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Apesar de haver uma diferença significante entre as 

concentrações do LDL-C no pré-transplante (Figura 12), receptores dos 

grupos CSA/SRL, CSA/MMF e SRL/MMF, não apresentaram diferenças 

significativas entre os níveis séricos do LDL-C quando completaram um 

ano de transplante. 

Figura 12: Análise GLM das concentrações de LDL-C e suas diferenças 

entre os tempos do transplante.  
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* ANOVA: p = 0,040 

** ANOVA: p < 0,001 

*** GLM  

Tempo: p < 0,001 

Grupo: p < 0,001 

Tempo + Grupo: p < 0,001 

*  

**  

***  
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As concentrações do n-HDL-C  (Figura 13) mostram que os 

receptores que fizeram uso de CSA associado a um dos inibidores da 

mTOR (SRL ou EVL) apresentaram maiores concentrações quando 

completaram um ano de transplante. 

Figura 13: Análise GLM das concentrações do n-HDL-C e suas 

diferenças entre os tempos do transplante. 
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* ANOVA: p = 0,089 

** ANOVA: p < 0,001 

*** GLM  

Tempo: p < 0,001 

Grupo: p < 0,001 

Tempo + Grupo: p < 0,001 
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**  
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Verificamos um importante incremento na magnitude das 

concentrações de triglicérides (Figura 14) acima do dobro recomendado 

pelas diretrizes, ao final do primeiro ano de transplante. 

 

Figura 14: Análise GLM das concentrações de triglicérides e 

suas diferenças entre os tempos do transplante. 
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Por outro lado, de forma global, receptores dos grupos 

(SRL/MMF, CSA/SRL e TAC/SRL) que tinham o SRL associado aos outros 

imunossupressores, apresentaram uma maior porcentagem de aumento 

* ANOVA: p = 0,760 

** ANOVA: p < 0,001 

*** GLM  

Tempo: p < 0,001 

Grupo: p = 0,001 

Tempo + Grupo: p < 0,001 

*  

**  
***  
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nas concentrações de HDL-C (Figura 15) ao final do primeiro ano de 

transplante (57%, 56% e 54%) respectivamente.  

 

Figura 15: Análise GLM das concentrações de HDL-C e suas 

diferenças entre os tempos do transplante. 
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* ANOVA: p = 0,004 

** ANOVA: p = 0,016 

*** GLM  

Tempo: p < 0,001 

Grupo: p = 0,013 

Tempo + Grupo: p = 0,005 

*  

**  
***  
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V. DISCUSSÃO 

 

Este estudo avaliou a evolução temporal do perfil lipídico entre 

os receptores de transplante renal recebendo uma variedade de esquemas 

de medicamentos imunossupressores durante um período de um ano. As 

características demográficas da população estudada mostraram 

relativamente poucos fatores de risco associados ao desenvolvimento da 

dislipidemia após o transplante. A população era relativamente jovem, não 

obesa e com uma pequena proporção de receptores com doença renal 

crônica devido a diabetes (7%). No entanto, apenas 28% destes receptores 

apresentaram um perfil lipídico normal antes da cirurgia do transplante. No 

geral, 18% e 41% dos receptores apresentaram COL acima de 200 mg/dL 

e TG acima de 150 mg/dL, respectivamente. HDL-C foi inferior a 40 mg/dL 

em 52% dos homens e inferior a 50 mg/dL em 63% das mulheres. Este 

padrão é geralmente observado entre os receptores com doença renal 

crônica em hemodiálise (106). Apesar das diferenças de idade, etnia e 

tempo em diálise, não foram observadas diferenças significativas 

comparando o perfil lipídico entre os seis regimes imunossupressores 

avaliados. 

Em um ano, a proporção de receptores com perfil lipídico normal 

reduziu para apenas 10%. Geralmente, os aumentos nas concentrações de 

COL e TG foram observados logo nos primeiros 30 dias após a cirurgia de 

transplante, atingindo um pico máximo aos 6 meses com uma tendência 

para a estabilização entre 6 meses e o final do primeiro ano de transplante, 

independente do regime de imunossupressão (Figuras 3 e 4). No total, 
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apenas (27%) dos receptores usaram estatina, talvez devido a 

preocupações relacionadas com a segurança do seu uso generalizado. Em 

um estudo realizado em receptores de transplante renal, o uso da 

fluvastatina, a menos eficaz desta classe de medicamentos e sem 

potencial de interação medicamentosa com todas as drogas 

imunossupressoras, não foi associado ao aumento na incidência de 

eventos adversos (107). O uso de estatinas mais potentes e eficazes, que 

apresentam interação medicamentosa significativa com as drogas 

imunossupressoras (108), pode reduzir a concentração de lipídios. 

Receptores recebendo ciclosporina e SRL ou EVR apresentaram 

pior perfil lipídico quando comparados àqueles que receberam TAC e/ou 

MMF. Após um ano de transplante, incluindo variáveis demográficas e 

clínicas (idade, sexo, tempo de diálise, uso de CSA e SRL/EVR), em uma 

análise de regressão logística, observou-se uma associação maior com as 

concentrações de COL. Maior concentração de TG foi associada com a 

idade, o desenvolvimento de NODAT e uso de EVR ou SRL. Por outro 

lado, após um ano de transplante, maiores níveis de LDL-C foram 

associados à idade, tempo em diálise, CSA, SRL/EVR e a dose de 

prednisona. Finalmente, altas concentrações do n-HDL-C foram 

associadas ao uso de CSA, EVR ou SRL, e ao desenvolvimento do 

NODAT. Quando comparamos estes regimes imunossupressores, as 

diferenças na incidência de rejeição aguda confirmada por biópsia (RACB) 

e na função do enxerto foram pequenas. Portanto, fatores de risco 

incluíram o tipo do iCN (CsA vs TAC), a terapia adjuvante (SRL/EVR x 

MMF), a dose de prednisona e NODAT. 
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É bem conhecida a relação entre as doses e concentrações dos 

iCN, mTOR, doses de prednisona e da magnitude das alterações no perfil 

lipídico (109). Os receptores tratados com iCN ou mTOR apresentaram 

aumentos dose dependente nas concentrações COL e TG. Comparado 

aos receptores que receberam iCN, a magnitude deste efeito foi maior para 

aqueles receptores que recebem mTOR, isso explica uma maior proporção 

de receptores que receberam estatinas neste grupo. Nesses receptores, a 

diminuição da concentração lipídica ao longo do tempo pode ser devido à 

terapia hipolipemiante, mudanças na dose ou interrupção de mTOR (110). 

