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Abstract

:

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 this 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. Fibrates and bile sequestrants are not recommended due to their side-effects and variable efficacy. However, several new lipid-lowering drugs like Proprotein convertase subtilisin/Kexin type9 (PCSK9) inhibitors may have promising effects in RTRs, but further research assessing efficacy and safety is yet to be carried out.
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1. Introduction


Dyslipidemia is frequent amongst renal transplant recipients (RTRs) and is considered an important cardiovascular disease (CVD) risk factor [1]. About 60% of RTRs have post-transplant lipid abnormalities [2] and almost 40% have a CV-related event within 36 months after transplantation [3]. CVD has emerged as the leading death cause in this patient group [4].



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) [5]. 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 m2) [6]. Prolonged hemodialysis or peritoneal dialysis significantly alters the lipid profile (characterized by very high TG concentrations) [7], and worsens patients’ post-transplant outcomes [8]. 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 [9,10,11].




2. Dyslipidemia Prevalence


Hyperlipidemia is the most common type of dyslipidemia in RTRs [1,12,13]. TC concentration rises by about 27% compared with results preceding KT [14]. Moreover, VLDL and LDL with higher concentrations of TG are observed [15]. Triglyceride-rich LDLs are prone to oxidation, and thus have a more atherogenic character [16]. HDL-C levels in RTRs are usually comparable or slightly reduced compared to the general population [12,13].




3. Causes of Post-Transplant Dyslipidemia


The pathophysiology of post-transplant dyslipidemia is multicausal and includes modifiable and nonmodifiable risk factors (Table 1) [2]. After transplantation, the sudden improvement of life quality can lead to an alleviation of dietary restrictions, previously dictated by impaired kidney function [17]. Following cholesterol- and fructose-rich diets is frequent amongst RTRs [18]. Obesity incidence rises by 34% after KT, and obesity is considered to be a factor of long-term graft dysfunction [19]. Weight gain may also contribute to the development of insulin resistance, and new-onset diabetes after transplantation (NODAT) thereafter [20]. 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 [21]. Patients on prolonged hemodialysis prior to transplantation exhibit extremely low physical performance, caused by an underlying disease, sarcopenia, malnutrition, and total body weakness [22]. After KT, many patients are also concerned about the safety of physical activity and its potentially detrimental effect on the graft [23].



Deficient doctor-patient communication could hinder patients’ understanding of their illness; thus, comprehensive post-transplant health and lifestyle recommendations should be created and implemented [24]. Despite all this, immunosuppressive therapy is considered the main reason for the post-transplant lipid characteristics [13,25]. 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 [13,25].




4. Role of Immunosuppression in Dyslipidemia Development


New immunosuppressive therapy schemes emphasize the individualization of treatment. It is especially important in the elderly RTRs population where the probability of adverse effects of treatment is relatively high [26]. Medications with the most dyslipidemic potential are glucocorticoids, calcineurin inhibitors (CNI) particularly cyclosporine, and mTOR inhibitors (Table 2) [1,2,13,27]. Immunosuppression plays an important role in preserving the graft, however, medication schemes should be optimized in order to prevent dyslipidemia and drug-drug interactions causing worsening of CVD.



4.1. Glucocorticoids


Glucocorticoids may alter the lipid profile via multiple pathways. Glucocorticoids elevate TG concentration by induction of hepatic lipogenesis (mainly VLDL), inhibition of lipoprotein lipase (LPL), hepatic lipase (HL), and downregulation of hepatic LDL receptors (LDL-R). It results in more intensive lipid production and diminished LDL and VLDL clearance. Increased TC levels are caused by steroid stimulation of HMG CoA reductase—a rate-limiting enzyme in cholesterol production [1,13]. Moreover, glucocorticoids induce insulin resistance and sudden post-operative weight gain through increased appetite [28,29]. VLDL, TC, and TG levels have been reported to be elevated in a dose-dependent manner [29]. More recent studies report relatively lower TG concentration in RTRs due to a glucocorticoid withdrawal tendency [1,21]. Steroid withdrawal is associated with significantly reduced cholesterol concentrations, and slight weight reduction but may be responsible for the higher rate of early acute graft rejection. It also depends on immunosuppressive agents and dosage used in treatment protocol [30,31]. Moreover, steroid avoidance and steroid maintenance therapy have comparable outcomes on lipid profiles in immunologically low-risk RTRs [32].



