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Dyslipidemia is a frequent complication after kidney transplantation (KT) and is an important risk factor for

cardiovascular disease (CVD). Renal transplant recipients (RTRs) are considered at high, or very high, risk of

CVD, which is a leading cause of death in patient group. Despite many factors of post-transplant dyslipidemia, the

immunosuppressive treatment has the biggest influence on a lipid profile. There are no strict dyslipidemia

treatment guidelines for RTRs, but the ones proposing an individual approach regarding CVD risk seem most

suitable. Proper diet and physical activity are the main general measures to manage dyslipidemia and should be

introduced initially in every patient after KT. In the case of an insufficient correction of lipemia, statins are the basis

for hypolipidemic treatment. Statins should be introduced with caution to avoid serious side-effects (e.g., myopathy)

or drug-drug interactions, especially with immunosuppressants. To lower the incidence of adverse effects, and

improve medication adherence, ezetimibe in combination with statins is recommended. 
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1. Introduction

Dyslipidemia is frequent amongst renal transplant recipients (RTRs) and is considered an important cardiovascular

disease (CVD) risk factor . About 60% of RTRs have post-transplant lipid abnormalities  and almost 40% have

a CV-related event within 36 months after transplantation . CVD has emerged as the leading death cause in this

patient group .

Post-transplant dyslipidemia is characterized by elevated plasma levels of total cholesterol (TC), low-density

lipoprotein cholesterol (LDL-C), very-low-density lipoprotein cholesterol (VLDL-C) and triglycerides, (TG) but

reduced high-density lipoprotein cholesterol (HDLC) . Dyslipidemia may develop de novo after transplantation, as

well as a complication of a chronic kidney disease (CKD) (eGFR 15–59 mL/min/1.73 m ) . Prolonged

hemodialysis or peritoneal dialysis significantly alters the lipid profile (characterized by very high TG

concentrations) , and worsens patients’ post-transplant outcomes . Dyslipidemia treatment should be

considered an important intervention to improve overall patient post-transplant survival. Statins have become the

mainstay of treatment for dyslipidemia, but other therapeutic methods should also be considered .

2. Dyslipidemia Prevalence

Hyperlipidemia is the most common type of dyslipidemia in RTRs . TC concentration rises by about 27%

compared with results preceding KT . Moreover, VLDL and LDL with higher concentrations of TG are observed
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. Triglyceride-rich LDLs are prone to oxidation, and thus have a more atherogenic character . HDL-C levels in

RTRs are usually comparable or slightly reduced compared to the general population .

3. Causes of Post-Transplant Dyslipidemia

The pathophysiology of post-transplant dyslipidemia is multicausal and includes modifiable and nonmodifiable risk

factors . After transplantation, the sudden improvement of life quality can lead to an alleviation of dietary

restrictions, previously dictated by impaired kidney function . Following cholesterol- and fructose-rich diets is

frequent amongst RTRs . Obesity incidence rises by 34% after KT, and obesity is considered to be a factor of

long-term graft dysfunction . Weight gain may also contribute to the development of insulin resistance, and new-

onset diabetes after transplantation (NODAT) thereafter . Therefore, maintenance of a healthy weight should be

an effective tool to reduce post-transplant complications.

A sedentary lifestyle is a frequently omitted factor leading to dyslipidemia . Patients on prolonged hemodialysis

prior to transplantation exhibit extremely low physical performance, caused by an underlying disease, sarcopenia,

malnutrition, and total body weakness . After KT, many patients are also concerned about the safety of physical

activity and its potentially detrimental effect on the graft .

Deficient doctor-patient communication could hinder patients’ understanding of their illness; thus, comprehensive

post-transplant health and lifestyle recommendations should be created and implemented . Despite all this,

immunosuppressive therapy is considered the main reason for the post-transplant lipid characteristics .

Widely used medications conducive to dyslipidemia include calcineurin inhibitors (CNI) (cyclosporine in particular),

mTOR inhibitors, and glucocorticoids. Numerous studies indicate higher drug doses and the intensity of treatment

in positive correlation with dyslipidemia .

4. Pharmacological Treatment of Dyslipidemia

Reduction of cardiovascular risk by lowering LDL-C is the main target of hypolipidemic treatment in RTRs, and

dyslipidemia management is similar to that recommended for non-transplant patients with CKD. American 2018 

and European 2019  guidelines both recommend identifying RTRs at high, or very high, risk of CVD, particularly

those with LDL-C ≥ 1.8 mmol/L (70 mg/dL), and consider statins first-line drugs with ezetimibe being the second-

line treatment. In order to estimate the patients’ risk of CVD, physicians may use a calculator based on several

readily-available pieces of information about the patient .

