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RESUMO

hY

Introducdo: A Sindrome Metabdlica (SM) tem sido associada a proteinuria a
redugdo da taxa de filtragdo glomerular. Em transplantados renais a
Imunossupressdo aumenta a incidéncia de fatores de risco cardiovasculares,
predispondo a sindrome. O objetivo dessa revisdo sistematica e metanalise é buscar
informacdes precisas, visando esclarecer qual o impacto da SM no pés- transplante.
Métodos: Estratégias de buscas foram utilizadas no MEDLINE, no EMBASE e na
Cochrane Library até o dia 4 de Outubro de 2014. Foram selecionados estudos que
compararam individuos com e sem SM, submetidos a transplante renal e que
avaliaram os seguintes desfechos: perda de enxerto, eventos cardiovasculares
(ECV), morte por doenca cardiovascular (DCV) e morte por todas as causas. Dois
revisores independentes extrairam os dados e avaliaram a qualidade dos estudos.
Resultados: Dos 585 estudos inicialmente identificados, 5 foram selecionados,
incluindo um total de 1269 pacientes. A SM mostrou-se associada a perda de
enxerto (risco relativo, 3,02; intervalo de confianca (IC) 95%,2,17-4.32; 1>=0%; P
heterogeneidade= 1,35), ECV (risco relativo, 3,53; 1C95%, 1,27-9.85; 2= 0%; P
heterogeneidade= 1,81) e morte por DCV (risco relativo, 2,61; IC 95%, 0,70-9,81;
12=58%; P heterogeneidade= 0.76). N&o foi encontrada associagao entre a SM e
morte por todas as causas. Conclusao: Encontrou-se associacdo entre perda de
enxerto, ECV e morte por DCV com o diagnostico de SM apds transplante renal.
Estudos com maior tamanho amostral e poder devem ser realizados para que se
possa avaliar a possivel associacdo entre mortalidade por todas as causas e SM
apos o transplante renal. Ha4 necessidade de estudos clinicos randomizados a fim de
verificar se interven¢des em cada componente da sindrome resultariam em melhores

desfechos apos 0 transplante renal.



Palavras chave: Sindrome metabdlica, transplante renal, revisdo sistematica e

metanalise.



ABSTRACT

Background: Metabolic syndrome (MS) has been associated with proteinuria and
reduced glomerular filtration rate. Immunosuppressive agents increase the incidence
of traditional cardiovascular risk factors and thus have expected effects on
components of MS after transplantation. The purpose of this systematic review and
meta-analysis is provide valid information regarding the syndrome and clarify this
question. Methods: MEDLINE, EMBASE and Cochrane Library were searched up to
October 4, 2014. Papers that compared MS and non-MS patients who underwent
renal transplantation and assessed one of the following outcomes: graft loss,
cardiovascular events (CVE), death by cardiovascular disease (CVD) and all-cause-
mortality were included. Two independent reviewers summarized the data and
evaluated the quality of the articles. Results: From 585 studies identified, 5 were
included (1269 patients). MS was related to graft loss (relative risk, 3.02; 95%
confidence interval, 2.17-4.32; 1>= 0%; P heterogeneity= 1.35), CVE (relative risk,
3.53; 95% confidence interval, 1.27-9.85; I?= 0%; P heterogeneity= 1.81) and death
by CVD (relative risk, 2.61; 95% CI, 0,70-9,81; 1>=58%; P heterogeneity= 0.76). No
association was found between MS and all cause-mortality. Conclusion: Graft loss,
CVE and death by CVD were associated with the MS diagnoses after kidney
transplantation. Larger studies should be design to elucidate its association with
mortality by all-causes, since the combined sample size from the available studies
still lack power. Lastly, prospective randomized clinical trials should be conducted in
order to define if interventions on each MS component would result in better

outcomes after kidney transplantation.

Keywords: Metabolic syndrome, kidney transplantation, systematic review and

meta-analysis.
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1 Introducéo

O transplante renal é o tratamento com melhor custo-eficacia para pacientes
com doenca renal em estagio terminal (1). Além disso, é considerado o tratamento
de substituicdo renal que proporciona melhor qualidade de vida para esses
pacientes em comparacdo com outros métodos de substituicdo renal, como a

hemodialise (HD) e a dialise peritoneal (DP) (2).

Nas ultimas décadas tem sido evidenciada a melhora na sobrevida do enxerto
e do paciente entre os receptores de transplante renal (3, 4). A terapia
imunossupressora, principalmente os inibidores da calcineurina (ciclosporina e
tacrolimus) sdo os responsaveis - parcialmente - pela sobrevida desses pacientes e
pela reducdo do uso de corticosteroides. Contudo, essa mesma imunossupressao,
tdo necessaria para a manutencdo do enxerto renal, desencadeia uma série de
efeitos colaterais que devem ser considerados (5). Muito frequentemente se observa
no paciente transplantado episédios de rejeicdo, perda precoce, nefropatia cronica
do enxerto, hipertensao arterial sistémica (HAS), dislipidemias, desenvolvimento de
Diabetes Melito (DM) e eventos cardiovasculares (ECV), os quais estao relacionados

com a reducao da sobrevida do enxerto e do proprio paciente (6-8).

A Sindrome Metabdlica (SM), que é um agrupamento de anormalidades
bioquimicas e clinicas, tais como a obesidade abdominal, dislipidemia, HAS e o
metabolismo da glicose comprometido, tem sua causa - em parte - relacionada ao
uso da terapia imunossupressora no pos-transplante (9-11). Sua prevaléncia na
populacdo geral tem aumentado de maneira significativa e mais recentemente, tem
sido observado que a SM €& comum, também, no pos-transplante renal,

apresentando uma alta prevaléncia (12-14). Muito embora a definicdo e a
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patogénese dessa sindrome ainda estejam sob questionamentos, a SM tornou-se
um problema de saude publica relevante, tendo em vista 0 seu impacto sobre as
doencas cardiovasculares (DCV) (15, 16). A SM aumenta o risco de disfuncdo
cronica do enxerto e o desenvolvimento de DCV, que é a principal causa de obitos

em transplantados renais (15-17).

Com base nas atuais evidéncias acerca da relevancia da SM na sobrevida do
paciente e do enxerto, faz-se importante verificar a associacdo da SM como fator de

risco para desfechos negativos no pés-transplante renal.
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2 Revisao da Literatura

2.1 Transplante Renal

Dados da Associacdo Brasileira de Transplante de Orgdos (ABTO)
registraram que no ano de 2013, dos 7.649 transplantes realizados no pais, 71%
foram de rim (18), sendo que o Brasil € o segundo pais que mais realiza transplantes
renais no mundo (em numero absoluto de transplantes), ficando apenas atras dos
Estados Unidos. De janeiro a setembro de 2014, dos 5.900 transplantes realizados

no Brasil, 4.221 foram transplantes renais (19).

