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RESUMO

Base tedrica. As equacles que estimam a taxa de filtracdo glomerular (TFG) utilizam a
creatinina sérica, idade e sexo. Em pacientes transplantados rotineiramente utilizam-se 0s
parametros do receptor para as equagdes, entretanto, o rim transplantado pode ter raca, sexo e
idade distintos do receptor e muitas vezes ha disparidades significativas nessas variaveis entre
doador e receptor.

Objetivo. Avaliar existéncia de diferenca clinicamente significativa na taxa de filtracdo
glomerular estimada (TFGe) utilizando-se parametros do receptor ou doador, em uma amostra de
pacientes transplantados renais.

Pacientes e Métodos. Estudo transversal incluindo 429 receptores de transplante renal, com
fungdo estavel, que receberam transplante renal entre 2010 e 2023. No parametro idade, 0s
pacientes foram categorizados de acordo com a diferenca de idade entre o doador e o receptor em
3 grupos: (a) doadores com diferenca de idade de até 5 anos em relagdo ao receptor; (b) doadores
com diferenca de idade entre 5 e 10 anos em relacéo ao receptor e (c) doadores com diferenca de
idade superior a 10 anos em relacdo ao receptor. Os receptores tiveram sua TFGe calculada
usando trés equacOes validadas (CKD-EPI Cr 2021, CKD-EPI 2021 creatinina-cistatina C sem
raca e RF-KTS). A imputacdo da idade foi feita com a idade do receptor e com a idade do doador
no momento da doagdo mais o tempo decorrido apos o transplante. As estimativas também foram
feitas usando o género do doador e do receptor. A significancia estatistica foi estabelecida em P
<0,05.

Resultados. Utilizando a equacdo CKD-EPI Cr 2021 com parametros de receptor, a TFGe média
foi de 59,8 + 22,8 mL/min/1,73m?; com adicdo de cistatina, 60,1 + 23,4 mL/min/1,73m2. Usando
dados de doadores, a TFGe média foi de 61,3 = 28,6 mL/min/1,73m?2 (p = 0,019), com adicdo de
cistatina, 60,9 £ 26,4 mL/min/1,73m2 (p = 0,173). Nas analises de subgrupos estratificadas por
diferenca de idade, constatou-se que os doadores > 5 anos mais velhos que os receptores
apresentaram diferencas significativas na TFGe. Nas andlises incluindo o sexo, nas equacdes
ajustadas a idade do doador, a comparacdo da média da TFGe do grupo de receptores do sexo
masculino e do grupo de doadores do sexo feminino com o grupo de receptores do sexo feminino
e do grupo de doadores do sexo masculino revelou diferencas significativas nas trés equacdes
avaliadas.

Conclusdo. A utilizacdo de parametros derivados do doador nas equacdes avaliadas revela
estimativas significativamente diferentes de TFG em pacientes transplantados renais.

Palavras-chave. transplante renal, taxa de filtracdo glomerular, cistatina C.



ABSTRACT

Background. The equations that estimate GFR use serum creatinine, age and sex. In transplant
patients, the recipient's parameters are routinely used in the equations, however, the transplanted
kidney may have a different race, sex and age than the recipient and there are often significant
disparities in these variables between donor and recipient.

Objective. To evaluate significant, differences between eGFR with recipient versus donor
parameters in kidney transplant recipients.

Design, setting, participants and measurements. Cross-sectional study including 429 kidney
transplant recipients, with stable function, who received a kidney transplant between 2010 and
2023. In the age parameter, patients were categorized according to the age difference between
the donor and recipient into 3 groups: (a) donors with an age difference of up to 5 years in
relation to the recipient; (b) donors with an age difference of between 5 and 10 years in relation
to the recipient and (c) donors with an age difference of more than 10 years in relation to the
recipient. The recipients had their eGFR calculated using three validated equations (CKD-EPI Cr
2021, CKD-EPI 2021 creatinine-cystatin C without race and RF-KTS). Age imputation was done
with the recipient age and with the donor’s age at donation plus the time elapse after the
transplant. Estimates were also made using the gender of the donor and recipient. Statistical
significance was set at P < 0.05.

Results. Using the CKD-EPI Cr 2021 equation with receptor parameters, the mean eGFR was
59.8 + 22.8 mL/min/1.73m2; with addition of cystatin, 60.1 + 23.4 mL/min/1.73m?2. Using donor
data, the mean eGFR was 61.3 £ 28.6 mL/min/1.73m? (p = 0.019), with the addition of cystatin,
60.9 = 26.4 mL/min/1.73m?2 (p = 0.173). In subgroup analyzes stratified by age difference, it was
found that donors > 5 years older than the recipients showed significant differences in eGFR. In
the analyzes including sex, in the equations adjusted to the donor age comparison of the mean
eGFR of male recipients and female donors group with the female recipients and male donors
group, revealed significant differences in the three equations evaluated.

Conclusion. With the equations utilized in the present study, the use of donor-derived
parameters resulted in significantly different GFR estimations in KTR.

Keywords: kidney transplantation, glomerular filtration rate, cystatin C.
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1. INTRODUCAO

A doenca renal cronica (DRC) é uma condicdo de elevada prevaléncia e incidéncia no
Brasil e em nivel global (1). No seu estagio terminal a DRC é em geral tratada por terapias renais
substitutivas (TRS) como a hemodiélise e dialise peritoneal ou pelo transplante renal. Nas
ultimas décadas o transplante renal tornou-se a melhor alternativa para uma parte substancial dos
pacientes com DRC terminal. Os pacientes transplantados, por definicdo, continuam sendo
doentes renais cronicos (2). Objetivamente, em um estudo prévio na populacdo de transplantados
renais do Hospital de Clinicas de Porto Alegre, encontramos, em uma coorte de 213 pacientes,
uma TFG (taxa de filtracio glomerular) média de 51,3 + 22,5 mL/min/1,73 m? SC, pela equagdo
CKD-EPI 2009, classificando-se assim, em média no estagio 3B da DRC (3). Durante os ultimos
anos, através de estudos epidemioldgicos, revisdes sistematicas e metanalises, aprendeu-se
significativamente sobre a frequéncia e sobre os fatores de risco para a perda dos enxertos renais,
da mesma forma evoluiram as equacgdes para a estimativa da taxa de filtracdo glomerular (TFGe)
4-7).

A avaliacdo prognostica dos pacientes transplantados é fundamental para o planejamento
dos sistemas de saude e dos proprios programas de transplantacdo. Os fatores que influenciam no
prognostico da DRC incluem os da populagdo em geral e aqueles peculiares ao transplante renal.
Ferramentas fundamentais para a avaliacdo diagnostica, progndstica sdo a avaliacdo da funcdo
renal e da proteindria do aloenxerto. Tais avaliagfes sdo utilizadas para o estadiamento e
prognostico da doenca renal crénica, necessitando de maior refinamento na populacdo de

transplantados renais (1,4).

O estudo proposto foi desenvolvido na populacdo de pacientes transplantados renais em
acompanhamento no ambulatério da Unidade de Transplante Renal do HCPA. Foram obtidos no
prontuario eletrdnico hospitalar e no banco de dados dessa unidade os dados demogréaficos dos
receptores e dos doadores de transplantes renais. As avaliaces e estimativas da TFG foram
colhidas prospectivamente, de acordo com critérios de inclusdo e exclusdo. A TFGe (taxa de
filtracdo glomerular estimada) foi calculada usando-se: (a) os parametros do receptor, como é
tradicionalmente feito; (b) os parametros do doador; (c) nas duas situacdes acima, com e sem 0

uso da cistatina C, na equacéo utilizada para o célculo da TFGe.
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A hipotese do presente estudo é que a estimativa da TFG com a utilizacdo de parametros
derivados do doador (com a correcdo da idade pelo tempo pds-transplante) produz resultados
diferentes dos obtidos pela estratégia habitualmente utilizada com o calculo a partir dos

parametros do receptor.

Palavras-chave. transplante renal, taxa de filtracdo glomerular, cistatina C.
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2. REVISAO DA LITERATURA

a. Busca da informacéo

Esta revisdo da literatura foi focada na avaliagdo da funcdo renal em pacientes
transplantados renais. A estratégia de busca envolveu a plataforma de busca PubMed. Para a
pesquisa sobre os métodos de avaliacdo da taxa de filtracdo glomerular em transplantados
utilizamos as palavras-chave “kidney transplantation AND glomerular filtration rate, cystatin C”.

Foram também consultadas as referéncias dos artigos obtidos a partir deste mecanismo de busca.

Base de dados: PubMed [ 287 artigos J

Ind.exa dores: _ selecionados
Kidney transplantation

Glomerular filtration rate Leitura dos |\|-‘Dupl|lca-goe:
EStimation o - N&o relacionados
resumaos - Outras

Cystatin C especificidades

[49 resta ntes}

y Figura 1.
37 artigos [ nt-
. ’ KI: 2
incluidos JN EvEE

Estratégia para localizar e selecionar as informacdes.

b. Doador de critério expandido e kidney donor profile index

Devido a desproporcdo existente entre 0 numero de doadores de 6rgdos e o niumero de
pacientes em lista de espera e do envelhecimento populacional a utilizacdo de 6rgdos de
doadores de critérios expandidos atualmente é muito frequente (8, 9). Embora esses 6rgaos
estejam associados a menor sobrevida do enxerto, em relacdo a doadores padréo, o uso de rins de
doadores de critérios expandidos ou com KPDI (kidney donor profile index) elevado é aceitavel,
pois propicia aumento de sobrevida em relacdo a TRS. Doadores de critério expandido e

doadores com KDPI elevado em geral apresentam idades superiores aos doadores-padrao.
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c. Cistatina C e equagdes ndo ajustadas para racga e etnia

A creatinina, medida no sangue periférico, é o resultado da producdo do musculo
esquelético e da eliminagdo renal. Ela é um biomarcador imperfeito, pois é afetado pela dieta,
massa muscular, medicamentos e alteracdes agudas da funcdo renal (6, 10). A cistatina C foi
sugerida como uma potencial alternativa, pois tem menos fatores interferentes ndo associados a
TFG. Estudos recentes sugerem que a TFG pode ser estimada de forma mais eficaz usando a
cistatina C como um adicional ou substituto a creatinina sérica (6). Raynaud et al, em 2023,
compararam e validaram, avaliando em 17 coortes multicéntricas, perfazendo um total de 15.489
adultos, a performance de uma nova equacao especifica para receptores de transplante renal, sem
utilizacdo da informacdo sobre a raga, para estimar TFG com outras 3 equacdes atualmente
utilizadas. Concluiram que a nova equacgdo tem maior acuracia em relagéo a equacdo CKD-EPI
2021 que foi desenvolvida para avaliagdo da TFGe de rins nativos (7).

