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RESUMO 

 

 
Introdução: O distúrbio mineral ósseo (DMO) após o transplante renal sofre 

influências dos imunossupressores, da osteodistrofia renal pré-existente, do 

hiperparatireoidismo de novo e fatores tradicionais relacionados ao risco de fraturas, 

osteoporose e osteopenia. Na doença renal crônica (DRC), o ambiente inflamatório, 

urêmico e o aumento do produto cálcio e fósforo predispõem às calcificações extra- 

ósseas, como a calcificação vascular. Ocorre um desequilíbrio entre os fatores 

inibitórios da calcificação e os indutores. Após o transplante renal, pouco se sabe sobre 

o efeito nos marcadores do metabolismo ósseo. Este estudo teve como objetivo dosar as 

concentrações séricas das moléculas do metabolismo ósseo nos pacientes transplantados 

renais e compará-las com as dosagens em pacientes dialíticos e indivíduos saudáveis. 

Metodologia: Trata-se de um estudo transversal com três grupos de pacientes, o 

primeiro grupo formado por pacientes transplantados renais, o segundo por pacientes 

dialíticos e o terceiro por voluntários saudáveis. Foram dosadas as concentrações séricas 

de proteína 1 relacionada ao Dickkopf (DKK-1), esclerostina (SOST), fator de 

crescimento de fibroblastos 23 (FGF-23), osteocalcina (OC), osteopontina (OPN), 

osteoprogesterina (OPG) nos três grupos. Posteriormente avaliou-se as associações 

entre as medidas destas moléculas com variáveis clínicas, demográficas e laboratoriais 

(cálcio, fósforo, 25 OH vitamina D, fosfatase alcalina, PTH e creatinina). 

Resultados: Participaram do estudo 114 pacientes (57 transplantados renais, 36 

portadores de DRC em hemodiálise e 31 controles saudáveis).Os transplantados renais 

apresentaram menores níveis de DKK1 (p < 0.001), OPG (p < 0.001), OC (p < 0.001), 

OPN (p = 0.001), SOST (p < 0.001), FGF-23 (p < 0.001) quando comparados aos 

pacientes em hemodiálise. Na comparação com indivíduos saudáveis, os transplantados 

renais também apresentaram menores níveis séricos de DKK1 (p = 0.019), OPG (p < 

0.001), OC (p = 0.027), SOST (p < 0.001) e FGF-23 (p = 0.043). No grupo de dialíticos, 

verificou-se que as mulheres apresentavam menor concentração de SOST quando 

comparados aos homens (p=0.012). Não foi encontrada nenhuma outra associação 

significativa entre os níveis das moléculas, dados demográficos e clínicos. 

Conclusão: Nossos resultados mostraram redução significativa nos marcadores de 

metabolismo ósseo, DKK1, OPG, OC, OPN e SOST, após o transplante renal. Os



primeiros anos após o transplante renal modulam marcadores de DMO, sugerindo uma 

melhora significativa em relação à DRC em estágio terminal. 

 
Palavras chaves: transplante renal, metabolismo ósseo, calcificação vascular, doença 

renal crônica



ABSTRACT 
 

 

 

Introduction: Mineral and Bone Disorder (MBD) after kidney transplantation is 

influenced by immunosuppressive therapies, pre-existing renal osteodystrophy, de novo 

hyperparathyroidism and traditional risk factors of fractures, osteoporosis and 

osteopenia. In chronic kidney disease (CKD), the uremic and inflammatory 

environment and the increased product of calcium and phosphorus predispose to 

extraosseous calcifications such as vascular calcification. There is an imbalance 

between the inhibiting and inducing factors of calcification. After kidney 

transplantation, little is known about the effect on bone metabolism markers. This study 

aimed to measure the serum concentrations of bone metabolism molecules in kidney 

transplant patients and to compare with levels found in patients on hemodialysis and 

healthy individuals. 

Methods: This is a cross-sectional study with three groups: kidney transplantation 

patients, patients on hemodialysis, and healthy controls. The plasma concentrations of 

Dickkopf -related protein 1 (DKK1), osteoprotegerin (OPG), osteocalcin (OC), 

osteopontin (OPN), sclerostin (SOST), and fibroblast growth factor 23 (FGF-23) were 

measured in these three groups. The associations between the measurements of these 

molecules with clinical, demographic and laboratory variables (calcium, phosphorous, 

25 OH vitamin D, alkaline phosphatase, PTH and creatinine) were evaluated. 

Results: A total of 114 patients were included in the study. Transplant recipients 

showed significantly lower levels of DKK1 (p < 0.001) OPG (p < 0.001), OC (p < 

0.001), OPN (p = 0.001), OST (p < 0.001), and FGF-23 (p < 0.001) when compared to 

patients on hemodialysis. In comparison to healthy controls, transplant recipients also 

presented lower levels of DKK1 (p = 0.019), OPG (p < 0.001), OC (p = 0.027), SOST 

(p < 0.001) and FGF-23 (p = 0.043). Regarding demographic data, women presented 

lower serum SOST levels when compared to men in the hemodialysis group (p = 

0.012). No other significant associations were found between levels of molecules and 

baseline demographic and clinical data. 

Conclusion: Our findings showed a reduction in bone metabolism markers, DKK1, 

OPG, OC, OPN and SOST, after kidney transplantation. The first years after kidney 

transplantation modulate MBD markers, suggesting a significant improvement in 

relation to end-stage kidney disease.



Key words: kidney transplantation, bone metabolism, vascular calcification, chronic 
 

kidney disease.
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INTRODUÇÃO 

 
Os pacientes com doença renal crônica (DRC) evoluem com distúrbio mineral 

ósseo (DMO) à medida que a função renal se reduz. O DMO consiste em alterações 

clínicas, bioquímicas, ósseas e calcificações extra-ósseas. (Sociedade Brasileira de 

Nefrologia., n.d.). As alterações bioquímicas geralmente encontradas são a 

hipo/hipercalcemia, hiperfosfatemia, redução da vitamina D e aumento do PTH 

(hiperparatireoidismo). Desta maneira, o tecido ósseo sofre modificações na 

remodelação, mineralização e volume, além do aparecimento de calcificações extra- 

ósseas, tais como as calcificações vasculares. (Stevens, 2004). 

O transplante renal é considerado a melhor terapia renal substitutiva, 

proporcionando melhora significativa no ambiente urêmico e inflamatório do paciente 

com DRC. Entretanto, após o transplante, o DMO pode não se recuperar totalmente 

além de ser influenciado por fatores específicos relacionados ao retorno da função renal 

e imunossupressão. 

Nos pacientes transplantados renais, os distúrbios minerais ósseos podem se 

manter devido ao uso de imunossupressores, ao hiperparatireoidismo persistente ou de 

novo e aos fatores tradicionais relacionados à perda de massa óssea. Uma série de 

alterações podem ser encontradas nos transplantados renais, tais como os distúrbios de 

fósforo e cálcio, osteoporose, osteopenia, fraturas ósseas, osteonecrose, deficiência de 

vitamina D, calcificação vascular e hiperparatireoidismo secundário ou terciário. 

(Vangala et al., 2018). 

Após o transplante, ocorre uma redução da massa óssea nos primeiros 6 meses, 

permanecendo estável após um ano, mas ainda em níveis inferiores àqueles encontrados 

nos indivíduos saudáveis (Bouquegneau et al., 2016). Poucos estudos na literatura 

avaliaram marcadores do metabolismo ósseo após o transplante renal. Tais estudos são 

necessários para monitoramento do DMO e definição de estratégias para seu manejo, 

objetivando melhor qualidade de vida para os pacientes. 

 

Doença mineral óssea na DRC 

 

Uma das manifestações clássicas do DMO é o hiperparatireoidismo secundário à 

DRC. A produção do paratormônio (PTH) é influenciada pelo cálcio, fósforo e vitamina 

D. À medida que o ritmo de filtração glomerular (RFG) reduz, ocorre aumento do
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fósforo sérico que estimula a liberação de PTH. No túbulo proximal, o PTH e o fator de 

crescimento de fibroblastos 23 (FGF-23) inibem o cotransportador NaP1-IIa, NaP1-IIc, 

ocasionando hiperfosfatúria, com o objetivo de manter os níveis séricos de fósforo 

dentro dos limites de referência (Vangala et al., 2018). No rim, o PTH ativa a enzima 1– 

alfa hidroxilase, que é responsável por catalisar a conversão da forma inativa da 25- 

hidroxi (25-OH) vitamina D na forma ativa 1,25 hidroxi (1,25 – OH) vitamina D. A 

vitamina D ativa aumenta a absorção de fósforo e cálcio no intestino, mantendo o cálcio 

em concentrações dentro dos limites de normalidade (Yuen, 2016) . 

Quando o RFG reduz para valores menores do que 60 ml/min, os osteócitos e 

osteoblastos aumentam a liberação do FGF-23, que, além de promover fosfatúria, inibe 

a enzima 1-alfa hidroxilase. Desta maneira, ocorre uma menor produção da forma ativa 

da vitamina D pela ação do FGF-23 e também devido à redução da massa de néfrons 

funcionantes. A queda das concentrações de 1,25 OH vitamina D reduz a absorção 

intestinal de cálcio e fósforo, resultando consequentemente em hipocalcemia. Com a 

redução ainda mais acentuada do RFG, a hiperfosfatemia se instala apesar dos 

mecanismos compensatórios. Na paratireóide, os receptores sensíveis ao cálcio, a 

vitamina D e ao fósforo são estimulados pela hipocalcemia, hiperfosfatemia e pela 

hipovitaminose D, ocasionando maior liberação de PTH (Vangala et al., 2018). 

As duas consequências mais importantes do hiperparatireoidismo secundário são 

a osteodistrofia renal e a calcificação vascular. O PTH se liga a receptores no 

osteoblasto estimulando a formação do osteoclasto que, por sua vez, ocasiona um 

aumento da reabsorção óssea, levando à osteodistrofia renal (Yuen, 2016). 

Os pacientes com DRC possuem maior chance de apresentarem alterações 

relacionadas ao sistema cardiovascular, como calcificação das artérias coronarianas, 

quando comparados à população saudável (Leopold, 2015). O hiperparatireoidismo 

acelera a calcificação vascular, calcificação do miocárdio e valvas cardíacas (Yuen, 

2016). A calcificação vascular pode ocorrer na camada íntima, geralmente associada à 

aterosclerose, mas também na camada média, principalmente associada a anormalidades 

no metabolismo mineral-ósseo (Goodman et al., 2004) O processo de calcificação tem 

sido relacionado a múltiplos fatores, tais como distúrbios do metabolismo ósseo 

(hipercalcemia e hiperfosfatemia), uremia, inflamação, bem como aos fatores de risco 

tradicionais para doença cardiovascular, incluindo idade mais avançada, tabagismo, 

diabetes mellitus, hipertensão arterial e dislipidemia (Moe & Chen, 2008).
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No ambiente urêmico, característico do paciente em DRC, a hipercalcemia, a 

hiperfosfatemia e a presença de citocinas inflamatórias induzem as células musculares 

vasculares a se transformarem em células condrócito/osteoblasto-like. Estas células 

expressam proteínas da matriz óssea que se depositam nas camadas íntimas ou médias 

das artérias. O balanço positivo de cálcio e fósforo presente nos pacientes portadores de 

DRC leva à formação de vesículas de matriz óssea, contendo cálcio e fósforo, que 

também se depositam nestas artérias, contribuindo para o processo de mineralização 

(Moe & Chen, 2004) (Schlieper et al., 2016). Outro fator contribuinte é a deficiência na 

circulação de inibidores da calcificação, tais como osteopontina, fetuin A, matrix gla e 

pirofosfato (Schlieper et al., 2016). 

 

Doença mineral óssea após o transplante renal 

 

Após o transplante renal, os níveis de PTH reduzem nos primeiros meses, porém 

podem persistir elevados após o primeiro ano em 20 a 40% dos casos, refletindo pior 

sobrevida do enxerto (Alshayeb et al., 2013; Bouquegneau et al., 2016). Os níveis de 

PTH se reduzem devido à resolução da hiperfosfatemia e ao retorno da produção do 

calcitriol pelos néfrons funcionantes. Os níveis de FGF-23 e PTH ainda elevados agem 

nos túbulos que recuperaram sua função normal, aumentando a excreção renal de 

fósforo e absorção de cálcio. Nos primeiros 6 meses após o transplante, pode ocorrer 

hipofosfatemia e hipercalcemia que levam a calcificação do interstício renal e 

alterações no turnover ósseo. Entretanto, estas alterações no metabolismo do cálcio e 

fósforo podem persistir, mesmo após este período (Alshayeb et al., 2013; Bouquegneau 

et al., 2016). O FGF-23 reduz drasticamente ao longo do primeiro ano do transplante. 

Após o primeiro ano, as concentrações de FGF-23 dependem da função do enxerto renal 

(Alshayeb et al., 2013) Os pacientes transplantados com frequência apresentam 

hipovitaminose D devido à baixa exposição solar. A vitamina D exerce efeitos no 

sistema imune. Alguns estudos observacionais mostraram relação das concentrações 

reduzidas de vitamina D com o risco aumentado de rejeição, assim como seus efeitos na 

redução da função do enxerto renal (McGregor et al., 2014). 

Diante do exposto, a qualidade e a densidade óssea se alteram em pacientes 

transplantados renais, aumentando o risco de fraturas, morbidade e mortalidade. Em 

comparação aos pacientes dialíticos, este risco aumenta nos primeiros anos após o 

transplante, sendo que, após este período, o risco de fratura se reduz (Palmer et al.,
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2019). Fatores que contribuem para o aumento do risco de fratura após o transplante são 

sexo feminino, longo período em diálise, presença de hiperparatireoidismo antes de 

realizar o transplante, idade maior do que 50 anos, história prévia de fratura, 

desnutrição, alcoolismo, tabagismo, deficiência de vitamina D, hipomagnesemia e dose 

acumulada de corticoide (Bouquegneau et al., 2016) . 

Tanto o osso trabecular quanto o cortical são afetados. O osso trabecular é 

afetado devido à ação dos corticóides, que inibem a proliferação e diferenciação dos 

osteoblastos, estimulam a apoptose dos osteoblastos e osteoclastos, além de 

aumentarem a excreção de cálcio. O osso cortical é afetado antes do transplante renal 

devido ao hiperparatireoidismo secundário. Entretanto, à medida que a função do 

enxerto renal se deteriora ao longo dos anos, o hiperparatireoidismo pode retornar ou se 

desenvolver (Palmer et al., 2019; Bouquegneau et al., 2016). 

Nesse contexto, o presente estudo pretende investigar as concentrações 

plasmáticas de marcadores não tradicionais relacionados ao metabolismo ósseo em 

pacientes transplantados renais com função estável do enxerto e comparar com as 

mesmas moléculas dosadas nos pacientes em hemodiálise e controles saudáveis. Estes 

marcadores do metabolismo ósseo podem atuar como inibidores da calcificação 

vascular (osteoprotegerin (OPG), fetuín-A, proteína da matrix gla (MPG) e osteopontina 

(OPN)) ou indutores da calcificação (osteocalcina (OCN) esclerostina (SOST) e 

Dickkopf WNT 1 sinalizador da via de inibição (DKK1)). Por se tratar ainda de uma 

área pouco investigada e na qual ainda persistem dúvidas em relação ao manuseio, 

monitoração e prognóstico, pretendeu-se, com este estudo, ampliar a compreensão 

acerca das moléculas potencialmente relacionadas a DMO. 

 
Marcadores não tradicionais do metabolismo ósseo 

 
 

O DKK1 e SOST inibem a via de sinalização canônica Wnt, responsável pela 

osteoblastogenesis (diferenciação e proliferação dos osteoblastos), desta maneira agem 

reduzindo a formação óssea.(Cejka et al., 2012) SOST é um produto do gene SOST, 

sintetizado pelos osteócitos, enquanto DKK1 é expressado por diversos tecidos durante 

a embriogênese (Cejka et al., 2011) . Em contrapartida, a osteocalcina (OC) é uma 

proteína produzida pelos osteoblastos sendo um marcador de sua atividade e alto 

turnover ósseo (Bouquegneau et al., 2016). Da mesma forma, osteoprotegerin (OPG) 

também é produzida pelos osteoblastos, como parte do sistema RANKL/RANK/OPG.
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Neste sistema, o RANKL se liga ao RANK presente nos osteoclastos os ativando. A 

OPG age como um receptor competitivo do RANK pois se liga ao RANKL, impedindo 

a ativação do RANK e desta maneira reduzindo a atividade do osteoclasto (Cianciolo et 

al., 2014). O osteoblasto também sintetiza a osteopontina (OPN), uma glicoproteína 

cujo papel na DMO ainda não está bem definido (Si et al., 2020). A OPN parece 

interferir na ativação do osteoclasto e proliferação dos osteoblastos. Nos pacientes com 

calcificações ectópicas, como naqueles com DRC, a OPN foi encontrada na superfície 

das placas ateromatosas calcificadas e valvas cardíacas calcificadas (Wada et al., 1999). 

Apesar de não estar diretamente relacionada às calcificações, o FGF-23 é crucial no 

entendimento da DMO, pois possui um papel importante na hipofosfatemia pós 

transplante e promove a supressão da atividade da 1 alfa hidroxilase no rim (Rao et al., 

2012).
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OBJETIVO GERAL 

 
 

Avaliar as concentrações sanguíneas de moléculas relacionadas ao metabolismo 

ósseo em pacientes transplantados renais, comparando-as com tais medidas em 

indivíduos saudáveis e pacientes em tratamento dialítico. 

 

Objetivos específicos 

 

1. Medir as concentrações sanguíneas de marcadores do metabolismo ósseo a 

saber: Dickkopf WNT Signaling Pathway Inhibitor 1 (DKK-1), esclerostina 

(SOST), FGF-23, osteocalcina (OC), osteopontina (OPN), osteoprotegerina 

(OGP) em pacientes adultos submetidos a transplante renal; 

2. Comparar as mensurações dessas moléculas nos pacientes transplantados renais 

com suas concentrações em portadores de DRC em hemodiálise e indivíduos 

saudáveis, 

3. Verificar associações e/ou correlações entre as medidas das moléculas com 

variáveis clínicas e laboratoriais, incluindo tempo de diálise, tipo de 

imunossupressores utilizados, níveis séricos de cálcio, fósforo, 1,25-OH 

vitamina D, PTH e fosfatase alcalina tanto nos pacientes transplantados renais 

quanto nos pacientes em tratamento dialítico.
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METODOLOGIA 

 

 
Desenho do estudo 

 

Trata-se de um estudo observacional transversal. 

 

 
Local e Período 

 

Realizou-se o estudo no ambulatório de transplante renal do Hospital 

Evangélico de Belo Horizonte e no Centro de Nefrologia do Hospital Evangélico – 

Unidade Contagem. A coleta das amostras de sangue foi realizada entre o período de 

agosto/2020 a julho/2021. 

 

População/amostra 

 

A população total escolhida para o estudo foi formada por 114 pacientes, 

dividida entre os três grupos a saber: 

Grupo 1: Pacientes transplantados renais no período de 2010 até segundo semestre de 

2018, cuja etiologia da DRC tenha sido nefroesclerose hipertensiva, diabetes mellitus, 

indeterminada ou glomerulonefrite crônica. Excluíram-se os pacientes transplantados 

com ritmo de filtração glomerular menor do que 30 ml/ min/1,73 m2 e cujo tempo de 

transplante era inferior a um ano. 

Grupo 2: Pacientes com DRC em hemodiálise (controle positivo). Estes pacientes 

foram pareados ao grupo de transplantados em relação a sexo, idade e etiologia da DRC. 

Grupo 3: Indivíduos saudáveis, pareados por idade e sexo com os pacientes portadores 

de DRC e com o grupo de transplantados renais. Os indivíduos do grupo 3 não 

apresentavam fatores de risco detectáveis clínica e laboratorialmente para doenças 

renais e cardiovasculares (controle negativo). 

Ressalta-se a importância do grupo de indivíduos saudáveis para avaliar se o 

transplante renal foi capaz de restaurar as concentrações das moléculas do metabolismo 

ósseo para valores similares aos de indivíduos saudáveis. 

 

Critérios de inclusão 

 

Aceitar participar do estudo e se enquadrar nas características de cada grupo, 

como mencionado acima.
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Critérios de exclusão 

 

Presença de outras comorbidades sistêmicas, além das mencionadas acima. 

Presença de fraturas, traumas ósteo-articulares ou com intercorrências 

clínicas/metabólicas agudas no momento da coleta. 

 
Protocolo do Estudo 

 

Os pacientes transplantados, os controles positivos (pacientes em hemodiálise) e 

negativos (indivíduos saudáveis) foram submetidos à coleta de sangue em uma única 

ocasião, respeitando-se os critérios de exclusão e inclusão. A coleta das amostras de 

sangue foi realizada por meio de punção venosa periférica, respeitando-se todos os 

critérios de assepsia. As amostras foram submetidas a centrifugação a 5000 rpm, por 10 

minutos, a 4ºC. As amostras de plasma então obtidas foram transferidas para microtubos 

de 1,5 mL, transportadas para o Laboratório Interdisciplinar de Investigação Médica da 

Faculdade de Medicina- UFMG e armazenadas a -80ºC até o momento das análises. 

No referido laboratório, as amostras de plasma foram então analisadas pelo método 

Luminex-based microbead assay (HBNMAG-51K, Millipore, Billerica, MA), sendo 

mensuradas as concentrações sanguíneas das moléculas relacionadas ao metabolismo 

ósseo: DKK-1, SOST, FGF-23, osteocalcina, osteopontina e osteoprotegerina. Tal 

técnica consiste na detecção de microesferas revestidas com anticorpos monoclonais 

específicos para cada molécula a ser analisada nas amostras dos pacientes. Dessa foram, 

foram adicionadas aos tubos microesferas revestidas com anticorpos monoclonais 

específicos junto com amostras de concentrações conhecidas (padrões) e amostras de 

plasma em estudo. Após a incubação e lavagem, adicionou-se aos tubos uma mistura de 

anticorpos secundários revestidos por biotina. Em seguida, proteínas fluorescentes 

conjugadas com estreptavidina foram incubadas por um curto período. Após nova 

lavagem, o sobrenadante foi descartado e o precipitado contendo as microesferas foi 

ressuspendido em uma solução tampão. As amostras padrão e do estudo foram avaliadas 

no MAGPIX® microsphere analyzer (Luminex Corporation, Texas, USA) e os 

resultados foram analisados pelo Milliplex Analyst program (MilliporeSigma), 

representados em pg/ml. Todas as medições foram realizadas em ensaios únicos para 

evitar variações entre os ensaios, sendo nossa variação intra-ensaio inferior a 3%. As 

concentrações mínimas detectáveis para cada molécula foram: 2,2 pg/mL para DKK1;
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1,8 pg/mL para OPG; 15,6 pg/mL para OC; 33 pg/mL para SOST e 7,7 pg/mL para 

FGF-23. 

Além das amostras para dosagem das moléculas relacionadas ao metabolismo ósseo, 

tanto nos grupos de transplantados como nos dialíticos foram realizadas coletas 

simultâneas dos exames laboratoriais para mensuração de cálcio, fósforo, 1,25-OH 

vitamina D, PTH, fosfatase alcalina, creatinina, ureia, utilizando metodologia 

rotineiramente empregadas no laboratório do Hospital Evangélico. 

Nos pacientes transplantados e em diálise, foram pesquisadas as variáveis 

clínicas e demográficas de interesse, que incluíram sexo, idade, tempo de início da 

hemodiálise ou tempo da realização do transplante renal, tipos de imunossupressores 

utilizados, uso de anti-hipertensivos, estatinas, hipoglicemiantes orais, insulina, 

medicamentos para DMO, aspirina, presença de fatores de risco para doença 

cardiovascular (dislipidemia, diabetes, hipertensão, obesidade e tabagismo), presença de 

doenças cardiovasculares (acidente vascular cerebral, doença arterial coronariana 

crônica, doença vascular periférica), insuficiência cardíaca, osteoporose, osteopenia, 

fraturas, tipo de doador (vivo ou falecido). 

O ritmo de filtração glomerular (RFG) foi calculado utilizando a fórmula, 

Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) (Levey et al., 2009). 

Os diagnósticos de nefropatia hipertensiva, nefropatia diabética e glomerulonefrite 

crônica foram realizados de acordo com os critérios adotados pelo KDIGO(“KDIGO 

2020 Clinical Practice Guideline for Diabetes Management in Chronic Kidney 

Disease,” 2020; Rovin et al., 2021). 

 

 

Aspectos éticos 

 

O projeto foi aprovado pelo Comitê de Ética em Pesquisa do Hospital 

Evangélico, número de registro: CAAE-31405120.3.0000.8787 (vide anexo A). Todos 

os pacientes assinaram o termo de consentimento livre e esclarecido no qual foi 

detalhadamente explicado o protocolo do estudo, assegurado o direito de recusa em 

participar do estudo e ressaltado o sigilo em relação à identificação dos participantes da 

pesquisa. Ressaltou-se também que os dados obtidos no estudo serão utilizados única e 

exclusivamente para fins de pesquisa científica.
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Análise estatística 

 

Os dados foram analisados pelos softwares GraphPad Prism versão 8.0 e SPSS 

versão 22.0. Os resultados obtidos foram expressos em média e erro padrão da média 

(EPM), mediana e intervalo interquartil ou porcentagens, quando apropriado. As 

variáveis categóricas foram comparadas pelo teste do qui-quadrado. O teste de 

Kolmogorov-Smirnov verificou a distribuição gaussiana. Para variáveis sem 

distribuição gaussiana, o teste de Mann-Whitney foi usado para comparar dois grupos e 

o teste de Kruskal-Wallis para comparações entre mais de dois grupos. Para variáveis 

com distribuição normal, as comparações entre dois grupos foram feitas pelo teste t de 

Student não pareado e para mais de dois grupos por análise de variância seguida pelo 

pós-teste de Bartlett. Os testes de Pearson ou Spearman foram utilizados para avaliar as 

correlações de acordo com a distribuição das variáveis. Todos os testes estatísticos 

foram bicaudais com nível de significância de p <0,05.
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RESULTADOS 

 

 
Os resultados desse estudo serão apresentados por meio de dois artigos científicos. O 

primeiro deles trata-se de uma revisão narrativa da literatura intitulada Chronic Kidney 

Disease-Mineral Bone Disease biomarkers in kidney transplant patients, que se 

encontra aceita para publicação no periódico Current Medicinal Chemistry (fator de 

impacto = 4.53). O segundo consiste em um artigo original que apresenta os dados 

obtidos no presente estudo e se intitula Evaluation of bone metabolism markers in 

kidney transplant recipients
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ABSTRACT 

Background: Chronic Kidney Disease associated with Mineral Bone Disease (CKD- 

MBD) is frequent in kidney transplant patients. Post-transplantation bone disease is 

complex, especially in patients with pre-existing metabolic bone disorders that are 

further affected by immunosuppressive medications and changes in renal allograft 

function. Main biochemical abnormalities of mineral metabolism in kidney 

transplantation (KTx) include hypophosphatemia, hyperparathyroidism (HPTH), 

insufficiency or deficiency of vitamin D, and hypercalcemia. Objective: This review 

aimed to summarize the pathophysiology and main biomarkers of CKD-MBD in KTx. 