A taxa de mortalidade em longo prazo é menor em receptores de transplante
do que para aqueles que permanecem na lista de espera ou mesmo em dialise (20).
Um estudo com 46.164 pacientes na lista de espera para transplante nos EUA
relatou que pacientes transplantados na faixa etaria de 20 a 39 anos, de ambos os
sexos, tinham uma sobrevida de 17 anos a mais do que aqueles que permaneciam

na lista (21).

A terapia imunossupressora, especialmente os glicocorticoides e os inibidores
de calcineurina, como ciclosporina e tacrolimus, sdo utilizados na prevencao e
tratamento da rejeicdo aguda (RA) e de outros desfechos clinicos desfavoraveis
(22). Essa imunossupressdo, no entanto, pode ser responsavel por reacfes
adversas, que podem impactar na morbidade e mortalidade dos pacientes
transplantados (23). Nos ultimos 20 anos, a melhor compreenséo acerca da terapia
combinada de drogas imunossupressoras, aliada a melhora na preservacdo dos
orgdos e compatibilidade imunoldgica, bem como a profilaxia para infec¢des

oportunistas tem contribuido para os melhores resultados obtidos no transplante
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renal (24). Em consequéncia, houve um aumento significativo nas taxas de
sobrevida de pacientes e de enxertos. A sobrevida ap0s o transplante varia de 82%
em cinco anos para receptores de rim de doadores falecidos a 91,6% para pacientes
transplantados com rins de doadores vivos com antigenos leucocitarios humanos

(HLA) idénticos (3, 4).

Muito embora tenha sido a partir do uso da terapia imunossupressora mais
seletiva e efetiva, que se obteve uma melhora consideravel no que diz respeito a
sobrevida dos pacientes e dos enxertos renais, sabe-se que em longo prazo, os
resultados podem levar a consequéncias insatisfatérias e a maioria € ocasionada por
doenca crbénica do enxerto (nefrotoxidade e rejeicdo crbnica) e Obito com enxerto

funcionante (25, 26).

A mortalidade por DCV esta fortemente relacionada a doenca renal em seus
diferentes estagios, envolvendo uma série de fatores de risco (figura 1). Sabe-se que
durante o periodo em que o paciente esta sob o tratamento de HD, o risco para o
desenvolvimento de DCV é de 10 a 20 vezes superior ao da populacdo em geral
(27). Ja para o paciente transplantado, o risco passa a ser inferior ao que se tinha no
tratamento dialitico. Apesar disso, o risco de DCV é significativamente maior quando
comparado ao da populagcdo em geral (28), principalmente em pacientes com idade
entre 25 — 55 anos. Dados recentes registram que complicacdes cardiacas sao
causas prevalentes (18 a 30%) de Obitos em pacientes transplantados (29, 30).
Conforme registros atualizados do Reino Unido, ECV combinados com doencas
cerebrovasculares representam 22,9% das causas de morte dos pacientes

transplantados, se sobrepondo aos 21,6% de mortes causadas por infec¢des (31).



Figura 1. Transplante Renal e DCV
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Fonte: Adaptado de Moreso et al. 2013 (25).

2.2 Sindrome Metabdlica

18

A SM, também denominada Sindrome X, como inicialmente foi proposta por

Gerald M. Reaven, em 1988 (32), € um agrupamento de fatores de risco

cardiovasculares ja bem estabelecidos, tais como a obesidade, a HAS, a

dislipidemia e o comprometimento do metabolismo da glicose (33). Essa sindrome

representa uma complexa interacdo entre fatores genéticos e ambientais que estao

intrinsecamente relacionados através das vias de homeostase energética (Figura 2).

Dentre esse aglomerado de anormalidades bioquimicas que a compde, a obesidade

€ considerada a principal caracteristica do fenotipo de um individuo que apresenta

SM, pois contribui para o desenvolvimento da RI, hiperinsulinemia e dislipidemia (13,

34).
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Figura 2. Sinais clinicos e patogénese da SM

SINAIS CLINICOS T PATOGENESE

( Ativacdo SNS )
Resisténcia -~ Predisposicédo
alnsulina ) _— — : genética
__Mecanismo fisiopatologico

PressléoAc;terial P ~ P | Sedentarismo
slevada | Ativagio SRA | ( Disfungéo
N . _endotelial /
_ - Fatores
253?%?:; —— ambientais
o SINDROME
Dislipidemia " i
P METABOLICA Dieta
Inflamacéo

SNS (Sisterna Nervoso Simpatico)
SRA (Sistema Renina-Angiotensina)

Fonte: Adaptado de Canale et al, 2014 (35).

No passado, a SM foi descrita como um instrumento Util na prevencdo de
DCV e DM no pos-operatério (36). Em 10 anos, mais de 1.000 estudos sobre o tema
surgiram na literatura, apesar da discussdo provocada por uma publicacdo da
Associacdo Americana de Diabetes (ADA) e pela Associacdo Europeia para o
estudo de Diabetes (AEED), na qual sugeriam que a SM havia sido amplamente
impulsionada pela indastria, sendo assim embasada em interesses meramente
comerciais (37). Em contrapartida, a Federagédo Internacional de Diabetes (IDF)
afirmou que a sindrome em questao atende a um propdsito Util, que se atém aos
interesses do individuo, da comunidade e do ambito clinico daqueles que
apresentam risco aumentado para o desenvolvimento de DCV e Diabete Melito tipo
2 (DM 2) (38). O fato de nao se ter uma padronizagdo na sua definicdo, acarreta

dificuldades na comparabilidade de diferentes estudos (39).
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2.2.1 Critérios diagnosticos da Sindrome Metabdlica

A IDF considera que a SM deve ser diagnosticada quando o individuo
apresentar obesidade central associada a dois fatores adicionais. J4 para a
Organizacdo Mundial da Saude (OMS), o comprometimento do metabolismo da

glicose com a Rl aumentada, somado a outros dois fatores define a sindrome (40).

Dentre as diferentes definicdes, a mais utilizada é a proposta pela National
Cholesterol Education Program (Adult Treatment Panel Ill) — (NCEP/ ATP IIl). Esse
critério diagnéstico simplesmente define SM como a presenca de trés ou mais
fatores de risco, evitando, dessa maneira, que um dos fatores da sindrome passe a
assumir uma posicao central e se sobreponha aos demais (9) (Tabela 1).