Fu et al, em um estudo transversal, avaliaram a TFG e calcularam clearance de lohexol
plasmatico em 6174 pacientes adultos com 9579 medicGes simultaneas de creatinina e cistatina C.
Demonstraram a discordancia elevada entre a TFGe usando somente creatinina ou somente
cistatina. Nesse estudo, a equacdo CKD-EPI 2021 para estimativa da TFG com creatinina-

cistatina foi a mais acurada (11).

A equacdo CKD-EPI 2012 com o uso de cistatina é tdo precisa quanto a equacdo da
creatinina CKD-EPI 2009, ndo requer especificacdo de raca e pode ser mais precisa em pacientes
com massa muscular diminuida. A equacdo CKD-EPI 2012 com creatinina-cistatina € mais
precisa do que as equacbes de creatinina CKD-EPI 2009 e CKD-EPI 2012 cistatina C e é til
como um teste confirmatério para eTFG reduzidas conforme determinado por eTFG baseado em
creatinina sérica (12, 13). Um estudo coorte transversal com 1.139 pacientes transplantados
renais ha mais de 1 ano concluiu que TFGe com creatinina e creatinina-cistatina C sdo mais
acurados em relacdo a TFGe cistatina C e refletem mais consistentemente as mesmas associacdes
de fatores de risco (cardiovasculares, proteinuria, dialise pré-transplante) observadas com TFG

mensurada (14).

Sexo € outra variavel utilizada nas equacbes que estimam a TFG. Em um estudo
multicéntrico, mediu-se a TFG em 294 pacientes, sendo 48% mulheres. A média da TFG

ajustada para a area de superficie corporal foi menor nas mulheres do que nos homens, com uma
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diferenca média de 9,34 mL / min / 1,73 m2. Esta diferenca se manteve e foi significativa, mesmo
depois de levar em conta os dados demogréficos, as caracteristicas clinicas e as medidas de
superficie corporal. A diferenca entre homens e mulheres, foi substancialmente maior quando a
TFG ndo foi ajustada para a area de superficie corporal (15, 16). Em outro estudo, a TFGe em
mulheres com idades entre 75-85 anos variou de 30 a 89 ml / min / 1,73 m?, observando-se um
declinio de 16,6 ml / min / 1,73 m2 por década; que se acentuou com o passar da idade de forma
nao linear. Mulheres com estdgio CKD 3B a 5 apresentaram risco relativo de 6bito trés vezes
maior e a TFGe menor que 45 mL / min / 1,73 m? estava mais associada & mortalidade,
confirmando a capacidade progndstica da classificagdo KDIGO 3A e 3B, como clinicamente
relevante em idosos (17).

A raca também produz impacto sobre a TFGe pela equacdo CKD-EPI. Por essa
estimativa, afrodescendentes norte-americanos apresentam maior prevaléncia de DRC e taxa
média de TFG 16% maior em comparacdo com os ndo afrodescendentes da mesma idade, sexo e

creatinina serica (18-21).

As razdes para esta diferenca sdo parcialmente compreendidas, e 0 uso da raca na
estimativa da TFG tem limitagcdes tais como avaliacdo incorreta quando inferida a partir de
atributos fisicos ou outros; existem variacdes e, as vezes, inconsisténcias na forma como a raca é
atribuida em ambientes clinicos e em todo o mundo; outras racas, além da negra, ndo sao
especificadas (18). Em um estudo de coorte retrospectiva com 1.119.816 participantes foram
encontradas taxas mais extremas de declinio de TFGe em negros e a lesdo renal classificada nos
estagios 3 e 4 foi mais prevalente nesta raca, hispanicos e asiaticos em comparagdo aos brancos.
A mortalidade com lesdo renal projetada (determinada usando regressdes logisticas com ajuste
para idade, idade ao quadrado, sexo e TFGe de entrada como variavel categorica - incrementos
de 15 mL/min/1,73 m2 por ano, de 15 a > 90) foi maior em brancos. Para aqueles com lesao
renal projetada, a taxa de risco de ébito versus caucasianos durante os estagios 3 e 4 da DRC foi
de 0,82 em negros, 0,67 em hispanicos e 0,58 em asiaticos (19). As diferencas no declinio da
TFGe e mortalidade contribuiram para as disparidades raciais na medida da incidéncia da DRC
terminal (19). Um estudo de coorte concluiu que as novas equac¢des que omitem a raca e utilizam
creatinina e cistatina C, sdo mais precisas, para individuos afrodescendentes ou ndo, do que

aquelas que utilizam somente uma dessas variaveis (22).
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As equagOes que estimam a TFG foram em geral desenvolvidas a partir de dados
populacionais e ndo incluiram pacientes transplantados renais ou de outros érgdos. Atualmente,
nos pacientes transplantados renais, utilizam-se os parametros do receptor (idade, sexo com ou
sem raca) para a célculo da TFGe. Entretanto, o rim transplantado tem a racga, sexo e idade do
doador, essa Ultima acrescida do tempo de transplante. Muitas vezes ha disparidades nessas
variaveis, entre doador e receptor, que podem ser significativas, por exemplo na idade do rim,
como nos casos de transplantes intervivos entre pais e filhos. A diferenca de sexo entre de
receptor e doador pode impactar também na TFGe, dado que, conforme demonstrado
anteriormente, as mulheres possuem menor TFG média que os homens (23). Estudos
epidemiologicos sugerem que a TFG diminui a partir aproximadamente aos 35 anos de idade.
Sendo que o declinio € mais rapido nas mulheres (23). Uma parte significativa da populacéo
saudavel com mais de 60 anos de idade tem TFG menor que 60 mL / min / 1,73 m?, o que pode
ter implicacOes para a definicdo de doenca renal cronica. As diferencas na TFG decorrentes de
idade e género podem ter implicagdes para determinar os limiares de TFG aceitaveis para doagédo

de rim em vida (23).

No transplante renal, os parametros para estimativa da TFG utilizados s&o os do receptor,
0 que pode introduzir erros sistematicos que podem levar a estimativas incorretas da TFG em
transplantados renais. Adicionalmente a avaliacdo da proteindria também ndo leva em
consideracdo a idade do rim em suas estimativas apesar da albuminuria estar associada a

senescéncia renal (17, 24).

Inker e colaboradores desenvolveram novas equacgdes para estimativa da TFG sem a
imputacdo da raca e compararam as equacdes vigentes, em uma base de dados com 35 estudos e
17.656 participantes. Os autores concluiram que equacGes que omitem a raca e utilizam
creatinina adicionada da cistatina C sdo mais acuradas em relacdo as que utilizam somente
creatinina ou cistatina C. Hsu et al. avaliaram em um estudo transversal, incluindo 1.248
participantes, informacGes como raca, marcadores genéticos ancestrais, creatinina sérica,
cistatina C sérica, creatinina em urina de 24 horas e concluiram que o uso do nivel de creatinina
sérica para estimar a TFG sem racga (ou ancestralidade genética) introduziu erros de classificacdo
sistematicos que ndo puderam ser eliminados mesmo quando numerosos determinantes ndo-TFG

do nivel de creatinina sérica foram contabilizados (ex. composi¢do corporal, excre¢do urinéria de
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creatinina). A estimativa da TFG com o uso de cistatina C gerou resultados semelhantes,
eliminando as consequéncias negativas das atuais abordagens baseadas na racga (25).

Em um estudo multicéntrico transversal com 12.832 participantes, Pottel H. et al.
concluiram que a equagdo do Consdrcio Europeu da Funcdo Renal baseada em cistatina C,
desconsiderando sexo e raca, melhorou a acuracia da avaliacdo da TFG em relacdo as equacgdes
usuais em coortes da Europa, Estados Unidos e Africa (26). Gottlieb et al., em uma coorte
retrospectiva norte-americana com 1.783 participantes, demonstraram que a TFGe com cistatina
C correlaciona-se fortemente com a TFGe com creatinina, mas pode ter um efeito substancial no
estadiamento da DRC (27).

Diao JA et al. em um estudo transversal norte-americano com 44.360 participantes,
concluiram que a equagdo CKD-EPI 2021 baseada em creatinina, desconsidera a raga, pode
resultar em mudancas significativas nas recomendac6es de cuidados de pacientes de todos as

ragas e grupos étnicos (28).

As melhores préaticas no transplante renal determinam que os receptores devem ter a
funcédo renal avaliada pela TFGe a cada consulta apds o transplante e a proteinuria pelo menos
uma vez no primeiro més, a cada 3 meses durante o primeiro ano e anualmente a partir de entéo
podendo a TFG ser estimada ou mensurada (4). A mensura¢do € um metodo mais preciso e
envolve o uso de marcadores exdgenos como a inulina, *!Cr-EDTA, o iotalamato, o iohexol e 0
9mTc DTPA. A TFG como rotina no receptor renal é obtida através de formulas que utilizam
substancias enddgenas como a creatinina e a cistatina C, embora estas sejam muito utilizadas em

virtude do custo, sdo de menor precisédo. (6,11).

