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RESUMO

Doenga renal crénica (DRC) tem uma prevaléncia elevada e crescente na
populagdo geral, principalmente porque as principais causas de injuria renal sao
diabetes mellitus (DM) e hipertensdao (HAS). DRC tem alta morbidade e esta
associada a aumento de mortalidade cardiovascular, com 5 a 10 milhdes de mortes
atribuiveis anualmente em todo o mundo. Fatores de risco cardiovascular
tradicionais, como DM, HAS, hipertrofia ventricular esquerda e doenca vascular
periférica, sdo muito prevalentes nessa populagcdo. No entanto, esta populacéo
também esta exposta a fatores de risco ndo tradicionais como hiperfosfatemia,
hiperparatireoidismo, inflamagao e anemia. Prolactina pode entrar neste contexto ja
que se acumula no sangue com perda da fung¢ao renal, também atua na cascata de
inflamagdo como citocina inflamatéria, e esta associada a aumento do risco
cardiovascular devido a mecanismos ainda incertos. Objetivo desta tese foi levantar
0s principais pontos entre prolactinemia e DRC avaliando, de forma inédita, a
relacdo entre hiperprolactinemia e citocinas inflamatérias em pacientes em
hemodialise. Foi realizado um estudo de corte transversal com pacientes em um
unico centro de hemodialise, idade superior a 18 anos, mais de 6 meses em
hemodialise intermitente e com acesso vascular definitivo fistula arteriovenosa.
Foram excluidos aqueles com infecgbes virais ou bacterianas ativas; com
hipotireoidismo (diagnosticado com base em niveis de levotiroxina ou hormdnio da
tiredide> 5 mU / L) ou céancer ativo; usuarios de medicamentos conhecidos por
elevar os niveis de prolactina (por exemplo, amitriptilina, citalopram, escitalopram,
fluoxetina, paroxetina, entre outros); gestantes e lactantes; em uso de
imunossupressores; e pacientes com doencas hepaticas cronicas. Nos pacientes
incluidos foram avaliados parametros clinicos e bioquimicos, além da dosagem de
prolactina e painel de citocinas inflamatérias [(interleucina (IL) -2, IL-4, IL-6, IL-10, IL-
17A, fator de necrose tumoral alfa (TNF-a) e interferon gama (IFN-y)]. Os dados de
pacientes com prolactina elevada foram comparados com os dos pacientes com o
horménio normal. Dos 361 pacientes regulares no servigo, 111 foram incluidos no
estudo, com hiperprolactinemia em 61 pacientes (54,95%). Nao houve diferenga
estatistica em relagédo a idade, sexo, indice de massa corporal ou etiologia da DRC
em pacientes com horménio normal e elevado. Em relagdo ao tempo de hemodialise

- em média, pacientes com prolactina elevada estavam em terapia ha 111,4 meses,



enquanto pacientes com horménio normal em média ha 73,65 meses (p = 0,016).
Parédmetros laboratoriais como hemoglobina, glicemia de jejum, hemoglobina
glicada, perfil lipidico, calcio, fosforo, fosfatase alcalina e paratorménio também
foram semelhantes nos 2 grupos. Em relacdo as citocinas inflamatorias, os
pacientes com prolactina elevada apresentaram niveis mais altos de IL-6 e menor IL-
10, com significancia estatistica (p <0,001 ep 0,046, respectivamente). Em relagéo
ao nivel sérico de prolactina, houve correlacdo positiva com os niveis séricos de IL-6
(R = 0,44, p <0,0001); enquanto que em relagdo a IL-10 a correlagao foi
inversamente proporcional e estatisticamente significativa (R = 0,2, p <0,046).
Portanto, pacientes em hemodiadlise apresentaram alta prevaléncia de
hiperprolactinemia, e esta elevagdo hormonal mostrou-se associada a aumento da

interleucina-6 e reducao de interleucina-10.

Palavras-Chave: Prolactina. Hemodialise. Citocinas. Interleucina-6. Interleucina-10.



ABSTRACT

Chronic kidney disease (CKD) has a high and increasing prevalence in
general population, mainly because the main causes of kidney injury are diabetes
mellitus (DM) and hypertension. CKD has high morbidity and is associated with
increased cardiovascular mortality, with 5 to 10 million deaths attributable annually
worldwide. Traditional cardiovascular risk factors, such as DM, hypertension, left
ventricular hypertrophy and peripheral vascular disease, are quite prevalent in this
population. However, CKD patients are also exposed to non-traditional risk factors
such as hyperphosphatemia, hyperparathyroidism, inflammation and anemia.
Prolactin can be included in this context as it accumulates in the blood with loss of
renal function, also acts on the inflammation cascade as an inflammatory cytokine,
and is associated with increased cardiovascular risk due to mechanisms still
uncertain. Upon this, the objective of this thesis was to evaluate the main links
between prolactinemia and CKD by assessing, for the first time, relationship between
hyperprolactinemia and inflammatory cytokines in hemodialysis patients. A cross-
sectional study was performed evaluating patients in a single hemodialysis center,
over 18 years of age, more than 6 months on intermittent hemodialysis and using
definitive vascular access an arteriovenous fistula. Those with active viral or bacterial
infections; with hypothyroidism (diagnosed based on levels of levothyroxine or thyroid
hormone> 5 mU / L) or active cancer; drug users known to raise prolactin levels (eg,
amitriptyline, citalopram, escitalopram, fluoxetine, paroxetine, among others);
pregnant and lactating women; using immunosuppressants; and patients with chronic
liver disease were excluded. Clinical and biochemical parameters were evaluated, in
addition to the measurement of prolactin and inflammatory cytokine panel
[(interleukin (IL) -2, IL-4, IL-6, IL-10, IL-17A, tumor necrosis factor alpha (TNF-a) and
gamma interferon (IFN-y)]. Data from patients with elevated prolactin were compared
with those from patients with normal hormone. Of the 361 regular patients, 111 were
elegible. Hyperprolactinemia was found in 61 patients (54.95%). There was no
statistical difference regarding age, sex, body mass index or etiology of CKD in
patients with normal and elevated hormone. Regarding hemodialysis time - on
average, patients with elevated prolactin were on therapy 111.4 months ago, while
patients with normal hormone averaged 73.65 months (p = 0.016). Laboratory
parameters such as hemoglobin, fasting glycemia, glycated hemoglobin, lipid profile,



calcium, phosphorus, alkaline phosphatase and parathormone were also similar in
the 2 groups. Analysing inflammatory cytokines, patients with high prolactin had
higher levels of IL-6 and lower IL-10, with statistical significance (p <0.001 and p
0.046, respectively). Regarding the serum level of prolactin, there was a positive
correlation with serum levels of IL-6 (R = 0.44, p <0.0001); while in relation to IL-10
the correlation was inversely proportional and statistically significant (R = 0.2, p
<0.046). In conclusion, hemodialysis patients had a high prevalence of
hyperprolactinemia, and this hormonal increase was associated with an increase in

interleukin-6 and a reduction in interleukin-10.

Key words: Prolactin. Hemodialysis. Cytokines. Interleukin-6. Interleukin-10.
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1 INTRODUGAO

Doenga renal cronica (DRC) é definida como a perda progressiva e
irreversivel da funcdo renal. Apresenta prevaléncia elevada e crescente na
populagao geral, principalmente por qué as principais etiologias de faléncia renal sdo
diabetes mellitus (DM) e hipertensao arterial, doengas bastante comuns. A DRC tem
alta morbidade e esta associada a aumento de mortalidade cardiovascular, com
cerca de 5 a 10 milhdes de mortes atribuiveis anualmente no mundo todo (XIE,
2018).

Os fatores de risco cardiovascular ditos tradicionais, como DM, hipertensao
arterial sistémica, idade avangada, hipertrofia do ventriculo esquerdo, dislipidemia e
doenga vascular periférica sdo bem prevalentes nesta populagdo (GANSEVOORT et
al, 2013).

Entretanto, fatores de risco tidos como n&o-tradicionais, como
hiperfosfatemia, hiperparatireoidismo, inflamag¢do e anemia também sao prevalentes
nesta populagdo de doentes pois, com a perda de fung¢ao renal, ocorre acumulo de
diversas substancias, muitas delas toxicas ao organismo. Esse estado, denominado
uremia, ocasiona, em vias finais, aterosclerose acelerada e aumento de mortalidade
(YILMAZ et al, 2011).

Dentre estas substancias que se acumulam com a perda progressiva da
filtracdo glomerular temos a prolactina. A elevagédo deste horménio € a anormalidade
endocrina mais comum do eixo hipotalamico-hipofisario. Possui varias etiologias,
como alteragdes fisiologicas (gravidez e amamentagdo), farmacoldgicas
(neurolépticos, estrogénio e procinéticos) e doengas sistémicas (tumores hipofisarios
e hipotalamicos, hipotiroidismo primario e DRC) (MARANO et al, 2014). Nos
pacientes com DRC, além de uma redugao na excrecao renal de prolactina, ocorre
também um aumento da sua secrecao pelos lactotrofos (BERNARD et al, 2015).

A prolactina € um hormbnio polipeptidico sintetizado e secretado
principalmente pelas células lactotréficas da glandula pituitaria anterior. O principal
papel atribuido a ela é estimular a proliferacédo e diferenciacdo das células mamarias
necessarias para a lactagdo, atuando em seu receptor transmembrana (r-PRL)
(HORSEMAN et al, 2013). Mas nos ultimos anos outras agdes ditas “expressdes nao
pituitarias da prolactina” vem sendo relatadas, com mais de 300 a¢des em diferentes
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sitios em diferentes espécies. Estudos também demonstram associacdo da
prolactina com eventos cardiovasculares na populagao geral (HARING et al, 2014)

Um numero crescente de processos bioldgicos continua a ser atribuido a
prolactina. Isso se deve, em parte, a presenca de seu receptor em diferentes
tecidos, com multiplos dominios intracelulares, fornecendo uma base estrutural que
pode sinalizar para varias quinases em diferentes sitios. Dentre estes processos
biolégicos podemos citar modulagdo da inflamagado, haja vista que o receptor da
prolactina € um membro da superfamilia de citocinas do tipo 1, sendo amplamente
expresso no sistema imunoldgico, incluindo linfocitos, mondcitos, macréfagos,
células natural killer e células epiteliais timicas. Ela age entdo como horménio e
também como citocina, participando em diversas atividades imunomodulatérias
(IGNACAK et al, 2012).

Portanto, hiperprolactinemia em pacientes em hemodialise torna-se bastante
prevalente, e estudo de Carrero et al demonstrou que, nestes pacientes, esta
associada a aumento de mortalidade cardiovascular por motivos ainda
desconhecidos (CARRERO et al, 2012).

Até o momento existem poucos estudos avaliando prolactinemia em pacientes
em hemodialise. Nosso objetivo com esta tese € levantar os principais pontos que
tornariam a prolactina uma toxina urémica através de revisao de literatura e trabalho
original.

Esta tese de doutorado sera apresentada em forma de capitulos constando
referencial tedrico, justificativa, objetivos e hipoteses da pesquisa, metodologia
empregada na pesquisa original realizada no centro de hemodialise do Real Hospital
Portugués e resultados sob a forma de 2 artigos.

Os 2 artigos resultantes foram o de revisao e a pesquisa original. O artigo de
revisdo narrative (Apéndice C) avaliando a relagdo entre prolactina, risco
cardiovascular e doenga renal cronica foi aceito e publicado na revista International
Journal of Endocrinology em 22/06/2020 (Fator de impacto 2,23; Qualis B1 2019). O
segundo artigo veio da pesquisa original, intitulado “Prolactina e citocinas
inflamatodrias em pacientes em hemodialise: estudo de corte transversal” (Apéndice
D). Esta pesquisa foi submetida em formato de artigo original a revista European
Journal of Endocrinology (Fator de impacto 5,107; Qualis A1 2019).

Apoés os resultados, € feita a conclusdo e consideragdes finais sobre esta
tese.
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2 REVISAO DA LITERATURA

2.1 DOENGCA RENAL CRONICA

Doenga renal crénica (DRC) é caracterizada por perda progressiva e
irreversivel da funcéo renal. E definida por pelo menos um dos seguintes aspectos,
por mais de 3 meses: taxa de filtragdo glomerular menor que 60mL/min/1,73m?, ou
presenca de marcadores de dano renal (Tabela 1) (EKNOYAN et al, 2013)

TABELA 1 - Definicdo da doenca renal crbnica estabelecida pelo KDIGO 2012 -

critérios 1 ou 2 por > 3 meses, podendo ser concomitantes

Critério 1 - Albuminuria > 30mg/24 horas ou
Marcadores de dano renal (um ou | RAC > 30mg/g;
mais) - Hematuria glomerular;
- Alteragdes eletroliticas devido a
tubulopatia;
- Anormalidades detectadas pela
histologia;
- Anormalidades estruturais
detectadas por exames de imagem;
- Passado de transplante renal.

Critério 2
Reducdo da TFG TFG < 60mL/min/1,73m?

DRC, Doenga Renal crénica; KDIGO, Kidney Disease - Improving Global Outcomes; RAC, Relagdo albumina/creatinina
urinaria; TFG, Taxa de Filtracdo Glomerular. FONTE: EKNOYAN G. et al. KDIGO 2012 clinical practice guideline for the
evaluation and management of chronic kidney disease. Kidney Int, v.3, n.1, 2012

A DRC tem uma prevaléncia crescente no Brasil e no mundo, estimada em
até 700 milhdes de pessoas, mais até que diabetes, osteoartrite e asma. Isso se
deve principalmente aos principais fatores etiolégicos da DRC, doengas crdnicas
bem comuns na populacao geral - hipertensao arterial sistémica (HAS) e diabetes
mellitus (DM) (COCKWELL et al, 2020).

A DRC, independente da etiologia, € classificada em cinco estagios de acordo
com a taxa de filtragao glomerular (TFG). Esta taxa pode ser estimada na pratica
clinica por equagdes matematicas através de sexo, raga, idade, creatinina e/ou
cistatina C séricas (Tabela 2) (ANDERSON et al, 2012).
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TABELA 2 - Classificagdo da doencga renal cronica em estagios estabelecida pelo
KDIGO

ESTAGIO DA DRC TFG (mL/min/1,73m?)
Estagio 1 > 90
Estagio 2 60 — 89
Estagio 3 30 - 59
3A 45 - 59
3B 30 -44
Estagio 4 15-29
Estagio 5 * <15

* dividido em tratamento conservador ou renal substitutivo (hemodialise, didlise peritoneal ou

transplante)

Esta classificagcédo foi estabelecida em 2012 pela National Kidney Foundation
e publicada em suas diretrizes Kidney Disease Improving Global Outcomes — KDIGO
2013. E amplamente utilizada e serve para avaliacdo, estratificacdo de risco e
acompanhamento dos pacientes com DRC (EKNOYAN et al, 2013). A partir da
classificagdo em estagios, pode-se instituir tratamento conservador ou terapia renal
substitutiva (TRS) — hemodialise (HD), dialise peritoneal ou transplante renal (INKER
et al, 2014).

Quanto maior o estagio, pior a fungdo renal do paciente, maior o acumulos de
toxinas urémicas ocasionando maior prevaléncia de complicagbes como anemia,
hipertensdo arterial, hipertrofia de ventriculo esquerdo, aterosclerose,
hiperfosfatemia, inflamacgao e disfungéo endotelial (ASTOR et al, 2009).

O tratamento dito conservador na DRC é realizado em todos os seus estagios
e de forma precoce. Consiste no manejo clinico das complicagdes mais prevalentes:
controle de pressao arterial, glicose e lipideos, orientacdo sobre dieta adequada,
tratamento de anemia e hiperfosfatemia, resolucdo de acidose metabdlica,
diagndstico e tratamento do disturbio mineral/ésseo e estratificagdo de risco para
DCV. Quando o paciente atinge os estagios finais, passa a ter orientagdo também
sobre TRS, para que escolha a modalidade de sua preferéncia (BASTOS et al,
2011).

Apesar de transplante renal ser a TRS de escolha para maioria dos pacientes
que atingem DRC estagio 5, a HD é a TRS mais utilizada no Brasil e no mundo
devido principalmente a falta de disponibilidade de 6rgaos (CHAN et al, 2019).
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Sobre o Brasil, ultimo censo nacional foi divulgado é de 2018, quando 36,6%
dos centros de HD responderam questionario solicitado pela Sociedade Brasileira de
Nefrologia. Em julho de 2018, no Brasil, o numero total estimado de pacientes em
dialise foi de 133.464 (FIGURA 1), com uma taxa bruta de mortalidade anual
bastante elevada, de 19,5%. Dos pacientes prevalentes em TRS dialitica, 92,3%
estavam em HD e 7,7% em dialise peritoneal, com 29.545 (22,1%) na lista de espera
para transplante (NEVES et al, 2020).

Figura 1. Numero estimado de pacientes em dialise cronica por ano
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Fonte: Adaptado de NEVES et al, 2020

A hemodialise consiste basicamente em, através de acesso vascular, realizar
a depuragao de solutos, por gradiente de concentragdo, e a ultrafiltracdo de agua,
por gradiente de pressdo hidrostatica, através de um dialisador com membrana
semipermeavel. Com isso ocorre controle dos niveis séricos de substancias de baixo
e meédio peso molecular (sédio, potassio, fosforo, uréia, dentre outra toxinas
urémicas) e também da agua corporal.

E uma técnica recente na medicina, com o primeiro dialisador descrito em
1943 por Willem Kolff, jovem médico holandés. Desde entdo esta terapia vem em
constante evolugdo, com melhorias nas maquinas, dialisadores e acesso venoso
(Figura 2) (SCRIBNER et al, 2004).
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Figura 2 - Historia da hemodialise (adaptado de Scribner et al, 2004)

) S [

Clyde Shields, primeiro paciente a utilizar Caroline Helm, primeira paciente de
acesso vascular um shunt arteriovenoso. hemodidlise domiciliar, em 1964, EUA. Fonte:
1960, EUA. Adaptado de Scribner et al, 2004 Adaptado de Scribner et al, 2004

O acesso vascular para HD pode ser temporario ou permamente. Os acessos
temporarios s&o os cateteres venosos, geralmente utilizados naqueles pacientes que
vao iniciar a TRS, ou naqueles em que ha impossibilidade de confec¢ao de fistula
arterio-venosa (FAV). Estdo mais associados a complicagbes como tromboses,
infeccdo, inflamacdo e ma eficiéncia de dialise. Ja a FAV é acesso vascular
permanente e de escolha nestes pacientes, pois permite uma melhor eficacia da
hemodialise com baixas taxas de complicagdo (RAVANI et al, 2013).