Despite many adverse effects, glucocorticoids remain an important component of immunosuppressive therapy after KT, and a majority of patients are on a maintenance dose of 5 mg prednisone [33,34].




4.2. Calcineurin Inhibitors (CNI)


CsA is metabolized in the liver and inhibits bile acid production and secretion—a way of cholesterol excretion. Biliary cholesterol elimination is a final phase of reverse cholesterol transport from peripheral cells to the liver. An impaired cholesterol clearance mechanism may cause atherogenic plaque formation [35,36]. CsA decrease the lipolytic activity of LPL and HL and stimulates hepatic lipogenesis. Apolipoprotein C-III (Apo-CIII) levels are elevated in RTRs treated with CNI. Since Apo-CIII interferes with multiple LPL, HL, and LDL-R functions, its role in triglyceridemia may be important [37]. Dyslipidemia occurs more frequently in RTRs receiving CsA compared to tacrolimus [38]. Another downside of CNI use is nephrotoxicity, which is more expressed in the elderly RTRs population, hence it should be used with caution [39].




4.3. Mammalian Target of Rapamycin (mTOR) Inhibitors


Sirolimus and everolimus are less potent than CNI immunosuppressants. They also have anti-proliferative properties, and are applied in oncology as well [40,41]. Regrettably, dyslipidemia is one of the most common adverse effects in patients treated with mTOR inhibitors [2,36]. Increased apolipoprotein B-100 (ApoB100) levels have been reported in RTRs receiving sirolimus with further elevation levels of VLDL and LDL. The exact pathogenesis remains unknown, though several mechanisms may participate like decreased catabolism of ApoB100, the increased secretion of VLDL, and the increased expression of adipose tissue lipase. Furthermore, sirolimus inhibits LDL-R and decreases LDL hepatic uptake and the incorporation of FFA into VLDL [42,43]. It is worth mentioning that everolimus and sirolimus have a similar effect on dyslipidemia, irrespective of combined immunosuppressants [44].



On the contrary, mTOR inhibitors improve the function of the endothelium through the inhibition of inflammatory cytokines and modulation of the T-cells and monocytes, which can result in less proliferation of the smooth cell, and stabilization of the atheromatous plaque [45]. However, due to the inconclusive results of the randomized controlled trials on mTOR inhibitors and their influence on the CVD, an unequivocal advantage of anti-inflammatory effects over dyslipidemic potential cannot be proven [46,47].




4.4. Purine Synthesis Inhibitors


Antiproliferative medication such as mycophenolate-mofetil or azathioprine has little impact on lipid levels [48].




4.5. Belatacept—An Upcoming Revolution?


In 2011, a new CD28/CTLA-4 co-stimulation pathway blocker was administered and since then has been shown as an up-and-coming option for maintenance immunosuppression [49]. Compared with CNI, belatacept has positively influenced graft survival and elevated the glomerular filtration rate (GFR). Additionally, belatacept is associated with fewer incidents of hypertension, dyslipidemia, and NODAT [50,51]. However, due to qualification criteria (such as positive EBV-IgG status), low availability, little data on treatment outcomes, and conservative treatment methods, a low proportion of patients receive this drug both in America and Europe [52].





5. Measures to Prevent Dyslipidemia


Physical activity and a proper diet are vital determinants of the lower incidence of CVD in patients of all ages [9]. Physical activity before KT predicts all-cause mortality in RTRs [53] and is associated with better graft function after KT [54]. Regular physical performance positively correlates with elevated HDL-C (i.a. elderly population) [55], lower levels of TG (in overweight and obese adults), and positive qualitative changes in lipoproteins [56].



RTRs exhibit decreased physical activity compared to the general population, yet were higher than the dialysis population [57]. A systematic review of 24 studies of exercise programs for RTRs concluded that 20–60 min of aerobic and resistance training up to three times a week for approx. six months resulted in substantially increased cardiorespiratory capacity, maximum heart rate, and muscle strength [58].