O estudo transversal realizado por Masson et al., em 2012, com 670 receptores de
transplante renal de descendéncia europeia em 3 centros na Franga, com utilizacdo de clearance
de inulina, validou o uso das equacBes CKD-EPI 2012 baseadas em cistatina C e
creatinina/cistatina C nesses pacientes. Ambas as equacdes apresentaram melhor desempenho do

que a equacdo CKD-EPI 2009 baseada em somente creatinina sérica (29).

As formulas de estimativa da filtracdo glomerular ja foram alvo de estudos no Estado do
Rio Grande do Sul (UFRGS). Demonstrou-se que a formula CKD-EPI 2009 é menos acurada em

pacientes diabéticos tipo 2 em relagdo a individuos saudaveis (30). A forma da mensuracdo da
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creatinina também possui um discreto impacto na TFGe por CKD-EPI; os métodos de Jaffe e
creatinina enziméatica mostram concordancia adequada em individuos saudaveis, mas na
presenca de diabetes, 0 método enzimatico teve um desempenho ligeiramente melhor (31). Em
transplantados renais, em estudos conduzidos no HCPA-UFRGS, utilizando equagfes como
Cockcroft e Gault (CG), Modification of Diet in Renal Disease (MDRD), Mayo Clinic e
Nankivell, conclui-se que a equacdo MDRD foi a mais precisa, mas o desempenho abaixo do
desejado de todas as equacgdes estudadas pode potencialmente comprometer seu uso na pratica

clinica (3).
d. Funcdo renal e taxa de filtragcdo glomerular

Os métodos de avaliacdo da funcdo renal estdo em constante reavaliacdo e utilizam
exames bioquimicos, nucleares e radioldgicos. A diversificacdo das formas de avaliagdo pode

possibilitar uma alocagéo correta de cada método em uma subpopulacédo especifica.

A avaliacdo TFGe a partir de parametros bioquimicos possui diversos vieses, por
exemplo, flutuacbes na excrecdo tubular da creatinina, sarcopenia e estados catabdlicos
inflamatdrios crénicos influem na acurécia desses métodos que utilizam creatinina sanguinea
(10,11). A secrecdo tubular de creatinina pode ser alterada por ingestdo de proteinas, uso de
drogas como a trimetropina, cimetidina, pirimetamina, salicilatos, entre outras. Mesmo a
cistatina pode ser influenciada por fatores como sexo, horménios tireoidianos, diabetes e
inflamacdo (10,11). Portanto, o ideal seria utilizar os métodos diretos de mensuracdo como
inulina, o °!Cr-EDTA-clearance, *°*"Tc-DTPA, o iohexol e o iotalamato, contudo a
disponibilidade € limitada e os custos séo elevados. Logo, o meio de avaliacdo da funcéo renal

mais utilizado, mesmo em paises desenvolvidos, sdo formulas de estimativa da TFG (7, 11, 32).

Neste contexto, historicamente, por ter sido a primeira e mais difundida mundialmente,
a equacdo de Cockcroft-Gault (CG) teve importante papel na avaliacdo dos pacientes
transplantados. Ao longo do tempo, equacdes mais acuradas como a Modification of Diet in
Renal Disease (MDRD) e a CKD-EPI foram desenvolvidas para a populacdo de DRC e
utilizadas para os receptores de transplante renal. Posteriormente surgiram métodos de avaliacao
desenvolvidos populacdes de transplantados (33, 34). Ademais, recentemente houve a
divulgagdo da equacdo “race-free Kkidney-transplant-specific” (RF-KTS) por Raynaud e

colaboradores (7)
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3. MARCO CONCEITUAL

O marco conceitual do presente estudo e sua estratégia de execucdo estdo sumarizados na
Figura 1.

TFGe

CKD-EPI CKD-EPI
2021 2021 Cr-Cys

‘ RFKTS ’

[ Parametro do Receptor X Doador J

‘ |dade do receptor J Sexo

‘ Idade do doador somada ao \
tempo poés transplante

Diferenga de Idade (anos)
entre Doador e Receptor

- ) { Com cistatina + creatinina J
,/"!4 < 5 » ’-;\/
/ .\'{ Apenas com creatinina J
4 71 /[ Com cistatina + creatinina J
™ \[ Apenas com creatinina J

\ /,{ Com cistatina + creatinina
1 510 ‘ -
\‘[ Apenas com creatinina

Maior que 10

TFGe calculada

Figura 2. Equacdes para calculo da taxa de filtracdo estimada utilizadas no estudo considerando
os dados do receptor e doador. Divisdo de subgrupos de acordo com a diferenca de idade ente
doador e receptor. A analise do impacto do sexo foi feito nos grupos ja randomizados. R =

randomizacdo pela ferramenta RedCap.
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4. JUSTIFICATIVA

Considerando o aumento da populacdo de transplantados renais, ao envelhecimento da
populacdo, juntamente com taxas progressivas de aproveitamento de doadores limitrofes em
devido a idade e funcdo renal dos doadores, é de grande importancia avaliar o impacto dos
parametros especificos do doador, particularmente idade e sexo, na funcdo renal do receptor apés
0 transplante. Além disso, é fundamental garantir uma avaliacdo mais precisa da Taxa de
Filtracdo Glomerular (TFG) e dos marcadores de progressdo da Doenca Renal Cronica (DRC)

para uma avaliacéo e refinamento mais precisos.

Nesse sentido, o estudo das formulas de Estimativa da Taxa de Filtragdo Glomerular
(TFGe) e suas relacdes nesta subpopulacdo é fundamental para avaliar a progressdao dos
processos patologicos, gerenciar a DRC associada ao transplante renal e planejamento dos

gestores de saude e os centros transplantadores.

Esta questdo se torna ainda mais relevante quando consideramos que 0s parametros atuais
utilizados para estimar a TFG em receptores de transplante renal levam em conta 0s parametros
demogréaficos do receptor (sexo e idade). No entanto, o rim transplantado carrega o sexo do
doador e a idade do mesmo, acrescida do tempo de transplante. Portanto, é imperativo considerar

esses fatores na avaliagcdo da funcdo renal pds-transplante.
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5. OBJETIVOS
Objetivo Primario
Avaliar as equacgdes atualmente utilizadas para estimativa da TFG, CKD-EPI Cr 2021,
CKD-EPI Cr-Cys, RF-KTS, em pacientes transplantados renais, utilizando-se parametros do

doador e do receptor.

Objetivos Secundarios
Avaliar se a utilizacdo de parametros do doador nas equagdes CKD-EPI Cr 2021, CKD-
EPI Cr-Cys, RF-KTS, leva a estimativas significativamente diferentes das TFGs das obtidas

utilizando-se os parametros do receptor.
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ABSTRACT

Background. The equations that estimate GFR use serum creatinine, age and sex. In transplant
patients, the recipient's parameters are routinely used in the equations, however, the transplanted
kidney may have a different race, sex and age than the recipient and there are often significant
disparities in these variables between donor and recipient.

Objective. To evaluate significant, differences between eGFR with recipient versus donor
parameters in kidney transplant recipients.

Design, setting, participants and measurements. Cross-sectional study including 429 kidney
transplant recipients, with stable function, who received a kidney transplant between 2010 and
2023. In the age parameter, patients were categorized according to the age difference between
the donor and recipient into 3 groups: (a) donors with an age difference of up to 5 years in
relation to the recipient; (b) donors with an age difference of between 5 and 10 years in relation
to the recipient and (c) donors with an age difference of more than 10 years in relation to the
recipient. The recipients had their eGFR calculated using three validated equations (CKD-EPI Cr
2021, CKD-EPI 2021 creatinine-cystatin C without race and RF-KTS). Age imputation was done
with the recipient age and with the donor’s age at donation plus the time elapse after the
transplant. Estimates were also made using the gender of the donor and recipient. Statistical
significance was set at P < 0.05.

Results. Using the CKD-EPI Cr 2021 equation with receptor parameters, the mean eGFR was
59.8 + 22.8 mL/min/1.73m?; with addition of cystatin, 60.1 £ 23.4 mL/min/1.73m2. Using donor
data, the mean eGFR was 61.3 £ 28.6 mL/min/1.73m?2 (p = 0.019), with the addition of cystatin,
60.9 = 26.4 mL/min/1.73m?2 (p = 0.173). In subgroup analyzes stratified by age difference, it was
found that donors > 5 years older than the recipients showed significant differences in eGFR. In
the analyzes including sex, in the equations adjusted to the donor age comparison of the mean
eGFR of male recipients and female donors' group with the female recipients and male donors'
group, revealed significant differences in the three equations evaluated.

Conclusion: With the equations utilized in the present study, the use of donor-derived
parameters resulted in significantly different GFR estimations in KTR.

Key-words: kidney transplantation, glomerular filtration rate, cystatin C.
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Introduction

Chronic kidney disease (CKD) is a prevalent condition with a high incidence globally
(1,2). In its terminal stage, CKD is generally treated by renal replacement therapies (RRT),
hemodialysis, peritoneal dialysis, or kidney transplantation. In recent decades, kidney
transplantation has become the best alternative for a substantial portion of CKD patients.
However, kidney transplant recipients (KTR) do not have a normal glomerular filtration rate
(GFR) and must be seen as having CKD. In previous studies, the medium GFR average of KTR
classifies most of these patients in CKD stages 3A and 3B. In an unselected sample of our kidney
transplant population, we found an average GFR of 51.3 = 22.5 mL/min (3). GFR and
proteinuria are used for staging and prognosticating individuals with CKD. Importantly, the
estimations of GFR have improved substantially in the general population and KTR allows an

easy and accurate estimation of renal function (3, 4, 5).

In light of the escalating population of renal transplant recipients, the ageing
demographic, and the progressive rates of marginal donor utilisation due to the age and renal
function of donors, it becomes imperative to evaluate the specific behaviour of donor-related
parameters, notably their age and sex, on the renal function achieved in the recipient post-
transplantation. Furthermore, it is vital to ensure a more precise evaluation of the Glomerular
Filtration Rate (GFR) and markers of Chronic Kidney Disease (CKD) progression for a more

accurate assessment and refinement.