Comparado a CSA, receptores recebendo TAC apresentaram menor 

aumento nos níveis de COL, mas aumento semelhante nas concentrações 

de TG. Conversão de CSA para TAC pode resultar em uma diminuição nas 

concentrações de LDL-C e nos níveis de TG, mas sem alteração nos níveis 

de HDL-C. Finalmente, vimos que o uso crônico de corticosteróides está 

associado ao aumento nas concentrações de COL, TG e HDL-C (111). 

As diretrizes atuais sugerem que o tratamento da dislipidemia 

deve manter as concentrações de LDL-C abaixo de 100 mg/dL para a 

população em geral. Também é recomendado que os receptores de 

transplante renal devem ser considerados na categoria de risco mais 

elevada, equivalente ao dos receptores com doença coronariana 

conhecida. No entanto, apenas um estudo clínico, prospectivo, robusto, 

mostrou que o tratamento da dislipidemia (redução de 32% na 

concentração de LDL-C) em uma população de transplantados renais de 

baixo risco foi associado com menos mortes cardíacas ou infarto do 

miocárdio não fatal (107).  
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Contudo, devido às altas concentrações de TG, em 20% dos 

receptores não foi possível calcular o LDL-C. Além disso, tem sido descrito 

que todas as frações e as razões lipídicas são preditoras da doença 

coronariana na população geral (112). Altas concentrações de TG são 

também um fator de risco independente associado à doença arterial 

coronariana (113). Em estudos epidemiológicos, a concentração do n-HDL-

C é um preditor de risco cardiovascular superior quando comparado ao 

LDL-C (114). 

Dados de um estudo multicêntrico internacional mostraram que 

um aumento de 30 mg/dL nas concentrações do n-HDL-C, COL e LDL-C 

resultam em aumentos no risco de DCV de 19%, 16%, e 11%, 

respectivamente. Da mesma forma, um aumento de 10 mg/dL no nível de 

HDL-C corresponderia a uma redução de 23% no risco de mortalidade por 

DCV (115). 

De forma geral, quando comparadas ao pré-transplante, as 

concentrações do perfil lipídico (Figuras 9 e 10) atingiram a sua 

concentração máxima após 180 dias. Em um estudo randomizado, 

multicêntrico de fase III os receptores que receberam CSA e prednisona 

apresentaram elevações nos níveis de COL e TG mais frequentes quando 

tratados com doses fixas de sirolimo (2 ou 5 mg/dia) comparado com 

azatioprina ou placebo. Níveis de COL elevados foram geralmente em 

menor grau que os níveis de TG. No entanto, reduções nos níveis dos 

lípides ao longo do tempo podem ser resultado de reduções de 

corticosteróide e de CSA, bem como das terapias hipolipemiantes 

específicas (116). 
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De acordo com as (Figuras 11, 12, 13, 14 e 15), a combinação 

de (SRL ou MMF) com TAC, e não CSA, tem sido indicada para evitar a 

dislipidemia observada em estudos combinando mTOR (SRL/EVR) com 

CSA, pois o tacrolimo tem menor efeito no metabolismo lipídico (117). 

As limitações deste estudo incluem a sua natureza retrospectiva 

e a não disponibilidade dos dados de proteinúria e informações dos 

receptores fumantes. Não era intenção associar perfil lipídico com 

desfechos cardiovasculares, pois isso exigiria um acompanhamento mais 

longo, tendo em conta o tamanho da amostra da população estudada e a 

taxa de eventos cardiovasculares relativamente pequenos. Além disso, 

devido à característica de alto risco desta população, estes eventos 

continuam ser determinantes para alertar se o tratamento da dislipidemia 

deve visar uma única fração lipídica (LDL-C) ou uma combinação delas. 

Em resumo, as alterações significativas no perfil lipídico que 

ocorreram logo após o transplante de rim, são quase universais em um ano 

e são significativamente influenciadas pelas doses e os tipos de 

medicamentos imunossupressores utilizados. A dislipidemia é mais 

prevalente entre os receptores que receberam CSA ou mTOR em 

comparação àqueles que utilizaram TAC e MMF. Comorbidades, perda da 

função do enxerto, diferenças nas razões e frações lipídicas, o efeito dos 

medicamentos imunossupressores e interações medicamentosas com 

estatinas podem influenciar e limitar o uso de uma única meta proposta 

para fração lipídica (concentração de LDL-C) na população de 

transplantados renais. 
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VI. CONCLUSÕES 

 

Pacientes em uso de inibidor de calcineurina (CSA/TAC) em 

associação com inibidor do sinal de proliferação celular (SRL/EVL), mesmo 

recebendo estatinas, apresentam maior severidade da dislipidemia ao final 

do primeiro ano do transplante. A escolha do esquema imunossupressor 

de manutenção deve ser considerada para minimizar a dislipidemia e 

consequentemente risco cardiovascular após o transplante. 

As múltiplas causas de hiperlipidemia pós-transplante e o uso de 

estatinas não impediram que houvesse aumentos significativos dos níveis 

séricos de triglicérides, colesterol total, suas frações e razões entre os 

vários esquemas de terapia imunossupressora utilizadas pelos pacientes 

transplantados renais. 

Ao final do primeiro ano de transplante observamos que 76% dos 

pacientes apresentavam concentrações do n-HDL-C acima de 130 mg/dL. 

Esquemas imunossupressores com TAC apresentaram menor incidência 

do aumento do n-HDL-C quando comparado a esquemas que utilizaram 

CSA. Por outro lado, quando comparado aos pacientes que usaram SRL, 

100% dos pacientes do grupo EVR apresentaram concentrações do n-

HDL-C acima de 130 mg/dL.  