Tabela 1. Diferentes Classifiacdes da sindrome metabdlica

Obesidade Relaciocintura/quadril Circunferéncia abdominal Circunferéncia abdominal
= (1,8 (homens)
=0,85 (mulheres) =84cm (homens europeus) =102cm (homens)
=80 cm (homens asiaticos) =88cm (mulheres)
ou IMC = 30ka/m* =80 (mulheres)***
Glicemia Diabetes Mellitus, Intolerancia =110ma/dl ou DM prévia =110maidl ou DM prévia
glicidica ou Resisténcia a Insulina
comprovada pelo camp®
TGL =>150mg/dL** =150mg/dL** =>150mg/dL**
HDL <35ma/dL (homens) <40ma/dL (homens) <40ma/dL (homens)
=39mg/dL {mulheres) =50mg/dL (mulheres) =50mg/dL {mulheres)
outratamento para
dislipidemia
Pressio Pressao Sistolica= 140mmHg Pressio Sistolica Pressio Sistolica
Arterial =130mmHg ou Pressdo =130mmHgou
Diastolica = 85mmHg Pressio Diastdlica
outratamento para HAS =85mmHg
Outros Excrecdo urindria de Albumina

=20 mcg ou relacio
albuminalcreatinina = 30mag/g

*Dois fatores e obrigatoriamente o componente assinalado ** TGL elevados ou HDL baixo constituem um fator pela OMS;

*** Componente obrigatorio; ****Presenca de rés ou mais dos componentes citados.

IDF: International Diabetes Federation; NCEP:National Cholesterol Edication Program; OMS: Organizacioe Mundial da Sadde
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2.2.2 Fisiopatologia da Sindrome Metabdlica

Os mecanismos fisiopatolégicos  essencialmente  vinculados ao
desenvolvimento da sindrome sé@o a RI, a atividade aumentada do sistema nervoso
simpatico (SNS) aliada ao comprometimento da medula adrenal e das funcdes
hormonais do tecido adiposo. A RI é ocasionada tanto pela predisposicao genética,
qguanto pelos fatores ambientais, e na grande maioria dos casos, esta relacionada a
obesidade (41). Nas ultimas décadas, repetidamente tem sido constatado que o
processo inflamatério desempenha um papel importante na patogénese da RI (42-

44).

Até 1993 supunha-se que o tecido adiposo era mero componente metabalico
do organismo, o qual desempenhava um papel de isolante térmico para os 0rgaos
internos e armazenamento de energia em excesso. Sua concepcdo foi somente
remodelada, quando se descobriu que os adipdcitos eram responsaveis pela
producdo do fator de necrose tumoral alfa (TNF-a) (45). Outrossim, desde a
descoberta da leptina, o tecido adiposo passa a ser estudado como um 6érgéo
dindmico e maleavel, desempenhando fun¢cbes metabdlicas e fundamentalmente
secretoras, produzindo uma variedade de mediadores, entdo designados adipocinas,

0s quais modulam os processos fisioldgicos que caracterizam a SM (46).

Atualmente uma série de adipocinas tem sido identificadas (Figura 3), as
quais desempenham uma funcdo complexa no metabolismo e principalmente nos
processos fisiopatolégicos associados a obesidade (47). A expansao do tecido
adiposo e especialmente dos depdsitos de gordura visceral, ocasionam a
desregulacdo da secrecdo dessas adipocinas, que combinadas as citocinas

liberadas pelos macréfagos, afetam a sensibilidade da insulina na musculatura
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esquelética, no figado e no proprio tecido adiposo. Dessa forma, embasando-se na
hipotese inflamatoria da SM, entende-se que esses fatores se responsabilizam pela
inflamacdo de todo o corpo, sendo, por conseguinte, um fator de risco para
aterosclerose e DM 2 (48).

Figura 3. Adipocinas e citocinas envolvidas na fisiopatologia da SM
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Algumas hipoteses tém sido sugeridas para explicar o porqué da SM poder
ser considerada um estado pré-hipertensivo (49). Apesar de ainda ser necessario
um maior numero de estudos que avaliem a sua fisiopatologia e o papel da interacéo
ambiental e genética, se tem um consenso, quase geral, de que a Rl e a obesidade
abdominal sejam as principais envolvidas na patogénese da sindrome (9, 33, 50).
No entanto, especula-se que o mecanismo inicial da SM seja a promog¢éo da HAS e
uma série de processos aterogénicos. Apenas quando o pancreas esta incapacitado
de satisfazer a demanda necesséaria de insulina que ocorre 0 comprometimento
glicémico. Dessa forma, a hiperglicemia deve ser vista como um estagio mais

avancado da perda do controle da homeostase glicidica (33). Além disso, a insulina
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€ um importante mediador de fun¢Bes vasodilatadoras. Em pacientes obesos com
RI, tais funcdes sdo comprometidas ou mesmo revertidas, o que também pode levar

ao desenvolvimento de HAS (51, 52).

O excesso de tecido adiposo abdominal, caracteristico da sindrome, esta
associado a uma maior liberacdo de &acidos graxos livres, angiotensina Il e
adipocinas (Figura 4) (53, 54). O aumento da circulacédo desses acidos graxos e de
angiotensina Il pode causar danos ao pancreas e levar a vasoconstricdo (53). Outro
fator que também esta relacionado ao aumento da PA é a condicao inflamatéria
causada pelo TNF-a e algumas interleucinas, que minimizam a eficacia da insulina.

Figura 4. Hipertensao e Dislipidemia na SM
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Fonte: Adaptado de Opie et al., 2007 (55).

Além do comprometimento da PA, a hiperglicemia e o0 aumento da circulacédo
de acidos graxos livres fornecem o0s substratos necessarios para o incremento da

producdo hepética de triglicerideos (TGL). A partir desse aumento de TGL
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circulantes, as lipoproteinas transportam mais TGL e menos APO (principalmente

Apo 1), (Figura 4), o que caracteriza o perfil lipidico de portadores da SM (56).

2.3 Sindrome Metabdlica e Transplante Renal

A SM tem sido associada a proteindria e a reducdo da taxa de filtracdo
glomerular (TFG), sugerindo uma possivel associagdo com a doenca renal cronica
(57, 58). Assim sendo, uma vez que o diabetes melito pos-transplante (DMPT) renal,
as DCV e a proteinaria sao frequentemente observados como complicacdes no pos-
transplante, o estudo da SM em individuos transplantados tem despertado
consideravel interesse (59). H&, portanto, alguns fatores de risco para o
desenvolvimento de SM nestes pacientes, 0os quais devem ser considerados: a

terapia imunossupressora, a obesidade, a HAS, e a hiperlipidemia (59).

A imunossupressdo aumenta ndo apenas a incidéncia, mas também a
gravidade de fatores de risco cardiovascular ja bem estabelecidos, desempenhando,
portanto, um papel fundamental no desenvolvimento da SM nesses pacientes. Os
corticosteréides afetam negativamente parametros como a PA, o metabolismo
lipidico e glicidico, podendo ainda atuar no aumento do apetite, promovendo assim o
ganho de peso, que pode levar a obesidade (59). Ensaios clinicos randomizados
(ECR) demonstraram melhoras em todos esses parametros a partir da retirada de
esterdides ou através da imunossupressdo isenta dos mesmos (60). Uma
metanalise publicada em 2010 com 34 ECR que avaliaram imunossupressao isenta
de esterdides foi associada a melhoras na incidéncia de DMPT, PA e perfil lipidico

dos receptores transplante renal (61).