A healthy diet has been proven to lower cardiovascular risk [9,59]. Obesity is frequent amongst RTRs, although weight loss should not be considered the main nutritional goal. National Kidney Foundation Guidelines from 2020 recommend 25–35 kcal/kg/d intake for RTRs [60]. No specific eating patterns have been created besides the suggested micro and macronutrients intake. Less than 30% of the total caloric intake should come from fats. Reference values for carbohydrate intake vary from 45 to 60%, yet, most importantly, additive sugars should not exceed 10% [61]. Immediately after surgery, protein demand ranges between 1.2 g/kg/d to 2 g/kg/d to compensate for the negative nitrogen balance [62].



The average transplanted patient may have difficulties understanding and implementing isolated nutrients references. Hence, patients should be educated and provided with dietary patterns. After all, the DASH diet and Mediterranean diet (MD) have been demonstrated to be the most beneficial for RTRs due to the emphasis on less meat and processed foods consumption, and an increased intake of fresh and plant-based foods [61].



Moreover, high adherence to an MD improves the endothelial function and decreases inflammation [18].




6. 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 [10] and European 2019 [9] 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 [59].



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" [11,63] strategy will be discussed, owing to its holistic and patient-orientated character (Figure 1).



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 [64].



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 (Table 3) [11].



6.1. 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 [65,66,67].



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 [9]. In extreme cases, rhabdomyolysis may occur, a life-threatening condition that can lead to rapid kidney dysfunction [68].



Statins have no proven protective effect on graft rejection or patient post-transplant survival [69]. 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 [70]. 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 [9,11,63].



Statins Drug-Drug Interactions


Drug-drug interactions may be frequent in the transplant population due to the high prevalence of polypharmacy [71]. 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 [72].



Concurrent treatment with statins and CNI, particularly cyclosporine, should be conducted with caution with lower doses of statins due to reported cases of rhabdomyolysis [9,73,74]. Tacrolimus drug-drug interactions are less severe and frequent in comparison with cyclosporine [48].





6.2. Ezetimibe


Ezetimibe inhibits the uptake of cholesterol in the intestines by interacting with NPC1 protein [75]. 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%) [11]. 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 [9,10]. 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 [76], with no significant influence on creatine kinase concentration and kidney function [77].




6.3. Bile Sequestrants


Bile acid sequestrants like cholestyramine prevent bile reabsorption in the intestines and lower serum cholesterol levels [78]. Cholestyramine insignificantly affects renal function in the general population [79]. Due to side effects like constipation, the elevation of triglycerides, and interfering with the absorption of other drugs, bile sequestrants are rarely used [9].




6.4. 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 [9]. 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 [80]. 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 [10].





7. Future Perspectives to Reduce LDL-C


7.1. PCSK9 Inhibitors


Proprotein convertase subtilisin/Kexin 9 (PCSK9) is a protein expressed mainly in hepatocytes involved in the regulation of LDL-R. Higher circulating PCSK9 levels lead to a lower rate of LDL ApoB catabolism and increased risk of NODAT [81,82]. There is a new class of drugs, PCSK9 inhibitors, and two of them (alirocumab and evolocumab) have been approved for clinical use. PCSK9 inhibitors contribute to a significant reduction of LDL-C concentration (by 60% depending on the dose) [9] and are considered additional therapy to statin and ezetimibe for patients with ASCVD and familial hypercholesterolemia [83]. These agents also lower TG and Lp(a) concentrations. The ODYSSEY trial on 18,924 patients after hospitalization for acute MI or unstable angina reported a significant reduction of all-cause mortality, yet no significant outcome on the CV death rate [84]. Due to little adverse effects, like itching of the injection site, these drugs have high medication adherence [84]. It is worth mentioning that PCSK9 inhibitors have a strong safety profile compared with standard lipid-lowering therapy in solid organ transplantation [85]. In conclusion, PCSK9 inhibitors administration in RTRs may have promising outcomes in treating dyslipidemia. However, due to high costs, lack of big RCT trials, and guidance, these drugs are not recommended for RTRs.




7.2. Inclisiran


An alternative for targeting PCSK9 might be small interfering RNA (siRNA), which inhibits the synthesis of the protein on a molecular level [86]. Inclisiran is reported to lower LDL-C levels by 50% with no specific adverse effects observed. Currently, a five-year trial is testing inclisiran efficacy in patients prior to MI and stroke [9].