 Além disso, vimos que um ano após o transplante, dislipidemia é 

quase universal. Fatores de risco foram diferentes dependendo do tipo e a dose 

dos medicamentos imunossupressores. As mudanças em todas as frações e 

razões lipídicas podem limitar intervenções terapêuticas adequadas. 
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VII. ANEXOS 
Anexo 1 - Carta de aprovação do Comitê de Ética em Pesquisa da UNIFESP 
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Anexo 2 – Ficha de coleta de dados 

Ficha de coleta 
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publicação no periódico de circulação internacional – Nephron Clinical Practice. 
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ABSTRACT 

Aim: Dyslipidemia is a recognized risk factor associated with cardiovascular events after 

kidney transplantation. Cyclosporine (CSA), tacrolimus (TAC), mycophenolate (MMF), 

sirolimus (SRL), everolimus (EVR) and prednisone have differential effects on the 

development of dyslipidemia. This study analyzed the incidence, time-course, severity and 

risk factors associated with dyslipidemia during the first year after kidney transplantation. 

Methods: In a cohort of 474 kidney transplant recipients [CSA/SRL (n=137), CSA/MMF 

(n=58), CSA/EVR (n=47), SRL/MMF (n=32), TAC/SRL (n=86), TAC/MMF (n=114)] we 

evaluated the influence of demographics, clinical outcomes and statin use on lipid profile 

changes [total cholesterol (TC), triglycerides (TG), HDL-C, LDL-C, non-HDL-C, TC/HDL-C, 

LDL-C/HDL-C, TG/HDL-C] during the first year after transplantation.  

Results: Lipid profile was within recommended ranges in 28% of patients pretransplant 

and in 10% at one year, with 27% of them receiving statins. At one year, LDL-C < 100 

mg/dl was observed in 31.8% of patients. Within this group around 35% of patients still 

showed lipid fractions or ratios outside recommended target concentrations factors 

associated with dyslipidemia at one year.  

Conclusion: Modifiable risk factors include the type and dose of immunosuppressive 

drugs. The variable changes in all lipid fractions and ratios may limit proper therapeutic 

interventions.   
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INTRODUCTION 

 

Dyslipidemia has a high prevalence in all stages of renal disease and has been associated 

with increases in cardiovascular morbidity and mortality [1] and possibly late graft failure 

[2]. Similar to the general population, age, gender, diabetes, hypertension, increased body 

mass index, smoking and drugs such as diuretics and beta-blockers are risk factors 

independently associated with development of dyslipidemia. Particular to the kidney 

transplant population is the presence of impaired allograft function, proteinuria, acute 

rejection and its treatment with corticosteroids, new onset diabetes mellitus after 

transplantation and the use of different types and doses of immunosuppressive agents 

[3,4]. 

 

Several guidelines defining the type, severity and targets for therapeutic interventions of 

dyslipidemia have been implemented. These guidelines typically focus on total cholesterol 

(TC) and/or low-density lipoprotein cholesterol (LDL-C) concentrations. Evidence from 

large-scale clinical trials supports the importance of lowering LDL-C concentration to 

decrease the risk of cardiovascular events. Nevertheless, even in trials where substantial 

reduction of LDL-C is achieved, a significant number of cardiovascular events still occur 

and the residual risk remains high [5]. Targeting LDL-C concentrations may miss other 

lipid abnormalities, underestimating cardiovascular risk and hampering adequate 

treatment. Current prevention guidelines also support efforts in achieving optimal high 

density lipoprotein cholesterol (HDL-C) and TG concentrations to further reduce the 

incidence of cardiovascular events [6]. Furthermore, reduction in the atherogenic non-high 
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density lipoprotein cholesterol (non–HDL-C) lipid fraction [7], may be superior to LDL-C in 

predicting cardiovascular events [8].  

 

There is no consensus regarding the utility of TC/HDL-C, LDL/HDL-C or TG/HDL-C ratios 

to predict coronary heart disease risk. TC/HDL-C ratio is a useful summary of the joint 

contribution of TC and HDL-C to coronary heart disease risk and contains information of 

very low-density lipoprotein (VLDL) fraction in individuals with elevated TG concentrations 

according to findings of the Framingham Study [9]. High LDL-C/HDL-C ratio combined with 

hypertriglyceridemia (lipid triad) has been described as atherogenic dyslipidemia and has 

been associated with highest coronary heart disease risk [8,10]. Finally, TG/HDL-C ratio, 

marker for the presence of highly atherogenic small-dense LDL, is also an important lipid 

ratio in assessing atherogenic potential mainly with the presence of the insulin resistance 

metabolic syndrome, a clinical condition that may require a different choice of therapy [11]. 

This study analyzed the effect of demographic characteristics, clinical outcomes and 

different maintenance immunosuppressive regimens on temporal changes in lipid profiles 

during the first year after kidney transplantation.  

 

METHODS 

 
This retrospective single-center study compared the incidence, time course and severity of 

dyslipidemia among renal transplant patients treated for up to 12 months with six different 

immunosuppressive regimens. Data was captured from individual files of patients who 

previously participated in prospective randomized clinical trials conducted in accordance 
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with the International Conference of Harmonization and good clinical practice. All study 

protocols were approved by an independent local Ethics Committee.  

 

Population: For this analysis we selected recipients of first one-haplotype or fully 

mismatched living-related or deceased kidney transplants performed between 6, March 

1999 and 5, December 2006. All selected patients were alive with a functioning graft one 

year after transplant. Exclusion criteria in all these clinical trials were patients younger than 

13 yr of age, weigh less than 40 kg, pretransplant total white blood cell count ≤ 4.0 x 

103/mm3, platelet count ≤ 100.0 x 103 /mm3, fasting cholesterol ≥ 300 mg/dL and fasting 

triglyceride ≥ 400 mg/dL. 

 

Immunosuppressive regimens: Six immunosuppressive regimens, namely, cyclosporine 

and sirolimus (CSA/SRL), cyclosporine and mycophenolate mofetyl (CSA/MMF), 

cyclosporine and everolimus (CSA/EVR), sirolimus and mycophenolate mofetyl 

(SRL/MMF), tacrolimus and sirolimus (TAC/SRL) and tacrolimus and mycophenolate 

mofetyl (TAC/MMF) were evaluated. All patients received 1 g methylprednisolone 

administered before graft revascularization, followed by daily initial prednisone doses of 

0.5 mg/kg/d (maximum of 30 mg) for 30 days. Steroid mean daily doses and taper were 

similar between the groups, reaching 10 mg between 90 and 120 days. None of these 

patients underwent steroid withdrawal during the first year. The initial drug combination 

was maintained until the end of the first year after transplantation otherwise the presence 

adverse events or lack of efficacy.  
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Study visits and evaluations: Information of fasting TC, TG and HDL-C, determined 

using enzymatic assays in an analytical biochemistry Hitachi 912 auto analyzer (Roche 

Diagnostics, Lewes, UK), and lipid-lowering drugs use were collected pretransplant, 30, 

90, 180, 270 and 365 days after transplantation. LDL-C was estimated by Friedewald’s 

formula [12]. The non-HDL-C was calculated by subtracting HDL-C from TC [13]. 