Os inibidores da calcineurina apresentam uma série de efeitos adversos que

também devem ser considerados, incluindo a nefrotoxicidade, que pode
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indiretamente promover a DCV. A ciclosporina quando comparada ao tacrolimus &
mais comumente associada com HAS e dislipidemia. Contudo, o tacrolimus € mais
frequentemente relacionado a intolerancia a glicose e ao desenvolvimento de DMPT
(6). Todavia, ja € sabido que com a eliminacdo completa dos mesmos, o risco da RA
se sobrepbe a quaisquer outros beneficios (59). O mesmo ocorre quando se faz a
eliminacado completa do uso de inibidores da calcineurina, objetivando a melhora de

parametros metabdlicos: observa-se um aumento do risco de rejeicéo (62-64).

A obesidade, por sua vez, estd relacionada a uma série de desfechos
negativos no pos-transplante. Dentre os quais, a maior incidéncia de funcéo tardia
do enxerto e a RA. A menor sobrevida do enxerto e do paciente também tem sido
descritos (65-68). Além disso, sabe-se que a obesidade pode estar associada a
maior incidéncia de infec¢des cirdrgicas, contribuindo para um pior prognostico dos
receptores de transplante renal (69). Outra complicagdo comum no pos-transplante
renal é a HAS, que estd fortemente relacionada a perda da funcdo renal, a menor
sobrevida do enxerto e a morbidade cardiovascular (70). Sua definicdo é embasada
nos critérios do oitavo relatdrio da Joint National Committee on Prevention, Detection
and Evaluationof High Blood Pressure (JNC VIII), a qual determina presséo arterial
sistdlica (PAS) > 140 mmHg ou pressédo arterial diastdlica (PAD) > 90mmHg (71). A
cada 10 mmHg adicionais na PAS, ocorre um aumentode morte por todas as
causas e morte por perda de enxerto, em 18 e 17%, respectivamente (72). Também
€ considerado fator de risco para o desenvolvimento da SM, a hiperlipidemia. Sabe-
se que a hipercolesterolemia e a hipertrigliceridemia apresentam prevaléncias de 40
a 60%, respectivamente. Além de aumentar o risco para DCV, a hiperlipidemia tem

sido associada a uma menor sobrevida do enxerto (73).
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Alguns estudos ja avaliaram a prevaléncia e o impacto da sindrome em
pacientes transplantados renais. Ha registros de que a SM teria uma prevaléncia de
63% em até 6 anos apos o transplante (13). Em contrapartida, outro estudo que
incluiu 337 receptores de transplante renal observou uma prevaléncia de 32% em
um ano pés-transplante, concluindo que individuos do sexo masculino, com idade
avancada e aumento de indice de massa corporal (IMC) mostraram-se como fatores
preditivos para o desenvolvimento da SM no ano que sucede o transplante renal

(74).

Estudo que avaliou SM poés-transplante renal relatou uma associacao positiva
entre 0 numero de fatores que compde a SM e a prevaléncia de ECV. Em pacientes
que apresentavam um unico fator, houve 2% de incidéncia de ECV; ja com dois
fatores, esse percentual passou para 17,1%; com trés, a incidéncia chegou a 25 %.
Por fim, naqueles pacientes que tinham os quatro componentes que designam a

sindrome, foi observada a mais alta das incidéncias, chegando a 33% (39).

O fato dos componentes individuais da SM, especialmente a obesidade e a
HAS desempenharem um efeito deletério sobre os desfechos do transplante renal ja
€ bem definido. No entanto, ndo se sabe ao certo se a sindrome, avaliada como uma
entidade, e ndo a partir dos componentes individuais que a definem, pode mais
eficientemente predizer esses desfechos (13, 75, 76). Em um estudo recentemente
publicado, sugere-se a validade e superioridade dos modelos que usam a SM
comparados aos componentes individuais da sindrome para a avaliagdo da perda de

enxerto (77).

Dessa maneira, torna-se importante o estudo da SM no ambito do transplante

renal. Uma vez bem elucidado o impacto da sindrome sobre desfechos negativos no
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pos-transplante, sera possivel aprimorar 0 manejo terapéutico nesse sentido,
atuando de maneira preventiva a fim de evitar a disfuncdo crénica do enxerto,

melhorando assim a sobrevida do proprio paciente.
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3. Objetivos

3.1 Objetivo principal

Realizar uma revisédo sistematica e metanalise a fim de identificar o impacto
da SM no poés-transplante renal.

3.2 Objetivos secundarios

v' Avaliar o impacto da SM com relacéo a perda de enxerto;
v Avaliar o impacto da SM com relacao a ECV;
v Avaliar o impacto da SM com relacao a morte por DCV;

v' Avaliar o impacto da SM com relagdo a morte por todas as causas.
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ABBREVETIONS

BMI: Body Mass Index

CKD: Chronic kidney Disease

CVD: Cardiovascular Disease

CVE: Cardiovascular Events

CRP: C - Reactive Protein

ERSD: End Stage Renal Disease

FPG: Fasting Plasma Glucose

GFR: Glomerular Filtration Rate

GRADE: Grading of Recommendations Assessment, Development and Evaluation

HDL-c: High Density Lipoprotein Cholesterol

HLA: Human Leukocyte Antigen

IDF: International Diabetes Federation

LDL-C: Low Density Lipoprotein Cholesterol

MOOSE: Meta-analysis of Observational Studies in Epidemiology

MS: Metabolic Syndrome

NCEP/ATPIII: National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment

Panel IIl)



NODAT: New Onset Diabetes After Kidney Transplantation

TNF-a: Tumor Necrosis Factor Alpha

TSA: Trial Sequential Analysis

WHO: World Health Organization
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ABSTRACT

Background: Metabolic syndrome (MS) has been associated with proteinuria and
reduced glomerular filtration rate. Immunosuppressive agents increase the incidence
of traditional cardiovascular risk factors and thus have expected effects on
components of MS after transplantation. The purpose of this systematic review and
meta-analysis is provide valid information regarding the syndrome and clarify this

question.

Methods: MEDLINE, EMBASE and Cochrane Library were searched up to October
4, 2014. Papers that compared MS and non-MS patients who underwent renal
transplantation and assessed one of the following outcomes: graft loss,
cardiovascular events (CVE), death by cardiovascular disease (CVD) and all-cause-
mortality were included. Two independent reviewers summarized the data and

evaluated the quality of the articles.

Results: From 585 studies identified, 5 were included (1269 patients). MS was
related to graft loss (relative risk, 3.02; 95% confidence interval, 2.17-4.32; 12=0%; P
heterogeneity= 1.35), CVE (relative risk, 3.53; 95% confidence interval, 1.27-9.85; I2=
0%; P heterogeneity= 1.81) and death by CVD (relative risk, 2.61; 95% CI, 0,70-
9,81; 12=58%); P heterogeneity= 0.76). No association was found between MS and all

cause-mortality.

Conclusion: Graft loss, CVE and death by CVD were associated with the MS
diagnoses after kidney transplantation. Larger studies should be designed to
elucidate its association with mortality by all-causes, since the combined sample size

from the available studies still lack power. Lastly, prospective randomized clinical
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trials should be conducted in order to define if interventions on each MS component
would result in better outcomes after kidney transplant.