Methods: A comprehensive and non-systematic search in PubMed was independently 

made with an emphasis on biomarkers in mineral bone disease in KTx. Results: CKD- 

MBD can be associated with numerous factors including secondary HPTH, metabolic 

dysregulations before KTx, and glucocorticoids therapy in post-transplant subjects. 

Fibroblast growth factor 23 (FGF23) reaches normal levels after KTx with good 

allograft function, while calcium, vitamin D and phosphorus, ultimately, result in 

hypercalcemia, persistent vitamin D insufficiency, and hypophosphatemia respectively.

mailto:acssilva@hotmail.com
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As for PTH levels, there is an initial tendency of a significant decrease, followed by a 

raise due to secondary or tertiary HPTH. In regard to sclerostin levels, there is no 

consensus in the literature. Conclusion: KTx patients should be continuously evaluated 

for mineral homeostasis and bone status, both cases with successful kidney 

transplantation and those with reduced functionality. Additional research on CKD-MBD 

pathophysiology, diagnosis, and management is essential to guarantee long-term graft 

function, better prognosis, good quality of life, and reduced mortality for KTx patients. 

 
Key words: bone mineral disease, kidney transplant, chronic kidney disease, vitamin D, 

calcium, phosphate, hyperparathyroidism, fibroblast growth factor 23
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1. INTRODUCTION 

Kidney transplantation (KTx) is commonly used to effectively treat the end- 

stage failure of the organ and is one of the most frequently transplanted organs 

throughout the world[1]. Successful transplantation is able to restore organ function and 

improve patients' survival and quality of life. 

However, kidney transplant patients frequently present Chronic Kidney Disease 

associated with Mineral Bone Disease (CKD-MBD), which are the systemic alterations 

in mineral and bone metabolism, cardiovascular system, and graft function that occur 

post-KTx. CKD-MBD includes abnormalities in phosphorus (P), calcium (Ca), 

parathormone (PTH), fibroblast growth factor 23 (FGF-23), Vitamin D, and changes in 

bone mineralization, strength, volume, density, and composition[2–6]. In CKD-MBD pre- 

transplant patients, the commonest alterations observed are hypocalcemia, 

hyperphosphatemia, higher levels of PTH or hyperparathyroidism (HPTH) and FGF-23, 

and vitamin D deficiency or insufficiency[2–4, 7]. In KTx patients, bone and general 

metabolism are influenced by the restored kidney function, nonetheless, many 

disturbances of ion balance, hormones, and other regulatory molecules still remain[2–4, 7]. 

Patients with CKD-MBD post KTx are at greater risk of vascular and soft tissue 

calcification and cardiovascular diseases, besides having a higher incidence of 

osteoporosis/osteopenia and other bone disorders[8]. Therefore, early recognition of 

bone metabolism alterations and how to predict, prevent and treat those changes can be 

of utmost importance. CKD-MBD post KTx may compromise short and long-term graft 

function. The adequate control of this disorder may provide a good quality of life and 

may reduce mortality in this population[4, 7, 9, 10]. The aim of this study is to review the 

pathophysiology of CKD-MBD and the main biomarkers altered in KTx patients. 

 

 
2. METHODS 

Data was obtained independently by the authors, who carried out a 

comprehensive and non-systematic search in the PubMed database. Search strategies 

included Medical Subject Heading terms as: "FGF-23", "Vitamin D", "DKK1", "IL- 

1beta", "IL-6", "insulin", "leptin", "osteocalcin", "osteopontin", "osteoprotegerin", 

"PTH", "iPTH", "SOST", "TNF", "sclerostin", separately searched from each other, but 

altogether with "mineral bone disease", "renal transplantation" and "kidney 

transplantation". The search emphasized biomarkers in mineral bone disease in KTx 

patients. Articles focusing on pediatric patients, non-transplant patients, treatments and 

interventions in CKD-MBD were excluded. 

 
3. CHRONIC KIDNEY DISEASE-MINERAL BONE DISEASE (CKD-MBD) 

PATHOPHYSIOLOGY 

The normal kidney function involves a series of feedback mechanisms that aim 

to keep serum concentrations of calcium and phosphate at a normal range and to 

maintain bone health[2–4, 7]. Some hormones and growth factors are key in this process, 

including calcium, phosphate, vitamin D, PTH, and bone-derived FGF23[2–4, 7].
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PTH levels are influenced by the serum concentrations of phosphate, vitamin D, 

and, mainly, calcium[11]. This hormone is responsible for increasing calcium 

reabsorption from the bones, to compensate for its low serum levels. PTH also 

stimulates vitamin D production by means of the activation of 1-α-hydroxylase. PTH 

production and secretion are also increased by hyperphosphatemia, acting as 

phosphaturic hormone synergistically with FGF23[12, 13]. After binding with its co- 

receptor Klotho, FGF23 reduces phosphate tubular reabsorption in the kidneys, 

increasing urinary phosphate excretion. Vitamin D synthesis starts in the liver forming 

25-hydroxyvitamin D (25(OH)D3 or 25D). Then, 25D is converted in the kidney into 

1,25(OH)2D3 (1,25D) by the enzyme 1-α-hydroxylase. The 1,25D is the active form of 

the vitamin, which exerts endocrine and systemic effects through vitamin D Receptor 

(VDR) or can be degraded by 24-α-hydroxylase[9]. Active vitamin D stimulates 

intestinal absorption of calcium and phosphate, and PTH downregulation[14]. Vitamin D 

levels may be increased by PTH, through the upregulation of the 1-α-hydroxylase or 

decreased by high FGF23, via inhibition of the same enzyme. Low levels of active 

vitamin D may lead to hypocalcemia. Additionally, high FGF23 levels also decrease 

phosphate levels by interfering with a part of the phosphate intestinal absorption that 

depends on the vitamin D effect [15]. 

Regarding bone metabolism, the homeostasis between osteoclast and osteoblast 

genesis and functionality is closely related to calcium, vitamin D, PTH, and FGF23 

pathways. Osteoclast activity is stimulated by PTH and receptor activator of nuclear 

factor Kappa-B ligand/osteoprotegerin (RANKL/OG), being responsible for bone 

demineralization[4, 16]. Alternatively, osteoblast is responsible for bone remineralization 

and is also reduced by the RANKL/OG system. Osteoblasts also produce FGF23, 

together with osteocytes. FGF23 interferes in bone metabolism through vitamin D, 

decreasing 1,25D and consequently, VDR[6, 9, 17]. Figure 1 shows calcium and 

phosphate homeostasis under physiological conditions. 

Patients with Chronic Kidney Disease (CKD) have a low glomerular filtration 

rate (GFR), which, in turn, leads to decreased ion excretion and higher serum levels of 

phosphate. To compensate for hyperphosphatemia, an increase in FGF23 production is 

observed at the early stages of the disease. This results in normal serum phosphate for 

most CKD patients[18]. FGF23 augmentation is also stimulated by the reduction of GFR 

and of the 1,25D[19–22]. FGF23 decreases renal phosphate reabsorption and also inhibits 

renal synthesis of active vitamin D, further reducing intestinal phosphate absorption[23]. 

In addition, low Klotho levels induce FGF23 resistance, resulting in a greater increase 

of FGF23 levels, and in the progressive loss of the ability to prevent 

hyperphosphatemia, vascular calcification, and cardiovascular disease[23–27]. 

As CKD advances and GFR falls further, the impaired kidney function leads to 

low 1-α-hydroxylase activity, with a consequent reduction in active vitamin D levels 

and hypocalcemia[18]. These changes result in an increase in PTH levels, which is 

further aggravated by the worsening of kidney function and the resultant 

hyperphosphatemia, perpetuating a maladaptive response. It is not elucidated whether 

high PTH levels are harmful to bone mineralization, once patients with CKD and 

skeletal resistance to PTH have been identified. However, PTH contributes to greater
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calcium reabsorption from the bone[28, 29]. The overall result of this process is the 

development of hyperparathyroidism, hypovitaminosis D, and hypocalcemia. 

Hyperparathyroidism is associated with high bone turnover disease and vascular 

calcification[4, 23]. The elevated PTH and FGF23 combined with the low vitamin D and 

hypocalcemia leads to a systemic and local decompensation, termed CKD-MBD. 

Severe complications of CKD-MBD include renal osteodystrophy, fractures, vascular 

calcification, and increased cardiovascular mortality. Figure 2 shows the alterations in 

calcium and phosphate homeostasis due to CKD. 

Some studies have shown that vascular calcification can be accelerated by the 

use of warfarin[30, 31]. Patients with CKD that have atrial fibrillation can be 

anticoagulated with vitamin K´s antagonist, warfarin, or direct oral anticoagulants 

(DOACS). Matrix Gla Protein (MGP) is an inhibitor of vascular calcification that is 

produced by vascular smooth muscle cells (VSMCs) and chondrocytes[32]. Vitamin K is 

a cofactor necessary for the carboxylation of the inactive form, uncarboxylated MGP to 

the active form, carboxylated MGP[30]. The activated form of MGP inhibits bone 

morphogenic proteins (BMP-2 and BMP-4), reducing vascular calcification. Therefore, 

the use of warfarin or vitamin K deficiency can reduce the carboxylation of MGP, 

leading to vascular calcifications[32]. 

Several physiological processes start after KTx that alter bone, cardiovascular 

and general metabolism due to the recovery of kidney function. Immediately post- 

transplant, circulating levels of FGF-23 and PTH are still high, which can lead to 

phosphaturia and hypophosphatemia[2]. With a functional graft, GFR increases, and 

FGF-23 levels decrease significantly, contributing to higher levels of active vitamin D 

and intestinal absorption of calcium and phosphorus[33]. Additionally, serum Klotho 

levels increase significantly after KTx, which may improve phosphate homeostasis. The 

combination of increased GFR and higher Klotho expression results in good allograft 

function[25, 34, 35]. 

However, some key factors post-transplant may lead to bone loss and reduced 

graft function, including the use of immunosuppressants and persistent or de novo 

HPTH. Frequently, post kidney transplant patients develop mineral and bone disorders, 

characterized by the loss of bone volume and mineralization abnormalities, which 

compose different types of renal osteodystrophy, mainly low turnover bone disease[4]. 

Glucocorticoids (GCs) increase osteoclastic and reduce osteoblastic activity, 

leading to augmented bone reabsorption. In addition, GCs also increase phosphorus and 

calcium loss, resulting in reduced bone density and formation, and less active vitamin 

D. GCs also act indirectly in bone metabolism through inhibition of testosterone, 

estrogen, adrenal androgens, and IGF-1 synthesis[3, 16, 36–40]. Additionally, GCs alter the 

RANKL/OG system, inducing bone remodeling through decreased osteoblast 

proliferation and differentiation, while promoting osteoclastogenesis, ultimately 

reducing bone mineral density[37, 41, 42]. Calcineurin inhibitors (CNIs) have been shown 

to increase PTH and decrease magnesium, VDR synthesis, and osteoprotegerin, 

resulting in increased osteoclastic activity and further augmenting the risk of 

osteoporosis[43, 44]. mTOR inhibitors have been shown to negatively impact bone 

structure and formation, but there are still very few studies regarding the effect of these
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medications on bone mineralization[45, 46]. Although not directly associated with FGF23 

levels, the use of immunosuppressive agents has been also directly related to alterations 

in lipid parameters, including triglycerides (TG), low-density lipoprotein (LDL), and 

high-density lipoprotein (HDL) levels. These findings support the idea that post- 

transplant immunosuppressive therapy might be associated with cardiovascular 

complications in KTx recipients. 

Persistent secondary HPTH 12 months post-transplant is observed in over 60% 

of patients, most likely due to severe secondary HPTH or tertiary HPTH prior to KTx[16, 
47–49]. HPTH also contributes to hypercalcemia post-transplant, which has been reported 

in 5-15% of KTx patients, mostly 3-6 months after the procedure[50]. Hypercalcemia and 

high PTH levels are associated with interstitial microcalcification and poorer long-term 

graft outcomes[43]. High serum PTH levels in HPTH also increase bone reabsorption and 

decrease density, besides inducing phosphaturia and hypophosphatemia, which, in turn, 

impair the bone formation and mineralization[3]. HPTH is associated with unfavorable 

outcomes, including worse graft function[4]. This impairment is also influenced by a 

progressive graft dysfunction, resulting in increased FGF23 concentrations and 

decreased vitamin D levels. All these mechanisms contribute to increased fracture risk, 

vascular calcification, and loss of graft function[9, 10, 51–54]. 

In addition, vitamin D levels tend to decrease, remaining lower than in the 

general population, even in the case of successful kidney engraftment. This is due to the 

HPTH, the reduced renal mass after transplantation, and low 1-α-hydroxylase activity[47, 
55]. As vitamin D is an immune modulator with anti-proliferative effects on B cells, its 

deficiency may also be related to allograft rejection and may contribute to hypocalcemia 

and impaired bone mineralization. Immunosuppressive therapy, PTH levels and residual 

renal function are important predictors of vitamin D deficiency[56]. 

Hypophosphatemia is a common electrolyte disturbance post KTx, found in up 

to 34% of patients. This alteration is likely due to decreased phosphorus reabsorption in 

the proximal tubule, which is related to persistently elevated PTH and/or FGF-23 

levels[4, 33, 48, 55, 57]. Hypophosphatemia is associated with a decrease in osteoblast 

activity, leading to rickets and osteomalacia and is also related to anemia and increased 

mortality risk in KTx patients[58–61]. 

Another frequent alteration is hypomagnesemia, observed mainly during the first 

few weeks after kidney transplantation. Hypomagnesemia is most likely due to the use 

of immunosuppressive medications, mostly CNIs, which may interfere in magnesium 

metabolism decreasing its reabsorption and promoting urinary magnesium wasting[62, 
63]. Magnesium is an integral component of the hydroxyapatite structure of the bone and 

it may also impair hydrogenase-potassium ATPase magnesium-dependent pumps in the 

bone. Its deficiency contributes to bone demineralization, reduced PTH secretion and 

increased PTH resistance, resulting in persistent secondary HPTH[64, 65]. Additionally, 

hypomagnesemia is also an independent predictor of new-onset or de novo diabetes 

mellitus in KTx patients and is associated with faster decline of graft function[63, 66]. 

As in pre-transplant patients, when graft function is reduced in KTx recipients, 

FGF23 levels start to increase at first, followed by elevated PTH and reduced GFR. GCs 

and HPTH lead to trabecular and cortical bone loss, respectively, finally resulting in
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reduction in bone density, increased risk of fractures and overall high risk of mortality 

post-transplant, characterizing the post-transplant CKD-MBD[3]. Additionally, pre- 

transplant adults with CKD normally present cardiovascular complications of end-stage 

kidney disease, such as coronary artery calcification. Even after a successful KTx, with 

normal levels of calcium, phosphate and PTH, these patients may not completely 

recover from the complications of pre-transplant CKD[67, 68]. Figure 3 shows the 

alterations in calcium and phosphate homeostasis after KTx. 

 

Figure 1. Calcium and phosphate homeostasis under physiological conditions. The main 

molecules involved in kidney and bone metabolism are shown in the bloodstream. PTH 

(Parathyroid hormone) is produced by the parathyroid glands and regulates the serum levels of 

Calcium (Ca) by activating the Osteoclast (OC) and inhibiting the Osteoblast (OB), resulting in 

bone reabsorption. This mechanism is reinforced by the RANK/OPG system (osteoprotegerin). 

OB stimulates fibroblast growth factor 23 (FGF-23) production, which inhibits vitamin D 

absorption through 1-α-hydroxylase inactivation and, ultimately, reduces phosphorus (P) and 

calcium (Ca) enteric absorption. In the kidneys, the PTH stimulates, by enhancing the 1-α- 

hydroxylase activity, the synthesis of vitamin D (Vit D), which, in turn, downregulates PTH 

levels through a negative-feedback mechanism. PTH also produces phosphaturia, synergically 

with FGF-23 and its coreceptor Klotho. Finally, vitamin D acts stimulating Ca and P absorption 

in the intestines.
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Figure 2. Altered Calcium (Ca) and Phosphate (P) homeostasis in Chronic Kidney Disease 

(CKD). In CKD patients, Glomerular Filtration Rate (GFR) is reduced leading to a decrease in 

the metabolites excretion, creating feedback loop between GFR and fibroblast growth factor 23 

(FGF-23), in which the low GFR stimulates the FGF-23 activity that decreases the GFR. 

Additionally, FGF-23 causes an inhibition of enteric absorption of P and Ca as a consequence of 

the inhibition of vitamin D synthesis. Reduced vitamin D, high P serum levels and low Ca 

levels cause higher levels of PTH. As GFR progressively decreases, levels of vitamin D reduce 

resulting in diminished intestinal Ca absorption. Finally, hyperparathyroidism is reinforced by 

higher levels of P. These factors all together cause hypocalcemia, hyperphosphatemia, 

insufficiency/deficiency of vitamin D, higher FGF-23 and PTH levels.
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Figure 3. Altered Calcium (Ca) and Phosphate (P) homeostasis after kidney transplantation 

(KTx), leading to mineral bone disease (MBD). As GFR is restored after KTx, FGF-23 levels 

and serum levels of P start to decrease. Lower FGF-23 levels stimulate PTH production, 

synergically with a persistent HPTH and with calcineurin inhibitors (CNIs). CNIs also reduce 

vitamin D production, strengthened by high levels of PTH and antagonized by improved kidney 

function. Increased PTH levels and improved GFR result in lower P levels and increased 

phosphaturia. Regarding bone metabolism, both glucocorticoids (GCs) and CNIs act inhibiting 

osteoblast (OB) and stimulating osteoclast (OC), resulting in higher bone reabsorption. 

 

 
4. BIOMARKERS 

 
4.1 Fibroblast Growth Factor-23 (FGF-23) and Klotho 

FGF23 is a phosphaturic hormone that alters NaPi-IIa and IIc tubular 

cotransporters, reducing phosphate reabsorption[12, 13, 69]. It also inhibits 1-α-hydroxylase 

activity and reduces serum levels of active vitamin D, leading to less calcium and 

phosphorus enteric absorption[15]. Besides, FGF-23 increases PTH levels and inhibits 

Klotho, its coreceptor, through feedback mechanisms. Additionally, FGF23 activates 

the Renin Angiotensin System (RAS), reduces angiotensin converting enzyme 2 

(ACE2) and increases blood pressure. FGF-23 has been related to cardiovascular 

complications[70–73].
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In CKD patients, FGF23 levels are elevated due to phosphorus retention, caused 

by the reduced GFR[19–22]. These high levels are found in up to 72.5% of CKD patients 

pre-transplant and contribute to reduce even further 1-α-hydroxylase activity, active 

vitamin D levels and calcium absorption, aggravating hypocalcemia[18, 55]. 

In kidney transplant patients with good graft function, as GFR starts to increase, 

FGF23 levels reduce. A significant reduction of FGF23 levels was found in KTx 

patients at 3, 6 and 12 months after the transplant. At 1 year post-transplant, FGF23 

levels were similar to those detected in CKD patients with comparable GFR[33, 74]. As 

FGF23 levels decrease, 1-α-hydroxylase activity and active vitamin D levels increase, 

leading to higher calcium and phosphorus absorption. FGF23 levels post-transplant 

correlated negatively with GFR and vitamin D levels and positively with the post- 

transplant period[8]. Additionally, high FGF23 levels in KTx patients was associated 

with higher levels of serum phosphate and PTH[48]. The authors did not find any relation 

between FGF23 and MBD incidence in KTx patients. 

High FGF23 levels are closely linked with cardiovascular alterations in patients 

with and without kidney disease. Increased concentrations of FGF23 were associated 

with left ventricular hypertrophy, diastolic dysfunction, hypertension through RAS 

activation, ACE2 reduction and arrhythmias[70–73, 75–84]. Besides, myocardial ischemia 

and aterosclerose were related to high FGF23 transcription. Ferrum deficiency, 

inflammation, obesity and hyperaldosteronism were also associated with higher FGF23 

serum levels[85–92]. These studies support the idea that FGF23 is closely related to the 

pathophysiology of cardiovascular complications and mortality in CKD patients. 

α-Klotho, an obligate FGF23 coreceptor, is an antifibrotic, antioxidant and anti- 

aging protein, acting through the inhibition of the insulin/IGF-1 signaling pathway. 

Klotho also protects the renal tubular cells from oxidative damage. It is an important 

marker of the relation between the bone and the kidney in patients with renal diseases. 

Klotho also decreases renal fibrosis by the inhibition of TGF-β1 and the Wnt pathway- 

associated β-catenin activation[93, 94]. It is produced by the distal convoluted tubule in 

the kidney and the chief cells of the parathyroid gland[95, 96]. Additionally, Klotho 

increases phosphaturia. Klotho expressed in the parathyroid gland decreases PTH 

production and increases calcium-sensing and vitamin D receptors[95, 97]. After KTx, 

Klotho levels are increased when compared to baseline levels before transplant, but the 

concentrations still remain lower than reference values[25, 98–100]. Blekestad et al. found 

comparable Klotho levels between kidney recipients and GFR-matched controls[101]. 

Tartaglione et al. described a positive association between serum levels of sclerostin 

and Klotho in patients ≤1 year post-transplant[100]. Finally, Klotho was also found to be 

a prognostic marker for good allograft function within the first year post-transplant in 

KTx from deceased donors[102, 103]. Further research on Klotho as a novel biomarker that 

reflects the relationship between bone metabolism and renal alterations post-transplant 

is necessary to comprehend its interactions with FGF23, sclerostin, and vitamin D in 

CKD-MBD post-transplant patients. 

 
4.2. Vitamin D
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Physiologically, vitamin D is essential for controlling intestinal and renal 

handling of calcium and phosphate, PTH levels and bone turnover with a direct effect 

on osteoblast and osteoclast activity[5, 104]. Vitamin D is also an endocrine inhibitor of 

the RAS via the downregulation of renin expression. Vitamin D inhibits pro- 

inflammatory pathways, ultimately having a cardiovascular protection effect[105, 106]. 

Human vitamin D metabolism starts by the sun exposure and the conversion of 

provitamin D into cholecalciferol. Following, cholecalciferol is converted into 25D by 

hepatic enzyme 25-α-hydroxylase, which is, then, converted into 1,25D by renal 

enzyme 1-α-hydroxylase. 1,25D has endocrine and systemic effects through VDR and is 

degraded by 24-α-hydroxylase[9]. PTH increases vitamin D activation through 

upregulation of 1-α-hydroxylase, while FGF23 decreases 1-α-hydroxylase and enhances 

24-α-hydroxylase, counteracting vitamin D effects[9]. 

In CKD-MBD patients, the production of 1,25D is reduced due to high FGF23 

levels and the lack of functioning renal tissue[107]. Vitamin D has an important fallout in 

KTx patients, mostly regarding graft outcome and cardiovascular complications, which 

are related to FGF23-PTH-vitamin D axis, immunosuppressive therapy and previous 

bone status. After renal transplant, recovery of graft function, high PTH levels and 

hypophosphatemia accelerate 25D conversion into 1,25D[7]. Alternatively, high levels 

of FGF23 post-transplant can inhibit 1-α-hydroxylase and enhance 24-α-hydroxylase, 

reducing both 25D and 1,25D[108]. FGF23 and PTH act in a negative feedback loop 

through the Klotho-FGFR1 complex in the parathyroid gland and via calcineurin- 

dependent pathways. 

Immunosuppressive therapy, GCs mostly, alters vitamin D metabolism, 

increasing PTH, FGF23 and vitamin D catabolism. GCs activate the genes involved in 

the expression of enzymes that catabolize vitamin D, further reducing its levels[109]. 

Steroids also impair osteoblasts, enhancing apoptosis and decreasing their genesis and 

functionality. On the other hand, GCs enhance osteoclast activity, through regulation of 

the RANK/OPG (receptor activator of nuclear factor-kappa B/osteoprotegerin) ratio[7, 
110–112]. In addition, CNIs suppress VDR, increasing calcium wasting[113]. 

Vitamin D insufficiency or deficiency was observed in up to 43% of KTx 

recipients 3 months post-transplant and 48.1% at 6 months[33, 55, 114]. Balcázar- 

Hernández et al. found, in a retrospective study with 74 KTx patients, that at 1 year 

post-transplant, all patients had hypovitaminosis D (91% deficiency and 9% 

insufficiency)[115]. Low vitamin D post-transplant leads to hypocalcemia and abnormal 

bone mineralization and is also associated with poor graft outcomes, including acute 

cellular rejection, lower GFR and higher risk for interstitial fibrosis[17, 114, 116]. 

Falkiewicz et al. observed that the vitamin D levels, in post-KTx patients, had a gradual 

increase over the period of 2 years, even though never reaching physiological levels 

measured in the control group[117]. The same study also suggests that vitamin D 

deficiency may predict delayed graft function and possible loss of the graft[117]. 

Extrarenal production of calcitriol controls, directly or indirectly, over 200 genes, being 

involved in the regulation of cellular proliferation and differentiation, angiogenesis, 

insulin and renin secretion. Vitamin D deficiency is also related to various diseases, 

such as breast, prostate and colon cancer, as well as diabetes mellitus[118, 119].
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Active vitamin D supplementation reduced PTH levels and improved MBD after 

KTx[120–122]. Although very few randomized controlled trials (RCTs) were conducted 

investigating the effect of vitamin D supplementation, the Kidney Disease Improving 

Global Outcomes (KDIGO) guidelines recommend supplementation to correct vitamin 

D levels for the same values as in the general population, even if KTx patients may need 

a different dosage[123, 124]. Further investigation on vitamin D supplementation for KTx 

patients is necessary. 