Apesar da HD ter evoluido bastante ao longo dos anos, infelizmente ainda
permanence com elevada taxa de mortalidade, particularmente no primeiro ano de
tratamento. Por exemplo, as taxas de mortalidade nos primeiros 120 dias apds o
inicio da dialise foram de 15% no Japao, 20% na Australia, 25% nos Estados Unidos
(EUA) e 32% na Bélgica. Apds o primeiro ano de terapia, as taxas de mortalidade
anuais, embora inferiores as do primeiro ano, continuam altas, cerca de 15-20%.
Dentro de cinco anos apods o inicio da hemodialise, apenas 42% dos pacientes em
dialise nos EUA e 50% dos pacientes em dialise na Australia permanecem vivos
(SARAN et al, 2019).

No Brasil, o ultimo censo sobre mortalidade foi divulgado este ano mas sendo
referente a 2018, mostrando uma taxa bruta anual estimada de quase 20%(FIGURA
03).
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Figura 3 - Taxa de mortalidade bruta anual estimada de pacientes em dialise
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Portanto, os pacientes com DRC, estejam em tratamento conservador ou
estejam em tratamento dialitico, apresentam elevadas taxas de mortalidade,

principalmente de origem cardiovascular.

2.2 DOENGCA CARDIOVASCULAR NA DOENCA RENAL CRONICA

Em todos os estagios, independentemente do tipo de tratamento e da
etiologia da DRC, mortalidade cardiovascular € a principal causa de 6bito nestes
pacientes (MEGUID EL NAHAS et al, 2005). Tanto redugao da filtragao glomerular
(TFG) como aumento da proteinuria, marcadores de DRC, aumentam o risco de
doenca cardiovascular. Pacientes com DRC nos estagios iniciais sdo muito mais
propensos a morrer de DCV antes de progredir para doenga renal estagio 5 (KEITH
et al, 2004).

Como exemplo podemos citar um grande estudo de meta-analise com
1.234.182 participantes. Comparado com os participantes com TFG estimada
normal, reducdo da TFG estimada para 60, 45 e 15 mL/min/1,73m? tiveram aumento
de mortalidade por todas as causas em 18%, 57% e 214% respectivamente (Figura
4) (MATSUSHITA et al, 2010).
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Figura 4 - Mortalidade (HR e IC 95%) por todas as causas (A) e cardiovascular (B)

de acordo com TFG estimada e Albuminuria (ACR).
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2010)

Remodelamento arterial e miocardico encontram-se na patogénese central da
doenga cardiaca dos pacientes com DRC (KOTTGEN et al, 2007). Como
consequéncia da sobrecarga de volume, sobrecarga pressorica, retengao de toxinas
urémicas, calcificagdo vascular e disfuncdo endotelial, evoluem nestes pacientes
aterosclerose acelerada e hipertrofia de ventriculo esquerdo (HVE) (SCHIFFRIN et
al, 2007).

Por exemplo, estudo de coorte de Zoccali et al avaliando sobrecarga hidrica
em 39.566 pacientes em hemodialise durante 1 ano, através de pressao arterial e
bioimpedancia, chegaram a conclusdo que quanto maior a sobrecarga volémica
crénica nestes pacientes, maior a mortalidade. (ZOCCALI et al, 2017.

Como mencionado, uma das consequéncias mais importantes desta
sobrecarga volémica é a HVE. Juntamente com anemia, hiperparatiroidismo
secundario e inflamagao, sobrecarga pressorica leva ao desenvolvimento de HVE
em até 80% dos pacientes em hemodiadlise, com boa parte ndo tendo sintomas
clinicos de insuficéncia cardiaca (DI LULLO et al, 2015).

Diabetes mellitus (DM) é um importante fator de risco para doengas
cardiovasculares e, a depender da populacdo estudada, também & bastante
prevalente nos pacientes com DRC. Por exemplo, DM é a principal etiologia de DRC
nos Estados Unidos e Europa, podendo chegar a 40% dos pacientes, enquanto que
glomerulopatias primarias s&o a principal causa na China e no Japao (HILL et al,
2016).

Pacientes diabéticos tem risco de DRC até 10 vezes maior que pacientes
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nao-diabéticos. Interessante citar que, nos diabéticos sem nefropatia, a mortalidade
cardiovascular nao difere de forma significativa da populagéao geral (AFKARIAN et al,
2013).

Portanto, fatores de risco cardiovascular tradicionais como hipertenséo
arterial, HVE, DM, dislipidemia e sindrome metabdlica s&o muito prevalentes nos
pacientes com DRC, sendo bastante estudados. Contudo, € importante lembrar que
nestes pacientes ha fatores de risco cardiovascular ndo tradicionais.

Por exemplo, calcificagdo vascular € observada mesmo em adultos jovens em
didlise que ndo apresentam hipertensdo, tabagismo ou dislipidemia associados
(GOODMAN et al, 2000). Calcificagdao vascular nos pacientes com DRC pode
ocorrer de forma diferente da classica deposicdo de calcio na camada intima
decorrente da aterosclerose. Nestes pacientes pode haver deposicdo também na
camada meédia, como resultado de uma mudanca fenotipica de células musculares
lisas para células semelhantes a osteoblastos, um fenénomeno induzido por
hiperfosfatemia, hipercalcemia e hiperparatiroidismo (VERVLOET et al, 2017).

Outro fator de risco cardiovascular n&o tradicional comum em pacientes com
DRC é anemia. Niveis baixos de hemoglobina e deficiéncia relativa de eritropoetina
levam a um aumento do débito cardiaco, reducdo da oferta de oxigéncio ao
miocardio, estresse oxidativo e apoptose de cardiomidocitos. Por isso anemia é um
fator de risco para o desenvolvimento e progressao de HVE, insuficiéncia cardiaca e
mortalidade (CHANG et al, 2014).

Albuminuria elevada (acima de 30mg em urina de 24 horas) também é um
fator de risco associado a doenga cardiovascular (DCV), independente da presenga
ou nao de DM. Apesar do mecanismo pelo qual a albuminuria esta associada a DCV
nao ser bem elucidado, parece ser um sinal de que a vasculatura, particularmente o
endotélio, esta lesado. Por exemplo, em pacientes diabéticos o grau de disfungéo
endotelial coronariana parece maior naqueles com albuminuria moderadamente
aumentada (BARZILAY et al, 2004).

Além dos fatores nao tradicionais acima mencionados podemos citar a
prolactina. Este hormdnio se acumula no sangue com a perda de fungéo renal e esta
associado a desfechos cardiovasculares por vias ainda desconhecidas, sendo
considerado, por alguns autores, uma toxina urémica (ROS et al, 2013).
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2.3 PROLACTINA

Prolactina (PRL) € um horménio polipeptidico sintetizado e secretado
principalmente pelas células lactotréficas da glandula pituitaria anterior. A primeira
funcdo descrita da PRL foi estimular a proliferacdo e diferenciacdo das células
mamarias necessarias para a lactagao, atuando em seu receptor transmembrana (r-
PRL) (HORSEMAN et al, 2013).

O tamanho da PRL é heterogéneo em termos de formas moleculares
circulantes. A forma predominante em individuos saudaveis e pacientes com
hiperprolactinemia € a monomérica, com peso molecular de 23 kDa. Também pode
ser dimérica (big prolactina, com 45-60 kDa) ou macro (big-big prolactina, com 150-
170 kDa), ambas correspondendo a menos de 20% do total de PRL circulante
(VILAR et al, 2019).

Hiperprolactinemia é a alteragcado enddcrina mais comum do eixo hipotalamico-
hipofisario. Possui varias etiologias (Tabela 3), mas que podem ser subdivididas em
trés categorias: fisiologicas, farmacolégicas e doengas sistémicas. Entre estas
ultimas, incluem-se qualquer afecgdo da regido selar, doengas sistémicas
enddcrinas e nao enddécrinas. A causa mais comum dentre as doengas sistémicas €
o prolactinoma, presente em 50% dos pacientes, seguido por drogas (Tabela 4)
(VILAR et al, 2019).

Tabela 3 - Principais causas de Hiperprolactinemia

CAUSAS DE HIPERPROLACTINEMIA | Exemplos

Fisiolégicas Gravidez
Amamentacéao
Estresse

Atividade fisica
Estimulacdo mamaria

Doencgas da regido selar Adenomas lactotroficos
(prolactinomas)

Tumores hipotalamicos

Sarcoidose, histiocitose

Doencgas sistémicas enddcrinas Hipotiroidismo
Insuficiéncia adrenal

Doengas sistémicas nao-enddcrinas Doenca renal crénica
Cirrose hepatica

Farmacologicas Vide tabela 04

Fonte: Adaptado de VILAR et al, 2019
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Tabela 4 - Causas farmacologicas de hiperprolactinemia

Antipsicéticos
Tipicos - Haloperidol, clorpromazina, flupentixol
Atipicos - Risperidone, paliperidona, molindona, quetiapine,
olanzapina
Antidepressivos
Triciclicos - Clomipramine, amitriptilina, amoxapina
SSRI - Fluroxetina, Fluvoxamina, Paroxetina, citalopram,
escitalopram, sertralina
SNRI - Venlafaxina, duloxetina, reboxetina
MOAI - Pargilina, clorgilina
Antihipertensivos Verapamil, metildopa, reserpine, labetalol
Procinéticos Metoclopramide, domperidona
Bloqueadores receptor | Cimetidine, ranitidina
H2
Outros Estrogenos, morfina, alprazolam, heroina, cocaina,
marijuana

SSRI — inibidores seletivos da recaptagéo de sertotonina; SNRI —inibidores da recaptacédo de serotonina e noradrenalina; MOAI

— inibidores da monoamina oxidase. Fonte: Adaptado de VILAR et al, 2019.

A PRL foi descrita inicialmente como horménio estimulador da lactagdo em
mamiferos. Mas nos ultimos anos “expressdes nao pituitarias da prolactina” vem
sendo relatadas, com mais de 300 agdes em diferentes sitios em diferentes
especies. Isso se deve, em parte, a presenga de seu receptor em diferentes tecidos,
com multiplos dominios intracelulares, fornecendo uma base estrutural que pode
sinalizar para varias quinases em diferentes sitios. Portanto, a ativagao destas vias
de sinalizacdo podem produzir diferentes respostas celulares. Dentre estes
processos biolégicos podemos citar resisténcia insulinica, sindrome metabdlica,
modulagcdo da inflamacdo, disfuncdo endotelial e aterosclerose acelerada
(HORSEMAN et al, 2013).

Hiperglicemia foi demonstrada em homens e mulheres com
hiperprolactinemia, devido aos efeitos diretos da PRL no crescimento de ilhotas de
Langerhans e produgdo de insulina (TUZCU et al, 2003). Pacientes com
prolactinoma apresentam maior risco de hiperglicemia, acompanhados de obesidade
e resisténcia a insulina (BERINDER et al, 2011). Interessante que o excesso de PRL
piora o perfil de glicose, por aumento de resisténcia a insulina, tanto em pacientes
obesos como também ndo obesos, com a dopamina provavelmente

desempenhando um papel como modulador das fungbes da insulina (AURIEMMA et
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al, 2019). Devido a estes efeitos a bromocriptina, agonista dopaminérgico que inibe
a secregao de prolactina, foi aprovada nos Estados Unidos em 2011 para tratamento
de diabetes mellitus tipo 2 (tabela 5) (DEFRONZO et al, 2011).

Tabela 05 - Efeitos dos agonistas dopaminérgicos Bromocriptina e Cabergolina

sobre anormalidades metabdlicas em pacientes com hiperprolactinemia

Bromocriptina | Cabergolina
Peso corporal \ J
Indice de Massa Corporal \’ J
Glicemia de jejum J 3
Resisténcia insulinica \’ J
Prevaléncia de Sindrome metabdlica d J

Fonte: Adaptado de AURIEMMA, 2019

Prolactinemia elevada também esta associada a efeitos adversos no perfil
lipidico, aumentando LDL e triglicerideos, e reduzindo o HDL (BERNABEU et al,
2013). Estudo em 38 pacientes com prolactinomas que foram tratados com
cabergolina, agonista do receptor da dopamina, demonstrou melhora no perfil
metabdlico (CIRESI et al, 2013).

Um outro estudo, caso-controle, com 19 pacientes com prolactinoma e 20
controles, demonstrou melhora do perfil metabdlico [redug¢do do LDL, triglicerideos,
glicemia de jejum, indice de Massa Corporal (IMC) e circuferéncia abdominal]
naqueles pacientes com prolactinomas tratados com cabergolina por seis meses
(PALA et al, 2015).

Recentemente teve publicagdo de metanalise com 14 estudos observacionais
envolvendo 387 participantes com prolactinoma avaliando-se peso, resisténcia
insulinica, proteina C reativa (PCR) e perfil lipidico. Este trabalho concluiu que houve
reducdo de peso, bem como um melhor perfil lipidico, inflamatorio e de tolerancia a
glicose apds o tratamento com agonista dopaminérgico nestes pacientes (BYBERG
et al, 2019).

Além destas alteragbes metabdlicas, a prolactina também esta envolvida
como mediador da comunicagao entre o sistema neuroendocrino e o sistema imune
(IGNACAK et al, 2012). O receptor de PRL é um membro da superfamilia de
citocinas do tipo 1, sendo amplamente expresso no sistema imunologico, incluindo

linfécitos, monaocitos, macrofagos, células natural killer e células epiteliais timicas.
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2.4 PROLACTINA E O SISTEMA IMUNE

A prolactina € um horménio secretado na hipdfise, através do eixo
hipotalamo-hipdfise-adrenal, sob inibicdo da dopamina. Além dessa regulagao
dopaminérgica, a secregdo de PRL, principalmente em sitios fora deste eixo
principal, também é regulada por citocinas inflamatérias como a interleucina (IL)-1,
IL-2 e IL-6, estimuladoras da secrecdo, enquanto que a endotelina-3 e o interferon
(IFN)-y desempenham um papel inibitorio (SAVINO et al, 2017).

O receptor da PRL é um membro da superfamilia de citocina tipo 1/receptor
hematopoiético, sendo amplamente expresso através do sistema imunolégico como
monacitos, linfocitos, macrofagos, células Natural Killer, granulocitos e células
epiteliais do timo. Portanto, a ligacdo da PRL ao seu receptor ativa vias de
sinalizacdo que influenciam a proliferagao, diferenciacédo, secre¢ao e sobrevivéncia
de células imunes (Tabela 06) (BORBA et al, 2018). Essa molécula € um membro
integrante de uma rede imuno-neuro-endocrina, com hiperprolactinemia sendo
amplamente associada a doengas autoimunes como lupus eritematoso sistémico,
esclerose multipla, tireoidite de Hashimoto, artrite reumatoide e sindrome do
anticorpo antifosfolipide (ORBACH et al, 2007).

Tabela 6 - Efeitos da prolactina (PRL) em células do sistema imune

Célula Imune | Secrecao Expressao | Efeito imunoldgico da prolactina
de PRL do receptor
de PRL

Timocitos sim sim Diferenciacdo de timdcitos CD4- e
CD8 em células CD4+ e CD8+

Células T sim sim Efeito imunomodulatério nos
estagios iniciais da maturagao;
aumenta secrecdao de TNT-alfa,
IFN-y e IL-2; proliferacdo de IL-2;
aumenta adesdo a células
endoteliais

Células B sim sim Influencia na maturagdo de células
B

Células NK ? sim Estimula diferenciacdo e modula
citotoxicidade das células NK

Mondcitos sim sim Aumenta expresséo de TNF

Macrofagos sim sim Secrecdo de quimiocinas e
citocinas (IL1-beta, IL-12, IFN-y,
TNF)

NK — natural killer; Fonte: Adaptado de BORBA et al 2018
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A prolactina tem papel nas respostas imunes inatas e adaptativas,
gerenciando por exemplo, a maturagdo dos timécitos CD4- e CD8- em células T
CD4+ e CD8+, através da modulagéo da expressao do receptor de IL-2 (PEREIRA-
SUAREZ et al, 2015). Com relagédo aos linfécitos B, foi relatada uma correlagao
direta entre o numero destas células e os niveis séricos de PRL (BRAND et al,
2004). Hiperprolactinemia pode ainda prejudicar a exclusdo clonal das células B e
diminuir seu limiar de ativagdo, promovendo assim auto-imunidade. Por exemplo,
pacientes com hiperprolactinemia apresentam uma prevaléncia aumentada em
relagdo a populagao geral de autoanticorpos como anti-cardiolipina, anti-La e anti-Ro
(SAHA et al, 2009).

Outra agao promovida pela PRL é a secrecao de IL-6 e INF-y, através de um
papel regulador nos niveis de IL-2. Além disso, a PRL aumenta a producédo de
imunoglobulinas e estimula a desenvolvimento de células apresentadoras de
antigenos, potencializando a resposta inflamatéria (CEJKOVA et al, 2009).

Portanto a PRL age como horménio e também como citocina, participando em
diversas atividades imunomodulatérias (COSTANZA et al, 2015). Do ponto de vista
de patogenia, aterosclerose e aterogénese envolve processos inflamatorios em
todas as suas etapas (WONG et al, 2012), com a prolactina podendo ter algum

papel nessa cascata.

2.5 PROLACTINA E DOENCA CARDIOVASCULAR

Varios estudos demonstram associacdo de prolactinemia a diversos
desfechos cardiovasculares.

Foi visto, em estudo com ratos, que diferentes niveis plasmaticos de PRL tém
efeitos opostos: PRL pouco elevada causa diminuigdo na pressao arterial (PA)
causada pelo aumento da produgéo de 6xido nitrico (NO), enquanto que elevagdes
hormonais maiores levam a um aumento na PA associado a insuficiéncia cardiaca
devido a diminuicao da producdo de NO (GONZALEZ et al, 2015) (CHANG et al,
2016).

Estudo de Reuwer et al com pacientes submetidos a endarterectomia
identificou nos macrofagos das placas ateroscleroticas receptores para prolactina, o
que pode demonstrar um possivel efeito modulatério na aterogénese (Figura 5)
(REUWER et al, 2011).
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Figura 5 - Receptores de prolactina em placas ateroscleroticas
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Estudo de 2009 com mulheres na menopausa precoce foi visto que PRL,
mesmo em niveis normais, se correlacionou com o HeartScore da European Society
of Cardiology, indice composto que prediz mortalidade cardiovascular em 10 anos,
aventando a hipétese de que a PRL pode desempenhar um papel na arteriosclerose
acelerada, ao elevar pressao e rigidez arterial (GEORGIOPOULQOS et al, 2009).

Estudo de Arslam et al que incluiu 35 pacientes hiperprolactinémicos com
adenomas hipofisarios ndo tratados e 36 controles saudaveis foi visto que espessura
média da camada intima da carétida, glicemia capilar, resisténcia insulinica (HOMA-
IR) e proteina C-reativa ultrassensivel foram significativamente maiores nos
pacientes com PRL elevada, demonstrando que hiperprolactinemia esta associada a
aterosclerose pré-clinica e também a anormalidades metabdlicas (ARSLAM et al,
2014). Outro estudo semelhante de caso-controle, desta vez com 31 pacientes com
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prolactinoma e 60 controles, demonstrou aumento da espessura da camada intima-
meédia carotidea, com aumento de resisténcia insulinica, inflamagao e disfuncao
endotelial naqueles com prolactina elevada (JIANG et al, 2014).