Keywords: Metabolic syndrome, kidney transplantation, systematic review and

meta-analysis.
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INTRODUCTION

Kidney transplantation confers the greatest survival benefit among all the others
renal replacement treatments (1) and provides the most cost-effective relation for the
majority of patients with end-stage renal disease (ERSD) (2-5). Although long-term
allograft and patient survival after kidney transplant have significantly improved over
the past decades, cardiovascular disease (CVD) limits patient survival and death with

a functioning graft remains the leading cause of late renal allograft loss (6-10).

Metabolic Syndrome (MS), also termed insulin resistance syndrome (11), is defined
as an aggregation of clinical and biochemical dysfunctions, such as obesity,
hypertension, dyslipidemia, and impaired glucose metabolism (12, 13). There are
complex associations among different environmental, genetic and metabolic factors
interconnected by energy homeostasis pathways that represent the MS (14, 15). MS
is a well-defined risk factor for cardiovascular disease and mortality. Moreover, the
syndrome has been associated with proteinuria and reduced glomerular filtration rate
(GFR) (16-18) suggesting a link with chronic kidney disease (CKD). To extend that
diabetes mellitus (DM), CVD and proteinuria are very often observed after renal
transplantation, recently MS has attracted a great deal of interest in the kidney

transplant setting (19).

The prevalence of MS after kidney transplantation varies largely from as low as 20%
to as high as 65%, probably reflecting the difference in the studied samples (20-25).
Even though the individual elements of MS, mainly hypertension and obesity also
have a negative effect on kidney transplant outcomes (24-28) , it is not clear whether

the MS as an entity predicts better than its individual elements those outcomes (29).
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Immunosuppressive agents increase the incidence and severity of traditional
cardiovascular risk factors and thus have potential effects on components of the MS
after transplantation. In renal transplant recipients the syndrome is associated with
CVD and new-onset diabetes after kidney transplantation (NODAT), deteriorating
graft function and graft loss as well (19). For these reasons, we performed a
systematic review and meta-analysis, considering that the assessment of overall
prevalence and the impact of MS condition on relevant outcomes may provide valid
information regarding the syndrome and the management of its risk factors in renal

transplant recipients.

RESULTS

Literature Search and Study Characteristics

The databases search identified 585 applicable citations that could be included.
Initially, 81 duplicated studies were recognized, and excluded from analysis,
remaining a total of 504 to be evaluated. Of those, 461 were removed by reading of
title and abstract. From that, 43 studies were chosen for full-text assessment, and 5
fulfilled all inclusion and exclusion criteria, supplying data on 1.269 kidney transplant

recipients.

The main characteristics of the 5 articles included in the meta-analysis are exposed
in Table 1. Several characteristics selected a priori to be extracted from original
articles were not available, such as: primary kidney disease, panel-reactive
antibodies, total-cholesterol, previous dyslipidemia, number of mismatched human
leukocyte antigen (HLA), cold ischemia, hepatitis C virus status, abdominal
circumference and weight. Triglycerides level was present in 3 studies (24, 30, 31),

and high density lipoprotein cholesterol (HDL-c), pre-transplant DM diagnoses and
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cytomegalovirus presence were found in only 2 studies (30, 31). C- reactive protein
(CRP) levels were referred in two studies (24, 26), immunosuppressive therapy and
glucose level in only one (24) and previous CVD was reported in only one article

(30).

Information of abdominal circumference was not available in the majority of the trials,
so all included papers adopted the body mass index (BMI) instead of abdominal
circumference as one of the MS criterion. In addition, all studies used the National
Cholesterol Education Program Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel lll)
(NCEP/ATP Ill) to define MS (12). Therefore, MS was defined as any combination of
three or more of the following five factors: overweight or obesity (BMI >25 Kg/m?);
fasting plasma glucose (FPG) >110 mmol/L, including pretransplant diabetes, or
NODAT; hypertension (BP>135/85 mmHgQ); hypertriglyceridemia
(triglycerides>150mg/dL), and low HDL-c (<40mmol/L for men and <50mmol/L for

woman). MS diagnoses were assessed 12 months after kidney transplantation.

In agreement with the Newcastle Quality Assessment Scale for cohort studies, all the
studies evaluated were classified as articles with a high quality level, considering that
2 studies (24, 32) scored 9 points and the other 3 (26, 30, 31) reached an score of 8,
indicating a low risk of bias. Considering that this systematic review includes only
observational studies, the overall GRADE (Grading of Recommendations

Assessment, Development and Evaluation) quality rating was considered very low.
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Metabolic Syndrome and kidney transplant outcomes

Graft loss

A total of 4 studies assessed graft loss, including 932 kidney transplant recipients.
MS was associated with an increased risk of graft loss (relative risk [RR], 3.02; 95%

confidence interval [Cl], 2.17-4.32; 12=0%; P :or heterogeneity =0.72) (Figure 1A).

Cardiovascular Events

This outcome was evaluated by 2 articles, including 635 patients. An association
between MS after transplantation and the development of cardiovascular events was
found (RR, 3.54; 95% CI, 2.31-5.40; 12= 0%; P heterogeneity= 0.01), with no

heterogeneity (Figure 1B).

Death by Cardiovascular Disease

Three studies appraised cardiovascular death, accounting for 865 patients. No
heterogeneity was observed and an association between MS after kidney
transplantation and death by cardiovascular disease was found (RR, 3.53; 95% ClI,

1.27-9.85; 12= 0%); P heterogeneity= 1.81.) as it is presented in the Figure 1C.

All-Cause Mortality

Three studies assessed all cause-mortality, with a total of 865 subjects included. No
association between MS post transplantation and this outcome was observed (Figure

1D). (RR, 2.61; 95% ClI, 0.70-9.81,; 1>=58%; P heterogeneity= 0.76).

Publication Bias

Contour-enhanced funnel plots and the Egger regression test revealed no publication

bias for graft loss (P=0.268) and cardiovascular death (P=0.613). We were not able
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to evaluate the risk of publication bias for the outcome of cardiovascular events,
because only two trials were included in this meta-analysis. For all-cause mortality a
possibility of publication bias was observed (P=0.067), but it did not influence the
results based on trim-and-fill analysis. The funnel plot for each meta-analysis can be

found in supplemental digital content.

Trial Sequential Analyses

Considering the sample size obtained through these articles, our meta-analysis has a
power >99% regarding graft loss and cardiovascular events. A power of 60% was
found when death by CVD was analyzed. The assessment of all cause-mortality
showed a power of 30%, considering an incidence of 4% in the control group,

heterogeneity= 58% and assuming a=0.05.