The study of eGFR formulas and relationships in this subpopulation is fundamental for
the assessment of the progression of pathological processes, the management of CKD associated
with renal transplantation, and strategic planning for health managers and transplant centres. This
becomes increasingly pertinent as the parameters currently employed to estimate GFR in renal
transplant recipients take into account the demographic parameters of the recipient (sex and age).
However, the transplanted kidney embodies the sex of the donor and the age of the donor in
addition to the time elapsed post-transplantation. Thus, it is crucial to consider these factors in

the evaluation of post-transplant renal function.

Currently in kidney transplantation GFR estimation is made by using recipient-derived
variables (age, sex, and race). However, the grafted organ has the sex, race and age of the donor,

plus the time after transplantation. We hypothesized that the estimation of GFR using donor
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derived parameters would produce results significantly different from those obtained by current
strategy based on the recipient's parameters.

Patients and Methods

This is a retrospective cross-sectional study involving adult KTR between 6 months and
10 years after grafting with stable renal function (variation of the blood creatinine < 0.3 mg/dL in
the last 60 days) and clinical stability. They were seen at the transplant clinic from January 2022

to December 2023 and who received a kidney transplant between 2010 and 2023.

Patients. Patients were selected using a convenience sampling method. Outpatient KTR
were evaluated for inclusion. Recipients with active malignancies, stage 5 CKD, severe
psychiatric disorder, pregnancy, conditions with cachexia and significant loss of muscle mass,
hypercatabolic states, uncontrolled infection, and those who having received double kidneys (en

bloc or isolated), were not included, as well as those refuse to consent.

Methods. The following variables were retrieved from electronic charts and transplant
files: age of recipient and donor, gender of recipient and donor, creatinine, cystatin C [measured
in approximately half of the patients stratified by age in a random fashion by using the Research
Electronic Data Capture (RedCap) platform]. Stratification took into consideration the
differences of age between donors and recipients: (a) up to five years; (b) 5-10 years and (c)
higher than 10 years. eGFR was evaluated by the CKD-EPI Cr 2021 equation with and without
cystatin C imputation and the RF-KTS equation. Sample size calculation considered P alpha <
0,05, an 80% power and a delta eGFR > 5 mL/min/m? body surface. Under these parameters 142

patients were needed in each of the three groups defined by age differences.

Serum creatinine was measured by the Alinity ¢ Creatinine Reagent Kit (Abott, USA)
which uses quantification by measuring the absorbance of the creatinine-picrate complex for
measurement. Cystatin C was measured using the Turbiquest plus cystatin kit (quantitative
determination of cystatin C in serum or plasma samples by immunoturbidimetry - DB

Diagndsticos, Brazil).
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Statistical analysis. Qualitative variables were presented absolute and relative frequencies
[n (%)] and quantitative variables as mean and standard deviation or median (quartile 1 — quartile
3), as appropriate. The distribution of quantitative variables was assessed through graphical
analysis of the histogram and quantile-quantile plot. The association between qualitative
variables was assessed by Pearson's chi-square test of independence. The difference between
groups regarding a qualitative variable was compared using the independent t-test, dependent t-
test, or Mann-Whitney U test, as appropriate. The agreement between the methods of measuring
filtration rate using different formulas was assessed by the Pearson linear correlation coefficient,
intraclass correlation coefficient, and the Bland-Altman plot (6,7). The adequacy of the models
was verified using graphical analysis of the residuals through histogram and quantile-quantile
plot. In all analyses, a significance level lower than 5% was considered. Analyses were

conducted using the R software, version 4.3.

The study was approved by the HCPA Research Ethics Committee, accredited by the
registration number 2021-0608 and is registered on Plataforma Brasil under CAAE:
57122321.0.0000.5327. The Data Use Commitment Term was applied to the researchers, in
accordance with institutional protocol. The patients included in the study consented to participate
by reading and signing the Informed Consent Form. The practice of transplants at HCPA and the
present study were conducted in accordance with the recommendations of the Declarations of
Helsinki and Istanbul (8). All procedures were conducted in accordance with protocols approved
by the Research Ethics Committee of the Hospital de Clinicas de Porto Alegre, accredited by the
National Council Research Department of the Brazilian Ministry of Health and registered with
the Office for Human Research Protections - OHRP-USDHHS (Institutional Review Board -
IRB 00000921).

Results

The study population consisted of 429 KTRs. The baseline variables of recipients, donors
and transplant data for the entire sample and for the creatinine-based and creatinine-cystatin-
based sub-populations are presented in Table 1. No significant differences were observed in the

comparisons of the sub-populations.
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The eGFRs according to the CKD-EPI Cr 2021 equations with or without Cystatin-C and
RF-KTS equation, varying the recipient or donor data (age and sex) are displayed in Table 2.
Using the recipient variables the CKD-EPI Cr 2021 significantly underestimated the eGFR in
comparison with CKD-EPI 2021 Cr-Cys (P = 0.007). The CKD-EPI Cr 2021 significantly
overestimated the eGFR in comparison with the RF-KTS equation (P < 0.001). The CKD-EPI Cr
2021 with the recipient variables underestimated the GFR in comparison with CKD-EPI 2021
Cr-Cys (P=0.019). The RF-KTS equation with recipient variables underestimated the GFR in
comparison with the same equation using the donor variables (P = 0.003). The CKD-EPI Cr
2021 with or without Cystatin C imputation overestimated the RF-KTS equation in all
comparisons in spite of the recipient or donor data source (P < 0.001).

Table 3 presents the subgroup analysis carried out to evaluate the impact of donor age in
the eGFR results. It shows the calculated ¢GFRs with the recipient’s age and with donor ages
who were older than the recipients, according to the intervals of age differences. In the three
equation no significant differences were observed with donor ages up to five years older than the
recipients. In the subset of donors five to ten years older significant differences occurred with the
CKD-EPI Cr 2021 and RF-KTS equations. The eGFRs were consistently lower, with the three
equations when the donor was 10 or more years older than the recipient. In these last
comparisons the differences between the eGFRs varied between 5 and 6.4 mL/min/1.73 m 2

body surface.

Table 4 shows the subgroup analysis carried out to evaluate the impact of donor age in
the eGFR results with the recipient’s age and with donor ages who were younger than the
recipients, according to the intervals of age differences. Significant differences occurred only in
the group in which the donors were more than 10 years younger than the recipients. In these
comparisons the differences between the eGFRs varied between 5 and 9.1 mL/min/1.73 m2 body

surface.

Table 5 displays the analyses of the donor sex impact on GFR estimation and the
integration of sex and age in these analyses. In the evaluation of the impact of the different sex,
keeping the recipient’s age, in all equations, the eGFR differences were not different although
with the RF-KTS a borderline level of significance was observed (P = 0.054). The imputation of

the donor age resulted in significant and clinically relevant differences in the GFR estimation (P
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< 0.001) for all three equations, with eGFR differences between 6.4 and 37.7 mL/min/1.73 m?
body surface. When the donor and the recipient were from the same sex significant differences
were observed in the female sex, with lower eGFRs in the CKD-EPI equation with donor or

recipient age and in the RF-KTS equation with donor age.

Figure 1 shows sample distributions, the correlations between the equations and
Pearson’s correlation estimation with the 95% confidence intervals between the equations for
GFR estimation. All correlations between the equations were significant. The correlation
between the equations, CKD-EPI Cr-Cys, recipient data, is highly correlated with CKD-EPI Cr-
Cys, donor data (r = 0.9; p < 0.001). The RF-KTS equation with recipient data is also highly
correlated to the RF-KTS equation with donor data (r = 0.9; p < 0.001). The CKD-EPI Cr 2021
equation with recipient also correlated with the same equation with donor data (r = 0.9; p =
0.019). The best correlations were found between the CKD-EPI Cr 2021 and RF-KTS, both with
the recipient’s data (r = 0.9; P < 0,001) and between CKD-EPI Cr 2021 and RF-KTS, both with
donor data (r = 0.9; P < 0,001). The lower correlations occurred between the CKD-EPI 2021 Cr-
Cys with recipient’s data and CKD-EPI Cr 2021 with donor data (r = 0.9; P < 0,001) and CKD-
EPI 2021 Cr-Cys with recipient’s data and RF-KTS with donor data (r = 0.9; P < 0,001).

Bland and Altman analyses were carried out for evaluating the concordance of the GFR
estimation equations using the recipient’s data (age and sex) and donor’s data (donor sex and age
plus transplant time). The Bland and Altman for the CKD-EPI Cr 2021 equation is shown in
Figure 2. The use of donor’s data in this equation estimates eGFR, on average, 1.6 mL higher
than with the calculation using recipient’s data). The estimated confidence interval between these
two methods was 0.918 (95% CI: 0.86 - 0.947). Figure 3 displays the Bland and Altman analysis
for the CKD-EPI Cr-Cys 2021 equation. The imputation of the donor's data estimates values, on
average, 0.8 mL higher than with the results obtained with the imputation of the recipient’s data.
The estimated confidence interval between these two methods was 0.96 (95% CI: 0.94 - 0.98).
The Bland and Altman analysis for the RF-KTS equation is shown in Figure 4. The RF-KTS
equation with donor characteristics estimates values, on average, 1.4 mL higher than with the

recipient’s data. The estimated CI between these two methods was 0.92 (95% CI: 0.88 — 0.96).
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Discussion

In this study, we analyzed in a 429 KTRs cohort of patients that are representative of the
current practice of kidney transplantation in Southern Brazil, the impact of using donor-derived
parameters to estimate the GFR. In clinical practice the recipient's parameters are used for such
estimations, however, the transplanted organ has the sex and age of the recipient plus the time
after grafting. We hypothesized that the equations adjusted for donor parameters could present
clinically relevant differences in GFR estimations and ultimately impact in recipients' care. Our
main findings were that imputation of donor age, either older or younger, results in significant
differences on GFR estimations when the donors and recipients age difference is more than five
years and that sex differences exerts a smaller effect that is greatly augmented by the imputation

of donor’s age.