Outro interessante efeito cardiovascular descrito em associagdo com
hiperprolactinemia é a cardiomiopatia periparto (CMP). CMP é uma doencga rara
associada ao final da gravidez ou periodo peri-parto, marcada por disfungao sistolica
grave levando a redugao da fragao de ejecao e sintomas de insuficiéncia cardiaca
(GIVERTZ et al, 2013). Foi demonstrado que, nestas pacientes, por motivos ainda
desconhecidos, ocorre a clivagem da PRL a partir da sua forma de 23 kDa a uma
forma de 16 kDa pela catepsina-D. Esta PRL de 16 kDa induz a apoptose de células
endoteliais, vasoconstricdo, reducdo do metabolismo e da fungdo de cardiomidcitos,
levando a CMP (HONIGBERG et al, 2019). Em 2010, estudo piloto utilizando
tratamento padrado associado a bromocriptina em mulheres com CMP demonstrou
que O grupo que recebeu a bromocriptina apresentou melhora da fragdo de ejecéo
em 6 meses quando comparadas ao grupo de terapia padréo (SLIWA K et al, 2010).

O primeiro estudo a relatar associacao positiva de niveis séricos de PRL com
mortalidade cardiovascular foi o de Haring et al. Este foi um estudo de coorte
avaliando 3.929 individuos (1.946 homens e 1.983 mulheres) entre 20 e 81 anos
durante 10,1 anos (com um total de 38.231 pessoas-ano) que, apds analise
multivariada, observou uma associacado positiva da PRL com mortalidade por todas
as causas em homens e mulheres (HARING et al, 2014).

Outro estudo de coorte mais recente avaliando prolactinemia e incidéncia de
riscos cardiovasculares nao achou associacao entre eles, mas convém ressaltar que
pacientes com prolactina elevada (acima de 30mg/dL) foram excluidos [(niveis de
prolactina médio foram normais em mulheres (11.9 mg/dL) e homens (8.0 mg/dL)]
(THERKELSON et al, 2016). Neste mesmo estudo foi visto que nos homens um
aumento de 5 mg/dL na PRL, mesmo em niveis normais, foi associado com aumento

significativo de hipertenséo e DM.
2.6 DOENCA RENAL CRONICA E INFLAMACAO
Cada vez mais a DRC tem sido reconhecida como uma condigcdo de

inflamacédo crdénica, havendo alteragcbes na imunidade inata e adquirida, tendo
relagao estreita com DCV e infecgdes (Figura 6). Esta disfungdo imunolégica em
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pacientes com DRC ocorre independentemente da etiologia subjacente e se

manifesta precocemente no curso da insuficiéncia renal (SYED-AHMED et al, 2019).

Figura 6 - Disfungdo do sistema imune em pacientes com DRC contribuindo para

mortalidade cardiovascular, susceptibilidade a infecgdes e progressdo da DRC
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Fonte: adaptado de KATO et al, 2008

Como ja dito, a principal causa de mortalidade nos pacientes com DRC sao
as doengas cardiovasculares, vindo em segundo lugar as infecgbes, com estas 2
causas correspondendo a cerca de 70% dos obitos nestes pacientes (FOLEY et al,
1998). Por exemplo, o risco de mortalidade por sepse é aproximadamente 250 vezes
maior entre os pacientes em HD do que na populagdo em geral (SARNAK et al,
2000).

A uremia se caracteriza pela retencdo de mais de 150 substancias que
habitualmente sdo excretadas ou metabolizadas pelo rim, dentre elas inumeras
citocinas inflamatorias, ocasionando um estado de desregulagdo e inflamagéo
cronica (YILMAZ et al, 2011). Esse status pré-inflamatério leva a aumento de
morbidade e mortalidade destes pacientes por diversos mecanismos como
desnutricdo, sarcopenia, estresse oxidativo, aterosclerose acelerada, anemia,
disfungao endotelial e disfungédo imunoldégica (DESCAMPS et al, 2002).

Portanto, o acumulo de escorias nitrogenadas com a perda de fungao renal
esta associada, ao mesmo tempo, com uma imunodepressao, fator contribuinte para

uma alta prevaléncia de infecgbes nesta populagdo, e também com uma
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imunoativagao, resultando em inflamagao e aumento de citocinas pro-inflamatérias
(ZOCCALI et al, 2006).

Citocinas inflamatérias sdo pequenas proteinas (<40 kDa) produzidas por
quase todas as células com a funcdo de regular a ativagdo e producgéo de células
imunes, bem como a liberacdo de outras citocinas. Podem ser pro-inflamatérias,
perpetuando a cascata de reacdo inflamatéria, ou anti-inflamatérias,
contrabalanceando uma resposta imune exagerada. A liberagdo simultdnea de
citocinas pro e anti-inflamatérias ocorre em qualquer processo inflamatério (AKDIS et
al, 2016).

Cada citocina pode ser produzida por diferentes tipos de células e pode agir

também em diferentes células. Diferentes citocinas podem ter agdo semelhante, algo

até redundante, mas quando em conjunto serem sinérgicas (Tabela 7).

Tabela 7 - Principais citocinas inflamatorias e suas caracteristicas

Citocina Estrutura Peso Recepto | Produgéao Alvo Fungdes
molcula | r
r
IL-2 monémero 15,5 IL2-r Células T | Células T CD4 | Proliferagéo de
kDa CD4 e CD8, | e CD8, células | células T e celulas
DC, células | NK, células B B;
NK desenvolvimento
de células TReg;
diferenciacao e
proliferacao de
células NK;
estimulo para
sintese de
anticorpos
IL-4 mondémero 15 kDa | IL-4r tipo | Células Células T e | Inducéo de
l etipoll | Th2, células B diferenciagdo Th2;
eosinofilos, prroducédo de IgE;
basdfilos, upregulation  de
mastocitos, expressdao MHC
células T classe II;
NK proliferagcao de
células T e B;
papel em adeséao
celular
IL-6 mondmero 19-26 IL-6r Células Hepatdcitos, Indugao de
kDa endoteliais, | leucdcitos, proteinas de fase
fibroblastos, | células B, | aguda nos
monacitos, células T, | hepatdcitos;
macréfagos | células ativacéo de
, Células T, | hematopoiética | leucdcitos;
células B, |s ativagao e
musculo diferenciagdo de
liso, células T;
condrdcitos, diferenciagdo de
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osteoblasto
S

células B, com
producédo de IgG,
IgM e IgA;

hematopoiese;
neoangiogénese;
sobrevivéncia de

neurdnios
colinérgicos
IL-10 monémero 20,5 IL10r1 e | Células T; | Macérfagos; Efeito anti-
kDa IL10r2 células B; | mondcitos; inflamatorio direto
monacitos; células T; | em células T;
macréfagos | células B; | supressédo de IgE
células NK; | e indugédo de IgG
mastocitos; pelas células B
granuldcitos
IL17A Monémero e | 35 kDa | IL-17Ar | Células Células Inducao de
heterodimer Th17; epiteliais e | citocinas pro-
o células T | endoteliais; inflamatorias,
CDS8; fibroblastos; quimiocinas e
células NK; | osteoblastos; metaloproteinases
neutrofilos monacitos; : recrutamento e
macrdéfagos; ativagao de
linfocitos T e B; | neutrdéfilos
células
estromais da
medula 6ssea
Interferon | monémero 40-60 IFNyr1 e | Células NK; | Células Propriedades
-y kDa IFNyr2 macréfagos | epiteliais; antivirais;
; células | macréfagos; promogao de
Th1; células | células atividade
T dendriticas; citotoxica e
citotdxicas; células NK; | diferenciagdo Thi1;
células B células T e | upregulation de
células B MHC classe | e
classe |I; efeitos
pro-apoptéticos
TNF-alfa | trimero 26 kDa | TNFr1 e | Macréfagos | Células Defesa do
TNFr2 ativados; nucleadas hospedeiro;
células T carater duplo
CD4; como  mediador
células B; pro-inflamatério
neutrofilos; iniciando intensa
células NK; cascata de
fibroblastos; inflamacado, mas
células também mediador
endoteliais; imunossupressivo
adipocitos limitando a
inflamacéao; papel
em doencgas
autoimunes e

génese de cancer

IL - interleucina; kDa — kilodaltons; NK — natural killer

Fonte: Adaptado de AKDIS et al, 2016
Dentre as citocinas inflamatérias destaca-se na DRC a interleucina (IL)-6. A

IL-6 € um polipeptideo secretado a partir de mondcitos ativados, macrofagos,

fibroblastos, adipécitos e células endoteliais em resposta a diversos estimulos. Esta

potente citocina pré-inflamatéria foi descrita inicialmente como fator de diferenciagao
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de células T citotoxicas e estimulagao de células B, posteriormente sendo vista com
papel central tanto em inflamagéo local quanto sistémica (TANAKA et al, 2014). E
uma citocina pleiotropica envolvida também em respostas de fase aguda

hematopoiese (figura 7).

Figura 7 - Papel da Interleucina-6 na imunidade e inflamagao

CRP 4
Serum amyloid A4  ======) Amyloid A amyloidosis
Hepatocyte ==) Fibrinogen 4 =) Cardiovascular event
Albumin ¥ =) Edema
Hepcidin 4 =) Anemia of inflammation
IL-6 .
Bone marrow === Platelet 4 mms) Thrombocytosis
CDA4 T cell ==) Th17 differentiation 4
inhibition AV ) Autoimmunity
CD4T cell =l Treg differentiation chronic inflammation
‘ y CD8 T cell - Cytotoxic T-cell
differentiation A
B cell == Antibody ) Autoantibody
production 4 hypergammaglobulinemia
RANKL + '
= Osteoclast =) QOsteoporosis
Synovial differentiation bone fracture
fibroblast VEGF 4 ‘ ‘
"= Angiogenesis * ) Joint swelling
Vascular permeability * edema
Dermal L
fibroblast == Collagen 4 m) Fibrosis

Fonte: Adaptado de TANAKA et al, 2014

Metanalise com 82 estudos avaliando relacdo entre IL-6 e doencgas
coronarianas com amostras genéticas e biomarcadores, em pacientes com fungéo
renal normal, com mais de 200.000 participantes, chegou a conclusdo que existe
associacao causal entre niveis séricos de IL-6 e doenga coronariana (SARWAR et
al, 2012).

Nao ha muitos estudos avaliando esta citocina em pacientes com doencga
renal, mas podemos citar estudo de coorte de Barreto et al que avaliou associagao
entre niveis de IL-6, calcificagdo da aorta e mortalidade em 125 pacientes com DRC
em tratamento conservador e em hemodialise, demonstrando que a IL-6 foi preditor
indepentente de mortalidade geral e cardiovascular (BARRETO et al, 2010). Outro
estudo de coorte, de Pecoits-Filho et al, acompanhando por uma média 3,1 anos
173 pacientes com DRC logo antes de iniciarem dialise observou forte valor preditivo
dos niveis de IL-6 para mortalidade (PECOITS et al, 2002).
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A IL-10 é uma potente citocina anti-inflamatodria sintetizada por linfocitos T,
monacitos, células B e macréfagos. Ela afeta diretamente as fungdes da células
apresentadoras de antigenos ao regular negativamente a expressao de MHC classe
Il e também de moléculas co-estimulatérias nas superficies de macrofagos e
monaocitos. A IL-10 inibe a expressdao de muitas citocinas proé-inflamatérias,
quimiocinas e receptores de quimiocinas, fisiologicamente limitando e reduzindo
inflamacéo sistémica (SABAT et al, 2010).

Nos pacientes com DRC avancgada € esperado niveis mais elevados dessa
citocina, ja que ela normalmente é filtrada e depois metabolizada em tubulos renais,
ficando entdo com a meia-vida aumentada (MORITA et al, 1997). Além disso, esta
citocina € contra-reguladora da inflamagdo excessiva existente nos pacientes em
dialise, sendo encontrada elevada em até 2/3 dos pacientes. Inclusive nos pacientes
em HD com IL-10 em niveis reduzidos ocorre aterosclerose acelerada e aumento de
mortalidade cardiovascular (GIRNDT et al, 2002).

Figura 8 - Interleucina-10 interligando a inflamag&o em pacientes dialiticos

o .
o2 Cardiovascular
?.?:‘?(,\'\6\\\0“ - . risk

3 - T~ _—
Hemodialysist| Cytokines
0 ‘ ‘ Q slightly Lower

‘ ; elevated
Corﬁrrr)rlremerﬁ o | Y\\y

| activation i
‘ | Proinflammatory
Monocyte = cytokines (IL-6, TNF)

|Uremia - <

<. Cytokines
) severly Higher
| elevated T

Fonte: Adaptado de GIRNDT et al, 2002

2.7 PROLACTINA E DOENGA RENAL CRONICA

Os rins desempenham papel importante na regulacdo enddcrina do
organismo, ndao apenas produzindo alguns horménios como eritropoetina e renina,
mas também atuando na metabolizacdo de outros, como insulina, cortisol e
prolactina. Portanto, pacientes com DRC apresentam inumeras disfungdes
enddcrinas, com alteragcbes em algas de feedback, reducado no transporte de
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horménios ligados a proteinas, aléem de redugdo da metabolizagdo e eliminagao
hormonal (NIEMCZYK et al, 2012).

Em relagdo a PRL nos pacientes com disfung&o renal ocorre sua acumulagao
por inumeros mecanismos. Um dos principais € uma redu¢do em sua metabolizacao
(SIEVERTSEN et al, 1980). Ocorre também aumento da secrec¢éao pelos lactotrofos,
ja que o estado urémico, por reduzir a disponibilidade de dopamina no cérebro,
estimula diretamente sua secregédo (ADACHI et al, 2001).

Com isso, hiperprolactinemia nestes pacientes torna-se bastante prevalente,
podendo variar de 30% nos estagios precoces a 65% naqueles em hemodialise
(CARRERO et al, 2012). Em estudo com 31 pacientes em hemodialise, 30 em dialise
peritoneal, 30 transplantados renais e 72 controles foi visto que a prolactina estava
significativamente mais elevada naqueles em didlise, com diferenca estatistica em
relacdo aos transplantados e controles, que apresentaram prolactina em niveis
normais. Importante ressaltar que a hiperprolactinemia observada nos pacientes
com DRC néo esta associada a presenga de isoformas de macroprolactina (YAVUZ
et al, 2005).

Mesmo com uma prevaléncia bastante aumentada na DRC, o diagnostico
clinico de hiperprolactinemia nesta populagao é dificil. Os sinais e sintomas de PRL
elevada se confundem com algumas manifestagbes da propria DRC como
oligomenorreia, amenorreia, diminuicdo da libido, disfunc&o erétil, infertilidade e
osteoporose. Galactorréia e ginecomastia sdo sinais bastante sugestivos, mas
apresentam limitada sensibilidade para o diagnéstico (NIEMCZYK et al, 2012).

Terapias dialiticas, como hemodialise convencional e dialise peritoneal, ndo
normalizam a prolactinemia (CARRERO et al, 2012). Isso ocorre por qué as terapias
dialiticas no geral ndo promovem a remocéo eficaz de moléculas de tamanho médio,
como a prolactina. Nem na hemodialise frequente, 6 ou mais vezes por semana, foi
vista redugédo da prolactinemia, como demonstrado em estudo com 177 pacientes
em dialise diaria e 60 em hemodialise noturna (LO et al, 2017). Ja a hemodiafiltragao
(HDF), com capilar de alto fluxo, melhora a depuragéo de moléculas até 25 kDa, as
vezes até 50 kDa, ocorrendo reducéo de prolactinemia. Apesar disto foi evidenciado
que algumas horas apos a sessédo de HDF os niveis de PRL retornam aos valores
pré-hemodialise (WOLLEY et al, 2018).

Com o transplante renal e consequente melhora da filtragdo glomerular ocorre
normalizagédo dos niveis séricos de PRL (BRY-GAUILLARD et al, 1999). Em estudo
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com 14 homens e 7 mulheres avaliando PRL em 3 momentos (imediatamente antes
do transplante, 8 dias e 6 meses apos) foi visto que houve uma normalizagao
sustentada do nivel sérico do horménio (SAHA et al, 2002). Estudos com uso de
agonistas dopaminérgicos (cabergolina e bromocriptina) sdo escassos na populagao
com DRC, mas naqueles com indicagao clinica (galactorréia ou hipogonadismo) o
seu uso parece seguro (SERRI et al, 2006; ESPOSTI et al, 1985).

Ha poucos estudos avaliando prolactinemia em DRC. Um dos principais a
avaliar esta relacdo foi de Carrero et al. Este estudo foi composto de 2 coortes, uma
com pacientes DRC em tratamento conservador e outra com pacientes em
hemodialise, durante 3 e 4 anos respectivamente. A coorte com pacientes DRC em
conservador constituiu 457 pacientes, com idade média de 52 anos, sendo 229
homens, avaliando-se dilatagao fluxo-mediada (FMD) e espessura de intima-média
carotidea. Na coorte com pacientes em hemodialise foram incluidos 173 pacientes,
idade média de 65 anos, com 111 homens, avaliando-se velocidade de onda de
pulso (PWV). Como resultado o trabalho evidenciou que os niveis de prolactina
aumentaram com a reducgao da funcéao renal, estando associada a aumento de FMD
nos pacientes DRC conservador e da PWV nos dialiticos. Também viram que a cada
aumento de 10ng/mL de prolactina ocorria aumento de 27% no risco cardiovascular
de pacientes nao-dialiticos e aumento de 12% em mortalidade cardiovascular nos
dialiticos. Concluiram que os niveis séricos de prolactina estdo diretamente
associados a disfuncédo endotelial e aumento de risco e mortalidade cardiovascular
em pacientes com DRC (Figura 9) (CARRERO et al, 2012).

Figura 9 - Eventos cardiovasculares e mortalidade cardiovascular em homens e
mulheres com doenca renal cronica tratamento conservador e hemodialise
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B - Eventos cardiovasculares em
mulheres com DRC em tratamento
conservador. Tempo em meses

C - Mortalidade cardiovascular em
homens em hemodialise

D - Mortalidade cardiovascular em
mulheres em hemodialise

Fonte: Adaptado de CARRERO et al, 2012
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3 JUSTIFICATIVA DA PESQUISA

A doenca renal cronica (DRC) é bastante prevalente na populagao geral. Tem
elevada morbidade e esta associada a aumento de mortalidade cardiovascular, até
mesmo naqueles pacientes com terapia renal substitutiva a hemodialise
(COCKWELL et al, 2020).

Fatores de risco cardiovascular tradicionais como diabetes mellitus,
hipertensao arterial sistémica, idade avangada, hipertrofia do ventriculo esquerdo e
doencga vascular periférica sdo bem estabelecidos nesta populagdo (GANSEVOORT
et al, 2013).