 
4.3 Parathyroid hormone (PTH) 

Parathyroid hormone (PTH) is a 84-amino acid peptide, produced by the 

parathyroid gland that is secreted entirely or as the fragment (7-84)-PTH[125]. PTH 

levels are influenced mainly by the serum concentration of calcium, but also by serum 

phosphate levels and vitamin D[11]. PTH is responsible for increasing calcium 

reabsorption from the bones, for stimulating phosphate excretion and vitamin D 

production via the activation of 1-α-hydroxylase. PTH production and secretion is 

increased by hypocalcemia and by hyperphosphatemia, acting as phosphaturic hormone 

synergistically with FGF23[12, 13]. 

In CKD patients, hypocalcemia, hyperparathyroidism, hyperphosphatemia are 

frequently observed. Balcázar-Hernández et al. found that before KTx, all CKD 

patients evaluated had secondary HPTH (n = 74), 40% hypocalcemia and 86% 

hyperphosphatemia[115]. In a larger study (n = 861), Evenepoel et al. reported that 66.3% 

of patients had secondary HPTH at the time of KTx[49]. Augmented levels of PTH result 

in an increase in calcium reabsorption from the bone and enhanced osteoclastic activity, 

with an overall higher risk of osteoporosis and reduced bone mineralization[3, 28, 29]. 

HPTH is also associated with vascular calcification and high bone turnover disease[4, 23]. 

At the early post transplant period, there is a significant decrease in PTH levels 

due to improved kidney function, reduction in FGF23 and an adjustment in vitamin D, 

calcium and phosphate levels. Pérez et al. attested a progressive fall in PTH levels, 

more expressive during the initial 6-month period post-KTx, but continuously, tending 

to a plateau by the 6 and 12 month[126]. However, this decrease is not kept after one 

year post KTx. Roodnat et al. found that PTH values were similar to those before 

KTx[127]. Persistent secondary HPTH is observed in over 60% of patients 1 year post 

transplant, closely related to severe secondary HPTH or tertiary HPTH prior to KTx[16, 
47–49]. HPTH also contributes to hypercalcemia post-transplant, which is frequently 

observed in KTx patients. Hypercalcemia associated with high PTH levels is 

accompanied by interstitial microcalcification and poorer long-term graft outcomes[4, 43, 
50]. Increased PTH levels also contribute to increased bone reabsorption and decreased 

density, besides inducing phosphaturia and aggravating hypophosphatemia, which can 

impair bone formation and mineralization[3]. This impairment is also further influenced 

by a progressive graft dysfunction resulting in increased FGF23 levels and 

decreased vitamin D. All these changes increase fracture risk, vascular calcification 

and loss of graft function[9, 10, 51–54]. Rao et al. reported high levels of PTH 

(>65pg/mL) in 66% of 106 KTx patients[48]. Among those, roughly half were 

between 1 and 5 years post-transplant and males appeared to have significantly higher 

levels of PTH than women, which were also
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associated with lower levels of serum phosphate[48]. Araujo et al. considered a higher 

cutoff point for PTH (PTH >100pg/mL, meaning >1.5 times the upper normal limit) and 

found that 62% of patients with HPTH. If the cutoff was set as >65pg/mL, the authors 

would report an even higher HTPH prevalence of 77%[128]. Similarly, in patients with 

good graft function and more than 1 year post transplant, Blekestad et al. detected 

HPTH in over 50% of patients and 7% had severe HPTH (increased levels >2.5 times 

the upper normal limits)[57]. 

Evenepoel et al. reported that elevated serum levels of PTH, Ca and phosphorus 

at the time of KTx are associated with higher incidence of HPTH. The authors also 

observed that hypercalcemia and hypophosphatemia post-transplant are higher in 

moderate to severe HPTH at the time of KTx[49]. In a cohort study of 11,776 patients, no 

association was found between pre-transplant serum PTH levels and post-transplant 

outcomes nor pretransplant iPTH levels and mortality[129]. In contrast, another study 

with fewer patients (n=407) reported that high levels of pretransplant serum PTH levels 

have an independent influence on the risk for graft failure death-censored[127]. However, 

neither in univariable nor in multivariable analysis, the influence of PTH concentrations 

on the death risk was confirmed[127]. 

In summary, KTx does not normalize PTH levels in most patients. The effects of 

PTH on bone metabolism continue despite improvements in other biomarkers, such as 

vitamin D and FGF-23[130]. Persistent HPTH causes hypercalcemia, is also linked to 

hypophosphatemia and closely associated with negative outcomes in KTx patients, 

including low bone density, fractures, vascular calcification, cardiovascular disease, 

nephrocalcinosis, allograft dysfunction and loss, and all-cause mortality[131–133]. The 

relation between the PTH mechanism and graft dysfunction is still not fully uncovered, 

but studies suggest that it can be due to vasoconstriction and tubulointerstitial 

calcification[134, 135]. For patients at the first year post KTx with an estimated GFR 

(eGRF) greater than 30mL/min/1.73m2 and low BMD, the KDIGO guidelines suggest 

that treatment with vitamin D, calcitriol/alfacalcidol, and/or antiresorptive agents should 

be considered with low level of evidence (2D). However, as HPTH has a considerable 

impact on long-term graft function, and persists in a high number of patients, 

parathyroidectomy at early stages post KTx may be an option. As Araujo et al. 

described, 6 months post KTx values of PTH (>150pg/mL) are predictive of HPTH at 1 

year post KTx with 92% of specificity. This finding should be considered to 

recommend early parathyroidectomy, in order to prevent persistent HPTH, low graft 

functioning, low bone density and other complications[128]. 

 
4.4 Phosphorus 

Phosphorus homeostasis is thoroughly relevant in CKD-MBD context once its 

metabolism is mainly controlled by the kidney, bone and intestine. It is estimated that 

85% of inorganic phosphorus (Pi) is contained in the skeleton, with approximately 15% 

in softs tissues and 1% in extracellular fluid[136]. Phosphorus and phosphate enteric 

absorption is stimulated by vitamin D, which may be impaired by FGF23 and PTH. 

Additionally, phosphorus reabsorption in the proximal renal tubule is inhibited by high
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levels of PTH and FGF23, through the inhibition of NaPi cotransporters, leading to 

phosphaturia[137–139]. 

In CKD patients, lower GFR leads to a reduced ion excretion and higher serum 

levels of phosphate. In order to compensate for this, FGF23 levels increase and as GFR 

levels fall further, PTH levels also rise, resulting in a hyperphosphatemia. 

In KTx patients, hypophosphatemia is commonly observed, found in up to 34% 

of patients and likely due to decreased phosphorus reabsorption in the proximal tubule, 

which is related to persistently elevated phosphaturic hormones PTH or FGF-23 levels[4, 
33, 48, 55, 57]. Another contributing factor to hypophosphatemia is lower levels of vitamin 

D, which reduces intestinal absorption of phosphate and calcium and PTH 

downregulation[14]. Hypophosphatemia is associated with a decrease in osteoblast 

activity, leading to rickets and osteomalacia and is also related to anemia and mortality 

risk in KTx patients[58–61]. Finally, increased renal phosphorus wasting is also due to 

immunosuppressive drugs[140–142]. Araujo et al. reported that phosphorus levels were 

persistently lower in patients at 1 year post KTx with HPTH (p<0.001)[128]. 

Accordingly, Evenepoel et al. found that there was a prevalence of 39.7% of 

hypophosphatemia at the 1st year post KTx patients and, at the 4th year, the incidence 

decreased to 10.7%[49]. Furthermore, Pérez et al. observed the same tendency of 

hypophosphatemia. There was a significant decrease in phosphorus levels after the first 

month, followed by a slight increase until it reached a plateau below normal levels that 

persisted for months[126]. 

 

4.5 Calcium 

Calcium balance and metabolism are closely related to phosphorus in the human 

body. Calcium is stored mainly in the bones and teeth through calcium-phosphate 

complex, which determines bone strength and constitutes its mineral content. Calcium 

metabolism occurs in the intestine, kidney and bone, and is mediated by different 

molecules, including PTH, FGF-23 and vitamin D. PTH stimulates renal calcium 

reabsorption, bone reabsorption through osteoclast activity, and enteric calcium 

absorption via the stimulation of 1-α-hydroxylase, which increases active vitamin D. 

Intestinal calcium absorption is mediated by vitamin D receptor (VDR) and the amount 

of calcium in the diet. On the other hand, FGF23 decreases calcium levels by inhibiting 

the enteric absorption and vitamin D activation. In cases of deficiency, calcium is 

regularly reabsorbed from the bone through osteoclastic activity. In contrast, calcium 

can be removed from circulation by osteoblasts and deposited in the bone, favoring 

bone mineralization. Low levels of calcium stimulate PTH action and the activation of 

vitamin D through negative feedback, while high levels of calcium suppress PTH and 

vitamin D activation. 

In CKD patients, hypocalcemia is frequently observed due to reduced calcium 

absorption, heterogeneous bone disease, excessive vascular and soft tissue 

calcification[143]. Calcium levels are lower in those patients due to FGF-23 effects on 

vitamin D, which may be compensated through high calcium intake[143–145]. 

After KTx, serum levels of calcium are expected to decrease progressively. 

Hypercalcemia is frequently observed due to HPTH, which leads to higher bone and
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renal calcium reabsorption and enteric absorption. Evenepoel et al. found that at the 1st 

year post KTx, 30.9% of patients had hypercalcemia, defined as total serum 

calcium >10.5 mg/dL, although this percentage reduces to 12.4% in patients at the 4th 

year post KTx[49]. In contrast, Pérez et al. found that more than half of the patients had a 

slight increase in Ca levels, remaining at physiological levels during the first year post- 

KTx[126] Some studies also suggest that calcium follows a biphasic tendency, with a 

decrease in serum levels at the initial weeks, followed by an increase due to better 

allograft function and vitamin D production, associated with persistent secondary 

hyperparathyroidism[3]. These high levels of calcium, mostly associated with high levels 

of PHT, are a well known risk factor for the occurrence of instestial microcalcifications 

and further impairment of the renal allograft[3]. Finally, calcium levels pre-transplant 

seem to be a marker of graft failure in KTx patients[146]. 

 
4.6 Alkaline phosphatase 

Alkaline phosphatase (AP) mediates bone turnover and is a serum marker of 

osteoblast activity. AP removes phosphate groups from several molecules and their 

levels must be regularly monitored as a biochemical parameter of CKD-MBD after 

KTx[23]. The high concentration of FGF-23, common in CKD patients, is associated 

with an elevation of AP, hypophosphatemia, hyperphosphaturia and reduction of 1-α- 

hydroxylase[12]. 

AP levels increase significantly at the 1st year post KTx, and are closely related 

to HPTH post transplant[48, 128]. Reinhardt et al. found significantly elevated levels of 

AP and of bone specific alkaline phosphatase (BAP) from 2 to 5 months post KTx[147]. 

After 12 months post KTx, both AP and BAP levels normalized[147]. AP levels pre- 

transplant were found to be related with graft failure in KTx patients[129, 136]. Withold et 

al. study suggests that AP and BAP levels are positively associated with PTH 

concentration[148]. However, BAP and AP levels measured in different studies show 

variable results and are not consistent with the aforementioned. Although AP is 

associated with bone remodeling, the serum level of this molecule is not sufficient to 

diagnose alterations of bone turnover in individual patients[149]. Further studies are 

necessary to determine the role of AP and BAP as biomarkers of CKD-MBD in KTx 

patients[150]. 

 
4.7 Bone molecules 

Osteocalcin (OC), a marker of osteoblast activity and bone turnover, decreases 

significantly in the first year post-transplant[151]. Sharma et al. found that OC correlated, 

at 12 months post KTx, to both tibia and radius cortical thickness and area, which are 

suggestive of net bone formation, possibly due to a decline in bone reabsorption[151]. 

However, the post KTx treatment includes the use of GCs, which promote bone loss by 

reducing osteoblast proliferation and life span. These alterations are accompanied by 

reduced levels of OC, type 1 collagen and IGF-1[43]. Reinhardt et al. found that from 2 

to 5 months post KTx, OC levels increased from 20.2±1.5 to 26.7±1.9 ng/ml (normal 4– 

12), and remained high 12 months post KTx[147]. In experimental studies, rats treated 

with the combination of cyclosporine and azathioprine had higher OC levels and
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histomorphometric osteopenia when compared to animals receiving azathioprine 

alone[152]. Despite these findings, serum levels of OC have shown limited specificity 

and sensitivity in predicting MBD outcomes[3]. 

Osteoprotegerin (OPG) acts as a competitive receptor for RANK. By binding to 

RANKL, OPG decreases the activity of osteoclasts. Immunosuppressive medications 

also interfere with OPG effects by modifying the molecule itself and the receptor 

activator of nuclear factor-κB ligand, both important pieces of the bone remodeling 

process[2]. The use of GCs increases the levels of RANKL and decreases levels of OPG 

with consequent reduction of osteoblast differentiation and proliferation and higher 

osteoclastogenesis[2, 43]. 

 
4.8 Sclerostin 

Sclerostin relation with CKD pre and post-transplant can be assessed either 

through serum levels of sclerostin or by its bone expression. Sclerostin is the gene 

product of SOST, located on chromosome 17q12-21[153]. Sclerostin is a bone anti- 

anabolic protein, which regulates bone formation by inhibiting the Wnt pathway via β- 

catenin stabilization. The Wnt pathway activation leads to osteoblast and osteoclast 

differentiation, ultimately promoting bone formation. Thereby, sclerostin produces β- 

catenin phosphorylation and degradation, finally decreasing transcription of genes 

responsible for bone formation. The final effect is osteoblast and osteocyte apoptosis 

and less osteoblastogenesis. In parallel, sclerostin induces RANKL synthesis, leading to 

osteoclastogenesis[100, 154]. Lastly, sclerostin also enhances FGF-23 through the 

inhibition of PHEX, a protein encoded by the Phosphate regulating genes with 

Homologies to Endopeptidases on the X chromosome, which stimulates FGF-23 

degradation[154, 155]. 

At early stages of CKD, FGF-23, dentix matrix protein 1 (DMP-1) and 

sclerostin levels are elevated before the abnormalities in mineral iron, vitamin D or PTH 

levels[156, 157]. In CKD, sclerostin expression in bone increases early and, as CKD 

progresses, the levels remain high, even though PTH increases the downregulation of 

sclerostin[156, 158]. At this point, sclerostin levels correlate positively with serum 

phosphate and FGF23 and negatively with PTH, AP and bone turnover[159–164]. 

After KTx, GFR and 1,25D levels naturally increase due to improved kidney 

function. Simultaneously, serum phosphate, FGF-23 and PTH levels decrease. The 

studies showed different results regarding serum sclerostin levels post-transplant. 

Araujo et al. found a reduction in the serum levels of sclerostin to below pre-transplant 

levels at the first year post-transplant[165]. Bonani et al. also described reduced levels 15 

days post-transplant, but they found a progressive rise in their levels 6 and 12 months 

post-transplant[153, 165]. Even though the serum levels of sclerostin were still altered, 

post-transplant patients had lower serum levels of sclerostin than pre-transplant CKD 

cases[165]. Tartaglione et al. found no alteration of sclerostin levels in patients with one 

year or less post-transplant[100]. Pre-transplant sclerostin levels, the interval from the 

KTx, 25D and serum Klotho were positive predictors of higher post-transplant 

sclerostin levels, while AP and 1,25D were negative predictors[100, 153]. Both Tartaglione 

et al. and Bonani et al. did not find correlation between serum sclerostin and estimated
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GFR, nor between sclerostin and bone mineral density[100, 153]. In addition, Tartaglione 

et al. reported a negative correlation between sclerostin and AP, and positive correlation 

between sclerostin and FGF23, 25OH-vitamin D and Klotho[100]. 

Regarding the expression of sclerostin in bone tissue, two studies found elevated 

levels in KTx recipients, even though in one of the studies those levels were still lower 

than in CKD pre-transplant patients [157, 165]. Araújo et al. also found increased levels of 

phosphorylated β-catenin, supporting the role of augmented bone expression of 

sclerostin [165]. The authors raise the hypothesis that serum and bone expressed levels of 

sclerostin are unrelated. 

Laster et al. pointed out some important factors to consider when interpreting 

serum sclerostin levels, which were the lack of a standardized assay between studies and 

the possibility that the molecule mostly reflects GFR rather than bone disease[166]. As 

sclerostin depends on renal excretion, it is natural that, with post-transplant 

improvement of the GFR, circulating levels of the molecule reduce and the contrary 

occurs in case of GFR decrease. Based on this assumption, serum levels of sclerostin 

simply reflect the changes in the molecule clearance without relation to bone disease. 

The measurement of urine sclerostin levels might be useful in evaluating the molecule 

excretion. In addition, sclerostin expression in the bone microenvironment may 

probably provide more accurate information on bone formation/degradation. Sclerostin 

expression is altered by a number of factors. One example is lower PTH levels, which 

regulate sclerostin through the activation Wnt pathway, resulting in higher osteocyte 

sclerostin expression. If PTH levels increase, the activation of the Wnt pathway leads to 

a downregulation of sclerostin gene expression. 

It is still unclear how the use of immunosuppressors alter sclerostin levels. 

Bonani et al. found no correlation between the use of tacrolimus, cyclosporine and 

drugs that improve bone mineral metabolism and sclerostin levels[153, 165]. Studies in 

vitro and with mice models have shown different results on how immunosuppressants, 

mostly GCs, alter sclerostin levels[167]. The acute administration of GCs (96-hour 

period) decreased serum sclerostin, while long term administration (12 months) 

increased in a dose-dependent manner[168]. Further assessment on how GCs affect 

sclerostin expression is necessary. 

Sclerostin has been recently linked to reduction in vascular calcification, 

cardiovascular disease and mortality due to its relation with mineral homeostasis and 

possibly to extra-skeletal calcification in non transplant CKD patients[161, 169, 170]. 

Evenepoel et al. found a negative relation between vascular calcification and serum 

levels of sclerostin in KTx patients[169]. Further research is necessary to better evaluate 

sclerostin relation to bone mineral homeostasis and its role as a biomarker of CKD- 

MBD. The comprehension of sclerostin role in CKD-MBD may support the therapeutic 

use of anti-sclerostin antibodies, which has been proven effective in postmenopausal 

women with low bone mass[166]. 

 

 
 

4.9 Other biomarkers
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Inflammatory markers, including interleukin 6 (IL-6), C-reactive protein (CRP), 

tumor necrosis factor alpha (TNF-α) and other molecules involved in the inflammatory 

process, have a role in CKD-MBD. TNF-α, CRP and IL-6 have been linked to episodes 

of acute graft rejection and are markers of tubular damage in the kidney[171–179]. 

IL-6 is a known marker of inflammation and has been related to different 

mechanisms in cardiovascular and systemic diseases[150]. IL-6 is related to higher CRP, 

oxidative stress, state of hypercoagulability, accelerated atherosclerosis and loss of renal 

function[180–184]. Mota et al. evaluated the relation between IL-6 and hypercoagulability 

through the measurement of thrombomodulin (TM) and von Willebrand factor (vWF), 

molecules involved in the coagulation cascade[185]. The authors found that levels of IL-6 

correlated positively with both TM and vWF in KTx patients[185]. IL-6 is significantly 

elevated post KTx and is closely related to graft rejection and other ongoing systemic 

diseases in KTx patients[186–189]. Cueto-Manzano et al. detected that from 6 months post 

KTx both IL-6 and TNF-α increased progressively up to the end of follow-up at 18 

months[186]. Waiser et al. reported that urine IL-6 levels were associated with infection, 

necrosis and antirejection treatments, recommending caution for using this molecule as 

a marker of rejection in KTx patients[172]. Other inflammatory molecules are being 

further investigated as possible markers for CKD-MBD and for systemic diseases in 

KTx patients. 

Studies suggest that obesity, higher body mass index (BMI) and greater adipose 

tissue cause higher PTH levels through enhancing the degradation of vitamin D. In turn, 

adiposity may also act directly on bone tissue, through leptin secretion[147, 148, 190]. Leptin 

is a hormone secreted by the adipose tissue that exerts its effect on bone metabolism 

through beta-adrenergic receptors in bone cells, modulating osteoblast 

differentiation[149, 152]. Studies with dialysis patients detected an inverse relation 

between leptin levels and bone turnover[191, 192]. Kovesdy et al. measured biomarkers of 

bone turnover and bone metabolism in 978 KTx patients to analyse how leptin would 

interact with other markers and with bone and kidney biochemical alterations[193]. 

Higher serum leptin levels were more likely in patients with higher BMI and larger 

abdominal circumference. In addition, patients with increased leptin concentrations had 

lower estimated GFR, vitamin D, collagen type 1 cross-linked C-telopeptide (CTx), and 

OC levels. These patients also had higher PTH, CRP and IL-6 levels[193]. Importantly, 

CTx and OC, known markers of bone metabolism, had a negative association with 

leptin, independent of PTH or vitamin D. This finding suggests that leptin may exert a 

suppressive effect on bone turnover[193]. 

Other molecules have currently been assessed as potential markers of bone 

turnover activity, graft function and general metabolism effects in KTx patients. These 

potential markers include insulin, Dickkopf-1 (DKK-1) and adrenocorticotropic 

hormone (ACTH), TM, vWF, resistin, growth differentiation factor 15 (GDF15), 

hepcidin, neutrophil gelatinase-associated lipocalin (NGAL), TNF-α, CPR, interleukin 2 

and its receptor[185, 186, 194–200]. However, data are very preliminary and further 

investigation is necessary to establish whether or not these molecules are markers of 

CKD-MBD (Table 1).
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Table 1. Characteristics of the main studies that analysed the concentrations of 

biomarkers for CKD-MBD. 

 

 
Author/Year 

Sample 

size (n) 

Type of 

study 

Biomarkers 

assessed 

 
Main Findings 

 
Savaj, Ghods et 

al., (2012)[6] 

 

 
113 

 
Cross- 

sectional 

 
Vitamin D, PTH, 

Creatine, Ca, P. 

45% had vitamin D deficiency, 76,2% had hyperparathyroidism. A 

correlation between vitamin D deficiency and serum creatinine levels was 

described (p=0.001). 

Rao et al. 

(2012)[48] 

 
106 

Cross- 

sectional 

FGF23, PTH, 

Phosphate, Ca. 

34% had hypophosphatemia, 3% had hypercalcemia in 3% and 66% had 

high levels of PTH. 

 

 

 

 

 
Evenepoel et 

al. (2004)[49] 

 

 

 

 

 

 
861 

 

 

 

 

 
Cross- 

sectional 

 

 

 

 

 
PTH, Ca, P, AP, 

Creatinine 

63.3% had HPTH at the time of transplantation, and 17% 4 years post KTx. 

30,9% had hypercalcemia at the 1st year and 12,4% at the 4th year post KTx, 

respectively. 39,7% had hypophosphatemia at the 1st year and 10.7% in the 

4th year post KTx. An increase in AP levels was detected during the 1st year, 

followed by a progressive decline afterwards. Higher levels of PTH, Ca, P 

and longer dialysis at the time of KTx were associated with higher 

incidence of HPTH at 1 year post KTx. 

 
Bleskestad et 

al. (2011)[57] 

 

 
360 

 
Cross- 

sectional 

 
iPTH, eGFR, P, 

Ca. 

52% had higher levels of iPTH in 52%, from which 7% was severe HPTH. 

Hypercalcemia in 13%, hypophosphatemia in 29% and hyperphosphatemia 

in 3%. 

 
Tartaglione 

and Pasquali et 

al. (2017)[100] 

 

 

 
80 

 

 
Cross- 

sectional 

FGF23, Klotho, 

Ca, P, PTH, AP, 

25D, 1,25D, 

FGF23, CTx. 

 

 
Increased levels of FGF-23 and Klotho, and mildly reduced concentrations 

of 25D. 

 

 

 

 
Balcázar- 

Hernández et 

al. (2020)[115] 

 

 

 

 

 

 
74 

 

 

 

 

 
Retrospect 

ive-cohort 

 

 

 

 

 
PTH, Ca, P, AP, 

Vitamin D 

Persistent HPTH in 60%, 50%, 47.2% and 40% at 1, 3, 6 and 12 months 

post KTx, respectively. Hypercalcemia in 13%, 9%, 5% and 4% at 1, 3, 6 

and 12 months post KTx, respectively. Hypophosphatemia in 31%, 34%, 

5% and 0 patients at 1, 3, 6 and 12 months post KTx, respectively. 

Hyperphosphatasemia in 5%, 7%, 1% and 0 patients at 1, 3, 6 and 12 

months post KTx, respectively. Hypovitaminosis D in 100% of KTx 

patients. 

 

 

 
Falkiewicz et 

al., (2009)[117] 

 

 

 

 
90 

 

 

 
Prospectiv 

e-cohort 

 

 
Creatinine, Ca, 

P, AP, albumin, 

PTH, 1,25D. 

83% had severe 1,25D deficiency immediately post KTx. 1,25D increased 

in 1st year and stabilized until 24 months post KTx. High incidence of 

1,25D deficiency occurred in delayed graft function patients. Negative 

correlation was detected between 1,25D and creatinine immediately after 

KTx and during 1st year. 

Pérez et al. 

(2020)[126] 

 
1009 

Retrospect 

ive-cohort 

 
PTH, Ca, P 

Significant reduction in Ca and P levels 1 year post KTx. Reduction in PTH 

levels, compared to pre transplant, but remaining above upper normal limit. 

 

 
Araujo et al. 

(2018)[128] 

 

 

 
911 

 

 
Prospectiv 

e-cohort 

 

 
PTH, Ca, AP, 

25D, P 

62% had HPTH associated with higher levels of Ca, P, PTH and AP before 

transplant. Higher levels of Ca, AP and PTH levels, and lower of P, eGFR 

and 25D were found in patients with HPTH at 1 year post KTx, in 

comparison to those without HPTH (p<0.001). 

