. R. Kanter, “Pra-
vastatin Therapy Is Associated With Reduction in Coronary Allograft
Vasculopathy in Pediatric Heart Transplantation,” Journal of Heart and
Lung Transplantation 24, no. 1 (2005): 63–66.

65. I. M. Seipelt, S. E. Crawford, S. Rodgers, et al., “Hypercholesterolemia
Is Common After Pediatric Heart Transplantation: Initial Experience
With Pravastatin,” Journal of Heart and Lung Transplantation 23, no. 3
(2004): 317–322.

66. C. Chin, P. Gamberg, J. Miller, H. Luikart, and D. Bernstein,
“Efficacy and Safety of Atorvastatin After Pediatric Heart Transplan-
tation,” Journal of Heart and Lung Transplantation 21, no. 11 (2002):
1213–1217.

67. R. Tuuminen, S. Syrjälä, R. Krebs, et al., “Donor Simvastatin Treat-
ment Abolishes Rat Cardiac Allograft Ischemia/Reperfusion Injury and
Chronic Rejection Through Microvascular Protection,” Circulation 124,
no. 10 (September 2011): 1138–1150.

68. A. I. Nykänen, E. J. Holmström, R. Tuuminen, et al., “Donor Sim-
vastatin Treatment in Heart Transplantation,” Circulation 140, no. 8
(August 2019): 627–640.

10 of 10 Journal of Biochemical and Molecular Toxicology, 2024

 10990461, 2024, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jbt.70070 by Istanbul M

edipol U
niversity, W

iley O
nline L

ibrary on [21/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	Optimizing Outcomes in Heart Transplantation: The Role of High-Intensity Statin Therapy
	1 Introduction
	2 Statins and Heart Transplantation
	2.1 Potential Mechanisms of Action
	2.2 Postoperative Statin Therapy in HT Patients

	3 Immunomodulatory Effects of Statins
	4 Intensity of Statin Therapy in HT
	5 Preoperative Statin Therapy in HT Patients
	6 Statin Therapy in Pediatric HT Patients
	7 Statin Therapy in Heart Donors
	8 Conclusion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References