Mas os fatores de risco tidos como nao-tradicionais, como hiperfosfatemia,
hiperparatireoidismo, inflamacdo e anemia também sdo de relevancia nesta
populagdo de doentes. Pacientes com DRC em hemodialise apresentam prevaléncia
elevada de hiperprolactinemia, estando associada a aumento de mortalidade
cardiovascular ainda por mecanismos desconhecidos (CARRERO et al, 2012).

Considerando o relatado, e considerando ainda as acdes inflamatdrias da
prolactina, nosso estudo se propde a avaliar, de forma inédita, relagcdo entre

citocinas inflamatdrias e prolactinemia em pacientes com DRC em hemodialise.
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4 HIPOTESES

HO
Pacientes em hemodialise com prolactina elevada ndo apresentam diferenga nos
niveis de citocinas inflamatérias em relacdo a pacientes com o horménio em niveis

na faixa de normalidade;

H1
Pacientes em hemodialise com prolactina elevada apresentam diferenga nos niveis
de citocinas inflamatdorias em relagédo a pacientes com o hormdnio em niveis na faixa

de normalidade.
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5 OBJETIVOS

5.1 GERAL:
- Avaliar niveis séricos de prolactina e citocinas inflamatérias de pacientes em

hemodialise em centro de referéncia em Pernambuco;

5.2 ESPECIFICOS:

- Correlacionar os niveis séricos de prolactina com citocinas inflamatorias
[interleucina (IL)-2, IL-4, IL-6, IL-10, IL-17A, TNF-a e IFN-y] em pacientes em
hemodialise;

- avaliar perfil clinico e epidemiolégico de pacientes com prolactina normal e
elevada em hemodialise;

- correlacionar niveis séricos de prolactina com tempo em hemodialise, indice de
massa corporal, perfil lipidico, glicemia de jejum, hemoglobina glicada, calcio,
fésforo, fosfatase alcalina e PTH em pacientes em hemodialise.
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6 METODOS

6.1 TIPO DE ESTUDO
Foi realizada um estudo de corte transversal, observacional, em centro de

referéncia em hemodialise no estado de Pernambuco.

6.2 LOCAL E POPULACAO DO ESTUDO

O projeto de pesquisa foi elaborado no programa de Pés-Graduagdo em
Neuropsiquiatria e Ciéncias do Comportamento da Universidade Federal de
Pernambuco (UFPE) e realizado no servico de hemodidlise do Real Hospital
Portugués, com 360 pacientes regulares do programa.

A populagcdo estudada foi composta por pacientes em terapia renal
substitutiva da modalidade hemodialise do Real Hospital Portugués, provenientes do
Sistema Unico de Saude e também do Sistema Complementar de Saude,
compreendendo 361 pacientes.

As amostras de sangue foram analisadas no REALLAB, laboratorio referéncia
do Real Hospital Portugués. Os pacientes da hemodialise realizam regularmente
exames de sangue como hemoglobina, albumina, colesterol total e fragdes, calcio,
fésforo, magnésio, fosfatase alcalina, PTH. A estes exames de rotina foi adicionado
a dosagem de prolactina. A dosagem de citocinas inflamatorias foi realizada no
Laboratdrio de Imunopatologia Keito Asami (LIKA) da UFPE.

Naqueles incluidos foram avaliados parametros clinicos (sexo, idade, tempo
de hemodidlise, indice de massa corporal, medicagdes em uso), bioquimicos
[hemoglobina, glicose em jejum, hemoglobina glicada, colesterol total e fragdes,
albumina, calcio, fosforo, fosfatase alcalina, hormonio paratireoidiano (PTH)] e
citocinas inflamatdrias [interleucina (IL)-2, IL-4, IL-6, IL-10, IL-17A, fator de necrose
tumoral alfa (TNF-a) e interferon gama (IFN-y)].

6.3 CRITERIOS DE INCLUSAO E EXCLUSAO
Foram Incluidos:
- Pacientes acima de 18 anos;
- Pacientes com mais de 6 meses em hemodialise;

- Utilizagao de acesso vascular fistula arterio-venosa.
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Foram excluidos os pacientes com:
- Utilizagdo de protese vascular ou catéter (de curta ou longa permanéncia)

como acesso vascular;
- infecgdes virais (HIV, hepatite C, hepatite B) ou bacterianas ativas;
- em uso de antibidtico;
- hipotiroidismo (TSH acima de 5mU/L) ou uso de levotiroxina;

- uso de medicagao que sabidamente eleve a prolactina:

Antipsicéticos
Tipicos - Haloperidol, clorpromazina, flupentixol
Atipicos - Risperidona, paliperidona, molindona, olanzapina
Antidepressivos
Triciclicos - Clomipramine, amitriptilina, amoxapina
SSRI - Fluroxetina, Fluvoxamina, Paroxetina, citalopram,
escitalopram, sertraline
SNRI - Venlafaxina, duloxetina, reboxetina
MOAI - Pargilina, clorgilina
Antihipertensivos Verapamil, metildopa, reserpina, labetalol
Procinéticos Metoclopramide, domperidona
Bloqueadores receptor | Cimetidine, ranitidina
H2
Outros Estrogenos, morfina, alprazolam, heroina, cocaina,
marijuana

- gestantes e lactantes;

- uso regular de imunossupressores (passado de transplante renal ou

doengas autoimunes ativas);
- doencga hepatica cronica;

- neoplasia ativa em quimioterapia;

6.4 DOSAGENS SANGUINEAS E VARIAVEIS

Todas as dosagens sanguineas foram realizadas com o paciente em jejum,
logo ao inicio da primeira sessdo de hemodialise da semana, com a amostra sendo
retirada da linha venosa. O capilar utilizado na hemodialise foi o HF80, e todos os
pacientes apresentaram boa adequagao da hemodialise, com Kt/V semanal > 1.2 (K,
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clearance de uréia pelo dialisador; t, tempo da dialise; V, volume de distribuicdo de
uréia).

A dosagem de prolactina foi realizada uma unica vez pelo método de
eletroquimioluminescéncia (Ensaio ADVIA Centaur® Prolactin, da SIEMENS ®),
Hiperprolactinemia foi considerada naqueles pacientes com valores de prolactina
sérica acima dos limites superiores da normalidade do método: normal até 17,7
ng/mL em homens e até 20,3 ng/mL em mulheres.

As amostras de sangue para dosagem de citocinas inflamatérias foram
coletadas em tubos Vacutainer® com EDTA. Para a obtencdo do soro os tubos
foram centrifugados a 3000 RPM durante 10 min a 4°C e, em seguida, congelado a -
80°C, por um periodo de 10 dias até a analise. O kit CBA (Cytometric Bead Assay,
Th1, Th2 e Th17, # 560484, BD Biosciences) foi usado para analise das citocinas:
IL-2, IL-4, IL-6, IL-10, IL-17A, TNF-a e IFN-y. Apos seguir as instrugdes do kit para a
reacdo, o ensaio foi adquirido por citometria de fluxo (FACSCalibur™, BD
Biosciences©) e os dados obtidos foram analisados com software FCAP Array 3.0
(BD Biosciences®©). A quantificagdo das citocinas foi apresentado em pg/ml.
Quantificagbes que ndo ficaram dentro do limite de detecgdo foram consideradas

zero ou nao detectado (ND) durante a analise por FCAP Array.

MEDIDAS CLINICAS E EPIDEMIOLOGICAS:

Variavel Definicao Categorizagéo
Bioldgica
IDADE Variavel continua
definida pela data de
nascimento que
consta no registro
geral
SEXO 1 — masculino
2 — feminino
ETIOLOGIA DA 1 — Diabetes
DOENCA RENAL 2 — Hipertensao
CRONICA 3 — Glomerulopatias
4 — Doenga Renal
Policistica
AutossOmica
Dominante
5 — Pielonefrite
crénica
6 - Indeterminada
TEMPO DE | Variavel continua




HEMODIALISE | definida de acordo

(em meses) com més de inicio da
hemodialise

INDICE DE | Variavel continua

MASSA resultado da razao

CORPORAL entre o peso e a

(IMC) (kg/m2) altura®

MEDIDAS LABORATORIAIS:

Variavel Biologica Definicao Categorizacéo
PROLACTINA (ng/mL) NORMAL
Homens < 17,7ng/mL
Mulheres < 20,3 ng/mL
ELEVADA
Homens > 17,7 ng/mL
Mulheres > 20,3 ng/mL
CITOCINAS (INTERLEUCINA-2, | Variavel
-4, -6, -10, 17A, TNF- a, IFN- y) | continua
(pg/mL)
HEMOGLOBINA (mg/dL) Variavel
continua
GLICEMIA DE JEJUM (mg/dL) Variavel
continua
HEMOGLOBINA GLICADA (%) | Variavel
continua
COLESTEROL TOTAL (mg/dL) | Variavel
continua
LDL (mg/dL) Variavel
continua
HDL (mg/dL) Variavel
continua
TRIGLICERIDEOS (mg/dL) Variavel
continua
ALBUMINA (mg/dL) Variavel
continua
CALCIO (mg/dL) Variavel
continua
FOSFORO (mg/dL) Variavel
continua
FOSFATASE ALCALINA (U/L) Variavel
continua
PARATORMONIO (pg/mL) Variavel
continua

45

a. PROLACTINA: dosada pelo método de eletroquimioluminescéncia

(Ensaio ADVIA Centaur® Prolactin, da SIEMENS ®); VR: 4,04-17,7



46

ng/mL em homens e 4,79-20,3 ng/mL em mulheres. Dosagem

realizada no Real Hospital Portugués;

b. INTERLEUCINA-2, -4, -6, -10, 17A, TNF- a, IFN- y: kit CBA
(Cytometric Bead Assay, Th1, Th2 e Th17, #560484, BD Biosciences);
dosagem realizada no Laboratorio de Imunopatologia Keito Asami
(LIKA) da Universidade Federal de Pernambuco (UFPE).

ETIOLOGIA DA DOENGA RENAL CRONICA

Vi.

DIABETES: nefropatia em diabético tipo | ou tipo Il com
albuminuria de 24 horas maior que 30 mg, associada a lesdo em
outro 6rgdo alvo (retina, nervo periférico, coronaria,
cerebrovascular ou vascular periférico).

HIPERTENSAO: presenca de niveis tensionais > 140 x 90
mmHg associado a lesdo de orgdo-alvo também de
caracteristica hipertensiva.

GLOMERULOPATIA: presenca de diagnostico de
glomerulopatia em bidpsia renal.

DOENCA RENAL POLICISTICA: presenca de exame de
imagem (ultrassonografia, tomografia computadorizada ou
ressonancia nuclear magnética) compativel com o diagnéstico.

PIELONEFRITE CRONICA: presenca de calculos
obstrutivos ou coraliformes com cicatrizes renais avaliados por
cintilografia ou pionefrose estabelecida apos nefrectomia.

INDETERMINADA: ndo definida por uma das etiologias
descritas acima ou de etiologia multifatorial.
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7 ANALISE ESTATISTICA

Os dados foram armazenados utilizando-se planilha do Microsoft Office
Excel for MAC, versdo 15.14 2015 ®. Para a obtengao dos resultados estatisticos foi
realizado inicialmente um estudo descritivo com o objetivo de discriminar possiveis
tendéncias nas variaveis do estudo. Foi realizado o teste de normalidade e por
ocorrer violacdo da suposi¢cao de normalidade, fez-se uso do teste n&o-paramétrico
Kruskal-Wallis. Para os casos onde ocorreram diferengas significativas entre os
estagios, seguiu-se com o teste par-a-par ndo-paramétrico Mann-Whitney para
verificar onde ocorria tal diferenca. Para as relagbes entre o estagio da doenga e as
demais variaveis qualitativas nominais, fez-se uso do teste ndo paramétrico Qui-
quadrado. Para as correlagbes entre o estagio da doenga e as variaveis numeéricas
utilizou-se, considerando os diferentes estagios, o Coeficiente de Spearman. Além
disso, para cada estagio foi verificado e testado a existéncia de possiveis diferengas
nas variaveis quando se comparassem 0s pacientes de prolactina elevada e os
pacientes de prolactina normal. Para todos os testes realizados considerou-se o
nivel de significancia de 5%.

No painel de citocinas inflamatérias foi utilizado o teste ndo paramétrico de
Mann-Whitney para fazer as comparagdes entre os dois grupos. O nivel de
significancia de 0.05 foi considerado, sendo as variaveis que apresentaram p-valor
menor que 0.05 estatisticamente significativas.
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8 ASPECTOS ETICOS

Este estudo foi aprovado pelo Comité de Etica em Pesquisa envolvendo seres
humanos do Centro de Ciéncias da Saude da Universidade Federal de Pernambuco
(CEP/CCS/UFPE) sob o registro numero CAAE: 74031617.0.0000.5208, de acordo
com a Resolugéo n° 466/12 do Conselho Nacional de Saude (ANEXO A).

Nao houve qualquer tipo de remuneragdo ou privilégio para aqueles que
optaram em participar da pesquisa. Os pacientes que apresentaram alteragdes
hormonais significativas (prolactina acima de 100pg/mL) foram encaminhados ao

ambulatdrio de endocrinologia para avaliagao e seguimento.
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9 RESULTADOS

Desta tese resultaram 2 artigos.

O primeiro artigo, uma revisdo narrativa avaliando a relagao entre prolactina,
risco cardiovascular e doenga renal cronica, foi aceito e publicado na revista
International Journal of Endocrinology em 22/06/2020 (Fator de impacto 2,23; Qualis
B12019) (APENDICE C, pagina 61).

O segundo artigo veio da pesquisa original, intitulado “Prolactina e citocinas
inflamatorias em pacientes em hemodialise: estudo de corte transversal’. Esta
pesquisa foi submetida em formato de artigo original a revista EUROPEAN
JOURNAL OF ENDOCRINOLOGY (Fator de impacto 5,107; Qualis A1
2019)(APENDICE D, pagina 75).
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10 CONCLUSOES

Pacientes em hemodiadlise apresentam prevaléncia elevada de
hiperprolactinemia, estando essa elevagdo hormonal associada a maiores niveis de
interleucina-6 e menores niveis de interleucina-10.

Pacientes com mais tempo em terapia substitutiva renal a hemodialise
apresentaram maiores niveis séricos de prolactina em comparagao a pacientes com
menos tempo.

Nao foi vista correlagdo entre niveis séricos de prolactina com niveis de
outras citocinas inflamatérias (IL-2, IL-4, TNF-alfa, INF-gama), bem como também
com idade, sexo, etiologia da DRC, glicemia de jejum, hemoglobina glicada, IMC,
albumina doenga mineral 6ssea (calcio, fosforo, fosfatase alcalina, paratorménio).
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11 CONSIDERAGOES FINAIS

Doenga renal crénica (DRC) apresenta prevaléncia elevada no Brasil e no
mundo, acometendo 1 de cada 10 pessoas. Apresenta também aumento de novos
casos ano apos ano devido principalmente a elevada prevaléncia de suas principais
etiologias: diabetes mellitus (DM) e hipertensdo arterial. Além de elevada
prevaléncia a DRC ainda ¢é fator de risco independente para mortalidade
cardiovascular, com cerca de 5 a 10 milhdes de mortes atribuiveis anualmente no
mundo todo.

Portanto, risco e mortalidade cardiovascular devem ser um dos principais
focos dos estudos na nefrologia. Além destes pacientes terem maior prevaléncia de
fatores de risco cardiovascular ditos tradicionais, ainda sdo acometidos por fatores
nao comumente encontrados na populagéo geral.

Consideramos estudar a prolactina haja vista escassez de estudos com este
horménio na populagdo com DRC. Este horménio é considerado por alguns autores
uma toxina urémica - acumula-se com a perda da funcéo renal e esta associada ao
aumento dos resultados cardiovasculares. Apds extensa revisao da literatura vimos
que esta substancia, também considerada uma citocina inflamatéria, pode contribuir
para um maior desequilibrio em uma ja afetada homeostase dos pacientes com
deficit de filtragao renal.

Nesta pesquisa avaliamos pela primeira vez a relagcdo entre
hiperprolactinemia e citocinas inflamatérias em pacientes em hemodiadlise. O
resultado mais significativo foi a evidéncia de que aqueles com hiperprolactinemia
apresentaram niveis séricos mais elevados de interleucina-6 e menores de
interleucina-10. Apesar do objetivo inicial da tese ter sido avaliar este perfil antes e
depois de terapia com cabergolina, por inumeros motivos ndo pode ser conduzida.
Apesar disso, apos a conclusdo desta tese pretendemos continuar esta linha de
pesquisa pois, em nossa opinido, muitos pontos permanecem em aberto: por que
alguns pacientes apresentam elevagdo hormonal e outros ndo; associagédo de
prolactinemia com marcadores de dano cardiovascular nestes pacientes; relacdo de
prolactinemia com desfechos renais em pacientes transplantados e, o principal, se
hiperprolactinemia n&o poderia ser um alvo terapéutico como inumeros outros nessa

populagéo (PTH, hemoglobina, fésforo e albuminuria, por exemplo).
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Abstract

Chronic Kidney Disease (CKD) has a high prevalence worldwide, mainly due
to its main etiologies - diabetes and hypertension. It has high cardiovascular
morbidity and mortality, with traditional risk factors such as atherosclerosis,
hypertension, diabetes, smoking and left ventricular hypertrophy being common.
Non-traditional cardiovascular risk factors such as anemia, hyperparathyroidism,
chronic inflammation and microalbuminuria, are also well studied. Prolactin is a
hormone not only related to lactation, being considered by some authors a uremic
toxin. It accumulates with loss of renal function and it is associated with
cardiovascular outcomes in both normal renal function population and CKD
population. The purpose of this narrative review is to raise the main common aspects

of CKD, prolactinemia and cardiovascular risk.
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Introduction

Chronic kidney disease (CKD) has high and increasing prevalence in the
general population, mainly because the main causes of kidney failure are diabetes
mellitus (DM) and hypertension, very common diseases. CKD has high morbidity and
is associated with increased cardiovascular mortality, with 5 to 10 million annual
deaths worldwide (XIE, 2018).

The so-called traditional cardiovascular risk factors such as DM, hypertension,
smoking, left ventricular hypertrophy (LVH) and peripheral vascular disease are very
prevalent in this population (GANSEVOORT, 2013). However, nontraditional risk
factors such as hyperphosphatemia, hyperparathyroidism, inflammation, and anemia
are also prevalent in this population. Among these, hyperprolactinemia has received
increasing attention in recent years (HARING, 2014).

CKD patients have elevated prolactinemia when compared to the general
population and those with high hormone have higher cardiovascular mortality
compared to those with normal prolactinemia (CARRERO, 2012). Furthermore, a
growing number of biological processes continue to be attributed to prolactin. This is
partly due to the presence of its receptor in different tissues at different sites,
presenting many cellular responses. These biological processes include insulin
resistance, metabolic syndrome, inflammation modulation, endothelial dysfunction,
and accelerated atherosclerosis (HORSEMAN, 2013).

The aim of this review was to raise the main points regarding prolactin,
cardiovascular risks and CKD.