 

 

 

 

 
Reinhardt et al. 

(1998)[147] 

 

 

 

 

 

 
129 

 

 

 

 

 
Prospectiv 

e-cohort 

 

 

 

 
Creatinine, P, 

Ca, AP, BAP, 

OC, PTH 

From 2-5 months post KTx, AP and BAP levels increased, normalizing 

within 12 months. OC levels increased significantly and remained above 

normal throughout the 12 months post KTx. Calcium levels were increased 

3 months post KTx and decreased afterwards. Two years post KTx, P 

increased, but remaining within the lower normal range. PTH levels were 

higher in patients with impaired graft function and associated with lower 

vitamin D levels. 

 
Sharma et al. 

(2018)[151] 

 

 
11 

 
Prospectiv 

e-cohort 

Creatinine, Ca, 

Phosphate, 

iPTH, AP, 25D, 

 
KTx patients have increased eGFR and 1,25VD, while decreased serum 

creatinine, phosphate, iPTH, OC and CTx. 
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   1,25D, OC, CTx, 

P1NP 

 

 

 

 

 
Bonani et al. 

(2014)[153] 

 

 

 

 

 
42 

 

 

 

 
Retrospect 

ive-cohort 

 

 

 
Sclerostin, BMD, 

PTH, P, Vitamin 

D, Ca 

Sclerostin levels were higher before KTx in 100% of patients, decreasing 

15 days post KTx. Sclerostin levels raised progressively, but still remained 

lower than pre-KTx. Pre-KTx sclerostin and time after transplantation were 

found to be predictors for post KTx sclerostin elevation. Patients presented 

persistent HPTH, low vitamin D and hypophosphatemia. During the 1st year 

post KTx, PTH decreased and P, Ca and vitamin D increased. 

Cueto- 

Manzano et al. 

(2005)[186] 

 

 
37 

 
Retrospect 

ive-cohort 

 
CRP, IL-6, TNF- 

α 

 
CRP post KTx levels decreased. TNF-α and IL-6 increased progressively 

up to the end of the 18-months follow-up. 

 

 
Kovesdy et al. 

(2010)[193] 

 

 

 
978 

 

 
Cross- 

sectional 

Leptin, PTH, 

CTx, OC, 

Vitamin D, AP, 

CRP, IL-6, BMI. 

 
Higher serum leptin levels were associated with higher PTH, BMI, 

abdominal circumference, CRP, IL-6 and lower vitamin D. Higher leptin 

was associated with lower levels of bone turnover markers (OC and CTx),. 

Tomei et al. 

(2014)[196] 

 
19 

Cross- 

sectional 

Sclerostin, DKK- 

1, CTx, BAP, P 

 
Sclerostin positively correlated to P and negatively with renal function. 

Ca = Calcium; P = Phosphorus; iPTH = intact parathyroid hormone; AP = alkaline phosphatase; 25D = 

25-hydroxyvitamin D; 1,25VD = serum 1,25-dihydroxyvitamin D; OC = osteocalcin; CTx = collagen 

type 1 cross-linked C-telopeptide; P1NP = procollagen type 1 N-terminal peptide; HTPH = 

hyperparathyroidism; KTx = kidney transplantation; BAP = bone specific alkaline phosphatase; BMD = 

bone mineral density; CRP = C-reactive protein; BMI = body mass index; DKK-1 = Dickkopf-1. 

 

5. CONCLUSION 

In summary, in KTx patients with good allograft function, FGF23 levels 

decrease significantly and remain within normal limits. PTH levels reduce rapidly in the 

first months post-transplant, but the hormone may remain high due to secondary or 

tertiary HPTH in up to 25% of KTx patients, despite the normalization of kidney 

function[49, 201]. Calcium and vitamin D levels tend to increase rapidly post-transplant. 

Although, as post-transplant period advances, hypercalcemia and persistent vitamin D 

insufficiency are frequently observed. Phosphorus tends to decrease and 

hypophosphatemia is also commonly reported. There is still no consensus regarding 

serum sclerostin levels. However, in general, low serum levels of sclerostin are 

detected, while bone-expressed sclerostin is found higher than expected. 

Before transplantation, bone loss occurs preferentially in cortical bone and is 

highly associated with secondary HPTH and CKD metabolic alterations, including 

hypocalcemia, hyperphosphatemia and low levels of vitamin D. Alternatively, in post- 

transplant subjects, a decreased bone formation in the trabecular bone can occur likely 

due to glucocorticoids therapy[16]. This finding is also possibly associated with other 

post-transplant abnormalities, such as persistent HPTH, hypercalcemia, 

hypophosphatemia and vitamin D deficiency. 

All the alterations in mineral homeostasis and bone remodeling that occur in 

KTx patients result in MBD. KTx patients should be continuously evaluated for MBD. 

Bone status and ongoing bone loss should also be monitored both patients with 

successful kidney transplantation and those with reduced functionality. The 

management of post-transplant MBD is complex and involves the diagnosis of 

biochemical abnormalities, through periodic monitoring of serum calcium, phosphate,

https://www.zotero.org/google-docs/?rncby2
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vitamin D, PTH and other biomarkers. Some preventive measures should be taken such 

as reducing GCs exposure, increasing calcium and vitamin D supplementation and the 

control of HPTH. Other important factors to consider are vascular calcification and 

increased risk of mortality due to cardiovascular disease. Reduced GFR is an 

independent risk factor for coronary disease. In turn, how mineral bone disorders alter 

cardiovascular functioning should be further investigated in order to reduce mortality in 

CKD-MBD post-transplant patients. Additional research on CKD-MBD 

pathophysiology, diagnosis and management is essential to guarantee long term graft 

function, better prognosis, good quality of life and reduced mortality for KTx patients. 

 
 

CONSENT FOR PUBLICATION 

Not applicable. 

 
FUNDING 

This study was partially supported by Brazilian National Council of Research 

Development (CNPq - Grant # 302153/2019-5), Coordination of High Education Level 

Personnel (CAPES - Grant # 002345/2019) and Foundation of Research of Minas 

Gerais (FAPEMIG - Grant number # CDS - APQ-02541-17). 

 
CONFLICT OF INTEREST 

The authors declare no conflict of interest, financial or otherwise. 

 
ACKNOWLEDGEMENTS 

Declared None. 

 
7. REFERENCES 

[1] US Renal Data System USRDS. Annual Data Report: Atlas of Chronic Kidney 

Disease and End-Stage Renal Disease in The United States. National Institutes of 

Health, National Institute of Diabetes and Digestive and Kidney Diseases: 

Bethesda, MD, USA. 1996. 

[2] Vangala, C.; Pan, J.; Cotton, R. T.; Ramanathan, V. Mineral and Bone Disorders 

After Kidney Transplantation. Front. Med., 2018, 5, 211. 

https://doi.org/10.3389/fmed.2018.00211. 

[3] Bouquegneau, A.; Salam, S.; Delanaye, P.; Eastell, R.; Khwaja, A. Bone Disease 

after Kidney Transplantation. Clin. J. Am. Soc. Nephrol., 2016, 11 (7), 1282– 

1296. https://doi.org/10.2215/CJN.11371015. 

[4] Kalantar-Zadeh, K.; Molnar, M. Z.; Kovesdy, C. P.; Mucsi, I.; Bunnapradist, S. 

Management of Mineral and Bone Disorder after Kidney Transplantation: Curr. 

Opin. Nephrol. Hypertens., 2012, 21 (4), 389–403. 

https://doi.org/10.1097/MNH.0b013e3283546ee0. 

[5] Holick, M. F. Vitamin D Deficiency. N. Engl. J. Med., 2007, 357 (3), 266–281. 

https://doi.org/10.1056/NEJMra070553. 

[6] Savaj, S.; Ghods, F. J. Vitamin D, Parathyroid Hormone, and Bone Mineral 

Density Status in Kidney Transplant Recipients. Iran. J. Kidney Dis., 2012, 6 (4), 

295–299. 

[7] Alshayeb, H. M.; Josephson, M. A.; Sprague, S. M. CKD–Mineral and Bone

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


50 
 

 

 

 

 

Disorder Management in Kidney Transplant Recipients. Am. J. Kidney Dis., 

2013, 61 (2), 310–325. https://doi.org/10.1053/j.ajkd.2012.07.022. 

[8] Coskun, Y.; Paydas, S.; Balal, M.; Soyupak, S.; Kara, E. Bone Disease and 

Serum Fibroblast Growth Factor-23 Levels in Renal Transplant Recipients. 

Transplant. Proc., 2016, 48 (6), 2040–2045. 

https://doi.org/10.1016/j.transproceed.2016.05.012. 

[9] Cianciolo, G.; Galassi, A.; Capelli, I.; Angelini, M. L.; La Manna, G.; Cozzolino, 

M. Vitamin D in Kidney Transplant Recipients: Mechanisms and Therapy. Am. J. 

Nephrol., 2016, 43 (6), 397–407. https://doi.org/10.1159/000446863. 

[10] Schwarz, A.; Mengel, M.; Gwinner, W.; Radermacher, J.; Hiss, M.; Kreipe, H.; 

Haller, H. Risk Factors for Chronic Allograft Nephropathy after Renal 

Transplantation: A Protocol Biopsy Study. Kidney Int., 2005, 67 (1), 341–348. 

https://doi.org/10.1111/j.1523-1755.2005.00087.x. 

[11] Almaden, Y.; Hernandez, A.; Torregrosa, V.; Canalejo, A.; Sabate, L.; Fernandez 

Cruz, L.; Campistol, J. M.; Torres, A.; Rodriguez, M. High Phosphate Level 

Directly Stimulates Parathyroid Hormone Secretion and Synthesis by Human 

Parathyroid Tissue in Vitro. J. Am. Soc. Nephrol. JASN, 1998, 9 (10), 1845–1852. 

[12] Baum, M.; Schiavi, S.; Dwarakanath, V.; Quigley, R. Effect of Fibroblast Growth 

Factor-23 on Phosphate Transport in Proximal Tubules. Kidney Int., 2005, 68 (3), 

1148–1153. https://doi.org/10.1111/j.1523-1755.2005.00506.x. 

[13] Bacic, D.; LeHir, M.; Biber, J.; Kaissling, B.; Murer, H.; Wagner, C. A. The 

Renal Na+/Phosphate Cotransporter NaPi-IIa Is Internalized via the Receptor- 

Mediated Endocytic Route in Response to Parathyroid Hormone. Kidney Int., 

2006, 69 (3), 495–503. https://doi.org/10.1038/sj.ki.5000148. 

[14] Hildmann, B.; Storelli, C.; Danisi, G.; Murer, H. Regulation of Na+-Pi 

Cotransport by 1,25-Dihydroxyvitamin D3 in Rabbit Duodenal Brush-Border 

Membrane. Am. J. Physiol.-Gastrointest. Liver Physiol., 1982, 242 (5), G533– 

G539. https://doi.org/10.1152/ajpgi.1982.242.5.G533. 

[15] Shimada, T.; Kakitani, M.; Yamazaki, Y.; Hasegawa, H.; Takeuchi, Y.; Fujita, 

T.; Fukumoto, S.; Tomizuka, K.; Yamashita, T. Targeted Ablation of Fgf23 

Demonstrates an Essential Physiological Role of FGF23 in Phosphate and 

Vitamin D Metabolism. J. Clin. Invest., 2004, 113 (4), 561–568. 

https://doi.org/10.1172/JCI200419081. 

[16] Monier-Faugere, M. C.; Mawad, H.; Qi, Q.; Friedler, R. M.; Malluche, H. H. 

High Prevalence of Low Bone Turnover and Occurrence of Osteomalacia after 

Kidney Transplantation. J. Am. Soc. Nephrol. JASN, 2000, 11 (6), 1093–1099. 

[17] Bienaimé, F.; Girard, D.; Anglicheau, D.; Canaud, G.; Souberbielle, J. C.; Kreis, 

H.; Noël, L. H.; Friedlander, G.; Elie, C.; Legendre, C.; et al. Vitamin D Status 

and Outcomes After Renal Transplantation. J. Am. Soc. Nephrol., 2013, 24 (5), 

831–841. https://doi.org/10.1681/ASN.2012060614. 

[18] Isakova, T.; Wahl, P.; Vargas, G. S.; Gutiérrez, O. M.; Scialla, J.; Xie, H.; 

Appleby, D.; Nessel, L.; Bellovich, K.; Chen, J.; et al. Fibroblast Growth Factor 

23 Is Elevated before Parathyroid Hormone and Phosphate in Chronic Kidney 

Disease. Kidney Int., 2011, 79 (12), 1370–1378. 

https://doi.org/10.1038/ki.2011.47. 

[19] Ferrari, S. L.; Bonjour, J.-P.; Rizzoli, R. Fibroblast Growth Factor-23 

Relationship to Dietary Phosphate and Renal Phosphate Handling in Healthy 

Young Men. J. Clin. Endocrinol. Metab., 2005, 90 (3), 1519–1524. 

https://doi.org/10.1210/jc.2004-1039. 

[20] Nishi, H.; Nii-Kono, T.; Nakanishi, S.; Yamazaki, Y.; Yamashita, T.; Fukumoto,

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


51 
 

 

 

 

 

S.; Ikeda, K.; Fujimori, A.; Fukagawa, M. Intravenous Calcitriol Therapy 

Increases Serum Concentrations of Fibroblast Growth Factor-23 in Dialysis 

Patients with Secondary Hyperparathyroidism. Nephron Clin. Pract., 2005, 101 

(2), c94–c99. https://doi.org/10.1159/000086347. 

[21] Filler, G.; Liu, D.; Huang, S.-H. S.; Casier, S.; Chau, L. A.; Madrenas, J. 

Impaired GFR Is the Most Important Determinant for FGF-23 Increase in 

Chronic Kidney Disease. Clin. Biochem., 2011, 44 (5–6), 435–437. 

https://doi.org/10.1016/j.clinbiochem.2011.01.009. 

[22] Saito, H.; Maeda, A.; Ohtomo, S.; Hirata, M.; Kusano, K.; Kato, S.; Ogata, E.; 

Segawa, H.; Miyamoto, K.; Fukushima, N. Circulating FGF-23 Is Regulated by 

1α,25-Dihydroxyvitamin D 3 and Phosphorus in Vivo. J. Biol. Chem., 2005, 280 

(4), 2543–2549. https://doi.org/10.1074/jbc.M408903200. 
[23] Haffner, D.; Leifheit-Nestler, M. CKD-MBD Post Kidney Transplantation. 

Pediatr. Nephrol., 2019. https://doi.org/10.1007/s00467-019-04421-5. 

[24] Hu, M. C.; Shiizaki, K.; Kuro-o, M.; Moe, O. W. Fibroblast Growth Factor 23 

and Klotho: Physiology and Pathophysiology of an Endocrine Network of 

Mineral Metabolism. Annu. Rev. Physiol., 2013, 75 (1), 503–533. 

https://doi.org/10.1146/annurev-physiol-030212-183727. 

[25] Thongprayoon, C.; Neyra, J. A.; Hansrivijit, P.; Medaura, J.; Leeaphorn, N.; 

Davis, P. W.; Kaewput, W.; Bathini, T.; Salim, S. A.; Chewcharat, A.; et al. 

Serum Klotho in Living Kidney Donors and Kidney Transplant Recipients: A 

Meta-Analysis. J. Clin. Med., 2020, 9 (6), 1834. 

https://doi.org/10.3390/jcm9061834. 

[26] Kalaitzidis, R. G.; Duni, A.; Siamopoulos, K. C. Klotho, the Holy Grail of the 

Kidney: From Salt Sensitivity to Chronic Kidney Disease. Int. Urol. Nephrol., 

2016, 48 (10), 1657–1666. https://doi.org/10.1007/s11255-016-1325-9. 

[27] John, G. B.; Cheng, C.-Y.; Kuro-o, M. Role of Klotho in Aging, Phosphate 

Metabolism, and CKD. Am. J. Kidney Dis., 2011, 58 (1), 127–134. 

https://doi.org/10.1053/j.ajkd.2010.12.027. 

[28] Massry, S. G. Skeletal Resistance to Parathyroid Hormone in Renal Failure: 

Studies in 105 Human Subjects. Ann. Intern. Med., 1973, 78 (3), 357. 

https://doi.org/10.7326/0003-4819-78-3-357. 

[29] Hruska, K. A.; Seifert, M.; Sugatani, T. Pathophysiology of the Chronic Kidney 

Disease-Mineral Bone Disorder. Curr. Opin. Nephrol. Hypertens., 2015, 24 (4), 

303–309. https://doi.org/10.1097/MNH.0000000000000132. 

[30] Nigwekar, S. U.; Bloch, D. B.; Nazarian, R. M.; Vermeer, C.; Booth, S. L.; Xu, 

D.; Thadhani, R. I.; Malhotra, R. Vitamin K–Dependent Carboxylation of Matrix 

Gla Protein Influences the Risk of Calciphylaxis. J. Am. Soc. Nephrol., 2017, 28 

(6), 1717–1722. https://doi.org/10.1681/ASN.2016060651. 

[31] Krüger, T.; Oelenberg, S.; Kaesler, N.; Schurgers, L. J.; van de Sandt, A. M.; 

Boor, P.; Schlieper, G.; Brandenburg, V. M.; Fekete, B. C.; Veulemans, V.; et al. 

Warfarin Induces Cardiovascular Damage in Mice. Arterioscler. Thromb. Vasc. 

Biol., 2013, 33 (11), 2618–2624. 

https://doi.org/10.1161/ATVBAHA.113.302244. 

[32] Scicchitano, P.; Tucci, M.; Bellino, M. C.; Cortese, F.; Cecere, A.; De Palo, M.; 

Massari, F.; Caldarola, P.; Silvestris, F.; Ciccone, M. M. The Impairment in 

Kidney Function in the Oral Anticoagulation Era. A Pathophysiological Insight. 

Cardiovasc. Drugs Ther., 2021, 35 (3), 505–519. https://doi.org/10.1007/s10557- 

020-07004-x. 

[33] Economidou, D.; Dovas, S.; Papagianni, A.; Pateinakis, P.; Memmos, D. FGF-23

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


52 
 

 

 

 

 

Levels before and after Renal Transplantation. J. Transplant., 2009, 2009, 1–5. 

https://doi.org/10.1155/2009/379082. 

[34] van Londen, M.; Aarts, B. M.; Deetman, P. E.; van der Weijden, J.; Eisenga, M. 

F.; Navis, G.; Bakker, S. J. L.; de Borst, M. H. Post-Transplant 

Hypophosphatemia and the Risk of Death-Censored Graft Failure and Mortality 

after Kidney Transplantation. Clin. J. Am. Soc. Nephrol., 2017, 12 (8), 1301– 

1310. https://doi.org/10.2215/CJN.10270916. 

[35] Nakai, K.; Mitsuiki, K.; Kuroki, Y.; Nishiki, T.; Motoyama, K.; Nakano, T.; 

Kitazono, T. Relative Hypophosphatemia Early after Transplantation Is a 

Predictor of Good Kidney Graft Function. Clin. Exp. Nephrol., 2019, 23 (9), 

1161–1168. https://doi.org/10.1007/s10157-019-01756-z. 

[36] Julian, B. A.; Laskow, D. A.; Dubovsky, J.; Dubovsky, E. V.; Curtis, J. J.; 

Quarles, L. D. Rapid Loss of Vertebral Mineral Density after Renal 

Transplantation. N. Engl. J. Med., 1991, 325 (8), 544–550. 

https://doi.org/10.1056/NEJM199108223250804. 

[37] O’Brien, C. A.; Jia, D.; Plotkin, L. I.; Bellido, T.; Powers, C. C.; Stewart, S. A.; 

Manolagas, S. C.; Weinstein, R. S. Glucocorticoids Act Directly on Osteoblasts 

and Osteocytes to Induce Their Apoptosis and Reduce Bone Formation and 

Strength. Endocrinology, 2004, 145 (4), 1835–1841. 

https://doi.org/10.1210/en.2003-0990. 

[38] Brandenburg, V. M.; Ketteler, M.; Heussen, N.; Politt, D.; Frank, R. D.; 

Westenfeld, R.; Ittel, T. H.; Floege, J. Lumbar Bone Mineral Density in Very 

Long-Term Renal Transplant Recipients: Impact of Circulating Sex Hormones. 

Osteoporos. Int., 2005, 16 (12), 1611–1620. https://doi.org/10.1007/s00198-005- 

1884-6. 

[39] Suzuki, Y.; Ichikawa, Y.; Saito, E.; Homma, M. Importance of Increased Urinary 

Calcium Excretion in the Development of Secondary Hyperparathyroidism of 

Patients under Glucocorticoid Therapy. Metabolism, 1983, 32 (2), 151–156. 

https://doi.org/10.1016/0026-0495(83)90221-4. 

[40] Klaus, G.; Jux, C.; Leiber, K.; Hügel, U.; Mehls, O. Interaction between Insulin- 

like Growth Factor I, Growth Hormone, Parathyroid Hormone, 1α,25- 

Dihydroxyvitamin D 3 and Steroids on Epiphyseal Chondrocytes. Acta Paediatr., 

1996, 85 (s417), 69–71. https://doi.org/10.1111/j.1651-2227.1996.tb14302.x. 

[41] Kim, H.-J. Glucocorticoids Suppress Bone Formation via the Osteoclast. J. Clin. 

Invest., 2006, 116 (8), 2152–2160. https://doi.org/10.1172/JCI28084. 

[42] van Staa, T. P. The Pathogenesis, Epidemiology and Management of 

Glucocorticoid-Induced Osteoporosis. Calcif. Tissue Int., 2006, 79 (3), 129–137. 

https://doi.org/10.1007/s00223-006-0019-1. 

[43] Malluche, H. H.; Monier-Faugere, M.-C.; Herberth, J. Bone Disease after Renal 

Transplantation. Nat. Rev. Nephrol., 2010, 6 (1), 32–40. 

https://doi.org/10.1038/nrneph.2009.192. 

[44] Epstein, S. Post-Transplantation Bone Disease: The Role of Immunosuppressive 

Agents and the Skeleton. J. Bone Miner. Res., 2009, 11 (1), 1–7. 

https://doi.org/10.1002/jbmr.5650110102. 

[45] Singha, U. K.; Jiang, Y.; Yu, S.; Luo, M.; Lu, Y.; Zhang, J.; Xiao, G. Rapamycin 

Inhibits Osteoblast Proliferation and Differentiation in MC3T3-E1 Cells and 

Primary Mouse Bone Marrow Stromal Cells. J. Cell. Biochem., 2008, 103 (2), 

434–446. https://doi.org/10.1002/jcb.21411. 

[46] Alvarez-Garcia, O.; Carbajo-Pérez, E.; Garcia, E.; Gil, H.; Molinos, I.; 

Rodriguez, J.; Ordoñez, F. A.; Santos, F. Rapamycin Retards Growth and Causes

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


53 
 

 

 

 

 

Marked Alterations in the Growth Plate of Young Rats. Pediatr. Nephrol. Berl. 

Ger., 2007, 22 (7), 954–961. https://doi.org/10.1007/s00467-007-0456-8. 

[47] Weisinger, J. R.; Carlini, R. G.; Rojas, E.; Bellorin-Font, E. Bone Disease after 

Renal Transplantation. Clin. J. Am. Soc. Nephrol. CJASN, 2006, 1 (6), 1300– 

1313. https://doi.org/10.2215/CJN.01510506. 

[48] Rao, M.; Jain, P.; Ojo, T.; Surya, G.; Balakrishnan, V. Fibroblast Growth Factor 

and Mineral Metabolism Parameters among Prevalent Kidney Transplant 

Patients. Int. J. Nephrol., 2012, 2012, 1–6. https://doi.org/10.1155/2012/490623. 

[49] Evenepoel, P.; Claes, K.; Kuypers, D.; Maes, B.; Bammens, B.; Vanrenterghem, 

Y. Natural History of Parathyroid Function and Calcium Metabolism after 

Kidney Transplantation: A Single-Centre Study. Nephrol. Dial. Transplant., 

2004, 19 (5), 1281–1287. https://doi.org/10.1093/ndt/gfh128. 

[50] Wolf, M.; Weir, M. R.; Kopyt, N.; Mannon, R. B.; Von Visger, J.; Deng, H.; 

Yue, S.; Vincenti, F. A Prospective Cohort Study of Mineral Metabolism After 

Kidney Transplantation: Transplantation, 2016, 100 (1), 184–193. 

https://doi.org/10.1097/TP.0000000000000823. 

[51] Perrin, P.; Caillard, S.; Javier, R. M.; Braun, L.; Heibel, F.; Borni-Duval, C.; 

Muller, C.; Olagne, J.; Moulin, B. Persistent Hyperparathyroidism Is a Major 

Risk Factor for Fractures in the Five Years After Kidney Transplantation: 

Fractures After Kidney Transplantation. Am. J. Transplant., 2013, 13 (10), 2653– 

2663. https://doi.org/10.1111/ajt.12425. 

[52] Giannini, S.; D’Angelo, A.; Nobile, M.; Carraro, G.; Rigotti, P.; Silva-Netto, F.; 

Pavan, S.; Marchini, F.; Zaninotto, M.; Carbonare, L. D.; et al. The Effects of 

Vitamin D Receptor Polymorphism on Secondary Hyperparathyroidism and Bone 

Density After Renal Transplantation. J. Bone Miner. Res., 2002, 17 (10), 1768– 

1773. https://doi.org/10.1359/jbmr.2002.17.10.1768. 

[53] Mazzaferro, S.; Pasquali, M.; Taggi, F.; Baldinelli, M.; Conte, C.; Muci, M. L.; 

Pirozzi, N.; Carbone, I.; Francone, M.; Pugliese, F. Progression of Coronary 

Artery Calcification in Renal Transplantation and the Role of Secondary 

Hyperparathyroidism and Inflammation. Clin. J. Am. Soc. Nephrol., 2009, 4 (3), 

685–690. https://doi.org/10.2215/CJN.03930808. 

[54] Nankivell, B. J.; Borrows, R. J.; Fung, C. L.-S.; O’Connell, P. J.; Allen, R. D. M.; 

Chapman, J. R. The Natural History of Chronic Allograft Nephropathy. N. Engl. 