Estimations of GFR are current practice in renal transplantation and it is of paramount
importance since KRTs do present CKD (9). In clinical practice these estimations are used to
guide care and prognosticate patients, and the estimations utilize recipients-derived variables,
namely age and sex. However, the grafted organ has the sex of the donor and his/her age plus the
time after transplantation. In the present work we studied the more utilized equations in this
setting, CKD-EPI Cr 2021 and the same equation with cystatin C imputation, CKD-EPI Cr-Cys
2021. We also included the RF-KTS equation that was recently validated in a large cohort of
European KTRs (3).

Results showed statistical significance in cases of equations adjusted for donor
parameters when we have a male recipient and a female donor compared to a female recipient
and a male donor. The difference in disease progression, access to treatment, and mortality is
already known and may be affected by gender (10). According to some studies, there may be a
reduction in eGFR after the age of 35, and the decline is faster in women. A significant
proportion of the healthy population over 60 years of age has a GFR < 60 mL/min/1.73m?. Age
and sex differences in normal GFR can be used to determine recommended GFR limits for living
kidney donation (11). Some causes that may explain the difference in eGFR between the sexes
are biological, genetic and socioeconomic factors. Hormonal differences between men and
women are relevant and there may be a possible impact of estrogens and androgens on renal

function, for example, estrogen tends to have protective effects on the kidneys, which may help
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explain the slower progression of CKD in women until menopause. Men generally have greater
muscle mass, which leads to higher serum creatinine levels, which can impact eGFR estimates in
men. Socioeconomic factors and access to healthcare are also relevant and can influence the

detection of CKD and the management of the disease among men and women (10).

Senescence or normal physiological aging refers to the expected age-related renal
changes, but may not necessarily occur in all individuals. Histological structural changes in the
kidney with advanced age include a decrease in the number of functional glomeruli due to
nephrosclerosis (glomerulosclerosis, thickening of the basement membrane, tubular atrophy with
interstitial fibrosis, increased arteriosclerosis and arteriolar hyalinosis) usually accompanied by
compensatory hypertrophy of the remaining nephrons, in healthy individuals. Among the
macroanatomical structural changes are included the reduction in cortical volume, greater
medullary volume, global reduction of the kidney, larger and more numerous renal cysts (12).
Studies of Glassock et al concluded that aging occurs in variable progression and is influenced
by genes, the environment and chance. The decline in GFR generally begins after age 30. This
process appears to be due to a constant loss of nephrons due to global glomerulosclerosis,
perhaps because of visceral glomerular podocyte degeneration and inadequate repair. Such a
physiological decline in GFR could generate discussion about the diagnosis of CKD and the
estimation of the risks of adverse events, including mortality. They emphasize that the current
scheme for classifying CKD based on GFR could be redesigned to be calibrated by age. This
would better reflect both the underlying biology of renal aging and the risks of mortality and
end-stage renal disease (13). The reduction in the number of functional nephrons contributes to
the reduction in the glomerular filtration rate. It is observed that there is a progressive decline in
eGFR. This decline is associated with an increase in mortality and comorbidities, including
cardiovascular and chronic diseases. The decline in eGFR is a direct functional manifestation of
structural changes in the kidneys with aging. Also, the reduction in the glomerular filtration rate
has a significant prevalence in the elderly, showing that the decline in renal function is a
common consequence of the aging process. These findings emphasize the need for monitoring
and specific interventions to preserve kidney health in this age group (14). These finding are
progressively more relevant in kidney transplantation since organs from older donors are

progressively more utilized.
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The use of the race factor in GFR estimation equations has been highly questioned.
Delgado et al. recommend a unified approach to estimating eGFR, questioning the inclusion of
race in the diagnosis of kidney disease (15). Importantly, the NKF-ASN task force suggests that
including race as a variable in eGFR equations may perpetuate racial inequities and does not
adequately reflect biological diversity among individuals. This position emphasizes the need to
find more accurate and equitable methods that do not rely on social constructs like race (15).
Raynaud et al. developed and validated a race-free eGFR equation for kidney transplant
recipients. This study is particularly relevant as kidney transplant recipients represent a
population in which accuracy of renal function estimation is crucial for clinical management.
The new equation aims to offer a fairer and more scientifically sound tool for assessing kidney
function in these patients (3). Inker and collaborators also introduced new equations based on
creatinine and cystatin C to estimate eGFR without the race imputation. This study marks a
significant turning point, providing alternatives that can be applied universally, regardless of the
patient's ethnic origin. By eliminating race as an adjustment factor, these equations seek to
promote a more equitable medical practice based on direct biological evidence (16). Pottel et al.
recently proposed a cystatin C-based equation that also omits race and sex in estimating eGFR.
This study expands the discussion beyond the race variable, questioning the inclusion of sex as
an adjustment in the eGFR equations. In doing so, the authors highlight the importance of
creating diagnostic tools that are truly universal and better reflect individual kidney function

without the bias of demographic characteristics (17).

Inulin clearance is the gold standard for assessing mGFR. Non-radioactive (iohexol and
iothalamate) and radioactive markers (*!Cr-EDTA, ®*™Tc-DTPA, %I iothalamate) are also very
accurate, but are many times either expensive or not available. The equations for estimating GFR
have evolved overtime. Cystatin being added and the race factor being removed (e.g. CKD-EPI
2009 Cr, CKD-EPI 2012 Cr-Cys with or without race, CKD-EPI 2021 Cr-Cys with or without
race, RF-KTS) (18). Inker et al highlighted that although the idea of having equations for
calculating specific eGFR for some conditions (e.g. HIV, cirrhosis, heart failure), kidney
transplant donors and recipients are particularly interesting since that there may be overlapping
comorbidities and arbitrariness in the choices. Therefore, they suggested that the use of an
equation for the general population, according to current guidelines (e.g. KDIGO) is still the

most pertinent. They also state that the use of cystatin can improve precision and should be used
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more frequently. These authors also suggest that there is a need for more studies to evaluate the
accuracy of equations (e.g. CKD-EPI 2021 with and without cystatin) in kidney transplant
recipients across the full range of transplant-related variables, in particular, medications that are
commonly used in kidney transplant recipients that may affect serum creatinine or cystatin C
levels independent of mGFR. They highlight the need for more frequent use of mGFR in clinical
settings, where a more accurate assessment of GFR is required for decision-making in kidney
transplant recipients. They also recommend further studies on GFR estimation using a panel of
new filtration markers, which may be needed to overcome the limitations of creatinine and
cystatin C in a wide variety of diseases (19). In kidney transplant recipients, a recent cross
sectional study including 415 KTRs, by Hundemer and collaborators, concluded that the 2021
CKD-EPI equations without the race factor perform similarly to previous CKD-EPI equations
that included racial correction terms. No significant difference in performance was observed
between the CKD-EPI 2021 Cr and CKD-EPI 2021 Cr-Cys equations (20).

The previously developed Nankivell's equation was found to be inaccurate in some
studies (21). Qutb A et al. in a study with 97 kidney transplant recipients indicated that the best
correlation, greater accuracy and lower bias were observed with the use of cystatin C. The
greatest bias was observed with the use of Nankivell and MDRD equations. Also, Rodrigo et al.
evaluated the difference in eGFR calculated by equations such as MDRD, Nankievell and
Cockroft-Gault using the Bland-Altmann method and showed that MDRD presented the lowest
bias and narrowest limits of agreement. They concluded that in Kidney transplant patients with
kidney significant chronic damage (eGFR < 30 mL), the MDRD equation appears better than
other formulas for estimating GFR (21). More recently, Raynaud M et al. demonstrated in a large
cohort of adult kidney transplant recipients, that the RF-KTS equation showed significant
performance improvement compared to the “race-free” CKD-EPI 2021 and also performed well
in an external validation group. The RF-KTS equation also performed well in several
subpopulations of transplant recipients controlled by race, sex, age, BMI, type of donor, donor
age, treatment, serum creatinine, GFR measurement methods and post-transplant time for the
GFR estimation (3).

Our study has some limitations. Firstly, the sample size is somewhat limited. Secondly,
cystatin C measurements were not available for the entire sample. Finally, and perhaps more

importantly, there was no gold standard that could accurately identify whether the use of donor-
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derived parameters results in more accurate determinations of GFR in KTR. However, based
upon our results, we believe that the study contributes significantly to the field and that larger

studies employing an appropriate gold-standard should be carried out.

Based on our findings that the imputation of both age and gender of the donor leads to a
sizable effect on GFR estimation in KTR, we suggest that, if confirmed in larger and more
representative studies, these are the variables to be used for GFR estimation in KTR. That seems
most appropriate particularly when significant age differences between donors and recipients are
present. In conclusion our study confirmed the hypothesis that utilization of donor-derived
parameters would lead to significant differences in GFR estimations in KTRs. The study
provides the grounds for deeper examinations of the crucial issue of developing inexpensive and

accurate estimations of GFR in kidney transplant recipients.
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Legends to the figures:

Figure 1. Correlation and sample distribution between the equations for calculating eGFR.
Pearson correlation estimate, and 95% confidence interval, between the equations for calculating
eGFR.

Figure 2. Bland-Altman concordance with donor and recipient's age and sex. CKD-EPI Cr 2021
(donor age plus transplant time; donor sex) recipient data. LC = limits of agreement. ICC =

intraclass correlation coefficients.

Figure 3. Bland-Altman concordance with donor and recipient's age and sex. CKD-EPI Cr-Cys
equation with donor data and with recipient data. LC = limits of agreement. ICC = intraclass

correlation coefficients.

