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Resumo

Silva PRS. Programa de seguimento de coorte de pacientes com hipercolesterolemia
familiar na regido metropolitana de S&o Paulo [Tese]. Sdo Paulo: Faculdade de
Medicina, Universidade de S&o Paulo; 2017.

Introducdo: A Hipercolesterolemia Familiar (HF) € uma doenca genética caracterizada
clinicamente por elevados niveis de lipoproteina de baixa densidade (LDL-C) na
corrente sanguinea desde a infancia. Individuos que apresentam HF podem desenvolver
doenca aterosclerética ainda em idade jovem. Os principais preditores de risco no
desenvolvimento da doenca cardiovascular (DCV) nesses individuos apds entrarem em
um programa de rastreamento genético ndo sdo conhecidos na nossa populagdo. Além
disso, a HF é subdiagnosticada e subtratada mundialmente e o rastreamento genético em
cascata dos familiares tem sido mundialmente avaliado como o método diagndstico
mais custo. Contudo, a efetividade do rastreamento genético em cascata € dependente
dos critérios clinicos de entrada do primeiro individuo da familia e ndo hd um consenso
de qual critério apresenta a melhor acuracia para deteccdo de uma mutacdo. Objetivos:
Identificar os fatores determinantes para ocorréncia de eventos cardiovasculares (CV)
em todos os individuos da coorte e avaliar o critério clinico para deteccdo de uma
variante genética patogénica para HF, no primeiro individuo da familia, apds serem
inseridos em um programa de rastreamento genético em cascata.Métodos: Estudo de
coorte prospectiva aberta dos pacientes que foram inseridos no programa de
rastreamento genético em cascata para HF. A populacgéo do estudo é definida como caso
indice (CI), o primeiro da familia a ser identificado clinicamente e encaminhado para o
teste genético, e os familiares, que sdo os parentes de 1° grau do Cl em que foi
encontrada uma alteracdo genética. Todos os individuos sdo inseridos na coorte no
momento em que recebem o laudo genético (tempo zero, Tp). Um ano depois do Ty €
realizado o primeiro contato telefonico, ou seja, primeiro ano de seguimento (T;)
Resultados: No T;, o total de 818 individuos foi incluido, sendo verificados 47 eventos
CV, sendo 14 (29,7%) fatais. Para o Cl, o Unico fator independente associado ao

aumento do risco de eventos CV no T; foi a presenca de arco corneano (OR: 9,39; IC



95%: 2,46-35,82). Para os familiares com uma mutagéo positiva os fatores associados
ao aumento do risco de eventos CV foram diabetes mellitus (OR: 7,97; IC 95%: 2,07-
30,66) e consumo de tabaco (OR: 3,70; IC 95%: 1,09-12,50). Na analise do melhor
critério clinico para deteccdo de uma mutacéo patogénica no Cl os valores de LDL-C >
230 mg/dL tiveram a melhor relacéo entre sensibilidade e especificidade. Na analise da
curva ROC o escore Dutch Lipid Clinic Network (DLCN) apresentou melhor
desempenho do que o LDL-C para identificar uma mutacéo, a area sob a curva ROC foi
0,744 (IC 95%: 0,704-0,784) e 0,730 (IC 95%: 0,687-0,774), respectivamente, p = 0,
014. Conclusdo: Em um ano de seguimento essa coorte identificou uma alta incidéncia
de eventos CV apds a entrada em um programa de rastreamento genético em cascata e
os preditores dos eventos CV diferem entre Cl e familiares. Esses resultados podem
contribuir para o desenvolvimento de acles preventivas nesse grupo altamente
susceptivel de individuos. Além disso, devido a importancia da deteccdo da mutacdo
para um diagnostico definitivo de HF e a importancia da cascata ser custo efetiva o
estudo identificou que o critério Unico do LDL-C > 230 mg/dl ¢ viavel para indicar o CI

para o teste genético.

Descritores: Hipercolesterolemia Familiar; Doengas Cardiovasculares; Programa de

Rastreamento; Lipoproteina de Baixa Densidade; Caso indice; Doenca Genética.