7.3. Bempedoic Acid


Bempedoic acid is an incoming molecule that inhibits cholesterol synthesis through interaction with ATP citrate lyase. It reduces LDL-C levels by 30% and 50% in monotherapy and in combination with ezetimibe, respectively. Bempedoic acid has been approved by the FDA for adults requiring additional lowering of LDL-C, and has been recommended for treating adults with primary hypercholesterolemia and mixed dyslipidemia [87] In comparison with statins, bempedoic acid has no muscular side effects, and can be seen as an alternative for RTRs with statin intolerance. However, bempedoic acid can elevate uric acid, and therefore should be prescribed with caution in patients with hyperuricemia and a history of gout. In December 2022, outcomes of the CLEAR trial will reveal if bempedoic acid lowers CVD incidence in patients with statin intolerance [88].





8. Conclusions


Dyslipidemia is frequent and has a unique scheme in RTRs. Guidelines consistently indicate that RTRs are at high, or very high, risk of CVD. A fasting lipid profile including TC, LDL-C, HDL-C, and TG should be obtained in every transplant patient, but further follow-up is not required in the majority of cases, since the main indication for treatment is individual CVD risk rather than LDL-C concentration. Lifestyle measures like proper diet, physical exercise, and the tailoring of immunosuppressive treatment should be introduced in every transplant patient case to prevent and treat dyslipidemia. If preventative measures are unsatisfactory, initial doses of statins should be introduced as the first-line treatment of dyslipidemia. Fluvastatin, rosuvastatin, atorvastatin, pravastatin, and simvastatin should be considered first due to their high safety profiles. Statin doses should be titrated with the caution of drug interactions and possible side effects like acute myopathy. In the case of severe hypercholesterolemia or statin intolerance, ezetimibe may be considered with lower doses of statins. When hypertriglyceridemia is a dominant issue, a dietitian consultation is advisable in order to introduce a Mediterranean or DASH diet. Fibrates should be avoided because they may cause transient serum creatinine elevation and reported cases of myositis and rhabdomyolysis. New dyslipidemia treatment with PCSK9 inhibitors or bempedoic acid might be an effective alternative for current dyslipidemia treatment, but further research is needed.
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Figure 1. Post-transplant dyslipidemia management scheme for adult RTRs, suitable for patients who are 40–75 years, who are not on dialysis and do not receive cyclosporine. Scheme based on KDIGO [11], ACC/AHA [10], and ESC/EAS [9] guidelines. RTRs—renal transplant recipients; ASCVD—atherosclerotic cardiovascular disease; LDL-C-low-density lipoprotein cholesterol; * 10-year ASCVD risk calculator criteria: race, sex, age, TC concentration, HDL-C, sys-BP, hypertensive treatment, diabetes mellitus, smoking [59]. 
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Table 1. Dyslipidemia post-transplant risk factors.
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	Modifiable
	Non-Modifiable





	Obesity
	Age



	Reduced physical activity
	Gender



	Hypothyroidism
	Genetic predispositions



	Diabetes
	Chronic liver disease



	Smoking
	Renal insufficiency



	Therapy for hypertension 1
	



	Pretransplant lipid level
	



	Immunosuppressive agents
	







1 beta-blockers, diuretics.
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Table 2. Effect of immunosuppressive drugs on lipid profile [2,27].
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	Drug
	TC
	LDL-C
	HDL-C
	TG





	Cyclosporine
	↑↑
	↑↑
	↓
	↑↑



	Tacrolimus
	↑
	↑
	↓
	↑



	Sirolimus
	↑↑
	↑↑
	↓
	↑↑↑



	Prednisone
	↑
	↑
	↑
	↑



	Mycophenolate mofetil
	-
	-
	-
	-



	Azathioprine
	-
	-
	-
	-



	Belatacept
	↓
	↓
	↑
	↓







TC—total cholesterol; LDL-C—low-density lipoprotein cholesterol; HDL-C—high-density lipoprotein cholesterol; TG—triglycerides.
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Table 3. Recommended doses (mg/d) of statins in adult transplant recipients.
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	Statin
	Initial Dose
	Target Dose *





	Fluvastatin
	40
	80



	Atorvastatin
	10
	20



	Rosuvastatin
	5
	10



	Pravastatin
	20
	40



	Simvastatin
	20
	40







* patients not receiving cyclosporine treatment.
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