Chronic Kidney Disease

Chronic kidney disease (CKD) is characterized by progressive and irreversible
loss of renal function. It is defined by at least one of the following for more than 3
months: glomerular filtration rate less than 60mL / min / 1.73m?, with or without renal
damage markers (albuminuria > 30mg / 24 hours or urinary albuminuria / creatinine
ratio > 30mg / g; persistent glomerular hematuria; persistent electrolyte changes due
to tubulopathy; structural abnormalities detected by imaging; previous kidney
transplant) (EKNOYAN, 2013).
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CKD has increasing prevalence worldwide, estimated at 10% of population,
being more common in women when dysfunction is mild, and more common in men
when dysfunction is severe (CARRERO, 2018). Its main etiological factors are
diabetes mellitus (DM), systemic arterial hypertension, glomerulopathy and
autosomal dominant polycystic kidney disease (ADPKD), varying depending on the
region evaluated. For example, DM is the most prevalent cause of CKD in the United
States and Europe, while glomerulopathy are the leading cause in China and Japan
(HILL, 2016).

The CKD classification was established in 2012 by the National Kidney
Foundation and published in the Kidney Disease Improving Global Outcomes -
KDIGO 2013 guidelines. It is widely used for assessment, risk stratification and
follow-up of CKD patients (EKNOYAN, 2013). For example, the more severe renal
dysfunction, the higher the mortality. Five-year survival for a dialysis patient in the
United States is approximately 35%, and only 25% if the patient is diabetic (XIE,
2018).

CKD is a progressive and silent disease, presenting signs and symptoms only
in advanced stages. Therefore, its early diagnosis is very important because, in
addition to avoiding a rapid progression to final stages, it is possible to reduce its
morbidity and mortality (HAMER, 2006).

Besides high morbidity, CKD also has high mortality. Even those patients in
renal replacement therapy (RRT) also have high death rates, much higher than
certain types of cancer (TONELLI, 2006). Due to fluid accumulation, cardiac
remodeling, uremic cardiomyopathy and advanced atherosclerosis, the main cause

of mortality in patients with renal failure is cardiovascular (DE JAGER, 2009).

Chronic Kidney Disease and Cardiovascular disease

At all stages, regardless of type of treatment or CKD etiology, cardiovascular
disease is the leading cause of death in these patients (MEGUID EL NAHAS, 2005).
Both reduced glomerular filtration (GFR) and increased proteinuria, markers of CKD,
increase the risk of cardiovascular disease.

In a large meta-analysis study in which 1.234.182 CKD patients were
compared with controls with normal estimated GFR, having estimated GFR reduction
to 60, 45 and 15 mL / min / 1.73m 2 increased mortality due to all causes in 18%,
57% and 214%, respectively (MATSUSHITA, 2010).
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In the central pathogenesis of heart disease in CKD patients are arterial and
myocardial remodeling (KOTTGEN, 2007). As a consequence of volume overload,
pressure overload, retention of uremic toxins, vascular calcification and endothelial
dysfunction, these patients present with accelerated atherosclerosis and left
ventricular hypertrophy (SCHIFFRIN, 2007).

Therefore, traditional cardiovascular risk factors such as hypertension, LVH,
DM, smoking, dyslipidemia and metabolic syndrome are very prevalent in this
population, and are widely studied (HAMER, 2006; GARG, 2002). However, it is
important to remind that in CKD patients there are non-traditional cardiovascular risk
factors.

For example, vascular calcification is observed even in young adults on
dialysis, who do not have associated hypertension, smoking or dyslipidemia
(GOODMAN, 2000). It is also important to mention that vascular calcification in CKD
patients may occur differently from the classical intima layer calcium deposition due
to atherosclerosis. In these patients, there may also be deposition in the middle layer
as a result of a phenotypic shift from smooth muscle cells to osteoblast-like cells, a
phenomenon induced by hyperphosphatemia, hypercalcemia, and
hyperparathyroidism (VERVLOET, 2017).

Another nontraditional cardiovascular risk factor common in CKD patients is
anemia. Low hemoglobin levels and relative erythropoietin deficiency lead to
increased cardiac output, reduced myocardial oxygen supply, oxidative stress, and
cardiomyocyte apoptosis. Therefore, anemia is a risk factor for the development and
progression of LVH, heart failure and mortality (CHANG, 2014).

Elevated albuminuria (above 30 mg in 24-hour urine) is also a risk factor
associated with cardiovascular disease, regardless of presence or absence of
diabetes. Although the mechanism by which albuminuria is associated with
cardiovascular disease is not well understood, it appears to be a sign that
vasculature, particularly the endothelium, is damaged. For example, in diabetic
patients, the degree of coronary endothelial dysfunction appears to be higher in
those with moderately increased albuminuria (BARZILAY, 2004).

In addition to the nontraditional factors mentioned above, prolactin (PRL) also
stands out. This hormone accumulates in the blood with loss of renal function and is
associated with cardiovascular outcomes, being considered a uremic toxin (ROS,
2013).
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Prolactin

Prolactin (PRL) is a polypeptide hormone synthesized and secreted by
lactotrophic cells of the anterior pituitary gland. The main role assigned to PRL is to
stimulate proliferation and differentiation of breast cells needed for lactation by acting
on its transmembrane receptor (HORSEMAN, 2013).

The size of PRL is heterogeneous in terms of circulating molecular forms. The
predominant form in healthy individuals and patients with hyperprolactinemia is
monomeric, with molecular weight of 23 kDa. It can also be dimeric (big prolactin, 45-
60 kDa) or macro (big-big prolactin, 150-170 kDa), both corresponding to less than
20% of the total circulating PRL (SINHA, 1995).

Hyperprolactinemia is the most common hypothalamic-pituitary-adrenal axis
endocrine alteration. It has several etiologies (Table 1), which can be subdivided into
three categories: physiological, pharmacological and systemic diseases. These
include any pathology of the selar region, endocrine and non-endocrine systemic
diseases. The most common cause among systemic diseases is prolactinoma,
present in 50% of patients (VILAR, 2014).

Table 1. Main causes of hyperprolactinemia

CAUSES OF Examples

HYPERPROLACTINEMIA

Physiological Pregnancy
Breast-feeding
Stress

Physical activity
Breast stimulation

Pharmacological (main drugs) Risperidone, Quetiapine, Olanzapine,
Haloperidol, Loxapine, Olanzapine,
Clomipramine, Amitriptyline,
Fluoxetine, Citalopram, Paroxetine,
Phenytoin, Metoclopramide,
Domperidone, Ranitidine,
Methyldopa, Verapamil,
Labetalocaine, Morphine, Cocaine,
Sibutramine

Diseases of the selar region Lactotrophic Adenomas
(Prolactinomas)

Hypothalamic Tumors

Sarcoidosis, histiocytosis

Endocrine systemic diseases Hypothyroidism
Adrenal insufficiency
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Non-endocrine systemic diseases Chronic kidney disease
Hepatical cirrhosis

PRL was initially described as a lactation stimulating hormone in mammals.
But in recent years other actions called "non-pituitary prolactin expressions" have
been reported, with over 300 actions at different sites in different species.

A growing number of biological processes continue to be attributed to
prolactin. This is partly due to the presence of its receptor in different tissues with
multiple intracellular domains, providing a structural basis that can signal to multiple
kinases at different sites. Therefore, activation of these signaling pathways may
produce different cellular responses.

These biological processes include insulin resistance, metabolic syndrome,
inflammation modulation, endothelial dysfunction, and accelerated atherosclerosis
(HORSEMAN, 2013).

Hyperglycemia has been demonstrated in men and women with
hyperprolactinemia due to the direct effects of prolactin on Langerhans islet growth
and insulin production (TUZCU, 2003). Elevated PRL also has an effect on blood
glucose, increasing peripheral insulin resistance (BEN-JONATHAN, 2006).
Prolactinoma patients are at higher risk for hyperglycemia, accompanied by obesity
and insulin resistance (BERINDER 2011). Due to these effects, bromocriptine, a
dopaminergic agonist that inhibits prolactin secretion, was approved in the United
States in 2011 for the treatment of type-2 diabetes mellitus (DEFRONZO, 2011).

Another metabolic effect that elevated PRL causes is lipid profile, increasing
LDL cholesterol and triglycerides, while reducing HDL (BERNABEU, 2013). A clinical
study showed improvement in the metabolic profile of 38 patients with prolactinomas
treated with cabergoline, a dopamine receptor agonist that normalizes serum
prolactin levels (CIRESI, 2013). Another study showed as secondary outcome
improved metabolic profile [reduction in LDL, triglycerides, fasting glucose, Body
Mass Index (BMI) and waist circumference] in patients with prolactinomas treated
with cabergoline for six months (PALA, 2015).

Prolactin is also described as one of the numerous mediators of
communication between the neuroendocrine system and the immune system

(IGNACAK, 2012). The PRL receptor is a member of the type 1 cytokine superfamily
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and is widely expressed in the immune system, including lymphocytes, monocytes,
macrophages, natural killer cells and thymic epithelial cells. Therefore, PRL acts as a
hormone and also as a cytokine, participating in several immunomodulatory
activities. At endothelial level, PRL stimulates the adhesion of mononuclear cells to
endothelial cells in response to inflammatory cytokines (MONTES, 2005). In a recent
study, it was found that hyperprolactinemia is associated with activity in autoimmune
diseases such as rheumatoid arthritis, systemic lupus erythematosus, scleroderma,
and multiple sclerosis (BORBA, 2018).

Prolactin and Cardiovascular events

In addition to effects described above, serum PRL levels demonstrate an
association with several cardiovascular effects. In a study of early menopausal
women, PRL, even at normal levels, was found to correlate with the Heart Score of
the European Society of Cardiology, a composite index that predicts mortality within
10 years, raising the hypothesis that prolactin may play a role in accelerated
arteriosclerosis, affecting blood pressure and stiffness (GEORGIOPOULQOS, 2009).

A study that included 35 hyperprolactinemic patients with untreated pituitary
adenomas and 36 healthy controls found that mean carotid intima layer thickness,
capillary blood glucose, insulin resistance (HOMA-IR), and ultra-sensitive C-reactive
protein were significantly higher in patients with elevated PRL, demonstrating that
hyperprolactinemia is associated with preclinical atherosclerosis and metabolic
abnormalities (ASLAM, 2014). Another similar case-control study, this time with 31
prolactinoma patients and 60 controls, demonstrated increased carotid intima-media
thickness, with increased insulin resistance, inflammation, and endothelial
dysfunction in those with elevated prolactin (JIANG, 2014).

In a study with rats, it was demonstrated that different plasma PRL levels have
opposite effects: slightly high PRL causes decrease in blood pressure (BP) caused
by increased nitric oxide (NO) production, whereas higher hormonal elevations lead
to increased in BP associated with heart failure due to decreased NO production
(GONZALEZ, 2015) (CHANG, 2016).

Another interesting cardiovascular effect described in association with
hyperprolactinemia is peripartum cardiomyopathy (PPCM). PPCM is a rare disease
associated with late pregnancy or the postpartum period, marked by severe systolic
dysfunction leading to reduced ejection fraction and symptoms of heart failure
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(GIVERTZ, 2013). It has been shown that in these patients, for reasons yet unknown,
PRL cleavage occurs from its 23kDa form to a 16kDa form by cathepsin-D. This 16
kDa PRL induces endothelial cell apoptosis, vasoconstriction, reduced metabolism
and cardiomyocyte function, leading to PPCM (HONIGBERG, 2019). In 2010, a pilot
study using standard bromocriptine-associated treatment in women with PPCM
demonstrated that the group receiving bromocriptine had an improvement in the
ejection fraction at 6 months compared to the standard therapy group (SLIWA K,
2010).

An interesting study in patients undergoing endarterectomy found that both
fibrotic layer and atherosclerotic plaques macrophages had PRL receptors. In the
same study, it was also shown that PRL receptor expression was associated with the
atherosclerotic lesion stage - more unstable plaques showed higher receptor
expression. Thus, the study raised the hypothesis that PRL has a modulatory effect
on atherogenesis (REUWER, 2011).

Cohort study evaluating 3,929 individuals (1,946 men and 1,983 women) aged
20-81 years for 10.1 years (with a total of 38,231 person-years) showed, after
multivariate analysis, positive association of serum PRL levels with cardiovascular
mortality, being the first study to report this positive association (HARING, 2014).

Another more recent cohort study evaluating prolactinemia and incidence of
cardiovascular risk found no association between them, but it should be noted that
patients with elevated prolactin (above 30mg / dL) were excluded [(average prolactin
levels were normal in women (11.9 mg / dL ) and men (8.0 mg / dL)] (THERKELSON,
2016). In this study, each 5 mg / dL PRL increase in men, even at normal levels, was
associated with significant increase in hypertension and DM.

Prolactin and Chronic Kidney Disease

Kidneys play an important role in endocrine regulation, not only producing
hormones such as erythropoietin and renin, but also acting on the metabolism of
others such as insulin, cortisol and prolactin. Therefore, CKD patients have
numerous endocrine dysfunctions, with changes in feedback loops, reduced
transport of protein-bound hormones, and reduced metabolism and hormone
elimination (NIEMCZYK, 2012).

Regarding to PRL in patients with renal dysfunction, its accumulation occurs

by several mechanisms. One of the main mechanism is reduction in its metabolism
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(SIEVERTSEN 1980). Another important one is increased PRL secretion by
lactotrophs in uremic state - reduced availability of dopamine in the brain directly
stimulates PRL secretion (ADACHI, 2001).

Thus, hyperprolactinemia in these patients becomes very prevalent, ranging
from 30% in CKD early stages to 65% in those on hemodialysis (CARRERO, 2012).
In a study of 31 hemodialysis patients, 30 peritoneal dialysis patients, 30 renal
transplant recipients, and 72 controls, prolactin was significantly higher in those on
dialysis, with statistically significant difference compared to those transplanted and
controls who had prolactin at normal levels. Importantly, hyperprolactinemia
observed in CKD patients is not associated with the presence of macroprolactin
isoforms (YAVUZ, 2005).

Even with a greatly increased prevalence of CKD, the clinical diagnosis of
hyperprolactinemia in this population is difficult. Signs and symptoms of elevated
PRL are confused with some manifestations of CKD itself such as oligomenorrhea,
amenorrhea, decreased libido, erectile dysfunction, infertility, and osteoporosis.
Galactorrhea and gynecomastia are suggestive signs, but have limited sensitivity for
diagnosis in this population (NIEMCZYK, 2012).

Dialysis therapies, such as conventional hemodialysis and peritoneal dialysis,
do not normalize prolactinemia levels (CARRERO, 2012). This is because dialytic
therapies generally do not promote effective removal of medium-sized molecules,
such as prolactin. Even in frequent hemodialysis, 6 or more times a week,
prolactinemia reduction was not observed, as demonstrated in a study with 177
patients on daily dialysis and 60 on nocturnal hemodialysis (LO, 2017). High flow
capillary hemodiafiltration (HDF) improves the clearance of molecules up to 25 kDa,
sometimes up to 50 kDa, resulting in a reduction in prolactinemia. However, it was
evidenced that a few hours after HDF session, PRL levels returned to pre-
hemodialysis values (WOLLEY, 2018).

An interesting cohort evaluating 457 non-dialysis CKD patients and 173
hemodialysis patients assessed endothelial function, arterial stiffness, cardiovascular
outcomes and prolactinemia. In non-dialysis patients it was observed a 27%
increased risk of cardiovascular events for each 10ng / mL PRL elevation, as well as
a correlation with arterial stiffness. In those on hemodialysis, cardiovascular and all-
cause mortality increased by 12% and 15% respectively with each 10ng / mL PRL
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increase, as well as correlation of prolactinemia with pulse wave velocity
(CARRERO, 2012).

Renal transplantation and consequent improvement in glomerular filtration
result in normalization of serum PRL levels (BRY-GAUILLARD, 1999). In a study of
14 men and 7 women evaluating PRL at 3 moments (immediately before
transplantation, 8 days and 6 months after), sustained normalization of serum
hormone levels was observed (SAHA, 2002). Studies using dopaminergic agonists
(cabergoline and bromocriptine) are scarce in CKD population, but in those with
clinical indication (like galactorrhea or hypogonadism), their use seems to be safe
(SERRI, 2006; ESPOSTI, 1985).

Conclusions

Chronic kidney disease is quite prevalent worldwide, with high cardiovascular
mortality. Despite the high prevalence of hyperprolactinemia in this population, there
is uncertainty about implications of this condition in patients with CKD, especially with
regard to cardiovascular effects. Some authors suggested that prolactin could be a
uremic toxin but until now it cannot be concluded whether hyperprolactinemia is a
cardiovascular risk factor or only an intermediate in a major pathophysiological
pathway. Further studies are needed because if causality between
hyperprolactinemia and cardiovascular mortality is demonstrated in CKD patients,
this could be a potential therapeutic target.
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1. ABSTRACT

INTRODUCTION:Prolactin is a hormone that accumulates in the blood with loss of
kidney function,acts in the inflammation cascade as a cytokine,and is associated with
increased cardiovascular risk due to mechanisms that are still uncertain.The aim of
this study was to evaluate,in hemodialysis patients,the relationship between
hyperprolactinemia and inflammatory cytokines. METHODS:A cross-sectional study
was performed evaluating patients with more than 6 months on hemodialysis and
arteriovenous fistula as a vascular access.Those with active viral or bacterial
infections;having hypothyroidism or active cancer;using medications known to
elevate prolactin levels;pregnant women and lactating women;those using
immunosuppressants;and patients with chronic liver diseases were excluded.Clinical
and biochemical parameters were evaluated,in addition to measurement of prolactin
and inflammatory cytokine panel[(interleukin (IL) -2,IL-4,IL-6,IL-10,IL-17A,TNF-a and
IFN-y].Patients with elevated prolactin were compared to those with normal hormone
levels.RESULTS:Of 361 regular patients in hemodialysis center,111 were
included.Hyperprolactinemia was found in 61 patients (54.95%).There was no
statistical difference regarding age,sex,or kidney disease etiology in patients with
normal and elevated hormone.Regarding inflammatory cytokines,patients with
elevated prolactin had higher levels of IL-6 and lower IL-10,with statistical
significance (p < 0.001 and p 0.046, respectively).Regarding the serum
prolactin,there was a positive correlation with serum levels of IL-6 (R = 0.44, p <
0.0001) and negative correlation of IL-10 levels (R=0.2; p <
0.046).CONCLUSION:hemodialysis patients have a high prevalence of
hyperprolactinemia,and this hormonal elevation has been shown to be associated
with increased interleukin-6 and reduced interleukin-10

KEYWORDS: Prolactin; Hemodialysis; Inflammation; Interleukin-6; Interleukin-10
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2. INTRODUCTION

Chronic kidney disease (CKD) is a serious global health problem, with an
estimated prevalence of up to 700 million people, which is even higher those of
diabetes, osteoarthritis, and asthma (1). This high prevalence of CKD is due to its
primary etiologies, diabetes mellitus (DM) and hypertension, which are chronic
noncommunicable diseases that are quite common. The primary cause of mortality in
patients with CKD is related to a cardiovascular origin, and even those on
hemodialysis have a higher mortality rate than patients with certain types of
neoplasms (2).