Biochemistry and hematology assessments were also obtained in all study visits. 

Creatinine clearance was calculated using the Cockcroft-Gault formula [14]. Proteinuria 

was not systematically evaluated in these patients.  

 

Definitions: Dyslipidemia was defined as any disorder of lipoprotein metabolism. We 

adopted target cholesterol and triglyceride concentrations defined in the Adult Treatment 

Panel III Guidelines and adopted by the Work Group of the National Kidney Foundation 

and Kidney Disease Outcomes Quality Initiative [15]. Therefore, dyslipidemia was 

diagnosed in patients showing (1) TC > 200 mg/dL; (2) LDL-C > 100 mg/dL; (3) non-HDL-

C > 130 mg/dL; (4) TG > 150 mg/dL; (5) HDL-C < 40 mg/dL (males) or < 50 mg/dL 

(females) [8]; (6) LDL-C/HDL-C ratio > 3.3 (males) or > 2.9 (females); (7) TC/HDL ratio > 

5.1 (males) or > 4.4 (females) [16]; (8) TG/HDL-C ratio > 4.0 [17]. At the time of the 

diagnosis of dyslipidemia, patients first received a dietary advice and instructions to initiate 

or increase activity. In case of persistence of dyslipidemia, treatment with statins was 

introduced. The time of introduction, duration of the treatment as well as the type and dose 

of statins were at the discretion of the attending physicians and were not uniform among 

patients. Type I or IIA BCAR in those patients with graft dysfunction was treated with 3 to 5 

methylprednisolone boluses (0.5 to 1g). Type IIB and steroid resistant BCAR were treated 
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with depleting antibodies. NODAT was defined according to the American Diabetes 

Association guidelines [18]. 

 

Statistical analysis 

 

Descriptive data and results are reported as mean values and standard deviations for 

continuous variables and as frequency distributions for categorical variables. 

Demographics, transplant outcomes, lipid profile and the proportion of patients outside 

recommended target ranges were compared using ANOVA or chi-squared test. Student t 

test was used to compare immunosuppressive drug doses and concentrations and lipid 

fractions and ratios. Logistic regression analysis was used to assess adjusted odds ratio 

(AOR) for development of dislipidemia at one year. Median values of TC, TG, LDL-C and 

HDL-C were used as dependent variables. Covariates included recipient age, gender, 

body mass index, ethnicity (black and intermediate vs. others), end stage renal disease 

(diabetes vs. others), time on dialysis, donor source (living vs. deceased), renal function at 

30 days, NODAT, BCAR, type of CNi (CSA vs. TAC), type of adjunctive agent (SRL or 

EVR versus MMF) and mean weight-normalized prednisone dose at 30 days after 

transplantation. Statistical analysis was performed using a computer statistics package 

(SPSS v. 7.5).  

 

RESULTS 
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Demographics and transplant outcomes (Table 1): A total of 474 subjects were 

included in this analysis. Patients receiving SRL/MMF were older than those receiving 

CSA/SRL or TAC/SRL. The proportion of white patients was lower in the CSA/SRL group. 

Mean time on dialysis was longer in patients receiving TAC/MMF.  A higher proportion of 

patients receiving CSA/MMF or TAC/MMF were transplanted with deceased donor 

allografts. Calculated creatinine clearance at 12 months was higher in patients receiving 

TAC/MMF and lower in those receiving CSA/EVR. The overall incidence of first biopsy-

confirmed acute rejection episode was 16%. The highest incidence was observed in the 

SRL/MMF (34%) whereas the lowest was observed in the CSA/EVR group (8%). The 

overall incidence of new onset diabetes after transplantation (NODAT) at 12 months was 

12%, ranging from 6% (SRL/MMF) to 14% (TAC/SRL). Overall more than 92% of patients 

were still receiving the initial immunosuppressive regimen at one year. Changes in 

immunosuppressive drug combination were more frequent among patients receiving 

SRL/MMF and did not occur in patients receiving TAC/MMF. 

 

Immunosuppressive regimens: At 12 months, cyclosporine concentrations were 

significantly lower when associated with SRL or EVR compared to MMF (54±42 vs. 76±36 

vs. 124±66 ng/ml, p < 0.001), respectively. No differences were observed in tacrolimus 

concentrations comparing patients receiving SRL or MMF (6.4±2.6 vs 6.6±2.9 ng/ml, ns). 

Higher SRL concentrations were observed when this drug was combined with CSA 

compared to TAC or MMF (13.3±5.4 vs. 9.6±5.3 vs. 8.1±4.0 ng/ml, p < 0.001), 

respectively. MMF doses were higher in patients receiving CSA compared to those 

patients receiving SRL or TAC (2.1±0.5 vs. 1.8±0.5 vs. 1.8±0.5 g/day, p < 0.01). Finally, 

prednisone doses were lower in patients receiving TAC/MMF combination compared to the 
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other regimens (9.1±4.3 vs. 9.4±1.3 vs. 9.6±2.1 vs. 9.7±1.0 vs. 9.1±5.3 vs. 6.9±2.3 

mg/day, p < 0.001), respectively. 