Figure 4. Bland-Altman concordance with donor and recipient's age and sex. RF-KTS equation
with donor data and with recipient data. LC = limits of agreement. ICC = intraclass correlation

coefficients.
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TABLE 1. Demographic and laboratory data of recipients, donors and transplant variables in the
total cohort and in creatinine and creatinine plus cystatin C groups.

o Creatinine and
Creatinine only

All (N = 429) Cystatin C p-value
(N =223)
(N=206)
Recipient variables
Age (meanzSD years) 52.7£12.9 52.5£11.9 52.8+13.8 0.799
Race (N/%. Caucasian) 247(58) 123 (55.2) 124 (60.8) 0.239
Sex (N/%. male) 267(62) 136 (61) 131 (63.6) 0.578
Weight (kg) 78.3115.7 78.5+15.7 78.1+£15.7 0.812
Height (cm) 166.6+10.1 166.61+10.8 166.6+9.14 0.961
RRT (N/%)
Hemodialysis 416 (97) 218 (97.8) 198 (96.1) 0.322
Peritoneal dialysis 20 (5) 9(4) 11 (5.3) 0.522
Serum creatinine (mg/dL) 1.5+£0.5 1.4+0.5 1.5+0.5 0.256
Serum cystatin C (mg/L) 1.4+0.5 - 1.4+0.5
Immunosuppression
Tacrolimus (N/%) 425 (99) 219 (98.2) 206 (100) 0.053
Cyclosporine (N/%) 3(1) 3(1.3) 0(0) 0.095
Mycophenolate (N/%) 396 (92) 200 (89.7) 196 (95.1) 0.034
Azathioprine (N/%) 13 (3) 9(4) 4(1.9) 0.206
MTOR inhibitors (N/%) 9(2) 7(3.1) 2(1) 0.117
Prednisone (N/%) 428 (100) 222 (99.6) 206 (100) 0.336
Tacrolimus level (ng/mL) 6.4+2.2 6.7+2.5 6.1+1.8 0.007
Previous rejection (N/%. yes) 12 (3) 5(2.3) 7 (3.4) 0.468
Donor variables
Age (years. mean * SD) 45.7+14.7 46.17+14.4 45.2+15 0.489
Sex (N/%. man) 240 (56) 122 (54.7) 118 (57.3) 0.592
Race (N/%. Caucasian) 165 (55) 90 (54.9) 75 (55.6) 0.907
Weight (kg) 75.4+13.8 75.3+14 75.4+13.5 0.962
Height (cm) 168.9+10.4 168.1+12.2 169.7+8.2 0.153
Deceased (N/%) 399 (93) 209 (93.7) 190 (92.2) 0.546
Serum creatinine (mg/dL)
Initial ** 1+0.4 1+0.4 1+0.4 0.909
Final *** 1.440.6 1.3+0.6 1.4+0.7 0.6

Comorbidities (N/%)
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None 193 (45) 101 (45.3) 92 (44.7) 0.896
Hypertension 111 (26) 63 (28.3) 48 (23.3) 0.242
Diabetes Mellitus 32 (7) 18 (8.1) 14 (6.8) 0.615
Coronary heart disease 6 (1) 3(1.3) 3(1.5) 0.922
Peripheral artery disease 1(0) 0(0) 1(0.5) 0.298
Smoking previous or current 64 (15) 31 (13.9) 33 (16) 0.538
Cause of death (%)

Cerebrovascular disease 223 (56) 117 (56.5) 106 (56.1)

Head trauma 133 (34) 74 (35.7) 59 (31.2) 0.221
Others 40 (10) 16 (7.7) 24 (12.7)

Transplant variables

Cold ischemia time (hours. mean + SD) 21.7+6 21.4+6.1 21.3+5.8 0.472
Vascular anastomosis time (min. mean + SD) 30+65 32491 27+7 0.398
National offer (N/%) **** 74 (24) 41 (25.8) 33 (22.8) 0.539

* = comparison between creatinine only and creatinine plus cystatin C cohorts. ** = at organ

donation. *** = last before organ removal from donor. **** = grgans imported from other

Brazilian states. mTOR = mammalian target of rapamycin; RRT = renal replacement therapies.



TABLE 2. Comparison of eGFR with the different equations varying the recipient and donor variables.

Equation 1 Data Source Equation 2 Data Source n Mean £ SD (Eq. 1) Mean +SD (Eq.2)  P-value
CKD-EPI Cr 2021 recipient CKD-EPI Cr-Cys recipient 206 58.6 +22.6 60.1+23.4 0.007
CKD-EPI Cr 2021 donor CKD-EPI Cr-Cys donor 206 60.2 £27.8 60.9 £ 26.4 0.204
CKD-EPI Cr 2021 recipient CKD-EPI Cr 2021 donor 429 59.8 £22.8 61.3 +£28.6 0.019
CKD-EPI Cr 2021 recipient RF-KTS recipient 429 59.8 +22.8 55.2 +16.6 <0.001
CKD-EPI Cr 2021 donor RF-KTS donor 429 61.3+28.6 56.5+21.2 <0.001
CKD-EPI Cr-Cys recipient CKD-EPI Cr-Cys donor 206 60.1+23.4 60.9+26.4 0.173
CKD-EPI Cr-Cys recipient RF-KTS recipient 206 60.1+23.4 54.2 +16.2 <0.001
CKD-EPI Cr-Cys donor RF-KTS donor 206 60.9 +26.4 55.7 +20.7 <0.001
RF-KTS recipient RF-KTS donor 429 55.2 + 16.6 56.5+21.2 0.003




TABLE 3. Evaluation of the impact of older donor age on eGFR measured by different equations.

Age differences n Equations Mean + SD (Recipient)  Mean + SD (Donor) A p-value
0-5 years older 51 51.1+185 49.8+19.3 1.3 0.253
5-10 years older 39 CKD-EPI Cr 2021 50.9£22.7 453221 5.6 < 0.001
> 10 years older 50 54.3+19.8 48.3+20.4 6 <0.001
0-5 years older 24 455+15.1 435+16.3 2 0.095
5-10 years older 18 CKD-EPI Cr-Cys 46.1+21.3 445+216 1.6 0.176
> 10 years older 20 59.9+21.6 56.4+21.1 3.5 0.054
0-5 years older 51 495+14.7 48 £15.4 1.5 0.062
5-10 years older 39 RF-KTS 48.8 +16.2 44.8+16.9 4 <0.001
> 10 years older 50 52 +14.1 47 £14.8 5 <0.001




TABLE 4. Evaluation of the impact of younger donor age on eGFR measured by different equations.

Age differences n Equations Mean + SD (Recipient)  Mean + SD (Donor) A p-value
0-5 years younger 53 60.0£22.8 57.5+25.2 2.5 0.153
5-10 years younger 64 CKD-EPI Cr 2021 61.3+24.2 60.1+27.5 1.2 0.459
> 10 years younger 167 66.9 £22.2 76.0£29.1 9.1 <0.001
0-5 years younger 25 60.1+24.7 56.6 £ 23.6 3.5 0.017
5-10 years younger 35 CKD-EPI Cr-Cys 61.3+21.8 62.2 +24.5 -0.9 0.588
> 10 years younger 81 68.6 £23.5 73.6 £27.3 -5 <0.001
0-5 years younger 53 55.0£16.1 53.5+£18.0 1.5 0.129
5-10 years younger 64 RF-KTS 56.3+18.9 55.6 £20.7 0.7 0.456
> 10 years younger 167 60.0 £16.0 67.3+£21.6 -7.3 <0.001




TABLE 5. Evaluation of the impact of donor and recipient sex and age on eGFR measured by different equations.

Recipient male

Recipient female

Male recipient

Female recipient

Equations and donor female and donor male A P-value and donor and donor A P-value
n=113 n =86 n =154 n=76

CKD-EPI Cr 2021 (recipient

data) 58.2+21.9 62.1+23.8 -3.9 0.229 62.1 +23.6 54.9 £20.7 7.2 0.024
CKD-EPI Cr 2021 (donor data) 44.3+18.7 82.0+30.0 -37.7 <0.001 65.4 £ 27.8 55.0 £23.3 10.4 0.005
CKD-EPI Cr-Cys (recipient data) 60.0 + 22.6 64.8 +26.2 -4.8 0.335 60.2 £22.7 54.1+22.3 6.1 0.202
CKD-EPI Cr-Cys (donor data) 51.2 £20.2 76.7 £30.7 -25,5 <0.001 62.1+25.1 54.2 +23.0 7.9 0.122
RF-KTS (recipient data) 53.2+15.5 57.7+17.1 -4.5 0.054 56.4+17.8 52.6+14.9 3.8 0.106
RF-KTS (donor data) 448 +14.1 71.2+23.4 -26.4 <0.001 58.9 +20.8 52.5+17.0 6.4 0.021
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Figure 2

Difference between two measures
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Figure 3
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Figure 4

Difference between two measures
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8. CONSIDERACOES FINAIS

O presente estudo apresentou uma nova visdo para a avaliagdo da TFG em pacientes
transplantados renais. Testou-se a hipdtese de que a utilizacdo de dados derivados do doador, na
estimativa da taxa de filtragdo glomerular e receptores de transplante renal, leva a resultados
diferentes dos observados quando se utiliza os dados do receptor (sexo e idade). Baseados nos
dados desse estudo sugere-se que outras pesquisas devam ser conduzidas adicionando
refinamentos a nossa abordagem, principalmente: (a) testar um maior nimero de individuos; (b)
em uma abordagem multicéntrica; (c) imputacdo ampla da Cistatina C nas equagdes para as
estimativas da TFG e, de forma muito importante, (d) utilizar um método padrdo-ouro que
permita a identificacdo da equacéo e a estratégia mais acurada, seja com dados do receptor, do
doador, ou de ambos.