Abstract

Silva PRS. Program of follow-up of cohort of patients with familial
hypercholesterolemia in the metropolitan region of Sdo Paulo [Thesis]. Sdo Paulo:

"Faculdade de Medicina, Universidade de Sao Paulo"; 2017.

Introduction: Familial Hypercholesterolemia (FH) is a genetic disease characterized
clinically by high levels of low density lipoprotein (LDL-C) in the bloodstream since
childhood. Individuals with FH can develop atherosclerotic disease at a young age. The
main predictors of cardiovascular disease (CVD) risk in these individuals after entering
a genetic screening program are not known in our population. In addition, FH is
underdiagnosed and undertreated worldwide and cascaded genetic screening of family
members has been evaluated globally as the most cost effective for the diagnosis of FH.
However, the effectiveness of cascading genetic screening is dependent on the clinical
entry criteria of the first individual in the family and there is no consensus as to which
criterion shows the best accuracy for detecting a mutation. Objectives: To identify the
determinant factors for cardiovascular (CV) events in all individuals in the cohort and to
evaluate the clinical criteria for detecting a genetic variant pathogenic to FH in the first
individual of the family after being inserted into a genetic screening program in cascade.
Methods: Open prospective cohort study of patients who were enrolled in the cascade
genetic screening program for FH. The study population is defined as index case (IC),
the first of the family to be clinically identified and referred to the genetic test, and
relatives, who are the first-degree relatives of the IC in which a genetic alteration was
found. All individuals are inserted into the cohort at the moment they receive the
genetic report (time zero, Ty). The first follow-up telephone contact is made one year
after Ty (first year of follow-up, T;). Results: In T, a total of 818 subjects were
included, and 47 CV events were verified, of which 14 (29.7%) were fatal. For IC, the
only factor independently associated with the increased risk of CV events in T; was the
presence of a corneal arch (OR: 9.39; 95% CI. 2.46-35.82). For relatives with positive
mutation, factors associated with increased risk of CV events were diabetes mellitus
(OR: 7.97; 95% CI: 2.07-30.66) and tobacco consumption (OR: 3.70; 95% CI: 1.09-

12.50). In the analysis of the best clinical criteria for the detection of a pathogenic



mutation in the IC, the LDL-C values > 230 mg/dL had the best relationship between
sensitivity and specificity. In the ROC curve analysis, the Dutch Lipid Clinic Network
(DLCN) score performed better than LDL-C to identify a mutation, the area under the
ROC curve was 0.744 (95% CI: 0.704-0.784) and 0.730 (Cl 95 %: 0.687-0.774),
respectively, p = 0.014. Conclusion: At one year follow-up this cohort identified a high
incidence of CV events following entry into a cascade genetic screening program and
the predictors of CV events differ between IC and family members. These results may
contribute to the development of preventive actions in this group highly susceptible to
individuals. In addition, because of the importance of detecting the mutation for a
definitive diagnosis of HF and the importance of the cascade being cost effective, the
study identified that the single LDL-C criterion > 230 mg / dl is feasible to indicate IC

for the genetic test.

Descriptors: Familial Hypercholesterolemia; Cardiovascular Diseases; Mass

Screening; low density lipoprotein; index case; genetic disease.



1. INTRODUCAO

1.1 Hipercolesterolemia Familiar

A Hipercolesterolemia Familiar (HF) é uma doenca genética, autossdmica
dominante, caracterizada clinicamente por elevados niveis de lipoproteina de baixa
densidade (LDL-C) na corrente sanguinea. Os individuos com HF, na maioria dos
casos, sdo expostos a niveis elevados de LDL-C desde a infancia e/ou adolescéncia, por
isso podem apresentar sinais clinicos que séo caracteristicos do acimulo do colesterol
como xantomas de tenddo (acimulo de colesterol nos tend@es), xantelasmas (acumulo
de colesterol nas palpebras) e arco corneano (quando ocorre em individuos com menos
de 45 anos de idade)'. Quando presentes, esses sinais podem estar associados com

doenca aterosclerética subclinica, principalmente a ocorréncia de xantomas de tendao®>.