 

Lipid profiles (Table 2): The general trend observed was the increase in the 

concentration of all lipid fractions from pretransplant to one year postransplantation.  Mean 

TC concentration increased 39%, from 164 mg/dL pretransplant to 228 mg/dL at 12 

months, and the proportion of patients with TC above 200 mg/dL increased from 18% to 

64%. Similar trends were observed with LDL-C and non-HDL-C fractions. In 20% of 

patients LDL-C concentration was not calculated at 12 months because TG concentrations 

were above 400 mg/dl 12. This was observed more frequently in patients receiving SRL 

(28%) or EVR (38%). Mean TG concentration increased 55%, from 161 mg/dL 

pretransplant to 250 mg/dL at 12 months, and the proportion of patients with TG above 

150 mg/dL increased from 41% to 69%. The time course of changes in TC and TG are 

shown in Figure 1. The magnitude of changes in TC and TG at 12 months was higher in 

patients receiving CSA/SRL or CSA/EVR compared to those receiving TAC/MMF. Mean 

HDL-C concentration increased 14% in males and 22% in females resulting in a reduction 

(46% for males and 52% females) in the proportion of patients with HDL-C below 

recommended target one year after the transplant. There was no clear pattern of changes 

in HDL-C concentrations at 12 months according to immunosuppressive regimen used.  

 

No uniform trends were observed in all calculated ratios from pretransplant to one year.  

The proportion of patients with TC/HDL-C ratios above recommended target 

concentrations increased 95% for males and 32% for females. Similarly, the proportion of 

patients with LDL-C/HDL-C ratio above recommended target concentrations increased 
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75% for males but did not change for females. For TG/HDL-C ratio a 31% increase was 

observed 12 months after the transplant. 

 

The proportion of patients with a normal lipid profile, including all lipid fractions and ratios, 

was low (28%) before the transplant and decreased even more to 10% of patients one 

year after the transplant. Overall, 27% of patients were receiving a lipid-lowering agent at 

12 months. This proportion was higher among recipients receiving calcineurin inhibitors 

(CNi) in combination with SRL or EVR (mTOR). The influence of lipid-lowering agents on 

lipid profiles was modest because no significant differences in overall results were 

observed analyzing only those patients who did not receive any lipid lowering agent during 

the 12 months period of observation (data not shown).  

 

LDL versus other lipid fractions and ratios (Table 3): In those patients where LDL-C 

concentrations were calculated (n=381), 68.2% showed concentrations above proposed 

target range (100 mg/dl). Among these patients only 3% showed non-HDL-C below 

recommended target range (130 mg/dl) demonstrating good agreement between these 

two lipid fractions. In contrast, a significant proportion of patients showed HDL-C (78%), 

COL/HDL-C (60%), LDL-C/HDL-C (71%), and TG/HDL-C (57%) within recommended 

target ranges. Of 121 patients showing LDL-C concentrations below 100 mg/dl at one 

year, 78% also showed non-HDL-C concentrations below 130 mg/dl but only 63% and 

67% of these patients showed HDL-C or TG/HDL within recommended target ranges.   

 

Risk factors associated with dyslipidemia (Table 4): Using logistic regression analysis 

we detected that age, gender, time on dialysis, NODAT, type of CNi, class of adjunctive 
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immunosuppressive agent and prednisone dose were associated with dislipidemia. Risk 

factors associated with higher TC concentration were age, gender, time on dialysis, use of 

CSA and use of EVR or SRL, with adjusted odds ratio (AOR) ranging 1.6 to 3.5.  Risk 

factors associated with higher LDL-C excluded gender but also included prednisone dose 

30 days after transplantation (AOR of 1.6). Higher non-HDL-C concentration was 

associated with use of CSA, use of EVR or SRL, and development of NODAT, with AOR 

ranging from 2.2 to 3.1. Finally, higher TG concentration was associated with age, 

development of NODAT, and use of EVR or SRL with AOR ranging from 1.8 to 2.8. No risk 

factor was associated with lower HDL-C concentrations when analysis was done 

according to gender.  

 

DISCUSSION 

Baseline demographic characteristics of our study population showed relatively few risk 

factors associated with the development of dyslipidemia after the transplant. Population 

was relatively young, non-obese with a small proportion of patients with chronic kidney 

disease due to diabetes (7%). Nevertheless, only 28% of these patients showed a lipid 

profile within normal laboratory ranges before the transplant surgery. Overall, 18% of 

patients showed TC above 200 mg/dl and 41% TG above 150 mg/dl. HDL-C was below 40 

mg/dl in 52% of men and below 50 mg/dl in 63% of women. This pattern is usually 

observed among patients with chronic kidney disease undergoing hemodialysis [19]. 

Despite differences in age, ethnicity and time on dialysis, no significant differences were 

observed comparing lipid profiles among the six immunosuppressive drug regimens 

evaluated.  
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At one year, the proportion of patients with a normal lipid profile reduced to only 10%. 

Generally, increases in TC and TG were observed as early as 30 days after the transplant 

surgery, peaking at 6 months with a trend to stabilization towards the end of first year, 

regardless of the immunosuppressive regimen (Figure 1). The observed low overall use of 

statins (27%) was perhaps due to concerns related to the safety of widespread use of 

statins. In one study conducted in kidney transplant recipients, the use of fluvastatin, the 

less effective of the drug class and with no potential for drug-to-drug interaction with all 

immunosuppressive drugs, was associated with no increase in the incidence of adverse 

events [20]. Using more potent and effective statins, which show clinically significant drug-

to-drug interaction with immunosuppressive drugs [21], may increase the risks and offset 

the benefits of reducing lipid concentrations.  

 

Patients receiving CsA and/or SRL/EVR showed a worse profile compared to those 

receiving TAC and/or MMF, respectively. Including demographic and clinical outcome 

variables in a logistic regression analysis, age, gender, time on dialysis, CsA and 

SRL/EVR use were associated with higher TC concentrations at one year. Higher TG 

concentration was associated with age, development of NODAT, and use of EVR or SRL. 

Age, time on dialysis, CsA, SRL/EVR and prednisone dose were associated with higher 

LDL-C at one year. Finally, higher non-HDL-C concentration was associated with use of 

CSA, use of EVR or SRL, and development NODAT.  

 

Patients treated with CNi or mTORi display dose-dependent increases in TC and TG. The 

magnitude of this effect is higher for patients receiving mTORi compared to CNi and a 
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higher proportion of patients receiving mTORi require the use of statins. In these patients 

the decline in lipid concentrations over time may be due to lipid-lowering therapy, changes 

in doses or discontinuations of mTORi [22]. Compared to CSA, patients receiving TAC 

show less increase in TC but similar increase in TG concentrations. Conversion from CsA 

to TAC can result in a decrease of LDL-C and TG levels but no change in HDL-C levels. 