J. Med., 2003, 349 (24), 2326–2333. https://doi.org/10.1056/NEJMoa020009. 

[55] Mehrotra, S.; Sharma, R.; Patel, M. Vitamin D, 1,25-Dihydroxyvitamin D, 

FGF23, and Graft Function after Renal Transplantation. Indian J. Nephrol., 2019, 

29 (4), 242. https://doi.org/10.4103/ijn.IJN_307_18. 

[56] Evenepoel, P.; Naesens, M.; Claes, K.; Kuypers, D.; Vanrenterghem, Y. 

Tertiary ?Hyperphosphatoninism? Accentuates Hypophosphatemia and 

Suppresses Calcitriol Levels in Renal Transplant Recipients. Am. J. Transplant., 

2007, 7 (5), 1193–1200. https://doi.org/10.1111/j.1600-6143.2007.01753.x. 

[57] Bleskestad, I. H.; Bergrem, H.; Leivestad, T.; Gøransson, L. G. Intact Parathyroid 

Hormone Levels in Renal Transplant Patients with Normal Transplant Function: 

IPTH Levels after Successful Rtx. Clin. Transplant., 2011, 25 (5), E566–E570. 

https://doi.org/10.1111/j.1399-0012.2011.01515.x. 

[58] Moorhead, J. F.; Ahmed, K. Y.; Varghese, Z.; Wills, M. R.; Baillod, R. A.; 

Tatler, G. L. V.; Fairney, A. HYPOPHOSPHATAEMIC OSTEOMALACIA 

AFTER CADAVERIC RENAL TRANSPLANTATION. The Lancet, 1974, 303 

(7860), 694–697. https://doi.org/10.1016/S0140-6736(74)92902-X. 

[59] Wilkins, G. E.; Granleese, S.; Hegele, R. G.; Holden, J.; Anderson, D. W.;

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


54 
 

 

 

 

 

Bondy, G. P. Oncogenic Osteomalacia: Evidence for a Humoral Phosphaturic 

Factor. J. Clin. Endocrinol. Metab., 1995, 80 (5), 1628–1634. 

https://doi.org/10.1210/jcem.80.5.7745010. 

[60] Kovesdy, C. P.; Mucsi, I.; Czira, M. E.; Rudas, A.; Ujszaszi, A.; Rosivall, L.; 

Kim, S. J.; Wolf, M.; Molnar, M. Z. Association of Serum Phosphorus Level 

With Anemia in Kidney Transplant Recipients. Transplantation, 2011, 91 (8), 

875–882. https://doi.org/10.1097/TP.0b013e3182111edf. 

[61] Connolly, G. M.; Cunningham, R.; McNamee, P. T.; Young, I. S.; Maxwell, A. P. 

Elevated Serum Phosphate Predicts Mortality in Renal Transplant Recipients. 

Transplantation, 2009, 87 (7), 1040–1044. 

https://doi.org/10.1097/TP.0b013e31819cd122. 

[62] Uslu Gökceoğlu, A.; Comak, E.; Dogan, C. S.; Koyun, M.; Akbas, H.; Akman, S. 

Magnesium Excretion and Hypomagnesemia in Pediatric Renal Transplant 

Recipients. Ren. Fail., 2014, 36 (7), 1056–1059. 

https://doi.org/10.3109/0886022X.2014.917561. 

[63] Mazzola, B. L.; Vannini, S. D. P.; Truttmann, A. C.; von Vigier, R. O.; Wermuth, 

B.; Ferrari, P.; Bianchetti, M. G. Long-Term Calcineurin Inhibition and 

Magnesium Balance after Renal Transplantation. Transpl. Int. Off. J. Eur. Soc. 

Organ Transplant., 2003, 16 (2), 76–81. https://doi.org/10.1007/s00147-002- 

0479-9. 

[64] Castiglioni, S.; Cazzaniga, A.; Albisetti, W.; Maier, J. Magnesium and 

Osteoporosis: Current State of Knowledge and Future Research Directions. 

Nutrients, 2013, 5 (8), 3022–3033. https://doi.org/10.3390/nu5083022. 

[65] Van de Cauter, J.; Sennesael, J.; Haentjens, P. Long-Term Evolution of the 

Mineral Metabolism After Renal Transplantation: A Prospective, Single-Center 

Cohort Study. Transplant. Proc., 2011, 43 (9), 3470–3475. 

https://doi.org/10.1016/j.transproceed.2011.09.030. 

[66] Van Laecke, S.; Van Biesen, W.; Verbeke, F.; De Bacquer, D.; Peeters, P.; 

Vanholder, R. Posttransplantation Hypomagnesemia and Its Relation with 

Immunosuppression as Predictors of New-Onset Diabetes after Transplantation. 

Am. J. Transplant., 2009, 9 (9), 2140–2149. https://doi.org/10.1111/j.1600- 

6143.2009.02752.x. 

[67] Moe, S. M.; O’Neill, K. D.; Resterova, M.; Fineberg, N.; Persohn, S.; Meyer, C. 

A. Natural History of Vascular Calcification in Dialysis and Transplant Patients. 

Nephrol. Dial. Transplant., 2004, 19 (9), 2387–2393. 

https://doi.org/10.1093/ndt/gfh303. 

[68] Hristova, M.; van Beek, C.; Schurgers, L. J.; Lanske, B.; Danziger, J. Rapidly 

Progressive Severe Vascular Calcification Sparing the Kidney Allograft 

Following Warfarin Initiation. Am. J. Kidney Dis., 2010, 56 (6), 1158–1162. 

https://doi.org/10.1053/j.ajkd.2010.06.017. 

[69] Baia, Leandro C.; Heilberg, I. P.; Navis, G.; de Borst, M. H. Phosphate and FGF- 

23 Homeostasis after Kidney Transplantation. Nat. Rev. Nephrol., 2015, 11 (11), 

656–666. https://doi.org/10.1038/nrneph.2015.153. 

[70] Fyfe-Johnson, A. L.; Alonso, A.; Selvin, E.; Bower, J. K.; Pankow, J. S.; 

Agarwal, S. K.; Lutsey, P. L. Serum Fibroblast Growth Factor-23 and Incident 

Hypertension: The Atherosclerosis Risk in Communities (ARIC) Study. J. 

Hypertens., 2016, 34 (7), 1266–1272. 

https://doi.org/10.1097/HJH.0000000000000936. 

[71] de Borst, M. H.; Vervloet, M. G.; ter Wee, P. M.; Navis, G. Cross Talk Between 

the Renin-Angiotensin-Aldosterone System and Vitamin D-FGF-23-Klotho in

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


55 
 

 

 

 

 

Chronic Kidney Disease: Figure 1. J. Am. Soc. Nephrol., 2011, 22 (9), 1603– 

1609. https://doi.org/10.1681/ASN.2010121251. 

[72] Andrukhova, O.; Slavic, S.; Smorodchenko, A.; Zeitz, U.; Shalhoub, V.; Lanske, 

B.; Pohl, E. E.; Erben, R. G. FGF23 Regulates Renal Sodium Handling and 

Blood Pressure. EMBO Mol. Med., 2014, 6 (6), 744–759. 

https://doi.org/10.1002/emmm.201303716. 

[73] Dai, B.; David, V.; Martin, A.; Huang, J.; Li, H.; Jiao, Y.; Gu, W.; Quarles, L. D. 

A Comparative Transcriptome Analysis Identifying FGF23 Regulated Genes in 

the Kidney of a Mouse CKD Model. PLoS ONE, 2012, 7 (9), e44161. 

https://doi.org/10.1371/journal.pone.0044161. 

[74] Evenepoel, P.; Meijers, B. K. I.; de Jonge, H.; Naesens, M.; Bammens, B.; Claes, 

K.; Kuypers, D.; Vanrenterghem, Y. Recovery of Hyperphosphatoninism and 

Renal Phosphorus Wasting One Year after Successful Renal Transplantation. 

Clin. J. Am. Soc. Nephrol., 2008, 3 (6), 1829–1836. 

https://doi.org/10.2215/CJN.01310308. 

[75] Mehta, R.; Cai, X.; Lee, J.; Scialla, J. J.; Bansal, N.; Sondheimer, J. H.; Chen, J.; 

Hamm, L. L.; Ricardo, A. C.; Navaneethan, S. D.; et al. Association of Fibroblast 

Growth Factor 23 With Atrial Fibrillation in Chronic Kidney Disease, From the 

Chronic Renal Insufficiency Cohort Study. JAMA Cardiol., 2016, 1 (5), 548–556. 

https://doi.org/10.1001/jamacardio.2016.1445. 

[76] Mathew, J. S.; Sachs, M. C.; Katz, R.; Patton, K. K.; Heckbert, S. R.; Hoofnagle, 

A. N.; Alonso, A.; Chonchol, M.; Deo, R.; Ix, J. H.; et al. Fibroblast Growth 

Factor-23 and Incident Atrial Fibrillation: The Multi-Ethnic Study of 

Atherosclerosis (MESA) and the Cardiovascular Health Study (CHS). 

Circulation, 2014, 130 (4), 298–307. 

https://doi.org/10.1161/CIRCULATIONAHA.113.005499. 

[77] Kestenbaum, B.; Sachs, M. C.; Hoofnagle, A. N.; Siscovick, D. S.; Ix, J. H.; 

Robinson-Cohen, C.; Lima, J. A. C.; Polak, J. F.; Blondon, M.; Ruzinski, J.; et al. 

Fibroblast Growth Factor-23 and Cardiovascular Disease in the General 

Population: The Multi-Ethnic Study of Atherosclerosis. Circ. Heart Fail., 2014, 7 

(3), 409–417. https://doi.org/10.1161/CIRCHEARTFAILURE.113.000952. 

[78] Nowak, A.; Friedrich, B.; Artunc, F.; Serra, A. L.; Breidthardt, T.; Twerenbold, 

R.; Peter, M.; Mueller, C. Prognostic Value and Link to Atrial Fibrillation of 

Soluble Klotho and FGF23 in Hemodialysis Patients. PLoS ONE, 2014, 9 (7), 

e100688. https://doi.org/10.1371/journal.pone.0100688. 

[79] Tranæus Lindblad, Y.; Olauson, H.; Vavilis, G.; Hammar, U.; Herthelius, M.; 

Axelsson, J.; Bárány, P. The FGF23-Klotho Axis and Cardiac Tissue Doppler 

Imaging in Pediatric Chronic Kidney Disease-a Prospective Cohort Study. 

Pediatr. Nephrol. Berl. Ger., 2018, 33 (1), 147–157. 

https://doi.org/10.1007/s00467-017-3766-5. 

[80] Tanaka, S.; Fujita, S.-I.; Kizawa, S.; Morita, H.; Ishizaka, N. Association between 

FGF23, α-Klotho, and Cardiac Abnormalities among Patients with Various 

Chronic Kidney Disease Stages. PloS One, 2016, 11 (7), e0156860. 

https://doi.org/10.1371/journal.pone.0156860. 

[81] Faul, C.; Amaral, A. P.; Oskouei, B.; Hu, M.-C.; Sloan, A.; Isakova, T.; 

Gutiérrez, O. M.; Aguillon-Prada, R.; Lincoln, J.; Hare, J. M.; et al. FGF23 

Induces Left Ventricular Hypertrophy. J. Clin. Invest., 2011, 121 (11), 4393– 

4408. https://doi.org/10.1172/JCI46122. 

[82] Gutiérrez, O. M.; Januzzi, J. L.; Isakova, T.; Laliberte, K.; Smith, K.; Collerone, 

G.; Sarwar, A.; Hoffmann, U.; Coglianese, E.; Christenson, R.; et al. Fibroblast

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


56 
 

 

 

 

 

Growth Factor 23 and Left Ventricular Hypertrophy in Chronic Kidney Disease. 

Circulation, 2009, 119 (19), 2545–2552. 

https://doi.org/10.1161/CIRCULATIONAHA.108.844506. 

[83] Saab, G.; Whooley, M. A.; Schiller, N. B.; Ix, J. H. Association of Serum 

Phosphorus with Left Ventricular Mass in Men and Women with Stable 

Cardiovascular Disease: Data from the Heart and Soul Study. Am. J. Kidney Dis. 

Off. J. Natl. Kidney Found., 2010, 56 (3), 496–505. 

https://doi.org/10.1053/j.ajkd.2010.03.030. 

[84] Seeherunvong, W.; Abitbol, C. L.; Chandar, J.; Rusconi, P.; Zilleruelo, G. E.; 

Freundlich, M. Fibroblast Growth Factor 23 and Left Ventricular Hypertrophy in 

Children on Dialysis. Pediatr. Nephrol., 2012, 27 (11), 2129–2136. 

https://doi.org/10.1007/s00467-012-2224-7. 

[85] Singh, S.; Grabner, A.; Yanucil, C.; Schramm, K.; Czaya, B.; Krick, S.; Czaja, 

M. J.; Bartz, R.; Abraham, R.; Di Marco, G. S.; et al. Fibroblast Growth Factor 

23 Directly Targets Hepatocytes to Promote Inflammation in Chronic Kidney 

Disease. Kidney Int., 2016, 90 (5), 985–996. 

https://doi.org/10.1016/j.kint.2016.05.019. 

[86] Zaheer, S.; de Boer, I. H.; Allison, M.; Brown, J. M.; Psaty, B. M.; Robinson- 

Cohen, C.; Michos, E. D.; Ix, J. H.; Kestenbaum, B.; Siscovick, D.; et al. 

Fibroblast Growth Factor 23, Mineral Metabolism, and Adiposity in Normal 

Kidney Function. J. Clin. Endocrinol. Metab., 2017, 102 (4), 1387–1395. 

https://doi.org/10.1210/jc.2016-3563. 

[87] Zhang, B.; Umbach, A. T.; Chen, H.; Yan, J.; Fakhri, H.; Fajol, A.; Salker, M. S.; 

Spichtig, D.; Daryadel, A.; Wagner, C. A.; et al. Up-Regulation of FGF23 

Release by Aldosterone. Biochem. Biophys. Res. Commun., 2016, 470 (2), 384– 

390. https://doi.org/10.1016/j.bbrc.2016.01.034. 

[88] Wolf, M.; Koch, T. A.; Bregman, D. B. Effects of Iron Deficiency Anemia and 

Its Treatment on Fibroblast Growth Factor 23 and Phosphate Homeostasis in 

Women: FGF23 IN IRON DEFICIENCY. J. Bone Miner. Res., 2013, 28 (8), 

1793–1803. https://doi.org/10.1002/jbmr.1923. 

[89] Andrukhova, O.; Slavic, S.; Odörfer, K. I.; Erben, R. G. Experimental 

Myocardial Infarction Upregulates Circulating Fibroblast Growth Factor-23: 

MYOCARDIAL INFARCTION INCREASES FGF23. J. Bone Miner. Res., 

2015, 30 (10), 1831–1839. https://doi.org/10.1002/jbmr.2527. 

[90] Slavic, S.; Ford, K.; Modert, M.; Becirovic, A.; Handschuh, S.; Baierl, A.; 

Katica, N.; Zeitz, U.; Erben, R. G.; Andrukhova, O. Genetic Ablation of Fgf23 or 

Klotho Does Not Modulate Experimental Heart Hypertrophy Induced by Pressure 

Overload. Sci. Rep., 2017, 7 (1), 11298. https://doi.org/10.1038/s41598-017- 

10140-4. 

[91] Christov, M.; Waikar, S. S.; Pereira, R. C.; Havasi, A.; Leaf, D. E.; Goltzman, D.; 

Pajevic, P. D.; Wolf, M.; Jüppner, H. Plasma FGF23 Levels Increase Rapidly 

after Acute Kidney Injury. Kidney Int., 2013, 84 (4), 776–785. 

https://doi.org/10.1038/ki.2013.150. 

[92] Leifheit-Nestler, M.; große Siemer, R.; Flasbart, K.; Richter, B.; Kirchhoff, F.; 

Ziegler, W. H.; Klintschar, M.; Becker, J. U.; Erbersdobler, A.; Aufricht, C.; et al. 

Induction of Cardiac FGF23/FGFR4 Expression Is Associated with Left 

Ventricular Hypertrophy in Patients with Chronic Kidney Disease. Nephrol. Dial. 

Transplant., 2016, 31 (7), 1088–1099. https://doi.org/10.1093/ndt/gfv421. 

[93] Aiello, S.; Noris, M. Klotho in Acute Kidney Injury: Biomarker, Therapy, or a 

Bit of Both? Kidney Int., 2010, 78 (12), 1208–1210.

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


57 
 

 

 

 

 

https://doi.org/10.1038/ki.2010.367. 

[94] Hu, M.-C.; Moe, O. W. Klotho as a Potential Biomarker and Therapy for Acute 

Kidney Injury. Nat. Rev. Nephrol., 2012, 8 (7), 423–429. 

https://doi.org/10.1038/nrneph.2012.92. 

[95] Ben-Dov, I. Z.; Galitzer, H.; Lavi-Moshayoff, V.; Goetz, R.; Kuro-o, M.; 

Mohammadi, M.; Sirkis, R.; Naveh-Many, T.; Silver, J. The Parathyroid Is a 

Target Organ for FGF23 in Rats. J. Clin. Invest., 2007, JCI32409. 

https://doi.org/10.1172/JCI32409. 

[96] Kuro-o, M.; Matsumura, Y.; Aizawa, H.; Kawaguchi, H.; Suga, T.; Utsugi, T.; 

Ohyama, Y.; Kurabayashi, M.; Kaname, T.; Kume, E.; et al. Mutation of the 

Mouse Klotho Gene Leads to a Syndrome Resembling Ageing. Nature, 1997, 390 

(6655), 45–51. https://doi.org/10.1038/36285. 

[97] Canalejo, R.; Canalejo, A.; Martinez-Moreno, J. M.; Rodriguez-Ortiz, M. E.; 

Estepa, J. C.; Mendoza, F. J.; Munoz-Castaneda, J. R.; Shalhoub, V.; Almaden, 

Y.; Rodriguez, M. FGF23 Fails to Inhibit Uremic Parathyroid Glands. J. Am. Soc. 

Nephrol., 2010, 21 (7), 1125–1135. https://doi.org/10.1681/ASN.2009040427. 

[98] Tan, S.-J.; Crosthwaite, A.; Langsford, D.; Obeysekere, V.; Ierino, F. L.; Roberts, 

M. A.; Hughes, P. D.; Hewitson, T. D.; Dwyer, K. M.; Toussaint, N. D. Mineral 

Adaptations Following Kidney Transplantation. Transpl. Int., 2017, 30 (5), 463– 

473. https://doi.org/10.1111/tri.12925. 

[99] Mizusaki, K.; Hasuike, Y.; Kimura, T.; Nagasawa, Y.; Kuragano, T.; Yamada, 

Y.; Nojima, M.; Yamamoto, S.; Nakanishi, T.; Ishihara, M. Inhibition of the 

Mammalian Target of Rapamycin May Augment the Increase in Soluble Klotho 

Levels in Renal Transplantation Recipients. Blood Purif., 2019, 47 (Suppl. 2), 

12–18. https://doi.org/10.1159/000496630. 

[100] Tartaglione, L.; Pasquali, M.; Rotondi, S.; Muci, M. L.; Leonangeli, C.; 

Farcomeni, A.; Fassino, V.; Mazzaferro, S. Interactions of Sclerostin with 

FGF23, Soluble Klotho and Vitamin D in Renal Transplantation. PLOS ONE, 

2017, 12 (5), e0178637. https://doi.org/10.1371/journal.pone.0178637. 

[101] Bleskestad, I. H.; Thorsen, I. S.; Jonsson, G.; Skadberg, Ø.; Bergrem, H.; 

Gøransson, L. G. Soluble Klotho and Intact Fibroblast Growth Factor 23 in Long- 

Term Kidney Transplant Patients. Eur. J. Endocrinol., 2015, 172 (4), 343–350. 

https://doi.org/10.1530/EJE-14-0457. 

[102] Deng, G.; Yang, A.; Wu, J.; Zhou, J.; Meng, S.; Zhu, C.; Wang, J.; Shen, S.; Ma, 

J.; Liu, D. The Value of Older Donors’ Klotho Level in Predicting Recipients’ 

Short-Term Renal Function. Med. Sci. Monit., 2018, 24, 7936–7943. 

https://doi.org/10.12659/MSM.913274. 

[103] Kim, S. M.; Han, A.; Ahn, S.; Min, S.-I.; Min, S.-K.; Ha, J. Klotho as a Potential 

Predictor of Deceased Donor Kidney Transplantation Outcomes. Ann. Surg. 

Treat. Res., 2020, 98 (6), 332. https://doi.org/10.4174/astr.2020.98.6.332. 

[104] Ormsby, R. T.; Findlay, D. M.; Kogawa, M.; Anderson, P. H.; Morris, H. A.; 

Atkins, G. J. Analysis of Vitamin D Metabolism Gene Expression in Human 

Bone: Evidence for Autocrine Control of Bone Remodelling. J. Steroid Biochem. 

Mol. Biol., 2014, 144, 110–113. https://doi.org/10.1016/j.jsbmb.2013.09.016. 
[105] Zhang, Z.; Sun, L.; Wang, Y.; Ning, G.; Minto, A. W.; Kong, J.; Quigg, R. J.; Li, 

Y. C. Renoprotective Role of the Vitamin D Receptor in Diabetic Nephropathy. 

Kidney Int., 2008, 73 (2), 163–171. https://doi.org/10.1038/sj.ki.5002572. 

[106] Li, Y. C.; Qiao, G.; Uskokovic, M.; Xiang, W.; Zheng, W.; Kong, J. Vitamin D: 

A Negative Endocrine Regulator of the Renin–Angiotensin System and Blood 

Pressure. J. Steroid Biochem. Mol. Biol., 2004, 89–90, 387–392.

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


58 
 

 

 

 

 

https://doi.org/10.1016/j.jsbmb.2004.03.004. 

[107] Bosworth, C.; de Boer, I. H. Impaired Vitamin D Metabolism in CKD. Semin. 

Nephrol., 2013, 33 (2), 158–168. 

https://doi.org/10.1016/j.semnephrol.2012.12.016. 

[108] Sánchez Fructuoso, A. I.; Maestro, M. L.; Calvo, N.; De La Orden, V.; Pérez 

Flores, I.; Vidaurreta, M.; Valero, R.; Fernández-Pérez, C.; Barrientos, A. Role of 

Fibroblast Growth Factor 23 (FGF23) in the Metabolism of Phosphorus and 

Calcium Immediately After Kidney Transplantation. Transplant. Proc., 2012, 44 

(9), 2551–2554. https://doi.org/10.1016/j.transproceed.2012.09.070. 

[109] Pascussi, J. M.; Robert, A.; Nguyen, M.; Walrant-Debray, O.; Garabedian, M.; 

Martin, P.; Pineau, T.; Saric, J.; Navarro, F.; Maurel, P.; et al. Possible 

Involvement of Pregnane X Receptor–Enhanced CYP24 Expression in Drug- 

Induced Osteomalacia. J. Clin. Invest., 2005, 115 (1), 177–186. 

https://doi.org/10.1172/JCI21867. 

[110] Westenfeld, R.; Schlieper, G.; Woltje, M.; Gawlik, A.; Brandenburg, V.; 

Rutkowski, P.; Floege, J.; Jahnen-Dechent, W.; Ketteler, M. Impact of Sirolimus, 

Tacrolimus and Mycophenolate Mofetil on Osteoclastogenesis--Implications for 

Post-Transplantation Bone Disease. Nephrol. Dial. Transplant., 2011, 26 (12), 

4115–4123. https://doi.org/10.1093/ndt/gfr214. 

[111] Fukunaga, J.; Yamaai, T.; Yamachika, E.; Ishiwari, Y.; Tsujigiwa, H.; Sawaki, 

K.; Lee, Y. J.; Ueno, T.; Kirino, S.; Mizukawa, N. Expression of Osteoclast 

Differentiation Factor and Osteoclastogenesis Inhibitory Factor in Rat 

Osteoporosis Induced by Immunosuppressant FK506. Bone, 2004, 34 (3), 425– 

431. https://doi.org/10.1016/j.bone.2003.05.003. 

[112] Hirotani, H.; Tuohy, N. A.; Woo, J.-T.; Stern, P. H.; Clipstone, N. A. The 

Calcineurin/Nuclear Factor of Activated T Cells Signaling Pathway Regulates 

Osteoclastogenesis in RAW264.7 Cells. J. Biol. Chem., 2004, 279 (14), 13984– 

13992. https://doi.org/10.1074/jbc.M213067200. 

[113] Lee, C.-T.; Ng, H.-Y.; Lien, Y.-H.; Lai, L.-W.; Wu, M.-S.; Lin, C.-R.; Chen, H.- 

C. Effects of Cyclosporine, Tacrolimus and Rapamycin on Renal Calcium 

Transport and Vitamin D Metabolism. Am. J. Nephrol., 2011, 34 (1), 87–94. 

https://doi.org/10.1159/000328874. 

[114] McGregor, R.; Li, G.; Penny, H.; Lombardi, G.; Afzali, B.; Goldsmith, D. J. 

Vitamin D in Renal Transplantation - from Biological Mechanisms to Clinical 

Benefits. Am. J. Transplant. Off. J. Am. Soc. Transplant. Am. Soc. Transpl. Surg., 

2014, 14 (6), 1259–1270. https://doi.org/10.1111/ajt.12738. 

[115] Balcázar-Hernández, L.; Vargas-Ortega, G.; González-Virla, B.; Cruz-López, M.; 

Rodríguez-Gómez, R.; Espinoza-Pérez, R.; Cuevas-García, C.; Mendoza-Zubieta, 

V. Biochemical Characteristics of Bone Mineral Metabolism before and 

throughout the First Year after Kidney Transplantation, Persistent 

Hyperparathyroidism, and Risk Factors in a Latin Population. Int. J. Endocrinol., 

2020, 2020, 1–7. https://doi.org/10.1155/2020/6913506. 
[116] Lee, J. R.; Dadhania, D.; August, P.; Lee, J. B.; Suthanthiran, M.; Muthukumar, 

T. Circulating Levels of 25-Hydroxyvitamin D and Acute Cellular Rejection in 

Kidney Allograft Recipients: Transplantation, 2014, 98 (3), 292–299. 

https://doi.org/10.1097/TP.0000000000000055. 