A Graft Loss

MS non-MS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CIl M-H, Fixed, 95% CI
Cucloux 2005 17 43 13 199 323% 2.801[1.42 5.57] ——
Faenza 2007 12 a0 18 248 196% 3.97 [1.498, 7.96] —
Qzdemir 2009 16 a2 16 a0 357T% 2.801[1.43,4.37] ——
Porrini 2006 8 a2 T o178 124%  3.91[1.449, 10.28] —
Total (95% CI) 227 705 100.0% 3.06 [2.17, 4.32] <
Total events 53 a1
Heterogeneity; Chi*=1.35, df= 3(P=0.72); F= 0% 2 ID1 051 150 1E=|E|

Testfor overall effect 2= 6.35 (P = 0.00001) MS related protection  MS related risk

B Cardiovascular Events

MS non-MS Risk Ratio Risk Ratio
Study or Subgroup  EBvents Total BEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Courivaud 2007 27 108 16 220 604% 3.58[2.01, 6.36] ——
Faenza 2007 14 a0 20 248 396% 347 [1.88, 6.40] —
Total (95% CI) 158 477 100.0%  3.54 [2.31, 5.40] <
Total events 41 36
Heterogeneity: Chi*=0.01, df=1 {P =094}, F= 0% o1 o 10 100

Testforoverall effect Z= 5.84 (F = 0.00001) M3 related protection  MS related risk
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MS non-MS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Courivaud 2007 6 108 3229 45T7% 4.24[1.08, 16.64] ——
Faenza 2007 1 50 0 248 4.9% 14.65[0.61, 354.48] +
Porrini 2006 1 52 3178 393% 1.14[012,10.74] i
Total (95% CI) 210 655 100.0% 3.53[1.27, 9.85] o
Total events a B
Heterageneity: Chif=1.81, df= 2 (P = 0.40); F= 0% HD.IZI1 IZIH 1=IZI 1DD=
Testfor averall effect 2= 2.42 (F = 0.02) MS related protection MS related risk
D All-cause mortality
MS non-MS Risk Ratio Risk Ratio
Stucly or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Courivaud 2007 12 108 220229 A20% 1.16[0.49, 2.26] ——
Faenza 2007 1 50 0 248 134% 1465[0.61, 354.48] +
Parrini 2006 4 a2 3178 34E6% 4 56 [1.05, 19.749] L E—
Total (95% CI) 210 655 100.0% 2.61[0.70,9.81] —eoaiii——
Total events 17 25
Heteropeneity: Tau®= 0.76; Chi®= 4.74, df= 2 (P = 0.09); F= 58% IIZI.IZI1 0?1 1ID 1IZIIZI=

Testfor overall effect: Z=1.42 (P =0.16)

FIGURE 1.

MS related protection MS related risk

Forest plot graphic showing the association between metabolic

syndrome and kidney transplant graft loss (A); cardiovascular events (B), death from

cardiovascular causes (C) and all cause-mortality (D).



Figure 2. Characteristics of the studies included in the meta-analysis

Posttransplant Ethnicity, Dialysis BMI,
Patients, Age, years Men Deceased Re-tx Smoking Hypertension
Study, Year (Ref) MS Prevalence Groups % duration kg/m2
n Mean+SD % Donor (%) (%) status % %
(%) Caucasian (months) Mean = SD
Courivaud et al., MS 12 509 23 99
32 NA 67 NA NA NA 24,6+4,6
2007 (30) non-MS 229 43+11 76
Doucloux et al., MS 93
32 NA 45+13 67 NA NA NA 24,4+4.4 22,3 72
2005 (31) non-MS 199
Faenzaetal., MS 50 435+109 68 31,2424
16.7 NA 100 NA NA NA 61
2007 (26) non-MS 248 44,7+ 13,3 62,9 36+34,8
Ozdemir et al., MS 32 29,1+8,9 NA 32,90+8,87 2243.0 69,75
28.6 NA NA NA NA
2009 (32) non-MS 80 30,949,1 NA 30,91+9,14 22435 20
Porriniet al., MS 52 52+ 11 71.2 NA 22,5+20 32.0+4.2
22.6 NA 100 NA NA
2006 (24) non-MS 178 43 +13 70.0 24,5+24 26.1+£52

Ref = reference; SD = standard deviation; BMI = body mass index; NA = not available.

[As]
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DISCUSSION

This systematic review demonstrated that MS is associated with graft loss,
cardiovascular events (CVE) and death by CVD in kidney transplant recipients. All

cause mortality, however, was not related to MS after kidney transplantation.

The underlying mechanisms of graft loss in MS remain speculative (26, 33).
However, different mechanisms have been proposed for the association between MS

and impaired renal function.

In addition to immunologic factors leading to long-term renal function impairment,
there are also some nonimmunologic factors such as hypertension, dyslipidemia,
diabetes and obesity (all components of MS) that must be mentioned (34-37). To
better understanding the reason why MS performs a relevant role on renal graft loss

Is necessary the comprehension of its physiopathology.

The type of immunosuppressive therapy can be associated with graft survival. A
histophatological study suggested that chronic calcineurin-inhibitor nephrotoxicity is
the prevalent cause of late chronic renal transplant dysfunction, which can accelerate
the process of graft loss. Furthermore, corticosteroids at high dosages, may stimulate
appetite and promote weight gain, predisposing obesity (19). There are evidences
suggesting that renal transplant patients experience an average weight gain between
5 and 10 kilograms seems to be related with decreased patient and graft survival (38-

40).

Obesity is related to proinflammatory conditions, affecting the renal function (41). In
order that, plasma concentrations of some proinflammatory adipokines, such as
tumor necrosis factor alpha (TNF-a) are elevated in patients with MS (42, 43). Apart

from, TNF-a has been shown to mediate inflammation of renal injury (44), causing
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macrophage infiltration and upper regulation of inflammatory cytokines that may be
toxic to renal epithelial, mesangial and endothelial cells (44, 45). Nevertheless, the
specific role of TNF-a in MS-induced renal injury has not been well elucidated (33).
Anyhow, is plausible to suggest that inflammation presents an association with
process of graft loss in renal transplant recipients. Others factors related to obesity
such as excess excretory load, renal sodium retention, hyperinsulinaemia and insulin

resistance may contribute to renal dysfunction.

According to our results, both outcomes: CVE and death from CVD also presented
an association with MS diagnosed after transplantation, with no heterogeneity. The
factors that contribute most to CVD risk in renal transplant recipients are the known
traditional risk factors to the general population, such as diabetes, arterial
hypertension and dyslipidemia, which are components of the syndrome. Long-term
cohort studies of the European population have shown an increase in the incidence
of CVE and mortality in relation to diabetes before and after transplantation, where
diabetes is defined as an independent risk factor for the development of
cardiovascular complications (46). Therefore, it its acceptable that this is due to
dysfunctions associated with metabolic and vascular profile, reflected in higher

cholesterol and triglycerides levels and increased blood pressure (47).