CKD is an independent risk factor for cardiovascular mortality, and it is also
associated with several other traditional factors such as hypertension, left ventricular
hypertrophy, DM, smoking, dyslipidemia; and advanced age (3). However,
nontraditional risk factors such as hyperphosphatemia, anemia, inflammation, and
microalbuminuria are common in these patients and are also being investigated (4).
Hyperprolactinemia could be considered in this context, as it accumulates in the
blood with the loss of renal function and is associated with increased mortality in this
patient population; its underlying mechanisms are still unknown (5).

Hyperprolactinemia is the most common endocrine disorder of the
hypothalamic—pituitary axis (6). It has several etiologies such as physiological
changes (e.g., pregnancy and breastfeeding), pharmacological changes (e.g., use of
neuroleptics, estrogen, and prokinetics), and systemic diseases (e.g,, pituitary and
hypothalamic tumors, primary hypothyroidism, and CKD. In patients with CKD, there
is an accumulation of prolactin in the blood due to decreased excretion and also
increased central secretion (7).

Prolactin was initially described as a lactation hormone, and currently, it is
known to have several actions, ranging from insulin resistance and proinflammatory
effect to accelerated atherosclerosis (8). Evidence shows that prolactin levels in a
population with normal renal function are directly associated with endothelial
dysfunction, metabolic syndrome, increased levels of inflammatory markers, and
increased cardiovascular risk (9); moreover, in patients with CKD, prolactin levels are
related to increased mortality (5). Prolactin also acts as an inflammatory cytokine as
its receptor is a member of the superfamily of type 1 cytokines, which are extensively
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expressed through the immune system, whose increased expression increases the
production of proinflammatory cytokines such as IL-6, TNF-alpha, and IL-1 beta (10).

Based on the above-described evidence, we conducted this study to
determine the association between serum levels of proinflammatory and anti-
inflammatory cytokines in hemodialysis patients and normal and elevated prolactin

levels.

3. METHODS

We conducted a single-center cross-sectional study to evaluate all patients
regularly enrolled in hemodialysis (HD) program of the Real Hospital Portugués
(RHP) in August and September 2019. All patients who agreed to participate in the
study were informed of the study details, after which they willingly signed a consent
form (approval by the ethics committee CAAE: 74031617.0.0000.5208).

We included both men and women aged >18 years who were on hemodialysis
for at least 6 months through an arteriovenous fistula made for dialysis. Those on
hemodialysis with nonpermanent vascular access (short- or long-term catheter) or
vascular prosthesis; with active viral or bacterial infections; patients using antibiotics,
having hypothyroidism (diagnosed based on levothyroxine or thyroid hormone levels
>5 mU/L), and using medications known to elevate prolactin levels (e.g., amitriptyline,
citalopram, escitalopram, fluoxetine, paroxetine, risperidone, metoclopramide,
domperidone, alfamethyldopa, and verapamil); pregnant women and lactating
women; those using immunosuppressants (in case of transplantation or autoimmune
diseases); and patients with chronic liver diseases were excluded.

Clinical parameters (gender, age, time on hemodialysis, weight, height, body
mass index, and medications in use), biochemical parameters [hemoglobin, fasting
glucose, glycated hemoglobin, total cholesterol and fractions, albumin, calcium,
phosphorus, alkaline phosphatase and parathyroid hormone (PTH) levels], and
inflammatory cytokines [interleukin (IL)-2, IL-4, IL-6, IL-10, and IL-17A, tumor
necrosis factor alpha (TNF-a), and interferon gamma (IFN-y)] were evaluated.

All blood measurements were performed with the patient fasting, at the
beginning of the first hemodialysis session of the week, with the blood sample being
collected from the venous line. The capillary used in hemodialysis was HF80, and all
patients showed good adequacy of hemodialysis, with weekly Kt/V > 1.2 (K, dialysis
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urea clearance; t, dialysis time; V, volume of urea distribution).

Prolactin  measurement was performed only once using the
electrochemiluminescence method (ADVIA Centaur® Prolactin  test, from
SIEMENS®). Hyperprolactinemia was considered in those patients with serum
prolactin levels above the upper limits of normality of the method as follows: normal
up to 17.7 ng/mL in men and 20.3 ng/mL in women.

Blood samples for evaluating inflammatory cytokine levels were collected in
EDTA-containing Vacutainer® tubes. To obtain serum, the tubes were centrifuged at
3000 rpm for 10 min at 4°C and then frozen at —80°C for a period of 10 days until
analysis. The CBA kit (Cytometric Bead Assay, Th1, Th2, and Th17, #560484, BD
Biosciences) was used for analyzing the following cytokines: IL-2, IL-4, IL-6, IL-10,
IL-17A, TNF-a, and IFN-y. The measurements were done according to the
manufacturer’s instructions, and the assay was acquired by flow cytometry
(FACSCalibur™, BD Biosciences®). The obtained data were analyzed using the
FCAP Array 3.0 software (BD Biosciences©). The quantification of cytokine levels
was presented in pg/ml. Quantifications that did not fall within the detection limit were
considered as zero or not detected during the analysis by the FCAP Array.

The data were stored using the spreadsheet of Microsoft Office Excel for
MAC, versdo 15.14 2015°. To obtain statistical results, a descriptive analysis was
initially conducted with the objective of discriminating possible trends in the study
variables. The normality test was performed and as there was a violation of the
assumption of normality, the nonparametric Kruskal-Wallis test was used. For cases
showing significant differences between the stages, the nonparametric Mann-—
Whitney peer-to-peer test was conducted to confirm the origin of this difference. The
nonparametric Chi-square test was used to assess the relationships between the
stage of the disease and the other nominal qualitative variables. For assessing the
correlations between the disease stage and the numerical variables, Spearman’s
coefficient was used, considering the different stages. Furthermore, for each stage,
the possible differences in variables were verified and tested when comparing
patients with high prolactin levels and patients with normal prolactin levels. A
significance level of 5% was considered for all statistical tests.

In the panel of inflammatory cytokines, the nonparametric Mann—Whitney test
was used to make comparisons between two groups. A level of significance of 0.05
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was considered, and variables with p < 0.05 were considered to be statistically

significant.

4. RESULTS

We included 111 patients of the 361 regular patients in the RHP hemodialysis
service. The primary reasons for patient exclusion were: 110 patients using access to
hemodialysis through a long-term or short-term catheter, 71 patients with active viral
infection (60-virus C, 7-HIV, 4-virus B) and 23 patients who were on regular use of
medications known to elevate prolactin levels (6-fluoxetine, 5-escitalopram, 5-
paroxetine, 4—amitriptyline, 2—domperidone, and 1-methyldopa). Other excluded
patients were: 18 regularly using immunosuppressants (10 previous kidney
transplant, 6 active autoimmune disease, 2 heart transplant); 8 patients with active
bacterial infection; 5 patients with cancer undergoing chemotherapy; 5 patients with
hypothyroidism; 5 patients less than 6 months on hemodialysis; 3 patients with
cirrhosis; 2 patients with pituitary adenoma.

Table 1 summarizes the clinical characteristics of the patients included in the
study. The mean age was 52.31 years (range 26-84 years), with females being
slightly more prevalent than males (53% vs 47%). Hyperprolactinemia was found in
61 patients (54.95%).

Table 1. Clinical data of the 111 patients included in the study

Variables
Age (years) 52,31 + 14,01(26—-84)
Sex
Male 74 (66,67 %)
Female 37 (33,33 %)
Prolactin *
Normal 50 (45,05%)
Elevated 61 (54,95%)
CKD etiology
Diabetes mellitus 29 (26,13%)
Hypertension 24 (21,62)
Glomerulopathies 5(13,51)
ADPKD 8 (7,21)
Chronic pyelonephritis 9 (8,11)
Undetermined 26 (23,42)

* Normal prolactin - up to 17.7 ng/mL in men and 20.3 ng/mL in women; CKD-chronic kidney disease;

ADPKD-Autosomal dominant polycystic kidney disease
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The clinical data of patients with elevated and normal prolactin levels are

presented in Table 2. There was no statistical difference in terms of age, sex, BMI, or

etiology of CKD. Patients with hyperprolactinemia had a statistically significantly

longer time on hemodialysis (p = 0.016) (Figure 1). There was also a significant

correlation between prolactin levels and time on hemodialysis (p = 0.004369, S =

139668, Spearman rank correlation test); however, the correlation coefficient

revealed that it was a weak association (rho = 0.2760299) (Figure 2).

Table 2. Comparison of clinical variables in patients with normal and elevated

prolactin levels

Variables Normal Prolactin Elevated Prolactin p
<17.7 ng/mL in men >17.7 ng/mL in men
<20.3 ng/mL in women | >20.3 ng/mL in women
Age (years) 53.2 (26-80) 51.57 (26-84) 0.55
HD (months) 73.65 (6-211) 111.4 (6-341) 0.016
BMI (kg/m?) 24.81 (16.23-34.57) | 25.82 (16.17-40.62) 0.45
Sex
Male 34 (68%) 40 (65.57%) 0.95
Female 16 (32%) 21 (34.43%)
CKD etiology
Diabetes mellitus 12 (24%) 17 (27.87%) 0.81
Hypertension 11 (22%) 13 (21.31%)
Glomerulopathies 8 (16%) 7 (11.48%)
ADPKD 2 (4%) 6 (9.84%)
Chronic pyelonephritis 5 (10%) 4 (6.56%)
Undetermined 12 (24%) 14 (22.95%)

HD-hemodialysis; BMI-body mass index; CKD-chronic kidney disease; ADPKD-Autosomal dominant
polycystic kidney disease. Continuous values are shown in average and minimum—maximum.
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Figure 1. Comparisons of hemodialysis time, in months, in patients with elevated and

normal prolactin (PRL) levels.
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Figure 2. Dispersion graph between prolactin levels and time on hemodialysis, along
with trend line. Shaded region is the confidence interval associated with the trend
line.
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The 111 patients included in the study were divided into two groups on the
basis of serum prolactin levels. Blood count and biochemical data of these two

groups were compared (Table 3).

Table 3. Laboratory parameters of patients with normal and elevated prolactin levels

Variables Normal Prolactin Elevated Prolactin
(N =50) (N =61) P
Prolactin (ng/mL) 12.64 (6.8-19) 31.88 (17.8-74.1) 0.008
Albumin (mg/dL) 3.87+04 3.82+04 0.56
HbA1c (%) 5.64 +1.05 6.18 + 1.82 0.1
Glucose fasting (mg/dL) 96.67 + 30.21 125.12 £ 94.36 0.41
TC (mg/dL) 145.21 + 37.11 138.84 + 39.25 0.6
LDL (mg/dL) 7713 £32.75 71.33 + 34.1 0.5
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HDL (mg/dL) 40.36 + 13.54 40.11 + 14.68 0.82
Triglycerides (mg/dL) 136.62 + 69.94 147.71 £99.2 0.9
Hemoglobin (mg/dL) 10.86 + 1.47 10.96 + 1.56 0.72
Calcium (mg/dL) 8.7 £ 0.67 8.7 +1.01 0.86
Phosphorus (mg/dL) 4.81+1.28 5.21+1.53 0.24
Alkaline phosphatase (U/L) 191.64 £ 208.5 206.97 + 248.02 0.65
PTH (pg/mL) 706.6 (4.2—2400) 718.04 (3—2439) 0.84

HbA1c-glycated hemoglobin; TC-total cholesterol; PTH-parathyroid hormone. Continuous values are
shown as mean * standard deviation. Prolactin and PTH levels are shown as mean and minimum-—

maximum.

Results of the inflammatory cytokine panel are shown in Table 4, showing the
comparison of normal prolactin and high prolactin levels in patient serum. It was
observed that patients with hyperprolactinemia had statistically significantly higher
levels of IL-6 and lower levels of IL-10 (p < 0.001 and p = 0.046, respectively). TNF-a
and IL-4 levels were not adequately measured in both patient groups.

Table 4. Comparison of interleukin levels between patients with normal and elevated

prolactin levels. Values are presented as mean * standard deviation (minimum-—

maximum)

Variables Normal Prolactin Elevated Prolactin p*
IL-6 (pg/mL) 3.23 £ 4.9 (0-28.46) 8.18 + 7.09 (0.22-35.84) < 0.001
IL-17A (pg/mL) 1.71 £ 5.64 (0-34.87) 3.12 + 10.01 (0-64.08) 0.71
IFN-y (pg/mL) 0+ 0.02 (0-0.17) 0.05 £ 0.24 (0-1.49) 0.25
IL-10 (pg/mL) 2.78 £ 18.04 (0-126.45) 1.4 £5.74 (0-43.66) 0.046
IL-2 (pg/mL) 0.01 £ 0.08 (0-0.56) 0.22 + 1.26 (0-9.25) 0.41

IL-interleukin; IFN-y-interferon gamma. Continuous values are shown as mean +

standard deviation (min—max).

Regarding the serum prolactin level, a positive correlation was observed with
serum levels of IL-6 (R = 0.44, p < 0.0001) (Figure 3A). The correlation between
prolactin and IL-10 levels was statistically significant (p < 0.046), with the Spearman’s
correlation coefficient being 0.2 (Figure 3B).

Figure 3 - Scatter plot between interleukin-6 (IL-6) (pg/mL) and prolactin (PRL) (3A),
and interleukin-10 (IL-10) (pg/mL) and prolactin (3B), together with adjusted linear
regression line. Gray shaded area represents the prediction confidence interval.
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FIGURE 3A FIGURE 3B
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5. DISCUSSION

To our knowledge, this is the first study conducted on patients with CKD on
hemodialysis assessing serum prolactin levels and their correlation with inflammatory
cytokines. We observed that patients with hyperprolactinemia had significantly higher
interleukin-6 (IL-6) levels and lower IL-10 levels (p < 0.001 and p = 0.046,
respectively).

The loss of renal function causes an increase in the prevalence of
hyperprolactinemia. This prevalence can vary from 30% in patients with mild renal
dysfunction to >65% in patients on HD (5). Prolactin is a hormone with different
isoforms and a molecular size ranging from 23 to 150 kDa. The 23-kDa monomeric
isoform is the most biologically active and accumulates in the blood resulting in loss
of renal function (11).

In patients with CKD, serum prolactin levels are increased in the blood due to
both reduced excretion and increased secretion by lactotrophs, cells of the pituitary
gland that produce the hormone (12). Compared with normal individuals, the rate of
prolactin secretion increases by approximately three to four times in patients with
CKD (13), probably due to the increased resistance of prolactin secretion to
dopaminergic suppression.

In our study, we found a prevalence of hyperprolactinemia of 54.95% in
patients on HD. Although there are only a few studies, those who have evaluated
these data have reported higher prevalences. This difference in results could
perhaps be because we excluded more patients due to the unprecedented analysis
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of the inflammatory aspect. In fact, the presence of a long-term catheter changes the
inflammatory profile even in the absence of infection (14), as well as infections or use
of immunosuppressants.

For example, Lo et al evaluated 117 patients on intermittent daytime HD and
60 patients on nocturnal hemodialysis and observed that 81% of them had elevated
prolactin levels, considered as >30 ng/mL. They also observed that more frequent
hemodialysis sessions did not normalize the hormone levels (15). Yavuz et al
compared 31 patients on HD, 30 patients on peritoneal dialysis, 30 kidney transplant
patients, and 72 healthy controls and observed that serum prolactin levels of patients
on HD and peritoneal dialysis were similar but significantly higher than those of renal
transplant patients and healthy controls (p < 0.001), with the prolactin levels of
transplant patients and healthy controls being similar, suggesting that improvement
of renal function after transplantation normalizes prolactinemia (11). The presence of
macroprolactinemia was also evaluated, which was not significant in any group, that
is, the prolactin isoform >100 kDa was not common.

The prevalence of hyperprolactinemia in the general population has been
estimated at 0.4%, which was found to increase with age and reach 17% in women
with secondary amenorrhea (16). In our study, there was no difference between age
and sex in HD patients with normal and elevated prolactinemia. Perhaps, in patients
with advanced CKD, the prevalent time on dialysis is more important, as our study
revealed that those with the highest hormone level had been on hemodialysis for
more months (p = 0.016). Longer the time since replacement therapy starts, greater
the loss of residual renal function and inflammation, leading to a higher likelihood of
complications from long-standing uremia (17).

We also evaluated the correlation between hyperprolactinemia and body mass
index (BMI) but did not detect any statistical difference between the groups. Adipose
tissue is recognized as an endocrine organ due to the production of adipokines,
substances that function as hormones. Patients with CKD, as well as obese patients,
have higher levels of adipokines such as adiponectin, leptin, and resistin, all of which
are related to increased inflammation, insulin resistance, and endothelial damage
(18). Prolactin has an effect on glucose metabolism by reducing the production of
insulin in pancreatic beta cells, in addition to increasing peripheral insulin resistance
(19). In view of this evidence since 2011, bromocriptine, a dopaminergic agonist that
inhibits prolactin secretion, has been a component of the therapeutic arsenal for the
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treatment of diabetes in the United States (20). It has been reported that in patients
with normal renal function, hyperprolactinemia is associated with insulin resistance
and alteration of the lipid profile (21). A systematic review reported in 2019 revealed
that therapy with dopaminergic agonists leads to weight reduction and improved lipid
and glycemic profile in patients with prolactinoma (22). In our study, we did not
assess insulin resistance, but no difference was detected between groups in terms of
the number of diabetic patients, glycated hemoglobin, and fasting blood glucose
levels. It has been demonstrated that hyperprolactinemia in patients with
normal renal function is associated with reduced bone mineral density and increased
risk of vertebral fractures, including dopaminergic agonist therapy improving bone
mineral density (23). Our study did not evaluate bone densitometry or fractures, but
in the biochemical assessment of bone mineral disease (calcium, phosphorus,
alkaline phosphatase, and PTH levels), we found no difference in serum levels

between patients with normal prolactin and those with elevated prolactin levels.

Uremia is characterized by the retention of more than 150 substances that are
generally excreted or metabolized by the kidney, including numerous inflammatory
cytokines, leading to a state of dysregulation and chronic inflammation (24). This
proinflammatory status causes increased morbidity and mortality in these patients
through several mechanisms such as malnutrition, sarcopenia, oxidative stress,
accelerated atherosclerosis, anemia, endothelial dysfunction, and immune
dysfunction (25).

One of the most important findings of our study was the association between
hyperprolactinemia and increased serum levels of interleukin-6 (p < 0.001). IL-6 is a
22.2-kDa polypeptide secreted from activated monocytes, macrophages, fibroblasts,
adipocytes, and endothelial cells in response to various stimuli (26). This potent
proinflammatory cytokine was initially described as a differentiating factor for
cytotoxic T cells and for stimulation of B cells, and later, it was reported to play a
central role in both local and systemic inflammation (27). Patients with CKD generally
have increased levels of this cytokine due to the loss of renal function, oxidative
stress, and also factors related to hemodialysis itself. Even before the start of
dialysis, patients with CKD already have elevated inflammatory markers, including IL-
6 (28).