[117] Falkiewicz, K.; Boratynska, M.; Speichert-Bidzińska, B.; Magott-Procelewska, 

M.; Biecek, P.; Patrzalek, D.; Klinger, M. 1,25-Dihydroxyvitamin D Deficiency 

Predicts Poorer Outcome After Renal Transplantation. Transplant. Proc., 2009, 

41 (8), 3002–3005. https://doi.org/10.1016/j.transproceed.2009.07.087.

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


59 
 

 

 

 

 

[118] Levi, R.; Silver, J. Vitamin D Supplementation after Renal Transplantation: How 

Much Vitamin D Should We Prescribe? Kidney Int., 2009, 75 (6), 576–578. 

https://doi.org/10.1038/ki.2008.492. 

[119] Courbebaisse, M.; Souberbielle, J.-C.; Thervet, E. Potential Nonclassical Effects 

of Vitamin D in Transplant Recipients. Transplantation, 2010, 89 (2), 131–137. 

https://doi.org/10.1097/TP.0b013e3181c6910f. 

[120] Steiner, R. W.; Ziegler, M.; Halasz, N. A.; Catherwood, B. D.; Manolagas, S.; 

Deftos, L. J. EFFECT OF DAILY ORAL VITAMIN D AND CALCIUM 

THERAPY, HYPOPHOSPHATEMIA, AND ENDOGENOUS 1–25 

DIHYDROXYCHOLECALCIFEROL ON PARATHYROID HORMONE AND 

PHOSPHATE WASTING IN RENAL TRANSPLANT RECIPIENTS: 

Transplantation, 1993, 56 (4), 843–846. https://doi.org/10.1097/00007890- 

199310000-00013. 

[121] Cueto-Manzano, A. M.; Konel, S.; Freemont, A. J.; Adams, J. E.; Mawer, B.; 

Gokal, R.; Hutchison MD, A. J. Effect of 1,25-Dihydroxyvitamin D3 and 

Calcium Carbonate on Bone Loss Associated with Long-Term Renal 

Transplantation. Am. J. Kidney Dis., 2000, 35 (2), 227–236. 

https://doi.org/10.1016/S0272-6386(00)70331-3. 

[122] Torres, A.; García, S.; Gćmez, A.; González, A.; Barrios, Y.; Concepción, M. T.; 

Hernández, D.; García, J. J.; Checa, M. D.; Lorenzo, V.; et al. Treatment with 

Intermittent Calcitriol and Calcium Reduces Bone Loss after Renal 

Transplantation. Kidney Int., 2004, 65 (2), 705–712. 

https://doi.org/10.1111/j.1523-1755.2004.00432.x. 

[123] Wissing, K. M.; Broeders, N.; Moreno-Reyes, R.; Gervy, C.; Stallenberg, B.; 

Abramowicz, D. A Controlled Study of Vitamin D3 to Prevent Bone Loss in 

Renal-Transplant Patients Receiving Low Doses of Steroids. Transplantation, 

2005, 79 (1), 108–115. https://doi.org/10.1097/01.TP.0000149322.70295.A5. 

[124] Obi, Y.; Ichimaru, N.; Hamano, T.; Tomida, K.; Matsui, I.; Fujii, N.; Okumi, M.; 

Kaimori, J.; Yazawa, K.; Kokado, Y.; et al. Orally Active Vitamin D for Potential 

Chemoprevention of Posttransplant Malignancy. Cancer Prev. Res. (Phila. Pa.), 

2012, 5 (10), 1229–1235. https://doi.org/10.1158/1940-6207.CAPR-12-0218. 

[125] Koda, R.; Kazama, J. J.; Matsuo, K.; Kawamura, K.; Yamamoto, S.; Wakasugi, 

M.; Takeda, T.; Narita, I. Intact Parathyroid Hormone and Whole Parathyroid 

Hormone Assay Results Disagree in Hemodialysis Patients under Cinacalcet 

Hydrochloride Therapy. Clin. Exp. Nephrol., 2015, 19 (4), 710–717. 

https://doi.org/10.1007/s10157-014-1045-3. 

[126] Pérez, R. E.; Santiago, J. C.; López, M. C.; Rosales Morales, K. B.; Zavalza 

Camberos, P. A.; Olayo, R. B.; Gómez, R. R.; Cancino López, J. D.; Morinelli 

Astorquizaga, M. A.; Díaz, E. R.; et al. Behavior of Calcium, Phosphorus, and 

Parathormone Before Transplantation and in Months 1, 3, 6, 9, and 12 After 

Transplantation. Transplant. Proc., 2020, 52 (4), 1152–1156. 

https://doi.org/10.1016/j.transproceed.2020.01.065. 
[127] Roodnat, J. I.; van Gurp, E. A. F. J.; Mulder, P. G. H.; van Gelder, T.; de Rijke, 

Y. B.; de Herder, W. W.; Kal-van Gestel, J. A.; Pols, H. A. P.; IJzermans, J. N. 

M.; Weimar, W. High Pretransplant Parathyroid Hormone Levels Increase the 

Risk for Graft Failure after Renal Transplantation: Transplantation, 2006, 82 (3), 

362–367. https://doi.org/10.1097/01.tp.0000228923.75739.88. 

[128] Araujo, M. J. C. L. N.; Ramalho, J. A. M.; Elias, R. M.; Jorgetti, V.; Nahas, W.; 

Custodio, M.; Moysés, R. M. A.; David-Neto, E. Persistent Hyperparathyroidism 

as a Risk Factor for Long-Term Graft Failure: The Need to Discuss Indication for

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


60 
 

 

 

 

 

Parathyroidectomy. Surgery, 2018, 163 (5), 1144–1150. 

https://doi.org/10.1016/j.surg.2017.12.010. 

[129] Molnar, M. Z.; Kovesdy, C. P.; Mucsi, I.; Salusky, I. B.; Kalantar-Zadeh, K. 

Association of Pre–Kidney Transplant Markers of Mineral and Bone Disorder 

with Post-Transplant Outcomes. Clin. J. Am. Soc. Nephrol., 2012, 7 (11), 1859– 

1871. https://doi.org/10.2215/CJN.01910212. 

[130] Fernández-Fresnedo, G.; Rodrigo, E.; Ruiz, J. C.; Martín de Francisco, A. L.; 

Arias, M. Bone Metabolism According to Chronic Kidney Disease Stages in 

Patients Undergoing Kidney Transplantation: A 5-Year Database Analysis. 

Transplant. Proc., 2009, 41 (6), 2403–2405. 

https://doi.org/10.1016/j.transproceed.2009.06.071. 

[131] Tsujita, M.; Goto, N.; Futamura, K.; Okada, M.; Hiramitsu, T.; Narumi, S.; 

Uchida, K.; Morozumi, K.; Watarai, Y. Two-Year Retrospective Study of the 

Effect of Preemptive Kidney Transplantation and Pretransplant Mineral Bone 

Factors on Calcium in Post-Kidney Transplant Recipients. Clin. Exp. Nephrol., 

2020, 24 (9), 836–841. https://doi.org/10.1007/s10157-020-01895-8. 

[132] Delos Santos, R.; Rossi, A.; Coyne, D.; Maw, T. T. Management of Post- 

Transplant Hyperparathyroidism and Bone Disease. Drugs, 2019, 79 (5), 501– 

513. https://doi.org/10.1007/s40265-019-01074-4. 

[133] Thongprayoon, C.; Cheungpasitporn, W. Persistent Hyperparathyroidism after 

Kidney Transplantation; Updates on the Risk Factors and Its Complications. J. 

Parathyr. Dis., 2017, 6 (1), 26–28. https://doi.org/10.15171/jpd.2018.09. 

[134] Levi, M.; Ellis, M. A.; Berl, T. Control of Renal Hemodynamics and Glomerular 

Filtration Rate in Chronic Hypercalcemia. J. Clin. Invest., 1983, 71 (6), 1624– 

1632. https://doi.org/10.1172/JCI110918. 

[135] Torregrosa, J.-V.; Barros, X. Management of Hypercalcemia after Renal 

Transplantation. Nefrol. Publicacion Of. Soc. Espanola Nefrol., 2013, 33 (6), 

751–757. https://doi.org/10.3265/Nefrologia.pre2013.Aug.11888. 

[136] Takeda, E.; Taketani, Y.; Sawada, N.; Sato, T.; Yamamoto, H. The Regulation 

and Function of Phosphate in the Human Body. BioFactors, 2004, 21 (1–4), 345– 

355. https://doi.org/10.1002/biof.552210167. 

[137] Tenenhouse, H. S. Phosphate Transport: Molecular Basis, Regulation and 

Pathophysiology. J. Steroid Biochem. Mol. Biol., 2007, 103 (3–5), 572–577. 

https://doi.org/10.1016/j.jsbmb.2006.12.090. 

[138] Berndt, T. J.; Schiavi, S.; Kumar, R. “Phosphatonins” and the Regulation of 

Phosphorus Homeostasis. Am. J. Physiol.-Ren. Physiol., 2005, 289 (6), F1170– 

F1182. https://doi.org/10.1152/ajprenal.00072.2005. 

[139] Yan, X.; Yokote, H.; Jing, X.; Yao, L.; Sawada, T.; Zhang, Y.; Liang, S.; 

Sakaguchi, K. Fibroblast Growth Factor 23 Reduces Expression of Type IIa 

Na+/Pi Co-Transporter by Signaling through a Receptor Functionally Distinct 

from the Known FGFRs in Opossum Kidney Cells: Distinct FGF23 Receptor 

Mediating Pi Uptake. Genes Cells, 2005, 10 (5), 489–502. 

https://doi.org/10.1111/j.1365-2443.2005.00853.x. 

[140] Graf, H.; Kovarik, J.; Stummvoll, H. K.; Wolf, A.; Pinggera, W. F. Handling of 

Phosphate by the Transplanted Kidney. Proc. Eur. Dial. Transpl. Assoc. Eur. 

Dial. Transpl. Assoc., 1979, 16, 624–629. 

[141] Loffing, J.; Lötscher, M.; Kaissling, B.; Biber, J.; Murer, H.; Seikaly, M.; Alpern, 

R. J.; Levi, M.; Baum, M.; Moe, O. W. Renal Na/H Exchanger NHE-3 and Na- 

PO4 Cotransporter NaPi-2 Protein Expression in Glucocorticoid Excess and 

Deficient States. J. Am. Soc. Nephrol. JASN, 1998, 9 (9), 1560–1567.

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


61 
 

 

 

 

 

[142] Falkiewicz, K.; Nahaczewska, W.; Boratynska, M.; Owczarek, H.; Klinger, M.; 

Kaminska, D.; Wozniak, M.; Szepietowski, T.; Patrzalek, D. Tacrolimus 

Decreases Tubular Phosphate Wasting in Renal Allograft Recipients. Transplant. 

Proc., 2003, 35 (6), 2213–2215. https://doi.org/10.1016/S0041-1345(03)00765-6. 

[143] Hill Gallant, K. M.; Spiegel, D. M. Calcium Balance in Chronic Kidney Disease. 

Curr. Osteoporos. Rep., 2017, 15 (3), 214–221. https://doi.org/10.1007/s11914- 

017-0368-x. 

[144] Perwad, F.; Zhang, M. Y. H.; Tenenhouse, H. S.; Portale, A. A. Fibroblast 

Growth Factor 23 Impairs Phosphorus and Vitamin D Metabolism in Vivo and 

Suppresses 25-Hydroxyvitamin D-1α-Hydroxylase Expression in Vitro. Am. J. 

Physiol.-Ren. Physiol., 2007, 293 (5), F1577–F1583. 

https://doi.org/10.1152/ajprenal.00463.2006. 

[145] Sheikh, M. S.; Ramirez, A.; Emmett, M.; Santa Ana, C.; Schiller, L. R.; Fordtran, 

J. S. Role of Vitamin D-Dependent and Vitamin D-Independent Mechanisms in 

Absorption of Food Calcium. J. Clin. Invest., 1988, 81 (1), 126–132. 

https://doi.org/10.1172/JCI113283. 

[146] Deluca, H. F.; Cantorna, M. T. Vitamin D: Its Role and Uses in Immunology 1. 

FASEB J., 2001, 15 (14), 2579–2585. https://doi.org/10.1096/fj.01-0433rev. 

[147] Reinhardt, W.; Bartelworth, H.; JockenhA vel, F.; Schmidt-Gayk, H.; Witzke, O.; 

Wagner, K.; Heemann, U. W.; Reinwein, D.; Philipp, T.; Mann, K. Sequential 

Changes of Biochemical Bone Parameters after Kidney Transplantation. Nephrol. 

Dial. Transplant., 1998, 13 (2), 436–442. 

https://doi.org/10.1093/oxfordjournals.ndt.a027843. 

[148] Withold, W.; Degenhardt, S.; Castelli, D.; Heins, M.; Grabensee, B. Monitoring 

of Osteoblast Activity with an Immunoradiometric Assay for Determination of 

Bone Alkaline Phosphatase Mass Concentration in Patients Receiving Renal 

Transplants. Clin. Chim. Acta, 1994, 225 (2), 137–146. 

https://doi.org/10.1016/0009-8981(94)90041-8. 

[149] Gümüş, A.; Öztürk, S.; Düz, M. E.; Sari, S.; Koldaş, M.; Akaydin, M. Pre- 

Transplantation and Post-Transplantation Serum Bone Alkaline Phosphatase 

Levels in Renal Transplant Patients. J. Exp. Clin. Med., 2014, 31 (2), 91–93. 

https://doi.org/10.5835/jecm.omu.31.02.006. 

[150] Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. 

KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of 

Chronic Kidney Disease. Kidney Int. Suppl., 2013, 3 (1), 1. 

https://doi.org/10.1038/kisup.2012.73. 

[151] Sharma, A. K.; Toussaint, N. D.; Elder, G. J.; Rajapakse, C. S.; Holt, S. G.; 

Baldock, P.; Robertson, P. L.; Ebeling, P. R.; Sorci, O. R.; Masterson, R. 

Changes in Bone Microarchitecture Following Kidney Transplantation-Beyond 

Bone Mineral Density. Clin. Transplant., 2018, 32 (9), e13347. 

https://doi.org/10.1111/ctr.13347. 

[152] Bryer, H. P.; Isserow, J. A.; Armstrong, E. C.; Mann, G. N.; Rucinski, B.; 

Buchinsky, F. J.; Romero, D. F.; Epstein, S. AzaThioprine Alone Is Bone Sparing 

and Does Not Alter Cyclosporin A-Induced Osteopenia in the Rat. J. Bone Miner. 

Res., 2009, 10 (1), 132–138. https://doi.org/10.1002/jbmr.5650100119. 

[153] Bonani, M.; Rodriguez, D.; Fehr, T.; Mohebbi, N.; Brockmann, J.; Blum, M.; 

Graf, N.; Frey, D.; Wüthrich, R. P. Sclerostin Blood Levels Before and After 

Kidney Transplantation. Kidney Blood Press. Res., 2014, 39 (4), 230–239. 

https://doi.org/10.1159/000355781. 

[154] Ryan, Z. C.; Ketha, H.; McNulty, M. S.; McGee-Lawrence, M.; Craig, T. A.;

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


62 
 

 

 

 

 

Grande, J. P.; Westendorf, J. J.; Singh, R. J.; Kumar, R. Sclerostin Alters Serum 

Vitamin D Metabolite and Fibroblast Growth Factor 23 Concentrations and the 

Urinary Excretion of Calcium. Proc. Natl. Acad. Sci., 2013, 110 (15), 6199–6204. 

https://doi.org/10.1073/pnas.1221255110. 

[155] Bowe, A. E.; Finnegan, R.; Jan de Beur, S. M.; Cho, J.; Levine, M. A.; Kumar, 

R.; Schiavi, S. C. FGF-23 Inhibits Renal Tubular Phosphate Transport and Is a 

PHEX Substrate. Biochem. Biophys. Res. Commun., 2001, 284 (4), 977–981. 

https://doi.org/10.1006/bbrc.2001.5084. 

[156] Graciolli, F. G.; Neves, K. R.; Barreto, F.; Barreto, D. V.; dos Reis, L. M.; 

Canziani, M. E.; Sabbagh, Y.; Carvalho, A. B.; Jorgetti, V.; Elias, R. M.; et al. 

The Complexity of Chronic Kidney Disease–Mineral and Bone Disorder across 

Stages of Chronic Kidney Disease. Kidney Int., 2017, 91 (6), 1436–1446. 

https://doi.org/10.1016/j.kint.2016.12.029. 

[157] Pereira, R. C.; Jűppner, H.; Azucena-Serrano, C. E.; Yadin, O.; Salusky, I. B.; 

Wesseling-Perry, K. Patterns of FGF-23, DMP1, and MEPE Expression in 

Patients with Chronic Kidney Disease. Bone, 2009, 45 (6), 1161–1168. 

https://doi.org/10.1016/j.bone.2009.08.008. 

[158] Behets, G. J.; Viaene, L.; Meijers, B.; Blocki, F.; Brandenburg, V. M.; Verhulst, 

A.; D’Haese, P. C.; Evenepoel, P. Circulating Levels of Sclerostin but Not DKK1 

Associate with Laboratory Parameters of CKD-MBD. PLOS ONE, 2017, 12 (5), 

e0176411. https://doi.org/10.1371/journal.pone.0176411. 

[159] Kanbay, M.; Siriopol, D.; Saglam, M.; Kurt, Y. G.; Gok, M.; Cetinkaya, H.; 

Karaman, M.; Unal, H. U.; Oguz, Y.; Sari, S.; et al. Serum Sclerostin and 

Adverse Outcomes in Nondialyzed Chronic Kidney Disease Patients. J. Clin. 

Endocrinol. Metab., 2014, 99 (10), E1854–E1861. 

https://doi.org/10.1210/jc.2014-2042. 

[160] Cejka, D.; Herberth, J.; Branscum, A. J.; Fardo, D. W.; Monier-Faugere, M.-C.; 

Diarra, D.; Haas, M.; Malluche, H. H. Sclerostin and Dickkopf-1 in Renal 

Osteodystrophy. Clin. J. Am. Soc. Nephrol., 2011, 6 (4), 877–882. 

https://doi.org/10.2215/CJN.06550810. 

[161] Drechsler, C.; Evenepoel, P.; Vervloet, M. G.; Wanner, C.; Ketteler, M.; Marx, 

N.; Floege, J.; Dekker, F. W.; Brandenburg, V. M.; NECOSAD Study Group. 

High Levels of Circulating Sclerostin Are Associated with Better Cardiovascular 

Survival in Incident Dialysis Patients: Results from the NECOSAD Study. 

Nephrol. Dial. Transplant. Off. Publ. Eur. Dial. Transpl. Assoc. - Eur. Ren. 

Assoc., 2015, 30 (2), 288–293. https://doi.org/10.1093/ndt/gfu301. 

[162] Ishimura, E.; Okuno, S.; Ichii, M.; Norimine, K.; Yamakawa, T.; Shoji, S.; 

Nishizawa, Y.; Inaba, M. Relationship Between Serum Sclerostin, Bone 

Metabolism Markers, and Bone Mineral Density in Maintenance Hemodialysis 

Patients. J. Clin. Endocrinol. Metab., 2014, 99 (11), 4315–4320. 

https://doi.org/10.1210/jc.2014-2372. 

[163] Desjardins, L.; Liabeuf, S.; Oliveira, R. B.; Louvet, L.; Kamel, S.; Lemke, H.-D.; 

Vanholder, R.; Choukroun, G.; Massy, Z. A.; European Uremic Toxin (EUTox) 

Work Group. Uremic Toxicity and Sclerostin in Chronic Kidney Disease 

Patients. Nephrol. Ther., 2014, 10 (6), 463–470. 

https://doi.org/10.1016/j.nephro.2014.04.002. 

[164] Cejka, D.; Jager-Lansky, A.; Kieweg, H.; Weber, M.; Bieglmayer, C.; Haider, D. 

G.; Diarra, D.; Patsch, J. M.; Kainberger, F.; Bohle, B.; et al. Sclerostin Serum 

Levels Correlate Positively with Bone Mineral Density and Microarchitecture in 

Haemodialysis Patients. Nephrol. Dial. Transplant., 2012, 27 (1), 226–230.

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


63 
 

 

 

 

 

https://doi.org/10.1093/ndt/gfr270. 

[165] Araújo, M. J. C. L. N.; Bacelar Marques, I. D.; Graciolli, F. G.; Fukuhara, L.; 

Machado dos Reis, L.; Custódio, M.; Jorgetti, V.; Elias, R. M.; David-Neto, E.; 

Moysés, R. M. A. Comparison of Serum Levels with Bone Content and Gene 

Expression Indicate a Contradictory Effect of Kidney Transplantation on 

Sclerostin. Kidney Int., 2019, 96 (5), 1100–1104. 

https://doi.org/10.1016/j.kint.2019.06.007. 

[166] Laster, M.; Pereira, R. C.; Salusky, I. B. Unraveling the Osteocyte in CKD-MBD 

Post–Renal Transplantation. Kidney Int., 2019, 96 (5), 1059–1061. 

https://doi.org/10.1016/j.kint.2019.07.021. 

[167] Beier, E. E.; Sheu, T.-J.; Resseguie, E. A.; Takahata, M.; Awad, H. A.; Cory- 

Slechta, D. A.; Puzas, J. E. Sclerostin Activity Plays a Key Role in the Negative 

Effect of Glucocorticoid Signaling on Osteoblast Function in Mice. Bone Res., 

2017, 5 (1), 17013. https://doi.org/10.1038/boneres.2017.13. 

[168] Brabnikova Maresova, K.; Pavelka, K.; Stepan, J. J. Acute Effects of 

Glucocorticoids on Serum Markers of Osteoclasts, Osteoblasts, and Osteocytes. 

Calcif. Tissue Int., 2013, 92 (4), 354–361. https://doi.org/10.1007/s00223-012- 

9684-4. 

[169] Evenepoel, P.; Goffin, E.; Meijers, B.; Kanaan, N.; Bammens, B.; Coche, E.; 

Claes, K.; Jadoul, M. Sclerostin Serum Levels and Vascular Calcification 

Progression in Prevalent Renal Transplant Recipients. J. Clin. Endocrinol. 

Metab., 2015, 100 (12), 4669–4676. https://doi.org/10.1210/jc.2015-3056. 

[170] Brandenburg, V. M.; Kramann, R.; Koos, R.; Krüger, T.; Schurgers, L.; 

Mühlenbruch, G.; Hübner, S.; Gladziwa, U.; Drechsler, C.; Ketteler, M. 

Relationship between Sclerostin and Cardiovascular Calcification in 

Hemodialysis Patients: A Cross-Sectional Study. BMC Nephrol., 2013, 14, 219. 

https://doi.org/10.1186/1471-2369-14-219. 

[171] Van Oers, M. H.; Van der Heyden, A. A.; Aarden, L. A. Interleukin 6 (IL-6) in 

Serum and Urine of Renal Transplant Recipients. Clin. Exp. Immunol., 1988, 71 

(2), 314–319. 

[172] Waiser, J.; Budde, K.; Katalinic, A.; Kuerzdorfer, M.; Riess, R.; Neumayer, H. H. 

Interleukin-6 Expression after Renal Transplantation. Nephrol. Dial. Transplant., 

1997, 12 (4), 753–759. https://doi.org/10.1093/ndt/12.4.753. 

[173] Raasveld, M. H. M.; Weening, J. J.; Kerst, J. M.; Surachno, S.; ten Berge, R. J. 

M. Local Production of Interleukin-6 during Acute Rejection in Human Renal 

Allografts. Nephrol. Dial. Transplant., 1993, 8 (1), 75–78. 

https://doi.org/10.1093/oxfordjournals.ndt.a092278. 

[174] Newstead, C. G.; Lamb, W. R.; Brenchley, P. E. C.; Short, C. D. SERUM AND 

URINE IL-6 AND TNF-α IN RENAL TRANSPLANT RECIPIENTS WITH 

GRAFT DYSFUNCTION: Transplantation, 1993, 56 (4), 831–834. 

https://doi.org/10.1097/00007890-199310000-00010. 

[175] Di Paolo, S.; Gesualdo, L.; Stallone, G.; Ranieri, E.; Schena, F. Renal Expression 

and Urinary Concentration of EGF and IL-6 in Acutely Dysfunctioning Kidney 

Transplanted Patients. Nephrol. Dial. Transplant., 1997, 12 (12), 2687–2693. 

https://doi.org/10.1093/ndt/12.12.2687. 

[176] Cho, W. H.; Kim, H. T.; Sohn, C. Y.; Park, C. H.; Park, S. B.; Kim, H. C. 

Significance of IL-2, IL-2r, IL-6, and TNF-Alpha as a Diagnostic Test of Acute 

Rejection after Renal Transplantation. Transplant. Proc., 1998, 30 (7), 2967– 

2969. https://doi.org/10.1016/S0041-1345(98)00892-6. 

[177] Øyen, O.; Wergeland, R.; Bentdal, O.; Hartmann, A.; Brekke, I. B.; Stokke, O.

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


64 
 

 

 

 

 

Serial Ultrasensitive CRP Measurements May Be Useful in Rejection Diagnosis 

after Kidney Transplantation. Transplant. Proc., 2001, 33 (4), 2481–2483. 

https://doi.org/10.1016/S0041-1345(01)02070-X. 

[178] Casiraghi, F.; Ruggenenti, P.; Noris, M.; Locatelli, G.; Perico, N.; Perna, A.; 

Remuzzi, G. SEQUENTIAL MONITORING OF URINE-SOLUBLE 

INTERLEUKIN 2 RECEPTOR AND INTERLEUKIN 6 PREDICTS ACUTE 

REJECTION OF HUMAN RENAL ALLOGRAFTS BEFORE CLINICAL OR 

LABORATORY SIGNS OF RENAL DYSFUNCTION: Transplantation, 1997, 

63 (10), 1508–1514. https://doi.org/10.1097/00007890-199705270-00023. 

[179] Perez, R. V.; Brown, D. J.; Katznelson, S. A.; Dubin, J. A. PRETRANSPLANT 

SYSTEMIC INFLAMMATION AND ACUTE REJECTION AFTER RENAL 

TRANSPLANTATION1: Transplantation, 2000, 869–874. 

https://doi.org/10.1097/00007890-200003150-00034. 