There are others causes that must be involved, mainly those that also can affect
systematic inflammation, such as the immunosuppressive treatment, infections and
also graft rejection (48). A formula for 7-year CVD and mortality risk calculation for
prevalent renal transplant recipients was recently developed by Soveri el at (49).
There are some variables included in this formula, such as recipient age, coronary
artery disease, LDL-c, creatinine, diabetes, number of transplants and time on renal

replacement therapy and smoking. Besides, it is also conceivable remind that arterial
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hypertension is highly prevalent in renal transplant recipients and may have a
particular effect on CVE, consequently affecting the death by CVD. Curiously, both
studies that evaluated CVE in this systematic review presented high prevalence of

hypertension as well (Table 1).

Interestingly, the study by Faenza et al reported a higher CVE among patients
affected by MS in comparison with those without: in patients whit 1 factor of the
syndrome, was observed 2% of incidence of CVE; with 2 factors, this value increased
to 17,1%; with 3 factors, 25% and finally with 4 factors, 33,3% (26). There are two
studies that must be considered about cardiovascular complications after kidney
transplantation and MS: Assessment of Lescol in Renal Transplantation (ALERT) trial
(50) and Patient Outcomes in Renal Tranplantation (PORT) study (51). An
association between the MS and graft loss was found in PORT but not in ALERT.
Both were not included on this systematic review, because we could not analyze
papers with known population databases, considering that these studies possibly
could share patients that already have been assessed. However, the PORT study
(51) differs from our studies in the aspect that the population represents long-term
renal transplant recipients survivors, and the ALERT trial (50) also included different

types of transplant recipients, not only renal transplantation.

The only endpoint that did not presented any association with MS after kidney
transplantation was all-cause mortality. Interestingly, this outcome showed
heterogeneity and publication bias as well. Through the TSA results, it was possible
to verify that all-cause mortality does not have enough power (30%) to conclude this
association. Unfortunately, these articles are the only studies available at the medical

literature until now.
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The relevance of MS in renal transplant recipients is embarrassed by the fact that the
incidence of CVD actually decreases after transplant when compared with the
incidence of dialysis period on the transplant waiting list (52). However, considering
that the prevalence of the syndrome increases in concert with postransplantation
weigh gain and there are an association with these negative outcomes, it becomes
even more clear that this clustering of clinical and biochemical dysfunctions, termed
MS, deserves a special attention. Finally, glucose intolerance, hypertension and
dyslipidemia directly could damage the kidneys through renal or systemic

atherosclerosis.

This systematic review and meta-analysis presents some limitations. All the studies
evaluated MS through BMI and not abdominal circumference, which is the variable
usually employed to characterize central obesity. Furthermore, several studies did
not report important data regarding population characteristics, limiting some

speculations that possibly could better explain our finds.

In conclusion, our results shown with plainness that graft loss, CVE and death by
CVD are associated with the MS diagnoses after kidney transplantation. Larger
studies should be design to elucidate its association with mortality by all-causes,
since the combined sample size from the available studies still lack power. Lastly,
prospective randomized clinical trials should be conducted in order to define if
interventions on each MS component would result in better outcomes after kidney

transplant.
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MATERIALS AND METHODS

Search Strategy and Study Selection

Papers were identified using Medical Subject Heading (MeSH) terms by searching
MEDLINE (accessed by Pubmed), EMBASE and Cochrane Library, gray literature
and hand searching (through reference lists of obtained articles) up to October 4,
2014. The Medline strategy is presented on supplemental digital content. All retrieved
papers were evaluated regardless its language. This systematic review and meta-
analysis is described according to Meta-analysis of Observational Studies in

Epidemiology (MOOSE) guidelines.

Eligibility Criteria

We included observational studies that evaluated the association between MS after
kidney transplantation with one or more of the following outcomes: graft loss, CVE,
cardiovascular death and death by all causes. MS was defined based on National
Cholesterol Education Program/Adult Treatment Panel lll (NCEP/ATPII) (12),
International Diabetes Federation (IDF) (53) or World Health Organization (WHO)

criteria (54).

Articles were excluded when other organ transplants recipients besides kidney
transplant (i.e. pancreas, liver, heart or multiorgan transplant recipients) were
analyzed, as well as those reporting outcomes in the pediatric population. Replicated
data and articles using database populations were not considered, since these

databases may share patients that already have been assessed in the original report.
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Data Extraction

Titles and abstracts of retrieved studies were separately assessed by two
researchers (E.F.P. and C.C). Both of them were not blinded to article journals,
institutions and authors. Abstract with scantly information concerning the eligibility
criteria were retrieved for full-text evaluation. The two reviewers managed apart all
the data extraction. In the case of persistent doubt or possible contrariety, a third

reviewer assessed the paper (G.C.S).

The following data were collected: author's name, year of publication, sample size,
study design, MS prevalence before and after transplantation, follow-up length from
kidney transplantation to MS diagnoses and to outcomes evaluation. There were
some demographic and transplant related attributes extracted as well: age, gender,
ethnicity, primary kidney disease, weight, abdominal circumference, BMI, blood
pressure, time on dialysis, smoking status, retransplantation, donor type (living or
deceased),immunosuppressive therapy, cold ischemia, panel reactive antibodies,
HLA mismatches, glucose level, total cholesterol, HDL-c, triglycerides, GFR, CRP

and prevalence of pre-transplant DM, hypertension and CVD.

Quality Assessment

The Newcastle Quality Assessment Scale for cohort studies was used to identify risk
of bias. A total score of 5 or less was deemed as low; 6 and 7, moderate; and 8 and
9 high level of quality. GRADE guidelines (55) were used to assess the quality of
evidence for each outcome under consideration. The quality was classified as high,
moderate, low and very low based on limitations of design or implementation (risk of
bias), indirectness of evidence, inexplicable heterogeneity, inconsistent results or

presence of publication bias.
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Data Analysis

The RR of postransplantation outcomes was assessed in patients with MS compared
to non-MS patients using the REVIEW MANAGER Software version 5.3 (REVIEW
MANAGER, REVMAN, Copenhagen, Denmark: The Nordic Cochrane Centre, The

Cochrane Collaboration 2014 available at http://tech.cochrane.org/news/revman-53-

beta-now-live). Calculations were performed using Mantel-Haenszel equation.