A meta-analysis of 82 studies evaluating the relationship between IL-6 and
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coronary heart disease, with more than 200,000 participants, concluded that there is
a causal association between serum levels of IL-6 and coronary heart disease (29).
There are not many studies evaluating this cytokine in patients with kidney disease,
but a cohort study reported by Barreto et al evaluated an association between IL-6
levels, aortic calcification, and mortality in 125 patients with CKD before and after
hemodialysis initiation, demonstrating that IL-6 was an independent predictor of
general and cardiovascular mortality (30). Another cohort study conducted by
Pecoits-Filho et al, following for an average of 3.1 years with 173 patients with CKD
just before starting hemodialysis and peritoneal dialysis, reported a strong predictive
value of IL-6 levels for mortality (31).

In addition to being a hormone, prolactin acts as an inflammatory cytokine, as
its receptor is a member of the type 1 cytokine superfamily, which is widely
expressed through the immune system, including monocytes, lymphocytes,
macrophages, Natural Killer cells, granulocytes, and epithelial cells of the thymus.
Increased serum prolactin levels cause increased proliferation of immune cells,
thereby increasing the production of proinflammatory cytokines such as IL-6, TNF-
alpha, and IL-1 beta (10,32).

In our study, we also found that increased serum prolactin levels correlated
significantly with reduced levels of IL-10 (p = 0.046). IL-10 is a potent anti-
inflammatory cytokine synthesized by T Iymphocytes and macrophages,
physiologically limiting and reducing systemic inflammation (33). In patients with
advanced CKD, higher levels of this cytokine would be expected, since it is normally
filtered and then metabolized in renal tubules, thus having an increased half-life (34).
In addition, this cytokine is a counter-regulator of excessive inflammation in patients
on dialysis, being found to be elevated in up to two-thirds of patients. Even those with
low levels of IL-10 experience accelerated atherosclerosis and increased
cardiovascular mortality (35). INF-y is known as a potent inhibitor of IL-10 secretion
(36). Prolactin increases the secretion of INF-y by T cells, macrophages, and NK
cells; perhaps in this manner, it causes a reduction in serum levels of IL-10 (37).
However, our study revealed only a slight tendency toward high levels of INF-y in
patients with high prolactin levels, with no statistical difference (p = 0.25).

Although not an objective of our study, it is necessary to mention that
hyperprolactinemia is associated with several cardiovascular outcomes in both

patients with normal renal function and those with CKD, for reasons still unknown. In
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patients with normal renal function, an increase in the thickness of the intima-media
carotid layer has been demonstrated in cases with untreated prolactinomas (38),
including increased aortic stiffness and pulse wave velocity in postmenopausal
women with elevated prolactin levels (39). In patients undergoing endarterectomy,
receptors for prolactin were identified on macrophages of the atherosclerotic plaques,
and in the more unstable plaques, there was a higher density of these receptors,
suggesting a possible direct modulatory effect of this hormone on atherogenesis (40).
A cohort study evaluating the clinical outcomes of 3929 individuals followed up for
10.1 years (38,231 person-years) reported an association between serum prolactin
concentrations and general and cardiovascular mortality (9).

There are few studies evaluating prolactinemia in patients with CKD. One of
the primary studies to evaluate this relationship was conducted by Carrero et al.
consisting of two cohorts, one with CKD patients under conservative treatment and
the other with hemodialysis patients. The cohort with conservative CKD patients
consisted of 457 patients with a mean age of 52 years, including 229 men, evaluating
flow-mediated dilation (FMD) and carotid intimal-media thickness. In the cohort with
hemodialysis patients, there were 173 patients with a mean age 65 years, including
111 men, evaluating pulse wave velocity (PWV). Their results demonstrated that
prolactin levels increased with reduced renal function, showing an association with
increased FMD in conservative CKD patients and PWV in dialysis patients. The
authors also observed that with each 10 ng/mL increase in prolactin level, there was
a 27% increase in cardiovascular risk in nondialysis patients and a 12% increase in
cardiovascular mortality in dialysis patients. They concluded that serum prolactin
levels are directly associated with endothelial dysfunction and increased
cardiovascular risk and mortality in patients with CKD (5).

Some limitations in our study can be pointed out. It is a cross-sectional
research and therefore of an observational design, conducted in a single
hemodialysis center. After applying the exclusion criteria, we ended up with a small
number of participants in each group. However, we detected a high prevalence of
hyperprolactinemia, and these patients exhibited a significant increase in IL-6 levels
and a reduction in IL-10 levels compared to those in patients with normal prolactin
levels. In fact, additional studies are required to evaluate the relationship between
prolactinemia and renal function, as this hormone at normal levels is a permissive

molecule, adjuvant to homeostasis, but at high levels, it can cause an imbalance in
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this balance in several manners. As CKD is a complex disease, with numerous
factors influencing cardiovascular mortality, the function of prolactin in this network
needs to be further investigated.

In conclusion, patients on hemodialysis have a high prevalence of
hyperprolactinemia, with the increase in prevalence being significantly associated
with an elevation of IL-6 levels and a reduction of IL-10 levels. Such a finding in these
patients may constitute a more marked deregulation of inflammatory homeostasis.
Prospective studies are warranted to evaluate the relationship between prolactin
levels and inflammation in patients with CKD.
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CKD has a high prevalence worldwide, mainly due to its main etiologies—diabetes and hypertension. It has high cardiovascular morbidity
and mortality, with traditional risk factors such as atherosclerosis, hypertension, diabetes, smoking, and left ventricular hypertrophy being
common. Nontraditional cardiovascular risk factors, such as anemia, hyperparathyroidism, chronic inflammation, and microalbuminuria,
are also well studied. Prolactin is a hormone not only related to lactation but also being considered a uremic toxin by some authors. It
accumulates with loss of renal function, and it is associated with cardiovascular outcomes in both normal renal function population and
CKD population. The purpose of this narrative review is to raise the main common aspects of CKD, prolactinemia, and cardiovascular risk.

1. Introduction

Chronic kidney disease (CKD) has high and increasing
prevalence in the general population, mainly because the
main causes of kidney failure are diabetes mellitus (DM) and
hypertension, very common diseases. CKD has high mor-
bidity and is associated with increased cardiovascular
mortality, with 5 to 10 million annual deaths worldwide [1].

The so-called traditional cardiovascular risk factors such
as DM, hypertension, smoking, left ventricular hypertrophy
(LVH), and peripheral vascular disease are very prevalent in
this population [2]. However, nontraditional risk factors
such as hyperphosphatemia, hyperparathyroidism, inflam-
mation, and anemia are also prevalent in this population.
Among these, hyperprolactinemia has received increasing
attention in recent years [3].

CKD patients have elevated prolactinemia when compared
to the general population, and those with high hormone have
higher cardiovascular mortality compared to those with nor-
mal prolactinemia [4]. Furthermore, a growing number of
biological processes continue to be attributed to prolactin. This

is partly due to the presence of its receptor in different tissues at
different sites, presenting many cellular responses. These bi-
ological processes include insulin resistance, metabolic syn-
drome, inflammation modulation, endothelial dysfunction,
and accelerated atherosclerosis [5].

The aim of this review was to raise the main points
regarding prolactin, cardiovascular risks, and CKD.

2. Chronic Kidney Disease (CKD)

Chronic kidney disease (CKD) is characterized by pro-
gressive and irreversible loss of renal function. It is defined
by at least one of the following for more than 3 months:
glomerular filtration rate less than 60 mL/min/1.73 m?, with
or without renal damage markers (albuminuria > 30 mg/24
hours or urinary albuminuria/creatinine ratio > 30 mg/g;
persistent glomerular hematuria; persistent electrolyte
changes due to tubulopathy; structural abnormalities de-
tected by imaging; previous kidney transplant) [6].

CKD has increasing prevalence worldwide, estimated at
10% of population, being more common in women when
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As the first author, you have the primary responsibility for communications with ASN, you will be tne first author listed in the abstract publication, and your abstract's ePoster credentials will
author will receive a separate email from ASN's ePoster partner in September with instructions for preparing and uploading your ePoster.

Your poster number will correspond with the number printed in ASN's 2020 Abstract Supplement. Posters will be presented digitally, as an ePoster. All ePosters will be available for attendee

Thursday, October 22. A discussion board will be available on each ePoster's presentation page for Kidney Week participants to ask questions and for you to respond. Instructions on how t
provided prior to the meeting.

Program and Abstracts

The Kidney Week program is available on the ASN website. Abstracts will be available on the ASN website by October 9, 2020. The abstracts will remain online for approximately one year. A
changes to your abstract title.

Begistration

Presenting authors of abstracts accepted for oral or ePoster presentations must register for the Annual Meeting (fees apply) to access the digital meeting platform.

Congratulations on having your abstract selected for ePoster presentation. We appreciate your willingness to participate and look forward to seeing you online. Please direct any questions t
Sincerely,

Linda F. Fried, MD, MPH, FASN, Kidney Week Committee Co-Chair
Jon B. Kiein, MD, PnD, FASN, Kidney Week Committee Co-Chair
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ANEXO G: Regras para publicagao na EUROPEAN JOURNAL OF
ENDOCRINOLOGY

Author guidelines

Author guidelines

Ready to submit? Go straight to submission.

The European Journal of Endocrinology (EJE) acknowledges the unprecedented challenge
posed by the global COVID-19 pandemic, demanding a global medical response we could never
have anticipated facing in our lifetime. EJE is committed to support the global endocrine
community in this time of crisis.

We ask our authors to continue submitting manuscripts and revising them in line with the
reviewers’ comments. Likewise, we ask our reviewers to still commit to reviewing manuscripts
submitted to EJE. However, we will be very accommodating to authors and reviewers with
regards to the urgent time constraints placed upon them, and provide you with more time for your
tasks if you need it. Simply contact the Editorial Office and we will grant extensions to deadlines
as required.

In turn we would ask you to be lenient with us if the turnaround time of EJE papers becomes
slightly longer than you are used to.

Editorial Process
Submission Checklist
Preparation of Manuscripts
Manuscript Categories
Supplementary Data
Editorial Policies

Editorial Process

Peer review

Submissions are assessed by the Editorial Board and are subject to external peer review using
the single blind method whereby the authors are blinded to the identity of the reviewers and
editors.

Due to the high volume of submissions received, the Editor-in-Chief and the Editorial Board
operate a rapid triage system and only the top 40% of papers undergo full external peer review.
This workflow is in place to allow authors to submit to a more appropriate journal with minimal
delay.

The journal aims to return a decision on a peer-reviewed paper in less than a month.

Manuscript Transfer

If your paper is found to be outside the scope of European Journal of Endocrinology you may be
offered the opportunity to transfer it to Endocrine Connections or Endocrinology, Diabetes &
Metabolism Case Reports for rapid consideration. The offer to transfer is made at the discretion
of the Editor-in-Chief, and may be made prior to or after full peer review. Authors may accept or
decline the offer to transfer. If the offer is accepted after peer review, then the paper will be
transferred along with the reviewer reports. This will assist the Editor-in-Chief of Endocrine
Connections or Endocrinology, Diabetes & Metabolism Case Reports to assess the suitability of
the article for the journal, meaning that it may be possible for your paper to be accepted and



102

published rapidly without further peer review, although acceptance is not guaranteed. All
decisions made by an Editor-in-Chief of either journal are final.

Appeals

Authors who feel they have grounds to appeal a rejection decision should send a rebuttal letter to
the editorial office, detailing the reasons for the appeal. Rebuttals will be considered by the
Editor-in-Chief, often in consultation with the Editorial Board Member who handled the paper.
Decisions on appeals are final.

Submission Checklist
Your article

Structure — Ensure the submission is structured as requested by the journal, and contains
all relevant sections. See ‘Preparation of Manuscripts’ for further details.

Title page — All submissions must have a title page stating all of the relevant information.
See ‘Preparation of Manuscripts’ for further details.

Format — All submissions should follow the journal guidelines for word count, page
margins and line numbering. See ‘Preparation of Manuscripts’ for further details.

English language — Non-native English speakers are encouraged to have their manuscript
professionally edited before submission. See Bioscientifica’s recommended English
language editing services.

Reported data — Data accuracy is crucial. Authors are strongly encouraged to double-
check all reported data for accuracy and to confirm that all units of measurement are correct
and consistent.

References — Please see ‘References’ for full details of the journal’s required style.

Graphics — All figures and tables should be presented in a clear and informative manner
with accompanying legends.

Ethical compliance — All articles are required to meet the requirements outlined in
our ethical policy. Ensure you have included all relevant ethical approval statements.

Before submitting

Approval — Ensure all authors have seen and approved the final version of the article prior
to submission. All authors must also approve the journal you are submitting to.

Open access — The appropriate open-access option must be selected on submission.
Authors are responsible for ensuring any funder mandates are followed. For further details,
please see the open-access policy.

Charges — European Journal of Endocrinology is committed to keeping costs to authors to
a minimum, however some charges may apply. Authors are responsible for familiarising
themselves with these prior to submission. Full details are available on our publication

charges page.

Uploading your submission

Author list — All authors must be listed on the title page and entered on the ScholarOne
Manuscripts submission in the correct order. Ensure all author email addresses provided are
valid. Author information entered into ScholarOne Manuscripts will be used to generate
PubMed listings for published papers.

Cover Letter — This letter should introduce your paper and outline why your work is
important and suitable publication at this time.

File formats — Ensure all files are in the correct format for revised submissions. See
‘Preparation of Manuscripts’ for further instructions.
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o Figures and tables — Ensure all figures and table files are present and correct, and that
they display clearly in the pdf proof.

Preparation of Manuscripts
Manuscripts should:

o Be concise and clear.

Be limited to 3500 words for clinical studies. For information on other manuscript types
please see the relevant section below.

Display the word count on the title page.

Contain no more than 10 figures and 60 references as recommended by the journal.

Use double line spacing throughout (including reference list and figure legends), and
contain continuous line numbering down the left-side of each page.

Define all abbreviations when first mentioned.

Be submitted in the correct file type, i.e. main document in an editable Word format.

Be written in either UK or US English.

Contain a title page.

Accepted file types:

o Please be aware that the combined size of your files should not exceed 40 MB.

o For article text: txt, doc, docx, tex. We are unable to accept pdf files for article text for
revised manuscripts but can do so for first submissions.

o For figures: eps, tiff, jpg, pdf.

Changes within revised manuscripts should be highlighted using the highlighter function or
coloured text, and should be accompanied by a full response letter to editor and reviewer
comments.

Manuscript Categories

Clinical Studies

Authors are encouraged to follow the relevant reporting guidelines available at
http://www.equator-network.org/. The EQUATOR network provides a database of reporting
guidelines, aiming to improve the reliability of published health research literature by promoting
transparent and accurate reporting.

Authors are encouraged to refer to the checklists provided for the following study designs:
STROBE reporting guidelines for observational studies

PRISMA reporting guidelines for systematic reviews

STARD reporting guidelines for diagnostic/prognostic studies.

Clinical studies should be formatted with the following sections:
1. Title page

Include a separate title page with:

Title (maximum 85 characters)

All authors names and full addresses

Corresponding author’s postal and email address

A short title (maximum 46 characters, including spaces)

A minimum of four keywords describing the manuscript

Word count of the full article, excluding references and figure legends
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2. Abstract

The abstract should be no more than 250 words in length. Please divide up your abstract using
the headings Objective (giving the context of the study), Design, Methods, Results and
Conclusions. Avoid abbreviations and references in this section.

3. Introduction

The introduction should set the study in context by briefly reviewing relevant knowledge of the
subject; follow this with a concise statement of the objectives of the study.

4. Materials and methods

Provide sufficient information for other workers to repeat the study. If well-established methods
are used give a reference to the technique and provide full details of any modifications.

o Include the source of chemicals, reagents and hormones and give the manufacturer’s
name and location (town, country) in parentheses.

o Give the generic name, dose and route of administration for drugs.

. Specify the composition of buffers, solutions and culture media.

. Use Sl symbols, give concentrations in mol/L and define the term % as w/v or v/v for all
solutions. For international units use IU (U should be used for enzyme activity).

. Specify the type of equipment (microscopes/objective lenses, cameras, detectors) used to
obtain images.

. Specify any image acquisition software used, and give a description of specialized

techniques requiring large amounts of processing, such as confocal, deconvolution, 3D
reconstructions, or surface and volume rendering.

5. Results

The results should read as a narrative leading the reader through the experiments and
investigations performed. Referencing and mention of others studies is permitted in the Results
section where necessary or helpful.

6. Discussion
Should not simply re-state results, but should put them in the broader context and highlight the
importance and novelty of the work.

7. Declaration of interest, Funding and Acknowledgements

Declaration of interest

Actual or perceived conflicts of interest for all authors must be declared in full.

Please either (a) declare that there is no conflict of interest that could be perceived as prejudicing
the impartiality of the research reported; or (b) fully declare any financial or other potential conflict
of interest.

Conflicts of interest include, but are not limited to:

Employment and consultancies
Grants, fees and honoraria
Ownership of stock or shares
Royalties

Patents (pending and actual)
Board membership

Funding

Please detail all of the sources of funding relevant to the research reported in the following
format:

This work was supported by the Medical Research Council (grant numbers xxxx, yyyy); the
Wellcome Trust (grant number xxxx); and Tommy’s Baby charity (grant number xxxx).
Where research has not been funded please state the following:

This research did not receive any specific grant from any funding agency in the public,
commercial or not-for-profit sector.

Author contribution statement (optional)
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Please include a statement specifying the contribution of each co-author.

Acknowledgements
Please be as brief as possible.

8. References

All references cited in the text must be included in the reference list and vice versa. However, if a
reference consists of only a web address do not include it in the reference list but cite it in the
text, giving the date the page was accessed.

Unpublished work

Any unpublished work (personal communications, manuscripts in preparation and manuscripts
submitted but not yet accepted for publication) must be referred to in the text and not listed in the
references.

Give the full list of authors, including their initials. For example:

(A Stone, J Brown & M R Smith, unpublished observations)

(J Brown, personal communication)

Articles accepted for publication but not yet published may be listed as ‘in press’ in the reference
list, using the current year as the publication year. If an ‘in press’ article is included in the
Accepted Preprint service or a similar scheme, then the Digital Object Identifier (DOI) should be
included; otherwise, provide a copy of the article as a supplementary file for reviewing purposes.

In the text
Cite references in the text in numerical order.

In the reference list

List references in the order they are cited in the text.
List all authors.

Reference in the following format:

1. Inkster S, Yue W & Brodie A. Human testicular aromatase: immunocytochemical and
biochemical studies. Journal of Clinical Endocrinology and Metabolism 1995 80 1941-1947.
2. Matthews CH, Borgato S, Beck-Peccoz P, Adams M, Tone Y, Gambino G, Casagrande S,

Tedeschini G, Benedetti A & Chatterjee VK. Primary amenorrhea and infertility due to a mutation
in the B-subunit of follicle-stimulating hormone. Nature Genetics 5 83—-86.