Finally, chronic use of corticosteroids is associated with increases in TC, TG and HDL-C 

[23].  

 
Current guidelines suggest that treatment of dyslipidemia should aim LDL-C 

concentrations below 100 mg/dL for the general population. It is also recommended that 

kidney transplant recipients should be considered to be in the highest risk category, 

equivalent to that of patients with known coronary heart disease. Nevertheless, only one 

robust prospective clinical trial showed that treatment of dyslipidemia (32% reduction in 

LDL-C concentration) in a low risk kidney transplant population was associated with fewer 

cardiac deaths or non-fatal myocardial infarction [24]. However, in 20% of patients LDL-C 

could not be determined due to high TG concentrations. Furthermore, it has been 

described that all lipid fractions and ratios are predictors of coronary heart disease in the 

general population [25]. High TG concentration is also an independent risk factors 

associated with coronary heart disease [26]. In epidemiologic studies, non-HDL-C 

concentration is a superior predictor of cardiovascular risk compared with LDL-C [27].  

 

Our study confirms that after kidney transplantation there is a universal increase in all lipid 

fractions. In our cohort of patients, among those with LDL-C concentrations below 100 

mg/dL (31.8%) 35% still showed HDL-C concentrations below recommended target range. 
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On the contrary, among those patients with LDL-C concentrations above 100 mg/dL, 

almost 70-80% also showed lipid fractions or ratios within target ranges. This pattern of 

lipid changes and the direct or indirect effects mTORi and other immunosuppressive 

agents, including anti-proliferative effects, may influence the development and progression 

of atherosclerotic cardiovascular disease in kidney transplant patients.  

 

Limitations of our study include its retrospective nature, no availability of proteinuria and 

smoking information data. It was not our intention to associate lipid profiles with 

cardiovascular outcomes. This would require a long follow up, taking into account the 

sample size of this population and the relatively small cardiovascular event rate. Also, due 

to the high risk characteristic of the kidney transplant population, it remains to be 

determined whether treatment of dyslipidemia should target a single lipid fraction (LDL-C) 

or a combination of them. 

 

In summary, lipid profiles changes significantly early after kidney transplantation, is almost 

universal at one year and is significantly influenced by the dose and type of 

immunosuppressive drugs used. Dyslipidemia is more prevalent among those patients 

receiving CSA or mTORi as opposed to TAC and MMF. Comorbidities, deterioration of 

allograft function, differences in lipid fractions and ratios, the effect of immunosuppressive 

drugs and drug interactions with statins may influence and limit the use of the proposed 

target for a single lipid fraction (LDL-C concentration) in the kidney transplant population. 
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Table 1: Demographic characteristics and transplant outcomes. 

 
 

 

 

* p < 0.05, ANOVA comparing all groups.  

# p < 0.05 Chi Squared test among all groups. 

 CSA/SRL 
(N= 137) 

CSA/MMF 
(N= 58) 

CSA/EVR 
(N= 47) 

SRL/MMF 
(N= 32) 

TAC/SRL 
(N= 86) 

TAC/MMF 
(N= 114) 

TOTAL 
(N= 474) 

Age (years)* 36±11 39±11 39±12 44±14 36±11 42±13 39±12 

BMI (Kg/m
2
) 23.4±4.1 23.3±3.6 24.2±4.8 24.0±4.5 23.7±3.7 24.2±3.8 23.7±4.0 

Gender, N (%) 
Male 
Female 

 
93 (68) 
44 (32) 

 
33 (57) 
25 (43) 

 
27 (57) 
20 (43) 

 
19 (59) 
13 (41) 

 
52 (60) 
34 (40) 

 
83 (73) 
31 (27) 

 
307 (65) 
167 (35) 

Ethnicity, N (%)
# 

White 
Black 
Mulatto  
Other                                           

 
44 (32) 
36 (26) 
55 (40) 
02 (02) 

 
29 (50) 
08 (14) 
15 (26) 
06 (10) 

 
26 (55) 
03 (06) 
06 (13) 
12 (26) 

 
20 (63) 
01 (03) 
02 (06) 
09 (28) 

 
43 (50) 
18 (21) 
18 (21) 
07 (08) 

 
64 (56) 
12 (11) 
25 (22) 
13 (11) 

 
226 (48) 
78 (16) 

121 (26) 
49 (10) 

Cause of ESRD, N (%) 
Hypertension 
Chronic glomerulonephritis 
Diabetes Mellitus 
Other 

 
28 (20) 
22 (16) 
07 (05) 
80 (59) 

 
10 (17) 
05 (09) 
06 (10) 
37 (64) 

 
07 (15) 
06 (13) 
01 (02) 
33 (70) 

 
03 (09) 
06 (19) 
01 (03) 
22 (69) 

 
12 (14) 
10 (12) 
07 (08) 
57 (66) 

 
19 (17) 
15 (13) 
11 (10) 
69 (60) 

 
79 (17) 
64 (13) 
33 (07) 

298 (63) 

 
Time on dialysis (months)* 
 
Donor source N (%)# 
Living  
Deceased 
 
Renal function 
Serum creatinine (mg/dL) 
 
Crcl (min/mL/1.73m

2
)* 

 
NODAT (%) 
 
BCAR, N (%)# 
 
On therapy at 12 months N (%) # 

 
26.3±21.3 

 
 
122 (89) 
15 (11) 

 
 

1.6±0.5 
 

64±19 
 

18 (13) 
 

24 (17) 
 

121 (88) 

 
33.7±24.2 

 
 

37 (64) 
21 (36) 

 
 

1.5±0.4 
 

64±18 
 

05 (09) 
 

14 (24) 
 

52 (90) 

 
25.7±21.7 

 
 

44 (94) 
03 (06) 

 
 

2.0±1.6 
 

55±20 
 

08 (17) 
 

04 (08) 
 

46 (98) 

 
23.5±23.6 

 
 
32 (100) 

0 (0) 
 
 

1.6±0.8 
 

60±20 
 

02 (06) 
 

11 (34) 
 

27 (84) 

 
28.2±32.6 

 
 

74 (86) 
12 (14) 

 
 

1.6±0.9 
 

64±17 
 

12 (14) 
 

09 (10) 
 

77 (89) 

 
39.4±31.0 

 
 

71 (62) 
43 (38) 

 
 

1.5±1.1 
 

67±19 
 

12 (10) 
 

13 (11) 
 

114 (100) 

 
30.4±27.1 

 
 
380 (80) 
94 (20) 

 
 

1.6±0.9 
 

64±19 
 

57 (12) 
 

75 (16) 
 

437 (92) 
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Table 2: Lipid profiles pre- and 12 months pos-transplant. 