Heterogeneity was identified using the Cochrane Q Test, with a threshold P value of
0.1 considered statistically significant, and the inconsistency |2 test was applied, with
values higher than 50% considered indicative of high heterogeneity. The RR with
95% CI was calculated using the fixed effects model, and the random effect model
was used in case of heterogeneity. Publication bias was assessed using funnel plot
analysis, with asymmetry evaluated by Beeg and Eggers tests. A significant
publication bias was considered if the P value was less than 0.1. Funnel-plot
analyses were conducted using STATA software version 11.0 (STATA Inc.,College
Station, TX). For meta-analysis with significant risk for publication bias, we used trim-
and-fill method to evaluate if it could influence the results(56). We used Trial
Sequential Analysis software (TSA, Copenhagen, Denmark: Copenhagen Trial Unit

2011 available at http://www.ctu.dk/tsa/downloads.aspx) to access the power of the

combined sample size in order to minimized B-error.


http://tech.cochrane.org/news/revman-53-beta-now-live
http://tech.cochrane.org/news/revman-53-beta-now-live
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6 CONSIDERACOES FINAIS

O presente estudo teve como objetivo identificar o impacto da SM no pos-
transplante renal. Muito embora essa revisdo sistematica seja embasada em
estudos observacionais, seus resultados mostram de maneira muito clara a
importancia dessa condicdo no ambito do paciente transplantado. Os desfechos de
perda do enxerto, ECV e a morte por DCV apresentaram associacdo com O
diagnéstico da sindrome apdés o transplante renal. No entanto, ainda ha a
necessidade de estudos maiores para que se possa elucidar também o efeito da SM
sobre a mortalidade por todas as causas. Assim sendo, a realizacdo de estudos
clinicos randomizados que definissem possiveis intervencées em cada componente
da sindrome, eventualmente resultariam em melhores desfechos apds o transplante
renal, principalmente na disfuncdo cronica do enxerto, melhorando assim a

sobrevida do paciente.
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7 APENDICE - SUPPLEMENTAL DIGITAL CONTENT

SDC, Medline Search Strategy

"Transplantation"[Mesh] OR" Transplantation" OR “Transplantations” OR “Recipient,
Transplant” OR "Transplant Recipient” OR “Transplant Recipients” OR "Recipients,
Transplant” OR "Organ Transplantation"[Mesh] OR “Transplantation, Organ” OR
“Organ Transplantations” OR “Transplantations, Organ” OR “Grafting, Organ” OR
“Graftings, Organ” OR “Organ Grafting” OR “Organ Graftings” OR "transplantation”
[Subheading] OR “grafting” OR “grafts” OR "Transplantation, Heterotopic"[Mesh] OR
“Heterotopic  Transplantation” OR  “Heterotopic  Transplantations” OR
“Transplantations,  Heterotopic OR  "Kidney Transplantation"[Mesh] OR
“Transplantation, Renal” OR “Renal Transplantation” OR “Renal Transplantations”
OR *“Transplantations, Renal” OR “Grafting, Kidney” OR “Kidney Grafting” OR
“Transplantation, Kidney” OR “Kidney Transplantations” OR “Transplantations,
Kidney” AND "Metabolic Syndrome X"[Mesh] OR "Metabolic Syndrome X" OR
“Insulin Resistance Syndrome X” OR “Syndrome X, Metabolic” OR “Syndrome X,
Insulin Resistance” OR "Metabolic X Syndrome” OR “Syndrome, Metabolic X” OR “X
Syndrome, Metabolic” OR “Dysmetabolic Syndrome X’ OR “Syndrome X,
Dysmetabolic” OR “Reaven Syndrome X” OR "Syndrome X, Reaven” OR “Metabolic
Cardiovascular Syndrome” OR “Cardiovascular Syndrome, Metabolic” OR
“Cardiovascular Syndromes, Metabolic” OR “Syndrome, Metabolic Cardiovascular”
OR "Abdominal obesity metabolic syndrome"” [Supplementary Concept] OR

“Abdominal Obesity-MetabolicSyndrome”
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SDC, Figure 1. Identification and selection of articles included in the meta-analysis.

585 studies identified through
database searching

81 studies screened after
duplicates removed (58 identified
by Endnote and 23 identified by
reading)

461 studies excluded on the basis

of title and abstract:

v 342 non-eligible population

v

v" 31 non-suitable design

v" 45 no outcomes evaluation

43 full-text studies assessed for
eligibility

38 full-text studies excluded:

v' 01 review

v
N

26 non-eligible design

v 4 non-eligible population

v" 7 non- outcomes of interest

5 studies included




SDC, Figure 2. Meta-analyses funnel plots.
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C. Death by CVD

Funnel plot with pseudo 95% confidence limits
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SDC, Table 1. Quality scoring based on the Newcastle-Ottawa Quality Assessment

Scale
Study, Year (Ref) Selection Comparability  Outcome
Courivaud et al., 2007° (30) Hokx * ok
Ducloux et al., 2005% (31) Hokkx * o
Faenza et al., 2007° (26) Kok * ok
Ozdemir et al., 2009 (32) i % =
Porrini et al., 2006 (24) ok ok ook

Ref = reference; 2 Study groups were controlled for age, gender and donor type in

assessment of comparability, except for ethnicity.
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8 ANEXO — DIRETRIZES PARA META-ANALISE E REVISAO

SISTEMATICA DE ESTUDOS OBSERVACIONAIS

MOOSE Guidelines for Meta-Analyses and Systematic Reviews of Observational Studies*

Tule Identify the stady a5 3 mets-anabysis (or systematic review)
Abstraet Use the journal's stuchmed format
Infroduction Present

#  The clinical problem

#  The hypothesis

A satement of objectives that inchodes the soudy population, the condifion of inferest, the
exposure of mtervention and the oocome(s) considerad

LSonrces Describe

Oualifications of searchers (ez, ibrarians and investigators)

Search simategy, inchding time period inclwded in the synthesis and keywords

Efffort to include all available studies, mchading contact with anthors
Diatabases and repisiries searched

Search softarare nsed, name and version, mchoding special features used (eg, explosion)
Use of hand searching (ez, reference lists of obtained articles)

List of citations lecated and those excloded, including justification

Method of addressing articles published in langmages other than Englich
Method of handling absiracts and unpublizshed smdies
Description of any contact with authors

Srudy Selecion Describe

Types of study desipns considered

Felevance or appropriatensss of smdies gathered for assessing the hypothesis to be tested
Fationale for the selection and coding of data (eg, sound clinical principles or comvenience)
Daocumentation of how data were classified and coded (eg, nmiltiple raters, blinding, and
Aszecsment of confounding (eg, comparability of cases snd confrols in stodies whese
appropriate)

Aszessment of siudy quality, mcloding blinding of quality sssessors; siratification ar
repression on possible predictors of study results

Aszeczment of heterogenaity

Statistical methods (e, complete desoription of fixed or random effects models, jostification
of whether the chosen models account for predictors of smdy resnlts, dose-response modals
or cummlative mets-analysis) in sufficient detail to be replicated

A table ziving desaiptive information for each incloded study
Besults of sensitivity testing (eg, subgroup analysis)
Indication of statistical imcertainty of findings

Srengths and weaknesses

Potential biases in the review process {eg, publication bias)

Tostification for exclusion (eg, exclusion of non—English-lanmuage citations)
Aszessment of quality of incloded smdias

Considerstion of altemative explanations for observed resnlts
(Geperalization of the conclosions (ie, appropriate for the data presented and within the domain
of the liteTaiure review)

Guidelines for fure research

Disclosare of fimding source

*Modified from Soroop DF, Berlin TA | Morton 5C, Olkn I Willismson G0, Fennie T, et al Mets-analysis of cbseranonal
siudies in epidemiclegy: a proposal for reporting. Mets-analysis Of Observational Smdies in Epidemiology (MOOSE) group.
JANLA 2000;283:2008—-12. Copyrighted © 2000, American Medical Association All rights reserved.
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