[180] Filiopoulos, V.; Vlassopoulos, D. Inflammatory Syndrome in Chronic Kidney 

Disease: Pathogenesis and Influence on Outcomes. Inflamm. Allergy-Drug 

Targets, 2009, 8 (5), 369–382. https://doi.org/10.2174/1871528110908050369. 

[181] Gabay, C. Interleukin-6 and Chronic Inflammation. Arthritis Res. Ther., 2006, 8 

(Suppl 2), S3. https://doi.org/10.1186/ar1917. 

[182] Avci Çiçek, E.; Rota, S.; Dursun, B.; Kavalci, E. Evaluation of Serum NGAL and 

Hepcidin Levels in Chronic Kidney Disease Patients. Ren. Fail., 2016, 38 (1), 

35–39. https://doi.org/10.3109/0886022X.2015.1107823. 

[183] Baker, A.; da Silva, N.; Quinn, D.; Harte, A.; Pagano, D.; Bonser, R.; Kumar, S.; 

McTernan, P. Human Epicardial Adipose Tissue Expresses a Pathogenic Profile 

of Adipocytokines in Patients with Cardiovascular Disease. Cardiovasc. 

Diabetol., 2006, 5 (1), 1. https://doi.org/10.1186/1475-2840-5-1. 

[184] Gursu, M.; Celik, K.; Ozturk, S.; Turkmen, A.; Gorcin, S.; Kocak, B.; Sari, S.; 

Koldas, M.; Feyizoglu, H.; Kazancioglu, R. Pentraxin 3 and C-Reactive Protein 

as Inflammatory Markers after a Kidney Transplant. Exp. Clin. Transplant. Off. J. 

Middle East Soc. Organ Transplant., 2014, 12 (4), 295–299. 

https://doi.org/10.6002/ect.2013.0122. 

[185] Mota, A. P. L.; Martins, S. R.; Alves, L. V.; Cardoso, C. N.; Alpoim, P. N.; Silva, 

I. de F. O.; Mercês-de-Lucas-Júnior, F. das; Lima, C. X.; Gomes, K. B.; Dusse, 

L. M. S. Thrombomodulin and Interleukin 6 as Potential Biomarkers of 

Endothelial Dysfunction and Inflammation after Renal Transplant. J. Bras. Patol. 

E Med. Lab., 2018. https://doi.org/10.5935/1676-2444.20180059. 

[186] Cueto-Manzano, A. M.; Morales-Buenrostro, L. E.; González-Espinoza, L.; 

González-Tableros, N.; Martín-del-Campo, F.; Correa-Rotter, R.; Valera, I.; 

Alberú, J. Markers of Inflammation Before and After Renal Transplantation. 

Transplantation, 2005, 80 (1), 47–51. 

https://doi.org/10.1097/01.TP.0000164348.16689.03. 

[187] Budde, K.; Waiser, J.; Neumayer, H.-H. The Diagnostic Value of GM-CSF and 

IL-6 Determinations in Patients after Renal Transplantation. Transpl. Int., 1994, 7 

(s1), 97–101. https://doi.org/10.1111/j.1432-2277.1994.tb01320.x. 
[188] Borel, I. M.; Racca, A.; Garcia, M. I.; Bailat, A.; Quiroga, F.; Soutullo, A.; Gaite, 

L. Γδ T Cells and Interleukin-6 Levels Could Provide Information Regarding the 

Progression of Human Renal Allograft. Scand. J. Immunol., 2003, 58 (1), 99– 

105. https://doi.org/10.1046/j.1365-3083.2003.01275.x. 

[189] Shaqman, M.; Ioannidou, E.; Burleson, J.; Hull, D.; Dongari-Bagtzoglou, A. 

Periodontitis and Inflammatory Markers in Transplant Recipients. J. 

Periodontol., 2010, 81 (5), 666–672. https://doi.org/10.1902/jop.2010.090570.

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


65 
 

 

 

 

 

[190] Thompson, M. E.; Shapiro, A. P.; Johnsen, A.-M.; Itzkoff, J. M.; Hardesty, R. L.; 

Griffith, B. P.; Bahnson, H. T.; McDonald, R. H.; Hastillo, A.; Hess, M. The 

Contrasting Effects of Cyclosporin-A and Azathioprine on Arterial Blood 

Pressure and Renal Function Following Cardiac Transplantation. Int. J. Cardiol., 

1986, 11 (2), 219–229. https://doi.org/10.1016/0167-5273(86)90181-6. 

[191] Liel, Y.; Ulmer, E.; Shary, J.; Hollis, B. W.; Bell, N. H. Low Circulating Vitamin 

D in Obesity. Calcif. Tissue Int., 1988, 43 (4), 199–201. 

https://doi.org/10.1007/BF02555135. 

[192] Kawai, M.; Devlin, M. J.; Rosen, C. J. Fat Targets for Skeletal Health. Nat. Rev. 

Rheumatol., 2009, 5 (7), 365–372. https://doi.org/10.1038/nrrheum.2009.102. 

[193] Kovesdy, C. P.; Molnar, M. Z.; Czira, M. E.; Rudas, A.; Ujszaszi, A.; Rosivall, 

L.; Szathmari, M.; Covic, A.; Keszei, A.; Beko, G.; et al. Associations between 

Serum Leptin Level and Bone Turnover in Kidney Transplant Recipients. Clin. J. 

Am. Soc. Nephrol., 2010, 5 (12), 2297–2304. 

https://doi.org/10.2215/CJN.03520410. 

[194] De Lucena, D. D.; Rangel, É. B. Glucocorticoids Use in Kidney Transplant 

Setting. Expert Opin. Drug Metab. Toxicol., 2018, 14 (10), 1023–1041. 

https://doi.org/10.1080/17425255.2018.1530214. 

[195] Yilmaz, M. I.; Sonmez, A.; Saglam, M.; Cayci, T.; Kilic, S.; Unal, H. U.; 

Karaman, M.; Cetinkaya, H.; Eyileten, T.; Gok, M.; et al. A Longitudinal Study 

of Inflammation, CKD-Mineral Bone Disorder, and Carotid Atherosclerosis after 

Renal Transplantation. Clin. J. Am. Soc. Nephrol., 2015, 10 (3), 471–479. 

https://doi.org/10.2215/CJN.07860814. 

[196] Tomei, P.; Zaza, G.; Granata, S.; Gatti, D.; Fraccarollo, C.; Gesualdo, L.; 

Boschiero, L.; Lupo, A. Sclerostin and Dickkopf-1 in Post-Menopausal Renal 

Allograft Recipients. Transplant. Proc., 2014, 46 (7), 2241–2246. 

https://doi.org/10.1016/j.transproceed.2014.07.024. 

[197] Malyszko, J.; Malyszko, J. S.; Pawlak, K.; Mysliwiec, M. Resistin, a New 

Adipokine, Is Related to Inflammation and Renal Function in Kidney Allograft 

Recipients. Transplant. Proc., 2006, 38 (10), 3434–3436. 

https://doi.org/10.1016/j.transproceed.2006.10.140. 

[198] Malyszko, J.; Koc-Zorawska, E.; Malyszko, J. S.; Glowinska, I.; Mysliwiec, M.; 

Macdougall, I. C. GDF15 Is Related to Anemia and Hepcidin in Kidney Allograft 

Recipients. Nephron Clin. Pract., 2013, 123 (1–2), 112–117. 

https://doi.org/10.1159/000351810. 

[199] Sonkar, G.; Singh, S.; Sonkar, S.; Singh, U.; Singh, R. Evaluation of Serum 

Interleukin 6 and Tumour Necrosis Factor Alpha Levels, and Their Association 

with Various Non-Immunological Parameters in Renal Transplant Recipients. 

Singapore Med. J., 2013, 54 (9), 511–515. 

https://doi.org/10.11622/smedj.2013174. 

[200] Xue, D.; He, X.; Zhou, C. Serum Hepcidin Level Correlates With Hyperlipidemia 

Status in Patients Following Allograft Renal Transplantation. Transplant. Proc., 

2014, 46 (1), 156–159. https://doi.org/10.1016/j.transproceed.2013.06.020. 
[201] Rathi, M.; Kumar, D.; Khandelwal, N.; Kohli, H.; Sakhuja, V.; Bhadada, S.; Jha, 

V. Sequential Changes in Bone Biochemical Parameters and Bone Mineral 

Density after Renal Transplant. Saudi J. Kidney Dis. Transplant., 2015, 26 (4), 

671. https://doi.org/10.4103/1319-2442.160127.

https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu
https://www.zotero.org/google-docs/?qNmhuu


66 
 

 

 

 

 

Artigo original: Evaluation of novel bone metabolism markers in kidney recipients 

 

Evaluation of novel bone metabolism markers in kidney transplant recipients 

 

 

Running title: Bone metabolism markers in kidney transplant recipients 

 
 

Flávia Maria Borges Vigil1,2, Pedro Alves Soares Vaz de Castro1, Úrsula Gramiscelli 

Hasparyk1, Victoria Soares Bartolomei1, Ana Cristina Simões e Silva1* 

 

 

1Interdisciplinary Laboratory of Medical Investigation, Unit of Pediatric Nephrology, 

Faculty of Medicine, Federal University of Minas Gerais (UFMG), Brazil 

 
2Hospital Evangélico, Belo Horizonte, MG, Brazil 

 

 

 

 
Word count: 3307 

Number of Figures: 3 

Number of Tables: 3 

 

 

*Corresponding author: 

 

Ana Cristina Simões e Silva, MD, PhD 

Professor of Pediatrics, Coordinator of the Pediatric Nephrology Unit, Faculty of 

Medicine, UFMG. Avenida Alfredo Balena, 190, 2nd floor, room #281, Belo Horizonte, 

Minas Gerais, Brazil, Zip code 30130-100 

ORCID ID: 0000-0001-9222-3882 

E-mail: acssilva@hotmail.com

mailto:acssilva@hotmail.com


67 
 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

 
Aim: Immunosuppressive therapies, de novo or persistent hyperparathyroidism, and 

other risk factors influence mineral and bone disorder (MBD) after kidney 

transplantation. However, little is known about their effect on bone metabolism 

biomarkers. Therefore, we aimed to understand how kidney transplant affects these 

markers in comparison to patients on hemodialysis and healthy individuals. 

 

Methods: This is a cross-sectional study with three groups: kidney transplantation 

patients, patients on hemodialysis, and healthy controls. Plasma concentrations of 

Dickkopf-related protein 1 (DKK1), osteoprotegerin (OPG), osteocalcin (OC), 

osteopontin (OPN), sclerostin (SOST), and fibroblast growth factor 23 (FGF-23) were 

measured in these three groups. Associations between the measurements of these 

molecules with clinical, demographic, and laboratory data were evaluated. 

 

Results: A total of 114 patients were included in the study. Transplant recipients had 

significantly lower levels of DKK1 (p < 0.001), OPG (p < 0.001), OC (p < 0.001), OPN 

(p = 0.001), OST (p < 0.001), and FGF-23 (p < 0.001) when compared to patients on 

hemodialysis. In comparison to healthy controls, transplant recipients also presented 

lower levels of DKK1 (p = 0.019), OPG (p < 0.001), OC (p = 0.027), SOST (p < 0.001) 

and FGF-23 (p = 0.043). Regarding demographic data, women presented lower plasma 

SOST levels when compared to men in the hemodialysis group (p = 0.012). 

 

Conclusion: Our findings showed a reduction in bone metabolism markers, DKK1, 

OPG, OC, OPN, and SOST after kidney transplantation. Kidney transplantation 

modulates MBD markers, suggesting a significant improvement of MBD associated 

with end-stage kidney disease. 

 

 

 
Keywords: kidney transplantation, hemodialysis, bone metabolism, renal 

osteodystrophy, chronic kidney disease.
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INTRODUCTION 

 
Defined as a systemic disorder of mineral and bone metabolism due to chronic 

kidney disease (CKD), mineral and bone disorder (MBD-CKD) comprises either one or 

a combination of alterations of calcium, phosphorus, parathyroid hormone (PTH), or 

vitamin D metabolism; abnormalities in bone turnover, mineralization, volume, linear 

growth, or strength; or vascular or other soft tissue calcification1. In kidney transplant 

recipients, a new type of MBD-CKD can occur due to the use of immunosuppressive 

drugs, factors related to aging, the persistence of hyperparathyroidism secondary to 

CKD, or the development of new hyperparathyroidism due to kidney graft dysfunction. 

Kidney transplant patients have a high risk of fractures, osteopenia, and osteoporosis 

due to reduced bone quality and mineral density, even years after the transplantation 2. 

Hypophosphatemia, hypercalcemia, vitamin D deficiency, reduction of fibroblast 

growth factor 23 (FGF-23), and decrease or maintenance of PTH levels can occur in this 

population, especially in the first year after the transplant2. Moreover, the uremic and 

inflammatory environment of CKD contributes to the transformation of vascular smooth 

muscle cells into osteoblasts/chondrocytes-like cells, resulting in vascular calcification. 

The calcification is also secondary to an imbalance between calcification inhibitors and 

an increased supply of calcium and phosphorus3. 

Kidney transplantation improves the uremic environment, hyperphosphatemia, 

oxidative stress, and inflammation. Nevertheless, cardiovascular diseases persist as the 

first cause of mortality of renal transplant recipients in the United States4, and the 

increased risk of fractures continues as a major cause of morbidity in this population2. 

There are few studies that measure the novel bone metabolism markers, and the ones 

published mostly compare kidney transplant recipients to dialysis patients4. These bone 

metabolism markers can act as vascular calcification inhibitors (osteoprotegerin (OPG), 

fetuin-A, matrix gla protein (MGP), and osteopontin (OPN)), calcification inducers 

(osteocalcin (OC), sclerostin (SOST), and Dickkopf WNT Signaling Pathway Inhibitor 

1 (DKK1))5. Each marker has a different role in the pathogenesis of MBD.
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The canonical Wnt signaling pathway, responsible for osteoblastogenesis 

(differentiation and proliferation of osteoblasts), is hindered by the DKK1 and SOST, 

which are inhibitors of bone formation6. SOST is a product of the SOST gene, 

synthesized by osteocytes, while DKK1 is expressed in several tissues during 

embryogenesis7. On the other hand, OC is a protein produced by osteoblasts, a marker 

of osteoblast activity and high bone turnover2. Similarly, OPG, a protein produced by 

osteoblasts, is part of the RANKL/RANK/OPG (receptor activator of NF-KB 

ligand/receptor activator of nuclear factor-kappa B/osteoprotegerin) system, acting as a 

competitive receptor for RANK, by binding with RANKL and decreasing osteoclasts' 

activity8. Osteoblasts also synthesize OPN, a glycoprotein with an uncertain role in 

MBD. OPN seems to interfere with osteoclast activation and osteoblast proliferation9. In 

patients with ectopic calcifications, such as in CKD, OPN was found on the surface of 

calcification deposits of atherosclerotic plaques and calcified aortic valves9,10. 

Hydroxyapatite crystals are responsible for the mineralization of smooth muscle cells in 

blood vessels10. OPN seems to inhibit the formation and growth of these crystals, 

avoiding vessel calcification9,10. Although not directly related to calcification, the FGF- 

23 is also crucial for the understanding of MBD, as it plays a major role in post 

transplant hypophosphatemia and promotes the suppression of 1α-hydroxylase activity 

in the kidney11. 

Bearing in mind the roles played by each marker, this study aimed to evaluate 

plasma concentrations of molecules related to bone metabolism in kidney transplant 

recipients and compare them with the same measurements in healthy individuals and 

patients undergoing hemodialysis. The molecules assessed were DKK1, SOST, FGF-23, 

OC, OPN, and OPG. We also verified associations between the measurements of these 

molecules with clinical and laboratory variables. 

 

 

 
METHODS 

 
Study design 

 
This is a cross-sectional study that included kidney transplant recipients, patients 

on hemodialysis, and healthy subjects (controls) from the Hospital Evangélico of Belo



70 
 

 

 

 

 

Horizonte, Minas Gerais, Brazil. All patients were recruited from August 2020 to July 

2021. 

 

Ethical aspects 

 
The Ethics Committee of the hospital approved the study under the registration 

number CAAE-31405120.3.0000.8787. Informed consent was obtained from all 

included subjects. The research protocol did not interfere with any medical 

recommendations or prescriptions. 

 

 

 
Transplant recipients 

 
Kidney transplant patients whose transplant was performed between 2010 and 

2018 were included. The etiologies of the underlying disease that led to the transplant 

were classified as hypertensive nephrosclerosis, diabetes mellitus, chronic 

glomerulonephritis, or indeterminate. Transplant patients with glomerular filtration rate 

(GFR) lower than 30 ml/min/1.73m² and whose transplant time was less than one year 

were excluded. 

 

Patients in hemodialysis 

 
Patients with end-stage kidney disease (GFR < 15 ml/min/1.73 m²) on 

hemodialysis at the same institution were included in the study. Hemodialysis patients 

were matched to the transplant recipients according to gender, age, and CKD etiology. 

 

Control Group 

 
The control group included 31 healthy sex and age-matched subjects from the 

same institution. Health status was determined by subjects’ medical history or self- 

report to rule out the presence of chronic or acute diseases. 

 

Exclusion criteria for patients 

 
Hospitalized patients, patients with fractures, osteoarticular traumas, or acute 

clinical/metabolic complications at the time of blood collection were excluded from the 

study.
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Data collection and definitions 

 
The following baseline demographic and clinical characteristics of the patients 

were collected: age, sex, comorbidities, risk factors for cardiovascular disease 

(dyslipidemia, diabetes, hypertension, obesity, and smoking), CKD etiology, presence 

of cardiovascular diseases (stroke, chronic coronary artery disease, peripheral vascular 

disease, and heart failure), history of osteoporosis, osteopenia and/or fractures, time 

since kidney transplant surgery and/or the start of hemodialysis, use of medications 

(immunosuppressive therapies, antihypertensive agents, statins and/or other therapies 

for dyslipidemia, antidiabetic medications, medications for MBD-CKD, and others), 

and whether the kidney was from a living donor or not. 

 

Laboratory data included serum levels of electrolytes, creatinine, blood urea 

nitrogen (BUN), alkaline phosphatase (ALP), 25-hydroxy vitamin D (25(OH)D), and 

PTH. The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula 

estimated the GFR of the patients. Hypercalcemia was defined as serum levels of 

calcium above 10.2 mg/dL. The upper limit for serum levels of PTH was considered 65 

pg/ml, as previously described in Brazilian CKD patients12. 

Plasma samples 

 
Blood samples were collected by peripheral venous puncture in individualized 

tubes with heparin. The collected samples were centrifuged at 5000 rpm for 10 minutes 

at 4ºC. The obtained plasma samples were transferred to 1.5 mL polyethylene 

microtubes and stored at -80ºC until the time of analysis. 

 

Biomarkers measurement 

 
The Luminex-based microbead assay (HBNMAG-51K, Millipore, Billerica, 

MA) measured plasma concentrations of DKK1, OPG, OC, OPN, SOST, and FGF-23, 

following the manufacturer’s protocols. 

 

Briefly, capture microspheres coated with specific monoclonal antibodies for 

each molecule were added to the wells, along with standards and plasma samples. After 

incubation and washing, a mixture of secondary biotinylated antibodies was added. 

Then, streptavidin conjugated to the fluorescent protein was incubated for a brief period. 

After washing, the supernatant was discarded and the precipitate containing the



72 
 

 

 

 

 

microspheres was resuspended in a buffer solution. The standards and samples were 

acquired in the MAGPIX® microsphere analyzer (Luminex Corporation, Texas, USA). 

The results were analyzed using the Milliplex Analyst program (MilliporeSigma) and 

expressed as pg/ml. 

 

All measurements were performed in a single assay to avoid interassay 

variations. Our intra-assay variation was below 5%. The minimum detectable 

concentrations for each molecule were: 2.2 pg/mL for DKK1; 1.8 pg/mL for OPG; 15.6 

pg/mL for OC; 33 pg/mL for SOST, and 7.7 pg/mL for FGF-23. 

 

Statistical analysis 

 
The software SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) and GraphPad 

Prism 8.0 (GraphPad Software, Inc., La Jolla, CA, USA) were used for statistical 

analysis. The results obtained were expressed as means and standard error of the mean 

(SEM), medians and percentages, when appropriate. Categorical variables were 

compared by the Qui-square test. The Kolmogorov-Smirnov test checked the Gaussian 

distribution. For variables without Gaussian distribution, Mann–Whitney test was used 

to compare two groups and the Kruskal-Wallis test for comparisons between more than 

two groups. For variables with normal distribution, comparisons between two groups 

were made by unpaired Student’s t-test and for more than two groups by analysis of 

variance followed by Bartlett's post-test. Pearson or Spearman tests were adopted to 

evaluate correlations according to the variables’ distribution. All statistical tests were 

two-tailed with a significance level of p < 0.05. 

 

 

 
RESULTS 

 
A total of 114 patients were included in the study, being 57 (50.0%) transplant 

recipients, 26 (22.8%) patients on hemodialysis, and 31 (27.2%) healthy controls. The 

main clinical and demographic features of the study population are summarized in Table 

1. In the transplanted group, 33 (57.9%) patients were using mycophenolate sodium, 51 

(89.5%) used tacrolimus and 25 (43.8%) used m-TOR inhibitors. All transplant 

recipients were using 5 mg of prednisone. The mean creatinine levels in the transplanted 

group were 1.29±0.05 mg/dl and mean estimate GFR was 66.8±20.5 ml/min/1.73m². In
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52% of the transplant recipients, the time since transplant procedure was between 5 and 

10 years, and the mean transplantation age was 6.71±3.07 years. 

 

Regarding clinical data, patients on hemodialysis used more antihypertensive 

drugs when compared to transplant recipients, especially calcium channel blockers, 

diuretics, and β-blockers. On the other hand, transplant recipients were more diagnosed 

with dyslipidemia, although they did not differ statistically regarding the use of statins 

(Table 1). As expected, patients on hemodialysis presented higher serum levels of 

phosphate, PTH, ALP, and 25(OH)D levels when compared to transplant recipients 

(Table 2). In total, 17 (29.8%) transplant recipients had hypercalcemia, while 64.9% 

still had PTH levels above 65 pg/mL. There was no significant difference in 

hypercalcemia occurrence between patients with and without PTH above 65 pg/mL 

(32.4% and 21.0% respectively, p = 0.372). 

 

The comparisons between the plasma levels of bone metabolism molecules of 

kidney transplant recipients and patients on hemodialysis showed that transplant 

recipients had significantly lower levels of DKK1 (p < 0.001, Figure 1A), OPG (p < 

0.001, Figure 1B), OC (p < 0.001, Figure 1C), OPN (p = 0.001, Figure 1D), SOST (p < 

0.001, Figure 1E), FGF-23 (p < 0.001, Figure 1F) when compared to patients on 

hemodialysis. In comparison to healthy controls, transplant recipients also exhibited 

lower levels of DKK1 (p = 0.019, Figure 1A), OPG (p < 0.001, Figure 1B), OC (p = 

0.027, Figure 1C), SOST (p < 0.001, Figure 1E) and FGF-23 (p = 0.043, Figure 1F). No 

significant association was found between levels of the studied molecules and baseline 

demographic and clinical data. The same pattern for all molecules was observed 

regardless of gender. 

 

Different correlations between the human bone metabolism components were 

detected in transplant recipients and hemodialysis patients. In the transplant group, 

DKK1 was positively correlated with SOST (r = 0.484, p = 0.001, Figure 2A), OPN (r = 

0.420, p = 0.005, Figure 2B) and OPG (r = 0.521, p < 0.001, Figure 2C). In the same 

group, SOST levels were positively correlated with FGF-23 (r = 0.424, p = 0.027, 

Figure 2D) and OPG (r = 0.703, p < 0.001, Figure 2E), while OC only positively 

correlated with OPN (r = 0.572, p < 0.001). By contrast, patients on hemodialysis only 

showed positive correlations between OPN and DKK1 (r = 0.420, p = 0.005, Figure 3A)
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and between SOST and OPG (r = 0.757, p < 0.001, Figure 3B). Transplant age and GFR 

did not correlate with any of the studied markers. 

 

Concerning laboratory parameters and their correlations with human bone 

metabolism molecules, both transplant recipients and hemodialysis patients showed a 

negative correlation between 25(OH)D levels and FGF-23 (Table 3). On the other hand, 

ALP levels were positively correlated with different molecules in the two groups. In 

transplant patients, ALP levels positively correlated with OPN (r = 0.572, p < 0.001), 

while, in hemodialysis patients, the positive correlation was with OPG (r = 0.548, p = 

0.012). 

 

 

 
DISCUSSION 

 
In this study, kidney transplant recipients showed an improvement in traditional 

laboratory markers of bone metabolism and significant lower levels of non-traditional 

molecules when compared to hemodialysis patients. After kidney transplantation, 

calcium levels were higher, while phosphorus, ALP, 25(OH)D, and PTH were lower 

when compared to hemodialysis patients, similar to what has been previously reported2. 

Hypercalcemia was found in 29.8% of transplant patients. It is noteworthy that all 

patients had over one year of transplantation. Similarly, Evenepoel et al. found that at 

the 1st year post kidney transplantation, 30.9% of patients had hypercalcemia, although 

this percentage decreased to 12.4% at the 4th year post-surgery13. 

All non-traditional markers of bone metabolism were significantly reduced in 

our group of transplant recipients when compared to hemodialysis patients and healthy 

subjects. On one hand, this may represent an improvement of MBD after 

transplantation in comparison to patients on hemodialysis. On the other hand, this may 

also indicate a general reduction of bone turnover when compared to healthy 

individuals. This latter difference could be attributed no only to immunosuppression14, 

but also to an impairment of bone homeostasis after transplantation, as MBD after 

transplantation is usually characterized by low remodeling15. 

Plasma levels of FGF-23 were significantly lower in the transplant recipients 

when compared to patients on hemodialysis. In the early post-transplant period, FGF-23
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levels decrease dramatically as a consequence of the resolution of hyperphosphatemia 

and the recovery of renal function16. Nevertheless, even after the successful 

transplantation, plasma levels of FGF-23 can remain higher for a certain period, leading 

to hyperphosphaturia11. Although this study has a cross-sectional design and, therefore, 

cannot address temporal relationships, it is noteworthy that the lower levels of FGF-23 

found in the transplant recipients of this study may reflect the improvement of the 

25(OH)D metabolism after transplantation. 