Por fim, consideramos que o presente trabalho tenha algumas contribuicdes cientificas e
assistenciais, em especial no nosso meio. Entre as assistenciais citamos o aprimoramento da
avaliacdo da funcdo renal dos receptores de transplante renal, através da utilizacao rotineira da
Cistatina C nas equacdes de avaliacdo, possibilitando assim o estadiamento mais acurado da
doenca renal crénica do enxerto e orientando intervencgdes clinicas mais precoces e seguras, tais
como a bidpsia renal, quando este for o caso. Entre as contribuicdes cientificas acreditamos que a
publicacdo do presente trabalho podera contribuir com novos conhecimentos e desafios nesse
tema tdo discutido na comunidade internacional podendo, em ultima instancia, levar a novas

estratégias de avaliacdo da taxa de filtracdo glomerular em receptores de transplante renal.



APENDICE A - TERMO DE CONSENTIMENTO
N° do projeto GPPG: 2021-0608
Titulo do Projeto: Avaliagéo da Taxa de Filtragdo Glomerular Estimada no Transplante Renal Ajustada por Pardmetros do Doador

Vocé esta sendo convidado(a) a participar de uma pesquisa cujo objetivo é melhor avaliagdo da fungdo renal em pacientes
transplantados. Esta pesquisa esta sendo realizada pelo Servico de Nefrologia do Transplante do Hospital de Clinicas de Porto Alegre (HCPA).

Se vocé aceitar o convite, sua participacdo na pesquisa envolvera coleta de material biolégico (sangue e urina) — conforme rotina

ambulatorial do acompanhamento p6s transplante — e acesso a informacgdes de prontuério.
Néo sdo conhecidos riscos pela participagdo do estudo. Pode haver desconforto pelo tempo de resposta ao questionario.

Os possiveis beneficios decorrentes da participagdo na pesquisa sdo melhorar a avaliagdo da funcdo renal dos pacientes transplantados

renais.

Sua participagdo na pesquisa é totalmente voluntaria, ou seja, ndo é obrigatoria. Caso vocé decida nao participar, ou ainda, desistir de

participar e retirar seu consentimento, ndo havera nenhum prejuizo ao atendimento que vocé recebera ou podera vir a receber na instituicao.

Né&o estd previsto nenhum tipo de pagamento pela sua participagdo na pesquisa e vocé ndo tera nenhum custo com respeito aos

procedimentos envolvidos.

Caso ocorra alguma intercorréncia ou dano, resultante de sua participagdo na pesquisa, vocé recebera todo o atendimento necessério,

sem nenhum custo pessoal.

Os dados coletados durante a pesquisa serdo sempre tratados confidencialmente. Os resultados serdo apresentados de forma conjunta,

sem a identificagdo dos participantes, ou seja, 0 seu nome nao aparecera na publicacédo dos resultados.

Caso vocé tenha davidas, poderd entrar em contato com o pesquisador responsavel Prof. Dr Roberto Ceratti Manfro, pelo telefone
33598876, com 0 pesquisador médico contratado Guilherme Lemos Eder, 33598225 ou com o Comité de Etica em Pesquisa do Hospital de
Clinicas de Porto Alegre (HCPA), pelo e-mail cep@hcpa.edu.br, telefone (51) 33596246 ou Av. Protasio Alves, 211 - Portdo 4 - 5° andar do
Bloco C - Rio Branco - Porto Alegre/RS, de segunda a sexta, das 8h as 17h.

Esse Termo é assinado em duas vias, sendo uma para o participante e outra para os pesquisadores.

(Nome do participante da pesquisa)

(Assinatura do participante)

(Nome do pesquisador que aplicou 0 Termo)

(Assinatura do pesquisador)

Local e Data:




APENDICE B — INSTRUMENTO DE COLETA DE DADOS

INCLUSAO

EXCLUSAO

> 18 anos

Pediéatricos

Transplante > 6 meses até 10 anos

Transplante duplo (ex. rim e figado)

Auséncia de infec¢do ativa

Infeccdo ativa

Auséncia de rejeicdo aguda

Estabilidade clinica (A creatinina sanguinea < 0,3

mg/dL nos Ultimos 60 dias

Funcao renal instavel (variacdo de creatinina > 0.3
mg/dL entre exames)

Auséncia de lesdo renal KDIGO Il

Auséncia de neoplasia ou doenga consumptiva

Doenca neoplasica em atividade

Auséncia de doenca cardiovascular ativa em até 3

meses antes da inclusao

Orgéo duplo (2 rins)

Dados do Receptor:

Idade (anos):

Identificacdo:

Prontuério:

Sexo(M -1, F-2):

Raca (causaoide - 1; ndo caucasoide - 2):
Peso (kg):

Altura (cm):

Modalidade de Dialise (hemo - 1, peritoneal - 2):

Rejeicdo (ndo - 0, celular - 1, anticorpo - 2, mista - 3):

Tempo de Transplante (meses):
Creatinina sérica (mg/dL):

Cistatina C sérica (mg/L):




Creatinindria em 24h (mg):
Creatininria em amostra (mg):
Proteinuria em 24h (mg):
Proteintria em amostra (mg):
Albumindria amostra (mg):

PRA pré Cl e C2 (%): PRA pico C1 e C2 (%):
Imunossupressao:

PDN: ndo - 0, sim - 1

FK:ndo -0, sim-1

MFS: ndo-0, sim-1

mTOR: ndo - 0, sim - 1

Indugdo: ndo - 0, basilix - 1, timo - 2

CsA, FK, Evero, Siro (ng/mL):

Dados do Doador

Idade (anos):

Sexo(M -1, F-2):

Falecido (1), Vivo (2):

Raca (causaoide - 1; ndo caucasoide - 2):

Causa do 6bito (TCE - 1, .AVE - 2, outras - 3):

Perfusdo (6tima - 1, boa - 2, regular - 3, ruim - 4):

Cr inicial (mg/dL): Cr final: Cr Unica:
Comorbidades (HAS - 1, DM - 2, tabagismo - 3):

Peso (kg):

Altura (cm):



Dados do Transplante

Data do Transplante (aa/bb/cc):

Tempo de isquemia fria (h:mm):

Tempo de anastomose (mm):

Liquido de preservacao (IGL-1 - 1, custodiol - 2, euro-collins - 3, outros - 4):

Estado de origem (RS - 1, outros - 2):



APENDICE C - CARTA DE APROVACAO DO GRUPO DE PESQUISA E POS
GRADUACAO DO HCPA
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HOSPITAL DE CLINICAS DE PORTO ALEGRE

Grupo de Pesquisa e Pés Graduacéao

Carta de Aprovacao

Projeto
2021/0608

Pesquisadores:
ROBERTO CERATTI MANFRO

ANA PAULA ALEGRETTI MARINA OLIBONI MOSCHETTA TATIANA FERREIRA MICHELON
GUILHERME LEMOS EDER

Numero de Participantes: 450

Titulo: Avaliacao da Taxa de Filtragao Glomerular Estimada no Transplante Renal Ajustada por Parametros do Doador

Este projeto foi APROVADO em seus aspectos éticos, metodolégicos, logisticos e financeiros para ser realizado no Hospital
de Clinicas de Porto Alegre. 3

Esta aprovacgao esta baseada nos pareceres dos respectivos Comités de Etica e do Servigo de Gestao em Pesquisa.

- Os pesquisadores vinculados ao projeto nao participaram de qualquer etapa do processo de avalicao de seus projetos.

- O pesquisador devera apresentar relatorios semestrais de acompanhamento e relatério final ao Grupo de Pesquisa e Pés-
Graduagao (GPPG).

13/06/2022

Impresso do sistema AGHUse-Pesquisa por CRISTIAN FIDALGO CABRAL em 13/06/2022 16:32:01



APENDICE D -APROVACAO DO CEP

HOSPITAL DE CLINICAS DE
PORTO ALEGRE DA gwﬂp
UNIVERSIDADE FEDERAL DO
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PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliagdo da Taxa de Filtragdo Glomerular Estimada no Transplante Renal Ajustada
por Parametros do Doador

Pesquisador: Roberto Ceratti Manfro

Area Tematica:

Versao: 3

CAAE: 57122321.0.0000.5327

Instituicdo Proponente: Hospital de Clinicas de Porto Alegre
Patrocinador Principal: Hospital de Clinicas de Porto Alegre

DADOS DO PARECER

Numero do Parecer: 5.454.990

Apresentacao do Projeto:

As informagdes elencadas nos campos "Apresentacdo do Projeto”, "Objetivo da Pesquisa” e "Avaliacédo dos
Riscos e Beneficios" foram retiradas do arquivo do projeto e das Informagdes Basicas da Pesquisa
"PB_INFORMAGOES_BASICAS_ DO_PROJETO_1873992, de 29/04/2022. Projeto académico de
mestrado vinculado ao PPG Medicina: Ciéncias Médicas. O transplante renal é o tratamento de escolha para
uma parte significativa dos pacientes renais crénicos terminais. A avaliagdo da fungéo renal (ex. taxa de
filtracdo glomerular, quantificacédo de proteinuria) é fundamental na rotina preconizada pelas melhores
praticas em relagao a avaliagdo de candidatos a transplante. A TFG pode ser avaliada através de métodos
de mensuracéo ou de estimativa. Os métodos de mensuracéo sdo baseados em marcadores exégenos,
sendo mais acurado; os mais utilizados em grandes centros de pesquisa sao o clearance inulina (padrao
ouro) EDTA, DTPA, iotalamato, iohexol. No entanto, s&o mais onerosos, por isso opta-se pelo uso de
métodos de estimativa. As equagoes que estimam a TFG utilizam a creatinina sérica, idade, sexo e raga. Em
pacientes transplantados rotineiramente utilizam-se os parametros do receptor para as equacdes,
entretanto, o rim transplantado podem ter raga, sexo e idade distintos do receptor; geralmente ha
disparidades significativas nessas variaveis entre doador e receptor, por exemplo, na idade do rim (doador),
como nos casos de transplantes inter-vivos com pais doando para filhos e vice-versa. A