 
Mean±standard deviation. In parenthesis is the proportion of patients with lipid fraction outside recommended target range [TC>200 mg/dL; TG>150 mg/dl; LDL-C>100 mg/dl; n-HDL-
C> 130 mg/dl; HDL-C<40 mg/dl (♂) and <50 mg/dL(♀); TC/HDL-C>5.1 (♂) and  >4.4 (♀);LDL-C/HDL-C>3.3 (♂) and >2.9 (♀);TG/HDL-C>4.0] 
LDL-C missing values were due to high (> 400 mg/dl) TG concentrations.  
a p < 0.05 comparing mean lipid fraction concentrations among all groups. 
b p < 0.05 comparing proportion of patients with lipid fraction concentration outside recommended target ranges among all groups. 
c p < 0.05 comparing pre- vs. pos-transplant mean lipid fraction concentrations. 
d p < 0.05 comparing pre- vs. pos-transplant proportion of patients with lipid fraction concentration outside recommended target ranges. 

Lipid Fraction Day CSA/SRL CSA/MMF CSA/EVR SRL/MMF TAC/SRL TAC/MMF TOTAL 

TC 0 
365 a b 

159±40 (15) 
247±58c (76)d 

170±47 (29) 
230±59c (65)d 

172±49 (21) 
278±52c (98)d 

167±43 (16) 
236±61c (74)d 

159±41 (13) 
218±65c (60)d 

165±42 (20) 
191±47c (36)d 

164±43 (18) 
228±62c (64)d 

 
TG 

 

0 
365 a b 

162±116 (39) 
298±203c (82)d 

153±82 (50) 
214±155c (60) 

184±155 (38) 
331±225c (80)d 

150±167 (53) 
256±143c (81)d 

160±117 (35) 
233±165c (65)d 

160±97 (43) 
193±142c (53) 

161±110 (41) 
250±181c 

(69)d 

LDL-C 
0 b 

365 a b 
Missing b 

85±34 (28) 
136±46c (78 d 

39 (28) 

94±38 (39) 
135±46c (74)d 

7 (12) 

98±36 (35) 
166±39c (97)d 

18 (38) 

90±37 (28) 
133±56c (70)d 

5 (15) 

79±33 (18) 
118±49c (69)d 

9 (10) 

90±35 (34) 
104±35c (46)d 

15 (13) 

88±35 (30) 
126±47c (68)d 

93 (20) 

n-HDL-C 0 b 
365 a b 

116±40 (33) 
192±56c (88) 

124±45 (45) 
176±55c (80) 

133±46 (43) 
228±53c (100) 

119±42 (34) 
180±61c (81) 

112±41 (28) 
164±60c (73) 

122±41 (39) 
142±44c (53) 

120±42 (36) 
175±59c (76) 

♂ 0  
365  

41±12 (55) 
51±16c (24)d 

44±12 (48) 
50±11c (19)d 

39±16 (64) 
47±12 (26)d 

43±19 (53) 
52±10 (10)d 

44±11 (40) 
50±17 (32) 

41±10 (52) 
47±12c  (40) 

42±12 (52) 
49±14c (28)d 

HDL-C 

♀ 0 a 
365 

46±16 (65) 
65±16c (14)d 

50±11 (56) 
60±13c (30) 

40±10 (89) 
54±14c (44)d 

53±19 (54) 
64±18 (17) 

52±15 (56) 
59±16 (30) 

47±12 (61) 
56±11c (36) 

48±14 (63) 
60±15c (30) 

♂ 0  a 
365 a b 

4.0±1.5 (17) 
5.0±1.5c (44)d 

3.8±1.3 (12) 
4.3±1.1 (28) 

4.9±2.3 (32) 
6.4±1.9c (87)d 

4.0±1.3 (21) 
4.5±1.3 (47) 

3.8±1.3 (17) 
4.6±1.4c (26) 

4.1±1.2 (19) 
4.3±1.1 (22) 

4.0±1.5 (19) 
4.7±1.5c (37) 

TC/HDL 

♀ 0 a 
365 a b 

4.3±1.9 (39) 
4.2±1.2 (42) 

3.9±1.2 (24) 
4.4±1.1 (43) 

4.7±2.1 (32) 
5.2±1.6 (67)d 

3.6±1.4 (23) 
4.3±1.9 (42) 

3.3±1.2 (18) 
3.9±1.2c (30) 

3.8±1.3 (29) 
3.4±0.8 (14) 

3.9±1.6 (28) 
4.1±1.3 (37) 

♂ 0  
365 a b   

2.1±1.1 (10) 
2.8±1.3c (27)d 

2.1±1.0 (6) 
2.6±08 (17) 

2.6±0.9 (23) 
3.6±0.9c (80)d 

2.2±1.1 (10) 
2.4±1.1 (20) 

1.9±1.0 (10) 
2.5±1.0c (16) 

2.2±0.9 (14) 
2.3±0.7 (8) 

2.1±1.0 (12) 
2.6±1.1c (21) 

LDL/HDL 

♀ 0  
365 a 

2.4±1.3 (29) 
2.2±0.9 (21) 

2.2±1.0 (16) 
2.5±0.8 (24) 

2.4±0.9 (23) 
2.7±0.7 (29) 

2.0±1.0 (15) 
2.4±1.4 (25) 

1.6±0.8 (9) 
2.1±0.9c (16) 

2.2±1.1 (19) 
1.8±0.6 (4) 

2.1±1.1 (18) 
2.2±0.9 (18) 

TG/HDL-C 0 a 
365 a b 

4.4±4.3 (36) 
5.9±4.2c (44)d 

3.5±2.1 (31) 
4.2±3.3 (41) 

6.2±8.4 (45) 
7.7±6.6 (25) 

3.8±2.2 (47) 
5.1±3.7 (59) 

3.8±3.2 (27) 
5.1±5.0 (55)d 

4.1±3.1 (38) 
4.3±3.6 (55) 

4.3±4.2 (36) 
5.2±4.5c (47) 

Normal lipid 
profile (%) 

0 b 
365 b 

25 
05 d 

24 
11 d 

21 
0 d 

34 
10 d 

42 
10 d 

25 
20 

28 
10 d 

Statin use (%)  365 b 40 11 32 19 40 09 27 
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Table 3: Proportion of patients with lipid fractions or ratios within recommended targets according to LDL-C concentrations 
one year after kidney transplantation. 