Plasma levels of OC are elevated in patients on hemodialysis due to uremia and 

hyperparathyroidism, acting as a calcification inducer17. The levels are expected to 

decrease post-transplant, as a consequence of the action of glucocorticoids, 

improvement of kidney function, and bone metabolism18. Glucocorticoids, by inducing 

apoptosis, reduce osteoblast proliferation and lifespan, consequently leading to bone 

loss and reduction of OC19. As expected, we found significant lower levels of OC in 

transplant recipients when compared to hemodialysis patients. 

 

Regarding SOST, Cejka et al. found high levels in dialysis patients, which were 

associated with low bone turnover and a reduced number of osteoblasts, contributing to 

osteoporosis7. Previous studies have shown increased SOST levels in dialysis patients 

and non-dialysis CKD when GFR decreases, suggesting an increased production by 

osteocytes6. Araujo et al. found a reduction in plasma levels of SOST to below pre- 

transplant levels at the first year post-transplan20. Bonani et al. also reported reduced 

SOST levels 15 days post-transplant, but the levels progressively rose in 6 and 12 

months after transplantation21. The explanation for the reduction of SOST after kidney 

transplantation is still uncertain, but the use of glucocorticoids and the improvement of 

GFR with greater clearance of the molecule may contribute. PTH inhibits the expression 

of SOST and DKK17. After transplantation, significantly lower levels of PTH and 

increased levels of SOST are expected. However, steroids, both endogenous and 

exogenous, seem to reduce plasma SOST production22. This reduction could also be 

explained by the increase in SOST clearance after recovery of renal function. 

Conversely, a recent study with CKD patients showed that the urinary excretion of 

SOST increases as the GFR decreases23. Therefore, the increase in SOST in CKD 

patients seems not to be due to a reduction in its clearance as there will be an increase in 

its tubular excretion23. Another recent study, however, showed no correspondence 

between the GFR and the plasma SOST levels in kidney transplant patients, making it
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less likely that the reduction in SOST after kidney transplantation is secondary to its 

increased clearance24. Similarly, we found no association between SOST levels and 

GFR in trasnplant recipients. These conflicting results call upon the necessity of more 

studies to comprehend the role that SOST plays in the disease. 

Patients in hemodialysis presented higher plasma levels of OPG when compared 

to kidney transplant recipients, as shown in previous studies5. Although OPG is an 

inhibitor of vascular calcification, its increased levels have been associated with 

increased coronary artery and aorta calcification and cardiovascular events in CKD and 

kidney transplant patients25. Higher plasma levels of OPG could reflect a low bone 

turnover, leading to more calcium availability in the circulation and, consequently, 

increasing calcification18. Bone vascular smooth muscle cells, which are calcified in 

patients with CKD, could also act as osteoblast-like cells, releasing OPG. The OPG 

binds to the RANKL and avoids the formation of osteoclast-like cells, causing the 

progression of vascular calcification5. OPG levels increase as kidney function decreases 

and can be altered by post-transplantation medications, including calcineurin inhibitors 

and glucocorticoids. These medications decreased OPG levels, increased 

osteoclastogenesis, osteoclastic activity, and diminished osteoblast differentiation and 

proliferation26. Accordingly, our post-transplant patients had significantly lowered OPG 

levels when compared to hemodialysis patients, reaching values similar to healthy 

controls. 

Transplant recipients presented lower levels of DKK1 when compared to 

hemodialysis patients and healthy controls. It is known that DKK1 and SOST are 

inhibitors of osteoblastogenesis, while OPG inhibits osteoclastogenesis27. Thus, these 

molecules reduce bone turnover6. After kidney transplantation, the decrease in DKK1, 

SOST, and OPG levels could reflect improvement of bone mineral density. However, 

bone densitometry and/or bone biopsy are required to establish the relationship between 

these molecules and the bone structure. 

 

Hemodialysis patients showed higher OPN levels, possibly related to the 

inflammatory environment and the presence of vascular calcification. On the other 

hand, OPN levels were reduced in healthy controls and transplant patients, suggesting 

an improvement of the inflammatory setting after kidney transplantation. As inhibitors 

of vascular calcification, OPN and OPG are usually higher in patients with vascular
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calcification, possibly as a negative feedback to counteract this process10. Furthermore, 

it is important to note that higher levels of OPN and OPG have been previously 

associated with all-cause mortality in patients with CKD stage 5 in hemodialysis 

without diabetes28. In the present study, significant lower levels of OC, OPN, and OPG 

levels were found in transplant patients, which suggest an improvement in extraosseous 

calcifications. 

 

Regarding correlations between traditional markers and molecules related to 

bone metabolism, we found that levels of 25(OH)D and FGF-23 levels negatively 

correlated in transplant recipients and hemodialysis patients. This can be explained by 

the inhibitory action of FGF-23 on 1α-hydroxylase, reducing the levels of active vitamin 

D29. Similarly, OPN levels and ALP were positively correlated in the transplant group. 

As expected, levels of both molecules were lower in kidney transplant patients, possibly 

reflecting low bone turnover. There was a positive correlation between OPG and ALP 

in hemodialysis patients, similar to what was reported previously by Morena et al. in 

CKD patients before dialysis25. In patients with CKD, PTH stimulates the release of 

OPG by osteoblasts 25. OPG prevents the binding of RANKL to RANK in osteoclasts, 

inhibiting osteoclastogenesis and thereby reducing bone reabsorption30. 

The present study has limitations, including the cross-sectional design, the 

performance in a single center, and the lack of investigation on mechanisms. Due to the 

cross-sectional design, it is not possible to establish the cause for the changes found in 

bone metabolism markers in kidney transplant recipients, hemodialysis patients, and 

healthy controls. This study was carried out in patients more than one year after kidney 

transplantation, in whom the dose of prednisone was only 5 mg/day. Therefore, it was 

not possible to investigate the influence of high doses of corticosteroids on the levels of 

bone markers. Serial measurements in the same patient before and after kidney 

transplant would allow understanding dynamic changes of these molecules. 

Nevertheless, the fact that the differences in the studied biomarkers persisted regardless 

of the gender and transplant time, two possible confounding factors, reinforces the 

hypothesis that there is an improvement of MBD after kidney transplantation. 

 

 

 
CONCLUSION
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In conclusion, bone metabolism biomarkers levels in kidney transplant 

recipients were lower, possibly due to the amelioration in inflammation and uremia 

obtained after recovery in GFR post-transplantation. Diagnosis and management of 

MBD in kidney transplant recipients are still difficult due to limited diagnostic tools and 

few studies with this population. Longitudinal studies with additional methods to 

evaluate bone structure are needed to understand the role of these molecules on bone 

metabolism after kidney transplant. 
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TABLES 

 
Table 1. Baseline characteristics of the kidney transplant recipients, patients on hemodialysis, and healthy subjects (controls). 

 
 

Parameters 
Transplant 

recipients 

Patients on 

dialysis 

Controls 

(n = 31) 

 

P-value 

 

 (n = 57) (%) (n = 26) (%) (%)   

Age (years)    0.486  

20 to 30 7 (12.3) 2 (7.7) 4 (12.9)   

31 to 40 14 (24.6) 12 (46.1) 13 (41.9)   

41 to 50 20 (35.1) 5 (19.2) 8 (25.8)   

51 to 60 9 (15.8) 4 (15.4) 2 (6.4)   

61 to 70 6 (10.5) 1 (3.8) 3 (9.7)   

> 70 1 (1.7) 2 (7.7) 1 (3.2)   

Sex (male/female) 31 / 26 15 / 11 15 / 16 0.768  

Obesity    0.059  

Grade 1 14 (24.6) 3 (11.5) 1 (3.2)   

Grade 2 6 (10.5) 2 (7.7) 1 (3.2)   

Smoker 4 (7.0) 4 (15.4) 5 (16.1) 0.276  

Underlying kidney disease    0.298  

Glomerulopathy 23 (40.3) 9 (34.6) -   

Hypertensive nephrosclerosis 5 (8.8) 2 (7.7) -   

Diabetic nephropathy 6 (10.5) 7 (26.9) -   

Undetermined 23 (40.3) 8 (30.8) -   

Time since dialysis start      

Less than 5 years - 18 (69.2) -  

Between 5 and 10 years - 6 (23.1) -  

More than 10 years - 2 (7.7) -  

Time since transplant      

Less than 5 years 16 (28.1) - -  

Between 5 and 10 years 30 (52.6) - -  

More than 10 years 11 (19.3) - -  
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Diabetes mellitus 19 (33.3) 9 (34.6) - 0.909 

Insulin therapy 7 (12.3) 7 (26.9) - 0.098 

Hypertension 45 (78.9) 23 (88.5) - 0.296 

Use of antihypertensive drugs 48 (84.2) 24 (92.3) - 0.313 

ACEI/ARB 41 (71.9) 14 (53.8) - 0.106 

Calcium channel blockers 13 (22.8) 12 (46.1) - 0.032 

Diuretics 11 (19.3) 19 (73.1) - <0.001 

β-blockers 14 (24.6) 12 (46.1) - 0.049 

Other 10 (17.5) 9 (34.6) - 0.086 

The total amount of antihypertensive drugs 1.56 ± 1.12 2.65 ± 1.13 - <0.001 

Dyslipidemia 32 (56.1) 8 (30.8) - 0.032 

Use of statin 25 (43.8) 6 (23.1) - 0.069 

Use of ciprofibrate 2 (3.5) - -  

In treatment for MBD 8 (14.0) 26 (100) - <0.001 

Use of alendronate 1 (1.8) 26 (100) - <0.001 

Use of cinacalcet 3 (5.3) 16 (61.5) - <0.001 

Use of cholecalciferol 4 (7.0) 6 (23.1) - 0.037 

Use of phosphorus chelating agents - 22 (84.6) -  

Use of calcitriol/paracalcitriol - 6 (23.1) -  

Values are expressed as mean and standard deviation. ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin-receptor blockers. 

MBD: bone mineral disorder. 
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Table 2. Baseline laboratory measurements of transplant recipients and patients on hemodialysis. 

 

Laboratory parameters Transplant recipients Patients on dialysis P-value 

n = 57 n = 26 

Serum Calcium (mg/dL) 11.52 (±1.54) 8.75 (±0.13) 0.080 
Serum Phosphorus (mg/dL) 3.79 (±0.57) 5.62 (±0.32) 0.007 

Serum Urea (mg/dL) 40.25 (±2.38) - - 
 n = 56 n = 26  

Serum PTH (pg/mL) 105.69 (±10.97) 753.23 (±125.39) <0.001 

Serum ALP (IU/L) 87.69 (±5.00) 297.60 (±58.36) 0.009 

Serum 25(OH)D (ng/mL) 24.89 (±1.55) 30.92 (±2.47) 0.045 

Serum Creatinine (mg/dL) 1.29 (±0.05) - - 

Values are expressed as mean and standard deviation. PTH: parathyroid hormone; ALP: alkaline phosphatase; 25(OH)D: 25-hydroxyvitamin D. 
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Table 3. Correlation between laboratory parameters and human bone metabolism biomarkers in kidney transplant recipients and patients on 

hemodialysis. 

 

Laboratory parameters 
Transplant recipients (n = 56) Patients on hemodialysis (n = 26) 

FGF-23 (pg/mL) OPN (pg/mL) FGF-23 (pg/mL) OPG (pg/mL) 

25(OH)D (ng/mL) 

r -0.531 -0.212 -0.430 -0.366 

p 

ALP (IU/L) 

0.019 0.237 0.040 0.112 

r 0.213 0.572 0.375 0.548 

p 0.868 <0.001 0.078 0.012 

Pearson or Spearman tests were adopted to evaluate correlations according to the variables’ distribution. ALP: alkaline phosphatase; OPG: 

osteoprotegerin; OPN: osteopontin; 25(OH)D: 25-hydroxyvitamin D. 
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FIGURES LEGENDS 

 
 

Figure 1. Levels of human bone metabolism molecules in plasma samples of kidney 

transplant recipients, patients on hemodialysis, and healthy sex, and age-matched subjects 

(controls). Results are expressed as bar graphs with mean values and standard error of the 

mean (SEM). Differences were significant at p < 0.05 (Mann–Whitney U test). 

DKK1: Dickkopf WNT Signaling Pathway Inhibitor 1; OPG: osteoprotegerin; OC: 

osteocalcin; OPN: osteopontin; SOST: sclerostin; FGF-23: fibroblast growth factor 23. 

*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 

 
 

Figure 2. Correlations between human bone metabolism components in plasma samples of 

kidney transplant recipients. Statistical significance was considered when p < 0.05. 

DKK1: Dickkopf WNT Signaling Pathway Inhibitor 1; OPG: osteoprotegerin; OPN: 

osteopontin; SOST: sclerostin; FGF-23: fibroblast growth factor 23. 

 
Figure 3. Correlations between human bone metabolism components in plasma samples of 

patients on hemodialysis. Statistical significance was considered when p < 0.05. 

DKK1: Dickkopf WNT Signaling Pathway Inhibitor 1; OPG: osteoprotegerin; OPN: 

osteopontin; SOST: sclerostin; FGF-23: fibroblast growth factor 23.
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CONCLUSÃO FINAL 

 

 
Apesar de não ser possível a completa resolução do DMO secundária a DRC, o 

transplante renal promove efeitos benéficos. No entanto, fatores como o uso dos 

imunossupressores e as condições prévias ao transplante renal podem resultar no 

ressurgimento ou piora do DMO. Conforme mostrado neste estudo, houve redução 

significativa do PTH, fósforo e fosfatase alcalina nos pacientes transplantados renais 

quando comparados aos dialíticos. Em relação aos biomarcadores do metabolismo 

ósseo, todas as moléculas (OPG, OC, OPN, FGF-23, SOST, DKK1) apresentaram 

redução significativa em relação ao grupo de pacientes com DRC em hemodiálise. 

Além disso, algumas dessas moléculas (OPG, OC, SOST, FGF-23, DKK1) 

apresentaram níveis ainda menores do que em indivíduos saudáveis. 

Nos pacientes com DRC, o nível elevado de FGF-23 parece estar relacionado a 

alterações cardiovasculares como hipertrofia do ventrículo esquerdo, disfunção 

diastólica e hipertensão arterial via ativação do SRAA (de Borst et al., 2011). Após o 

transplante renal, observa-se uma redução no FGF-23 o que poderia implicar em uma 

melhora nestas alterações cardiovasculares, além do seu efeito no metabolismo ósseo. 

Os marcadores ósseos, DKK1 e SOST, são responsáveis por inibir a osteoblastogênese, 

enquanto a OPG inibe a osteoclastogênese. Desta maneira, essas três moléculas 

reduzem o turnover ósseo (Cejka et al., 2012; Tobeiha et al., 2020). Após o transplante 

renal, a redução de seus níveis pode implicar em uma melhora na densidade mineral 

óssea, sendo necessário o estudo da densidade por meio de densitometria óssea e/ou 

biópsia óssea para estabelecer a relação entre estas moléculas e a estrutura óssea. 

A osteocalcina, produzida pelos osteoblastos, é um marcador de alto turnover 

ósseo e indutor da calcificação (Komori, 2020). Osteopontina e OPG apesar de 

inibidores da calcificação vascular são encontradas em altos níveis nos pacientes com 

calcificação vascular, ou seja, parecem ser liberadas para se contraporem ao aumento da 

calcificação (Moe et al., 2005; Si et al., 2020). No presente estudo, foi encontrado uma 

redução nos níveis de OC, OPN e OPG, o que pode refletir uma melhora nas 

calcificações extraósseas. A realização da tomografia mutislice das artérias coronárias e 

aorta permite estimar a calcificação destes vasos, sendo um método não invasivo que 

poderia ser utilizado em conjunto com a dosagem destes marcadores ósseos para avaliar 

o risco de eventos cardiovasculares nos transplantados renais.
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Este estudo foi realizado em pacientes com mais de um ano de transplante renal, 

nos quais a dose de prednisona é de apenas 5mg/dia. Sendo assim, não foi possível 

avaliar a influência de altas doses dos corticoides nos níveis sanguíneos dos marcadores 

ósseos dosados. Como o risco de fraturas, no primeiro ano, é maior nos pacientes 

transplantados renais em relação aos dialíticos, seria interessante realizar um estudo 

comparando os mesmos pacientes antes e após o transplante renal. 

O diagnóstico e manejo do DMO nos pacientes transplantados renais ainda é 

objeto de amplo debate. Há na literatura poucos estudos que abordam o problema em 

transplantados renais. Novos métodos para diagnóstico e monitoração, como 

biomarcadores e exames de imagens, ainda são limitados, não sendo possível utilizá-los 

para predizer o risco de fraturas e eventos cardiovasculares. Com o intuito de melhorar a 

qualidade de vida do paciente transplantado renal, a sobrevida do enxerto e a redução da 

mortalidade faz-se necessário estudos mais robustos que investiguem o diagnóstico e o 

tratamento do DMO neste grupo. 
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ANEXO A 
 

 

 

  PARECER CONSUBSTANCIADO DO CEP  

DADOS DO PROJETO DE PESQUISA 

Título da Pesquisa: Avaliação de marcadores do metabolismo ósseo em pacientes 
transplantados renais 

 
Pesquisador: FLAVIA MARIA 

BORGES VIGIL Área Temática: 

Versão: 1 

CAAE: 31405120.3.0000.8787 

Instituição Proponente: ASSOCIACAO EVANGELICA BENEFICENTE DE 

MINAS GERAIS 

Patrocinador Principal: Financiamento Próprio 

 
DADOS DO PARECER 

 
Número do Parecer: 4.015.859 

 

Apresentação do Projeto: 

Avaliação dos marcadores de metabolismo ósseo em pacientes transplantados renais. 

Objetivo da Pesquisa: 

Objetivo Geral: 

Avaliar as concentrações sanguíneas e urinárias de moléculas relacionadas ao 

metabolismo ósseo em pacientes transplantados renais, comparando-as com tais 

medidas em indivíduos saudáveis e pacientes em tratamento dialítico. 

 
Objetivo Especifico: 

- Medir as concentrações sanguíneas de marcadores do metabolismo ósseo a saber: 

ACTH, DKK-1,insulina, leptina, FGF-23, interleucina (IL)-1beta, IL-6, osteocalcina, 

osteopontina, osteoprogerina (OGP), PTH, TNF alfa, 25 OH vitamina D e fosfatase 

alcalina. em pacientes adultos submetidos a transplante renal; - Comparar as 

mensurações dessas moléculas em pacientes transplantados renais com as mesmas 

dosagens realizadas em indivíduos saudáveis, pareados por idade e sexo (grupo 

controle negativo) e em pacientes portadores de DRC em tratamento dialítico também 

pareados por idade e sexo com o grupo de transplantados renais (grupo controle 

positivo);
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- Verificar associações e/ou correlações entre as medidas das moléculas com variáveis 

clínicas e 
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laboratoriais incluindo tempo de diálise, tipo de imunossupressores utilizados, níveis 

séricos de cálcio, fósforo, 1,25-OH vitamina D, PTH e fosfatase alcalina óssea tanto nos 

pacientes transplantados renais quanto nos pacientes em tratamento dialítico. 

 

 

 

Avaliação dos Riscos e Benefícios: 

Riscos: 

A tipificação do risco é classificada como moderada. 

A coleta das amostras de sangue será realizada por meio de punção venosa periférica 

cujo riscos durante a coleta - Garroteamento Excessivo; Flebite;Transfixação do 

cateter; Extravasamento de líquido e hematoma. Perda da amostra devido erro na coleta 

ou problemas durante o processamento, ou transporte irregular ou identificação errada; 

Informações confidenciais reveladas quando se sabe que essas pessoas fazem parte do 

conjunto de dados anônimos; 

 
Benefícios: 

Esta pesquisa tem como objetivo beneficiar os pacientes transplantados renais em 

relação a prevenção das doenças cardiovasculares, como o infarto agudo do miocárido e 

o acidente vascular cerebral. A princípio a pesquisa não trará nenhum benefício aos 

pacientes doentes renais crônicos em hemodiálise e aos voluntários, exceto se algum 

deles for submetido a um transplante renal ao longo de sua vida. A pesquisa é relevante 

pois permitirá maior conhecimento de eventos que reduzem a qualidade de vida e 

aumentam a mortalidade dos pacientes transplantados renais. 

 

 

 
Comentários e Considerações sobre a Pesquisa:
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O pesquisador responsável fundamenta a pesquisa nas diretrizes da Comissão Nacional 

de Ética em Pesquisa e demais normativas das boas práticas clínicas, agências 

regulatórias e dos órgãos competentes das esferas municipais, estaduais e federais. 

Documentos consultados: 

Procedimentos Operacionais Padrão – POP, 
Documento de Boas Praticas Clínicas: Documento das Américas, 

Portaria 2201 de 14 de setembro de 2011, 
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Resolução nº 466, de 12 de dezembro de 2012, 
Resolução nº 441, de 12 de ano 

de 2011, Norma Operacional nº 

001/2013. 

Considerações sobre os Termos de apresentação obrigatória: 

Folha de Rosto; 
Brochura do Projeto de Pesquisa; 
Termo de Consentimento de Uso de Dados - TCUD; 

Termo de Responsabilidade; 
Declaração Institucional; 
Cronograma; 
Orçamento; 
Termo de Consentimento Livre e Esclarecido/TCLE; 

Documento de Cessão; 
Declaração Inter institucional do Laboratório e Biorrepositório: Interdisciplinar de 

Investigação Médica da 
Faculdade de Medicina da UFMG; 
Termo de guarda do material biológico em biorrepositório; 

Termo de descarte de material biológico em biorrepositório; 
Procedimento Operacional Padrão para transporte de amostras biológica; 

Procedimento Operacional Padrão para coleta de amostra biológica; 

Declaração Comprometimento do Laboratório de Análises Clínicas do Hospital 

Evangélico de Belo Horizonte. 

 

Recomendações: 

O pesquisador responsável deverá emitir ao Comitê de Ética em Pesquisa o relatório 

semestral, conforme Norma Operacional 01/2013. 

Qualquer procedimento referente a amostra biológica, novo projeto de pesquisa, 

biorrepositório e demais, deverão ser encaminhadas para o Comitê de Ética em
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Pesquisa e ou Comissão Nacional de Ética em Pesquisa, para análise e parecer. 

Consultar as diretrizes éticas. 

Conclusões ou Pendências e Lista de Inadequações: 

O projeto de pesquisa está adequado conforme as normativas da Comissão Nacional de 

Ética em Pesquisa - CONEP. Projeto de Pesquisa aprovado. 

 

 

 

 

 

 

 

 

 
Considerações Finais a critério do CEP: 

Página 03 de 

 

Este parecer foi elaborado baseado nos documentos abaixo relacionados: 

Tipo 

Documento 

Arquivo Postagem Autor Situaç 

ão 

Informações PB_INFORMAÇÕES_BÁSICAS_DO 04/05/202  Aceito 

Básicas do _P ROJETO_1344796.pdf 0 19:45:53  

Projeto    

Folha de Rosto FolhaRosto.pdf 04/05/202 FLAVIA Aceito 
  0 19:45:02 MARIA  

   BORGES  

   VIGIL  

Projeto MestradoDMO.docx 04/05/202 FLAVIA Aceito 

Detalhado /  0 16:44:13 MARIA  

Brochura   BORGES  

Investigador   VIGIL  

Outros PRSLACN05TRANSPORTE.pdf 04/05/202 FLAVIA Aceito 
  0 16:42:29 MARIA  

   BORGES  

   VIGIL  

Outros POPTEC05COLETA.pdf 04/05/202 FLAVIA Aceito 
  0 16:41:30 MARIA  

   BORGES  

   VIGIL  

Declaração de DeclaracaoLaboratorioUFMG.docx 04/05/202 FLAVIA Aceito 

Instituição e  0 16:40:18 MARIA  

Infraestrutura   BORGES  

   VIGIL  
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Declaração de Terrmodeguardadematerial.pdf 04/05/202 FLAVIA Aceito 

Manuseio  0 16:35:42 MARIA  

Material   BORGES  

Biológico /   VIGIL  

Biorepositório /     

Biobanco     

Declaração de DescarteMaterialBiologico.pdf 04/05/202 FLAVIA Aceito 

Manuseio  0 16:34:04 MARIA  

Material   BORGES  

Biológico /   VIGIL  

Biorepositório /     

Biobanco     

Declaração de Termousodedados.pdf 04/05/202 FLAVIA Aceito 

Pesquisadores  0 16:33:08 MARIA  

   BORGES  

   VIGIL  

Declaração de Termodepesquisador.pdf 04/05/202 FLAVIA Aceito 

Pesquisadores  0 16:31:43 MARIA  

   BORGES  

   VIGIL  

TCLE / Termos DocumentoCessao.docx 04/05/202 FLAVIA Aceito 

de  0 16:30:12 MARIA  

Assentimento /   BORGES  

Justificativa de   VIGIL  

Ausência     

TCLE / Termos TCLE.docx 04/05/202 FLAVIA Aceito 

de  0 16:29:22 MARIA  

Assentimento /   BORGES  

Justificativa de   VIGIL  

Ausência     

Orçamento Orcamento.docx 04/05/202 FLAVIA Aceito 
  0 16:28:56 MARIA  

   BORGES  

   VIGIL  

Declaração de TERMOLABORATORIoHE.pdf 04/05/202 FLAVIA Aceito 

Instituição e  0 16:27:19 MARIA  

   BORGES  

   VIGIL  

Página 04 de 

 

Infraestrutura TERMOLABORATORIoHE.pdf 04/05/202 

0 16:27:19 

FLAVIA MARIA 

BORGES VIGIL 

Aceit 

o 

Declaração de Declaracaoeuler.pdf 04/05/202 FLAVIA MARIA Aceit 

Instituição e  0 16:25:54 BORGES VIGIL o 

Infraestrutura     



94 
 

 

Cronograma cronograma.docx 04/05/202 FLAVIA MARIA Aceit 
  0 16:21:55 BORGES VIGIL o 

Situação do Parecer: 

Aprovado 

Necessita Apreciação da CONEP: 
Não 

BELO HORIZONTE, 08 de Maio de 2020 

 

 
Assinado por: 

BIANCA REGINA ARANTES 
(Coordenador(a)) 