3. Royer P. Hormonal regulation of calcium metabolism: biology and pathology. In Pediatric
Endocrinology , edn 2, ch. 6, pp 477-543. Eds J-C Job & M Pierson. New York: John Wiley &
Sons, 1981.

List a maximum of ten authors. Where there are more than ten authors, list the first ten and then
use et al.

EndNote
Please use Vancouver style.

9. Tables

Tables should be concise. Tables too large for print publication should be submitted as
supplementary data.

Number tables in the order they are cited in the text

Include a title — a single sentence at the head of the table that includes the name of the
organism studied

Use footnotes to provide any additional explanatory material, cross-referenced to the
column entries

Give a short heading for each column

Do not use internal horizontal or vertical lines, colour or shading
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o Explain all abbreviations used in the table in the footnotes

Please note that the option to print large tables in a final article is subject to editorial approval. If
the tables are deemed too large for the final article, you will be asked to publish your tables as
supplementary data and charges will apply.

10. Figures

The journal has produced digital image guidelines in order to clarify the standards expected by
the journal. All submitted digital images must adhere to these guidelines.

Colour figures will be published online at no charge to the author. Publication of colour figures in
the print version will incur a charge that must be paid before publication. Please note the option to
print in greyscale is subject to editorial approval, if the meaning of your image is unclear you will
be asked to print in colour and a charge will apply.

Number figures in the order they are cited in the text

Include legends to all figures, giving the figure number, keys to any symbols used, the
name of the organism studied, the names of any statistical tests used and the probability
levels used for comparisons

Label figure sections as A, B etc in the top left-hand corner

Use Arial or a similar sans-serif font for text labels

Do not enclose figures in boxes

Indicate magnification by a scale bar in the bottom right-hand corner of the image and
give the measurement in the legend

o Use the preferred symbols of closed and open circles, squares and triangles. Ensure that
symbols are large enough to be read clearly when the figure is reduced for publication
o Use Courier or a similar non-proportional font for amino acid, DNA, RNA and PCR primer

sequences and highlight sections of homology between sequences with grey shading
File types and resolution

European Journal of Endocrinology is committed to publishing high quality figures.
EPS or TIFF files are preferred. Files should be exported in lllustrator compatible format, avoiding
PowerPoint or Word files:

o Line images/graphs: EPS, TIFF, high-resolution PDF, Al (Adobe lllustrator). Resolution at
final published size: 1200 dpi.

o Half-tone (greyscale) images: TIFF, high-resolution PDF, JPEG. Resolution at final
published size: 600 dpi.

. Colour images: TIFF, high-resolution PDF, JPEG. EPS or Al files can be used for
graphical data and illustrations that don’t include photographs. Resolution at final published
size: 300 dpi. Colour format: CMYK (not RGB).

European Journal of Endocrinology also accepts the following manuscript types.

Reviews

The format of review articles is more fluid but should include the following:

Title page

Abstract

Conclusions

Declaration of interest, Funding, Author contributions statements (where appropriate)
References

Figure legends

Figures/ tables

Noogokrwb=

Review submissions should be limited to 5000 words. We recommend a maximum of 60
references for review articles, with 2--6 figures and tables. Original summary diagrams and
illustrations of proposed models (in colour where appropriate) are encouraged. Line drawings
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may be redrawn. Boxes can be used to separate detailed explanations and background
information from the main part of the text.

Review articles are normally by invitation and undergo peer review by experts in the field. Authors
intending to submit unsolicited reviews should send an outline of the proposed article to

the editorial office.

Please note that systematic reviews, meta-analyses and literature reviews are classified as
clinical studies.

Brief Reports

These are reports, with up to 1500 words and up to 2 tables or figures, and which report an
important message or data that is very interesting but does not yet fulfil the rigorous criteria that
we apply to clinical research studies.

Debates

Debate articles aim to cover the latest controversies in clinical endocrinology. Debates take the
format of a general introduction written jointly by the proposer and opposer, followed by two
distinct sections presenting the evidence for each point of view, followed by concluding remarks.
Debates are published as single articles, providing readers with an excellent overview resource
for topics around which there is no current consensus. Debate articles are commissioned by the
editorial board and undergo peer review by experts in the field. If you would like to suggest a
debate topic please submit a brief outline to the editorial office.

Clinical Practice Guidelines

Clinical practice guidelines are produced by the European Society of Endocrinology, either in
collaboration with other Societies or independently, and are aimed at providing recommendations
for patient care for specified conditions. The ESE Clinical Committee play a leading role in the
development of guidelines.

The European Society of Endocrinology’s clinical guidelines are reviewed by our members and
relevant interested parties (such as patient support groups) before publication and are presented
during the annual European Congress of Endocrinology. Where it is considered beneficial, patient
support literature will be prepared alongside the guidelines to provide patients with assistance in
understanding and managing their condition.

Position Statements

Position statements are submitted by professional task forces, networks or society working
groups, detailing an official view on a specific issue. Statements present all relevant background
information and the rationale behind any recommendations set out.

Editorials
All Editorials must be a maximum 1500 words (including references, legends and tables) and 10
references.

Commentaries

Commentaries are typically invited by the Editor-in-Chief, although unsolicited commentaries will
be considered. Commentaries are opinion articles that will examine novel concepts and findings
introduced into the scientific record. They are typically no more than 2500 words in length,
should have no more than eight references, and have no figures or tables.

Letters to the Editor

Letters to the Editor have a flexible format and may be published on occasion, where comments
on a paper published in European Journal of Endocrinology or a topical issue in the field are of
broad interest to the readership. Authors should submit letters through the journal’s submission
system for consideration by the Editor-in-Chief.
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Supplementary Data

Supplementary data too large for print publication or exceeding the bounds of the manuscript may
be submitted for online publication.

Supplementary data files intended for online publication should be submitted online via
ScholarOne Manuscripts as ‘Supplemental File for Review’, and referred to as supplementary
data in the text:

(Supplementary Table 1)

(Supplementary Figures 1 and 2)

Supplementary information will be reviewed as part of the manuscript, evaluated for its
importance and relevance and, if accepted, will be referenced in the text of the article, directing
readers to the website. There is a charge for publication of supplementary data. Should authors
not wish to publish their supplementary data, they must notify the editorial office prior to
acceptance.

Editorial Policies

Human subjects research

Authors must ensure research involving human subjects complies with the Declaration of
Helsinki.

Authors must include a statement that consent has been obtained from each patient after full
explanation of the purpose and nature of all procedures used. For research requiring ethics
committee approval, please include a statement to this effect in the manuscript. Also indicate
whether patient consent was obtained in line with the below policy. We will be unable to accept
research papers without this statement.

Patient consent

Where possible, identifying information, including names, initials, or hospital numbers, should not
be published in written descriptions, photographs, or pedigrees unless the information is essential
for scientific purposes and the patient (or parent or guardian) gives written informed consent for
publication. Any identifiable patient must be shown the manuscript to be published before being
asked to give consent. Authors should disclose to these patients whether any potential
identifiable material might be available online or in print after publication. Informed consent should
be obtained if there is any doubt that anonymity can be maintained. We no longer publish pictures
with black bands across the eyes without a signed consent form, because bands fail to mask
someone’s identity effectively.

Authors submitting case reports are required to state that they have obtained informed consent
from the patient or the patient's guardian for publication of the submitted article and
accompanying images. Authors should obtain written consent from the patient for use of potential
identifiable material including photographs.

The patient (or parent or guardian) must give written informed consent for publication by signing
our consent form. Signed consent forms should then be retained in the patient's clinical notes for
future reference, and a copy should be made available for review by the Editor on request.

The manuscript reporting this patient's details should state that "Written informed consent for
publication of their clinical details and/or clinical images was obtained from the
patient/parent/guardian/ relative of the patient'. If the patient is deceased the authors should seek
permission from a relative and include a statement to this fact. If neither the patient or a relative
can be traced, we can only publish if we are satisfied the information has been sufficiently
anonymised, making it impossible to identify the patient with any certainty.

Permission is not required to publish the 'recordings' listed below, provided that, the recordings
are effectively anonymised by the removal of any identifying marks, and patient details (i.e.
patient name, date of birth, name of hospital) from images before submission:

Images taken from pathology slides
X-rays

Laparoscopic images

Images of internal organs
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. Ultrasound images

When such an image is accompanied by text that could reveal the patient's identity through
clinical or personal detail, however, a signed consent form and declaration as listed above, will be
required before publication.

Clinical trials

Papers reporting clinical trials will only be considered if the trials have been pre-registered
according to the guidelines set out in The Lancet 364 (9438) 911--912.

Authors should also refer to the CONSORT 2010 Statement, and in particular the checklist within
it, when preparing manuscripts detailing clinical trials.

Authors must state the clinical trial registration number within their article.

Animal studies

Experiments with animals must be performed in accordance with international, national and
institutional requirements. Include a statement that investigations have been approved by the
local ethical committee, along with the following:

o Give the full binomial Latin names for all experimental animals other than common
laboratory animals

. State the breed or strain and source of animals, and give details of age, weight, sex and
housing

o Detail the procedures and anaesthetics used, including doses given

Articles will only be considered if the procedures used are clearly described and conformed with
the international and national legal and ethical requirements, as well as the requirements outlined
by the institution in which the work took place. A statement identifying the committee approving
the study must also be included in the Methods section.

Authors are encouraged to refer to the ARRIVE guidelines, and in particular the checklist within
them, when preparing manuscripts detailing animal experiments.

Editors reserve the right to request further information on the exact procedures and ethical
approval obtained as part of the review process. Papers may be rejected on ethical grounds
should the editors feel the study does not adequately meet current international guidelines for
humane research.

Experiments with genetically engineered mice

In inbred mice, genetic strain effects can have significant effects on phenotype. Because of this
the following controls for experiments with genetically-manipulated mice should be used: parental
inbred strain, or wild-type littermates.

Human genotype—phenotype association studies

Until recently almost all genotype—phenotype observations were done using candidate gene
approaches. The sequencing of the human genome and the comprehensive mapping of
haplotypes of human SNPs have revolutionized gene association studies, which can now be
conducted through genome-wide approaches. Unfortunately, many of the reported genotype—
phenotype associations are questionable, and have not been replicated. European Journal of
Endocrinology recognizes that genotype—phenotype association studies, performed by either
genome-wide or candidate gene approaches, are of potential interest as a first step in the
discovery process, although subsequent validation will be needed to confirm or refute the
observation. However, these initial association reports must be methodologically sound. To
ensure this the journal has adopted the recommendations made by the NCI-NHGRI Working
Group on Replication in Association Studies (Nature 447 (7145) 655--660), and authors should
adhere to these criteria as listed below.
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These criteria are intended for studies of genotype—phenotype associations assessed by
genome-wide or candidate-gene approaches:

Statistical analyses demonstrating the level of statistical significance of a finding should
be published or at least available so that others can attempt to reproduce the reported

results

o Explicit information should be provided about the study’s power to detect a range of
effects

o The study should be epidemiologically sound, with careful accounting for potential biases

in selection of subjects, characterization of phenotypes, comparability of environmental
exposures (when possible) and underlying population structure in cases and controls
o Phenotypes should be assessed according to standard definitions provided in the report
o Associations should be consistent (within the range of expected statistical fluctuation) and
reported for the same phenotypes across study subgroups or across similar phenotypes in
the entire study group

o Significance should not depend on altering the quality control methods beyond standard
approaches that could change inclusion or exclusion of large numbers of samples or loci

o Measures to assess the quality of genotype data should include results of known study
sample duplicates or publicly available samples

o The results for concordance between duplicate samples (if applicable) as well as

completion and call rates per SNP and per subject should be disclosed, along with rates of
missing data

. A subset of notable SNPs should be evaluated with a second technology that verifies the
same result with excellent concordance, because no technology is error-free

o Associations with nearby SNPs in strong linkage disequilibrium with the putatively
associated SNP should be reported (and should be similar)

. The results of replication studies of previous findings should be reported even if the
results are not significant

o Testing for differences in underlying population structure in case and control groups
should be performed and reported

o Appropriate correction for multiple comparisons across all statistical tests examined

should be reported. Comparison to genome-wide thresholds should be described. Similarly,
for bayesian approaches, the choice of prior probabilities should be described

Gene and protein nomenclature
Wherever possible, manuscripts must be prepared in accordance with approved gene
nomenclature.

o In gene and protein symbols, substitute Greek letters with the corresponding roman letter,
eg TGFBR2 not TGFBR2

o Avoid hyphens unless they are part of the approved symbol, eg IGF1 not IGF-1

. Use arabic rather than roman numerals, eg BMPR2 not BMPRII

Follow species-specific formatting standards as follows:
Humans, non-human primates and domestic species

o Gene symbols should be in italics with all letters capitalised, eg SOX2
o Protein designations should be the same as the gene symbols but not italicised, eg SOX2
. Please use symbols approved by the HUGO Gene Nomenclature Committee (HGNC)

Mice and rats

o Gene symbols should be in italics with only the first letter capitalised, eg Sox2
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o Protein designations should be the same as the gene symbols except that all letters
should be capitalised and in roman (ie not italicised), eg SOX2
. Please use symbols approved by the International Committee on Standardized Genetic

Nomenclature for Mice and the Rat Genome and Nomenclature Committee, which can be
queried at the MGl website

Digital image integrity

No specific feature within an image may be enhanced, obscured, moved, removed, or introduced.
The groupings of images from different parts of the same gel, or from different gels, fields or
exposures must be made explicit by the arrangement of the figure (eg using dividing lines) and in
the text of the figure legend. Adjustments of brightness, contrast, or colour balance are
acceptable if and as long as they do not obscure or eliminate any information present in the
original. Nonlinear adjustments (eg changes to gamma settings) must be disclosed in the figure
legend. Adjustments should be applied to the entire image. Threshold manipulation, expansion or
contraction of signal ranges and the altering of high signals should be avoided.

Microscopy

Microscope images should be made available to referees in images that are at least 300 dpi at
the size which they will be published. 'Pseudo-colouring' and nonlinear adjustment (for example
'‘gamma changes') are only allowed if unavoidable and must be disclosed.

Digital image guidelines
Recognizing that the inappropriate use of computer software for digital image analysis and
processing can raise concerns, the journal has produced the following requirements for the
representation of research data:

. No specific feature within an image may be enhanced, obscured, moved, removed, or
introduced
. Adjustments of brightness, contrast, or colour balance are acceptable if and as long as

they do not obscure or eliminate any information present in the original. Any such
adjustments should be applied to the entire image
o Threshold manipulation, expansion or contraction of signal ranges and the altering of high
signals should be avoided
The legend to a digital image should state if and what digital modifications were applied

The following guidelines apply to digital images that that result from gel electrophoresis and
blotting procedures:

Band intensity should be quantified from several independent experiments. If only a
"typical" experiment is shown in the figure, authors should be prepared to provide
unprocessed images of gels or blots at the request of the Editor-in-Chief.

o Extensively cropped images are not acceptable. Images can be cropped to enhance
clarity of presentation, but should always contain at least two markers (one with a smaller,
one with a larger molecular size than the band of interest) with their molecular sizes
indicated.

. Producing spliced images by combining lanes from gels or blots from different
experimental runs should be avoided. A lane containing markers should be on the same gel
for each run. If spliced images are presented, the vertical lanes obtained from gels or blots
from different experimental runs should be clearly demarcated with lines.

o As the validity of immunoblots relies heavily on antibody specificity, an appropriate control

(tissue from knockout mice or protein knockdown in cell lines) must be included, or

alternatively a reference should be given in the methods section referring to such a control

(Saper 2009; Burry 2011).
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o The reuse of images of loading controls from other experiments or previous publications
is unacceptable.

References

Burry RW 2011 Controls for immunocytochemistry: An update. Journal of Histochemistry &
Cytochemistry59 6-12. (doi:10.1369/jhc.2010.956920)

Saper CB 2009 A guide to the perplexed on the specificity of antibodies. Journal of
Histochemistry & Cytochemistry 57 1-5. (doi:10.1369/jhc.2008.952770)

Statistical analysis

It is the author’s responsibility to document that the results are reproducible and that the
differences found are not due to random variation. No absolute rules can be applied but, in
general, quantitative data should be from no fewer than three replicate experiments. Appropriate
statistical methods should be used to test the significance of differences in results. The term
‘significant’ should not be used unless statistical analysis was performed, and the probability
value used to identify significance (eg P < 0.05) should be specified.

When several t-tests are employed, authors should be aware that nominal probability levels no
longer apply. Accordingly, the multiple t-test, multiple range test, or similar techniques to permit
simultaneous comparisons should be employed. Also, in lieu of using several t-tests, it is often
more appropriate to utilize an analysis of variance (ANOVA) to permit pooling of data, increase
the number of degrees of freedom, and improve reliability of results. Authors should use
appropriate nonparametric tests when the data depart substantially from a normal distribution.

In presenting results of linear regression analyses, it is desirable to show 95% confidence limits.
When data points are fitted with lines, specify the method used for fitting (graphical, least
squares, computer program). If differences in slopes and/or axis intercepts are claimed for plotted

lines, these should be supported by statistical analysis.

Give sufficient details of the experimental design and analysis so that the reader can assess their
adequacy and validity for testing the hypotheses of interest. In particular:

. Describe the numbers of experimental units used and the way in which they have been
allocated to treatments

o Justify the omission of any observations from the analysis

. Describe methods of analysis precisely and state any necessary assumptions, as these

may affect the conclusions that can be drawn from the experiment

Your article may be sent to the Statistical Advisor for comments.

Preprint and data repositories

Preprint repositories

A preprint is a version of the article prior to submission to the journal for peer review, and has not
been copyedited or typeset.

Bioscientifica allows deposition of preprints to recognized repositories, such as bioRxiv, provided
that Bioscientifica is informed of this at the time of submission and it does not infringe any
subsequent copyright or licence agreement.

Upon final publication, authors are required to add a link from the preprint to the published article
(version of record).
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Depositing data in public databases

Authors are strongly encouraged to deposit data sets in appropriate public databases. Authors
should include the relevant database identifiers and accession numbers for deposited sequences
within the manuscript using the following format: Database: xxxx, e.g: GEO: GSE6364. Authors
are also required to provide the URL for the sequence(s).

Below is a list of public databases:

ENA's Sequence Read Archive
GenBank

PeptideAtlas
Gene Expression Omnibus (GEQ)

This list is not exhaustive. Please contact the editorial office if you have a query about relevant
databases.

Licence and Copyright

Articles are considered on the understanding that, if they are accepted for publication, the entire
copyright shall pass to the European Society of Endocrinology. The corresponding author is
requested to digitally sign a copyright transfer agreement to this effect.

(Please note that when the Open Access option has been taken, copyright remains with the
author(s).)

Privacy policy
European Journal of Endocrinology’s privacy policy.
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