 

 

Lipid fraction or ratio (%) LDL > 100 mg/dl (n=260, 68.2%) LDL < 100 mg/dl (n=121, 31.8%) 

non-HDL-C < 130 mg/dl 3 78 

HDL> 50 mg/dl ♀ 77 66 

HDL> 40 mg/dl ♂ 79 61 

TOTAL 78 63 

COL/HDL< 4.4 ♀ 58 93 

COL/HDL < 5.1 ♂ 61 92 

TOTAL 60 92.6 

LDL/HDL < 2.9 ♀ 74 100 

LDL/HDL < 3.3 ♂ 69 99 

TOTAL 71 99.2 

TG/HDL < 4.0 57 67 
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Table 4: Risk factors associated with dyslipidemia one year after kidney transplant. 

 

 

 

 

 

 

 

Parameters TC > 224 mg/dL LDL-C > 121 mg/dL non-HDL-C > 193 mg/dL TG > 197 mg/dL 

 AOR (95% CI)* p AOR (95% CI) p AOR (95% CI) p AOR (95% CI) p 

Age (≥ 37 years) 2.2 (1.4-3.5) 0.0011 2.1 (1.3-3.4) 0.0026 2.9490 0.0859 1.8 (1.2-2.8) 0.0071 

BMI (≥ 23 Kg/m2) 0.6847 0.4080 0.2763 0.5991 0.8846 0.3470 1.5378 0.2150 

Gender (male/female) 1.6 (1.0-2.6) 0.0422 0.7680 0.3808 0.3597 0.5486 0.2842 0.5940 

Race (others/black or mulatto) 0.3080 0.5789 0.0180 0.8932 0.7643 0.3820 0.0417 0.8382 

ESRD (others/DM) 0.0292 0.8644 1.0791 0.2989 0.1376 0.7107 0.5595 0.4544 

Time on dialysis (≥ 21 months) 1.8 (1.2-2.9) 0.0087 2.0 (1.2-3.2) 0.0046 0.1886 0.6641 0.9235 0.3366 

Donor source (living/deceased) 0.1469 0.7015 0.0084 0.9268 1.4248 0.2326 1.8589 0.1728 

Creatinine at day 30 (≥ 1.5 mg/dL) 0.5133 0.4737 0.0344 0.8530 0.4044 0.5248 0.2644 0.6071 

Clcr at 30 days (≤ 60 min/mL/1.73m2) 0.0803 0.7769 0.0397 0.8422 0.7498 0.3865 1.4267 0.2323 

NODAT 2.0097 0.1563 1.5658 0.2108 2.5 (1.3-4.8) 0.0049 2.1 (1.1-4.1) 0.0301 

Acute rejection (yes/no) 0.2811 0.5960 0.4754 0.4905 0.0002 0.9881 0.0327 0.8564 

CNI (CSA/TAC)  3.5 (2.2-5.6) <0.001 2.4 (1.5-3.8) 0.0004 3.1 (1.9-5.0) <0.001 2.2688 0.1320 

Adjunctive agent (SRL or EVR/MMF)  2.9 (1.8-4.7) <0.001 2.2 (1.3-3.6) 0.0023 2.2 (1.4-3.7) 0.0015 2.8 (1.8-4.4) <0.001 

Prednisone dose (day 30 ≥ 0.38 mg/Kg) 1.2358 0.2663 1.6 (1.0-2.6) 0.0497 0.0433 0.8351 0.0905 0.7635 
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Figure Legend 
 
Figure 1 
 
Boxplot distribution of time-dependent changes in total cholesterol (A) and triglycerides (B) concentrations according to 
immunosuppressive regimen.  
The boxes show the lower, median and upper quartiles (25th, 50th and 75th percentiles). Outlier (°) was defined as a value 
1.5 times lower (or higher) than box-length. Extreme value (*) was defined as a value 3 times lower (or higher) than box-
length. 
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Abstract 
 

Aim: Dyslipidemia is a recognized risk factor associated with cardiovascular events after 

kidney transplantation, Cyclosporine (CSA), tacrolimus (TAC), mycophenolate (MMF), 

sirolimus (SRL), everolimus (EVR) and prednisone have differential effects on the 

development of dyslipidemia, This study analyzed the incidence, time-course, severity and 

risk factors associated with dyslipidemia during the first year after kidney transplantation,  

Methods: In a cohort of 474 kidney transplant recipients [CSA/SRL (n=137), CSA/MMF 

(n=58), CSA/EVR (n=47), SRL/MMF (n=32), TAC/SRL (n=86), TAC/MMF (n=114)] we 

evaluated the influence of demographics, clinical ouCOLomes and statin use on lipid 

profile changes [total cholesterol (TC), triglycerides (TG), HDL-C, LDL-C, non-HDL-C, 

COL/HDL-C, LDL-C/HDL-C, TG/HDL-C] during the first year after transplantation, 

Results: Lipid profile was within recommended ranges in 28% of patients pretransplant 

and in 10% at one year, with 27% of them receiving statins, LDL-C could not be measured 

due to high TG concentrations in 20% of patients, At one year, LDL-C < 100 mg/dl was 

observed in 31,8% of patients, Within this group around 35% of patients still showed lipid 

fractions or ratios outside recommended target concentrations, Age, gender, time on 

dialysis, new onset diabetes mellitus, use of CSA or SRL/EVR and dose of prednisone 

were independent risk factors associated with dyslipidemia at one year, Conclusion: One 

year after transplant dyslipidemia is almost universal, Modifiable risk factors include the 

type and dose of immunosuppressive drugs, he variable changes in all lipid fractions and 

ratios may limit proper therapeutic interventions.  
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