While European guidelines state a strict “treat-to-target” approach, the KDIGO 2013 guideline proposes a rather

unrestricted approach, noting the polypharmacy problem and the potential adverse effects of lipid-lowering therapy

in transplant patients. Hence, the American "fire and forget"  strategy will be discussed, owing to its holistic

and patient-orientated character.
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Management of dyslipidemia depends on whether the patient has established atherosclerotic cardiovascular

disease (ASCVD) or not. A lipid profile measurement should be carried out before, and four to 12 weeks after, the

introduction of pharmacological treatment of dyslipidemia to determine medication adherence, and then repeated

every three to 12 months .

Due to the KDIGO 2013 guidelines, lower initial doses of statins are recommended and the dose may be

increased, whether the patient receives cyclosporine or not, to avoid adverse effects like severe myopathy .

4.1. Statins

Statins are HMG-CoA (3-hydroxy-3-methyl-glutaryl-coenzyme A) reductase inhibitors and they are potent

hypolipidemic drugs that markedly reduce LDL serum concentration. Reduction in intra-hepatocyte cholesterol

levels causes enhanced LDL-R expression and increased uptake of LDL and, among others, TG rich ApoB

particles. Statins are suggested to have a pleiotropic effect, as they inhibit the rate control enzyme of the

mevalonate pathway, a precursor for non-steroid compounds. Some experimental studies suggest statins may

have anti-inflammatory and antioxidative effects, important in CVD prevention .

Statins are generally well-tolerated, nonetheless, some adverse events like nausea, vomiting, and muscle and joint

pain cannot be overlooked, thus this may contribute to poor medication adherence. Less frequent but serious side-

effects of statin therapy include NODAT and hepatotoxicity . In extreme cases, rhabdomyolysis may occur, a life-

threatening condition that can lead to rapid kidney dysfunction .

Statins have no proven protective effect on graft rejection or patient post-transplant survival . However, in the

multicenter, double-blind study (ALERT) on 2102 RTRs treated with fluvastatin, the incidence of cardiac arrest

deaths and non-fatal myocardial infarctions was reduced in favor of the research group, yet with no significant

influence on the overall death rate . The RTRs population is unique, taking into account the risk factors

associated with transplantation itself. Therefore, even lacking outcomes in big controlled trials, RTRs with well-

functioning grafts and increased risk of CVD may benefit from statin treatment .

Statins Drug-Drug Interactions

Drug-drug interactions may be frequent in the transplant population due to the high prevalence of polypharmacy

. Statins are extensively metabolized in the liver by cytochrome P450 complex, particularly CYP3A4. Fluvastatin,

pravastatin, pitavastatin, and rosuvastatin are metabolized by different cytochromes and they rarely get into drug-

drug interactions. Most statins are lipophilic except hydrophilic pravastatin and rosuvastatin, which underlies their

high safety profile .

Concurrent treatment with statins and CNI, particularly cyclosporine, should be conducted with caution with lower

doses of statins due to reported cases of rhabdomyolysis . Tacrolimus drug-drug interactions are less

severe and frequent in comparison with cyclosporine .
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4.2. Ezetimibe

Ezetimibe inhibits the uptake of cholesterol in the intestines by interacting with NPC1 protein . It lowers both TC

and TG levels, yet has no influence on HDL-C. Ezetimibe is considered to be a second-line drug due to its lower

hypolipidemic potential (lowers LDL-C by 13–20%) . Both American and European guidelines recommend

ezetimibe (10 mg) in combination with statins in patients at high, and very high, risk of CVD or in secondary

prevention, in order to achieve target LDL concentrations . Ezetimibe may be prescribed as an alternative in

the case of statin intolerance on the inability to reach a therapeutic dose. Ezetimibe combined with maximal doses

of statins may reduce hypercholesterolemia and triglyceridemia in RTRs , with no significant influence on

creatine kinase concentration and kidney function .

4.3. Bile Sequestrants

Bile acid sequestrants like cholestyramine prevent bile reabsorption in the intestines and lower serum cholesterol

levels . Cholestyramine insignificantly affects renal function in the general population . Due to side effects like

constipation, the elevation of triglycerides, and interfering with the absorption of other drugs, bile sequestrants are

rarely used .

4.4. Fibrates

Fibrates are agonists of PPAR-a (Peroxisome Proliferator-Activated Receptor Alpha), regulating the lipid and

lipoprotein metabolism. They are efficient in lowering fasting TG serum levels and slightly elevating HDL

concentration. Their TG lowering effect is highly dependent on the initial TG level . Fibrates modestly reduce CV

events in primary prevention. However, a combination of statins with fibrates raises the risk of myopathy, thus the

concomitant use of these drugs must be avoided . In the case of the coexistence of triglyceridemia and

hypercholesterolemia, the use of fenofibrate rather than gemfibrozil is recommended because of the lower risk of

severe myopathy. Despite having a mild LDL-lowering potential, fibrates are not supported by RCTs as add-on

drugs to statin therapy .
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