Endereco: Avenida Protasio Alves 211 5° andar Bloco C Portéao 4

Bairro: Rio Branco CEP: 90.440-000
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3359-6246 Fax: (51)3359-6246 E-mail: cep@hcpa.edu.br
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diferenca de sexo entre de receptor também pode impactar nessa equagéo, por exemplo, os homens
possuem maior TFG média, também ha diferencgas raciais e étnicas que podem impactar na estimativa da
TFG. O objetivo deste estudo é avaliar a diferenca da TFGe por CKD-EPI (idade, género, etnia, creatinina,
cistatina C) do doador em relacao ao receptor e o impacto durante o acompanhamento do receptor. O
estudo sera desenvolvido com delineamento transversal e executado no Ambulatério de Transplante Renal
do Servico de Nefrologia do Hospital de Clinicas de Porto Alegre. Serdo coletados nos bancos de dados da
instituicao: os dados demograficos dos doadores e dos receptores e as variaveis relacionadas ao
transplante renal. A amostra sera constituida por 450 receptores de transplante renal, com fungéo estavel,
que tenham recebido um transplante renal no HCPA a partir do ano 2010, respeitados os critérios de
inclusédo e exclusao. No parametro idade, os pacientes serdo categorizados de acordo com a diferenca de
idade entre o doador e o receptor em 3 grupos: (a) doadores com diferenga de idade de até 5 anos em
relagao ao receptor; (b) doadores com diferenga de idade de entre 5 e 10 anos em relagdo ao receptor e (c)
doadores com diferenga de idade superior a 10 anos em relagédo ao receptor. Os receptores terdo sua TFG
estimada pelas equagodes validadas (MDRD, CKD-EPI, CKD-EPI 2012 creatinina-cistatina, nova CKD-EPI
2021 creatinina-cistatina C sem raca). E os parametros A. Idade: (a) utilizando-se idade do receptor e, (b)
utilizando-se idade do doador, no momento da doagao, acrescida do tempo decorrido apos o transplante; B.
Sexo: utilizando-se o sexo do doador e o do receptor e C. Raca: utilizando-se a raca do doador e o do
receptor serdo avaliados também nos célculos. A andlise estatistica seré feita por anélises descritivas de
médias, desvios-padroes e porcentagens. As varidveis paramétricas serdo avaliadas pelo teste t e as nao
paramétricas pelo Quiquadrado. As correlagdes serdo inicialmente avaliadas pelo coeficiente de correlacao
de Pearson e os graus e concordancia pelo coeficiente de concordancia Kappa. O nivel adotado para a
significancia estatistica sera o de P <0,05.

Objetivo da Pesquisa:

Objetivo Geral: Avaliar os métodos utilizados no acompanhamento da fungéo (taxa de filtragao glomerular) e
injuria (taxa de filtracdo glomerular e proteinuria) ao rim transplantado em pacientes transplantados renais
utilizando dados do doador (ex. idade, sexo, raca) e do receptor (ex. idade, sexo, raca, creatinina, cistatina
C).

Objetivos Especificos

Endereco: Avenida Protasio Alves 211 5% andar Bloco C Portao 4

Bairro: Rio Branco CEP: 90.440-000
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3359-6246 Fax: (51)3359-6246 E-mail: cep@hcpa.edu.br
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a. Avaliar a TFGe através das equagdes validadas usando os parametros do doador como idade (somada
ao tempo de transplante), sexo, raga; e do receptor, creatinina e cistatina C.

b. Avaliagado de proteinuria pés transplante em relagao ao tempo, doenga renal de base, agressdes ao
enxerto renal bem como sua funcao.

Avaliagao dos Riscos e Beneficios:

Possiveis Riscos: O estudo envolve riscos relacionados ao desconforto da coleta de sangue e da quebra de
confidencialidade.

Possiveis Beneficios: Nao sao previstos beneficios diretos aos pacientes, no entanto os resultados poderao
trazer contribuigdes cientificas e assistenciais importantes.

Comentarios e Consideragdes sobre a Pesquisa:
Ver Itens "Recomendacdes" e "Conclusdes ou Pendéncias e Lista de Inadequagdes” abaixo neste parecer.

Consideracoes sobre os Termos de apresentacao obrigatoria:
Documentos obrigatérios apresentados e adequados. Os pesquisadores apresentam TCLE.

Recomendacoes:

Recomendamos que na proxima vez que o projeto for alterado na Plataforma Brasil, o N total do projeto seja
revisado conforme descrito abaixo.

- Tamanho da Amostra no Brasil: 450

- Grupos em que serao divididos os participantes da pesquisa neste centro:

150 participantes em cada grupo com 80 pacientes sendo randomizados para coleta e dosagem de
Cistanina C em cada grupo.

Conclusoes ou Pendéncias e Lista de Inadequacoes:

As pendéncias emitidas para o projeto no parecer N.2 5.420.201 foram respondidas pelos pesquisadores,
conforme carta de respostas adicionada em 23/05/2022. Nao apresenta novas pendéncias. Os
pesquisadores devem atentar ao item "Recomendagées" acima.

Consideracdes Finais a critério do CEP:
- Diante do exposto, o Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre, de
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acordo com as atribuigdes definidas na Resolugao CNS N.? 466/2012 e na Norma Operacional CNS/Conep
N.2 001/2013, manifesta-se pela aprovagao do projeto de pesquisa proposto.

- O projeto esta aprovado para inclusao ou revisao de registros de 450 participantes neste centro. Sendo
150 participantes em cada grupo com 80 pacientes sendo randomizados para coleta e dosagem de
Cistanina C em cada grupo.

- Deverao ser apresentados relatérios semestrais e um relatério final.

- Os projetos executados no HCPA somente poderao ser iniciados quando seu status no sistema AGHUse
Pesquisa for alterado para “Aprovado”, configurando a aprovacgao final da Diretoria de Pesquisa.

- Textos e anuncios para divulgagao do estudo e recrutamento de participantes deverdo ser submetidos
para apreciagdo do CEP, por meio de Notificagao, previamente ao seu uso. A redagao deverda atender as
recomendagodes institucionais, que podem ser consultadas na Pagina da Pesquisa do HCPA.

- Eventos adversos deverao ser comunicados de acordo com as orientagbes da Comissao Nacional de Etica

em Pesquisa - Conep (Carta Circular N.2 13/2020-CONEP/SECNS/MS). Os desvios de protocolo também
deverédo ser comunicados em relatérios consolidados, por meio de Notificagéo.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situacao
Informagoes Béasicas|PB_INFORMAGCOES_BASICAS_DO_P | 23/05/2022 Aceito
do Projeto ROJETO 1873992.pdf 19:46:22
Parecer Anterior Resposta_Parecer_5420201.pdf 23/05/2022 |Roberto Ceratti Aceito

19:43:17__|Manfro

Orgamento 01_Orcamento_Cistatina_C_DB_Diagno| 23/05/2022 |Roberto Ceratti Aceito
stico_052022.pdf 19:29:47 [Manfro

Projeto Detalhado / | Projeto_Mestrado_Guilherme_L_Eder 2| 27/04/2022 |Roberto Ceratti Aceito

Brochura 7_4 22 pdf 20:29:39 [Manfro

Investigador

Outros Consultoria_Estatistica_Tamanho_Amos| 26/04/2022 |Roberto Ceratti Aceito
tral.pdf 05:39:21 | Maniro
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Outros Protecao_de_Dados.pdf 07/04/2022 |Roberto Ceratti Aceito
08:48:52 Manfro
TCLE / Termos de Modelo_ TCLE_ADULTO_Ajustado.docx | 06/04/2022 |Roberto Ceratti Aceito
Assentimento / 20:59:33 Manfro
Justificativa de
Auséncia
Folha de Rosto Folha_Rosto_Prof_Manfro.pdf 14/12/2021 | Roberto Ceratti Aceito
07:17:41 Manfro

Situacao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:

Nao

PORTO ALEGRE, 08 de Junho de 2022

Endereco: Avenida Protasio Alves 211 5° andar Bloco C Portdo 4

Bairro: Rio Branco
UF: RS Municipio:
Telefone: (51)3359-6246

Assinado por:

Témis Maria Félix
(Coordenador(a))

CEP: 90.440-000

PORTO ALEGRE

Fax:

(51)3359-6246

E-mail:

cep@hcpa.edu.br
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
Pag. 28, 29 (b) Provide in the abstract an informative and balanced summary of what was done

and what was found

Introduction  P4g. 30

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Objectives 3 State specific objectives, including any prespecified hypotheses

Methods P4g. 30

Study design 4 Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls
Cross-sectional sfudy—Give the eligibility criteria, and the sowrces and methods of
selection of participants
(B) Cohort study—For matched studies, give matching criteria and mumber of
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of
controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable

Data sources/ g* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why

Statistical methods 12 {a) Describe all statistical methods, including those used to control for confounding

Contirmed on next page

(b) Describe any methods used to examine subgroups and interactions

(€) Explain how missing data were addressed

() Cohort study—If applicable. explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy

() Describe any sensitivity analyses



Results Pag. 32

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed
(b) Give reasons for non-participation at each stage
{c) Consider use of a flow diagram

Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and information

data on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
() Cehort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15* Coehort study—Report numbers of outcome events or summary measures over time
Case-conirol siudy—F.eport numbers in each exposure category, or summary measures of
exposure
Cross-sectional study—Feport numbers of outcome events of suMmMAary measuras

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included
(&) Report category boundaries when continuous variables were categorized
() If relevant, consider translating estimates of relative nisk into absolute risk for a meaningful
time peniod

Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses

Discussion Pag. 34

Eey results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study. taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias Pag. 38

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, multiplicity
of analyses, results from similar studies, and other relevant evidence

Generalisability 21  Discuss the generalisability (external validity) of the study results

Other information

Pag. 4, 38

Funding

23

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http:/fvww plosmedicine org/, Annals of Internal Medicine at
http:/fwwrw.annals.org/, and Epidemiology at http/fowww epidem com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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