A HF é na maioria dos casos autossébmica dominante e ocorre principalmente
por alteracbes no gene que codifica o receptor do LDL (LDLR) e, com menos
frequéncia, mutacbes no gene que codifica a apolipoproteina B (APOB) e alteracdes que
causam ganho de funcdo no gene que codifica a pro-proteina convertase
subutilisina/kexina tipo 9 (PCSK-9). A HF ¢é subclassificada como heterozigética ou
homozigotica, que esta relacionada com a presenca de um ou dois alelos afetados nos
genes citados acima, sendo a prevaléncia de cada forma variavel em 1 a cada 500 e 1 a

cada 1.000.000 de individuos, respectivamente*® .

Na populacdo que compde a rede de HF Ibero-Americana séo estimados cerca
de 1,2 milhdes de individuos com HF heterozigdtica e apenas 27.400 individuos tém
sido identificados com ambos diagndsticos, clinico e molecular. Na rede apenas quatro
paises (Brasil, Espanha, Uruguai e Portugal) apresentam um programa sistematico para
captacdo e diagnostico dos individuos com a doenca’. No Brasil, o programa Hipercol
Brasil, realiza desde 2011 o diagnoéstico da doenca através do rastreamento genético em
cascata. A estimativa é que haja 670.000 individuos com HF no pais e menos de 1% da

populacéo diagnosticada®.



1.2 Fisiopatologia da HF

As dislipidemias séo caracterizadas por alteracdes nos niveis de lipoproteinas ou
de lipideos circulantes na corrente sanguinea em consequéncia de fatores genéticos e/ou
ambientais, que alteram sua producdo ou catabolismo As causas das dislipidemias
podem ser primarias, secundarias ou ambas®*°.

Quando a causa € primaria a base de sua fisiopatologia esta relacionada a uma
alteracdo genética que modifica 0s mecanismos normais de transporte ou funcéo dos
lipideos no organismo, que em geral, apresentam niveis muito elevados de Colesterol
Total (CT) (> 300 mg/dL) e LDL-C (>190mg/dl), sinais clinicos como xantomas de
tenddo (acumulo de colesterol nos tenddes), historia familiar de dislipidemia, doenca
cardiovascular (DCV) precoce (homens com menos de 55 anos de idade e mulheres
com menos de 60 anos de idade), e na maioria dos casos dificuldade em atingir niveis
desejaveis de colesterol com uso de doses méximas dos farmacos para diminuigdo do
colesterol. As dislipidemias secundarias apresentam multiplas causas como o
hipotireoidismo, diabetes, doenca renal, alcoolismo, dieta alimentar e estilo de vida™.
Ainda o HIV também pode ser uma causa da dislipidemia secundaria devido tanto a

infeccdo como também ao tratamento com antirretrovirais™.

Quando a dislipidemia ocorre por alteracdes genéticas, o aumento dos lipideos
pode ocorrer desde a infancia, mas mesmo quando a dislipidemia comeca no adulto
jovem o tempo de exposicdo a niveis elevados de colesterol tem como consequéncia o
desenvolvimento da aterosclerose precoce. A aterosclerose é a principal patogénese
envolvida no desenvolvimento da DCV, devido ao acimulo de lipidios e elementos
fibrosos, as chamadas placas aterosclerdticas, nas artérias que dificultam o fluxo
sanguineo e até mesmo a sua obstrucdo. As placas aterosclerticas podem apresentar
intensa atividade inflamatoria e a ruptura da mesma proporciona um fenétipo instavel
altamente trombogénico, levando ao processo conhecido como aterotrombose, sendo
este um dos principais determinantes das manifestacdes clinicas da aterosclerose, e as
dislipidemias, hipertensdo arterial e tabagismo sdo os principais fatores de risco para

inicio do processo de formacéo de placas ateroscleréticas™®*°.



A HF ¢é a dislipidemia priméria mais comum®®. A causa do aumento dos niveis
de LDL-C esta relacionada a alteracGes nos genes que codificam proteinas que
participam do processo de endocitose da particula de LDL-C. No processo normal, o
LDLR facilita a remocdo do LDL-C da corrente sanguinea para dentro da célula via
APOB. As particulas de LDL-C se ligam aos receptores ativando o processo de
internalizacdo LDL/APOB/LDLR por hepatdcitos via absor¢do que sdo mediados pela
proteina adaptadora do receptor de LDL tipo 1 (LDLRAPL). Internalizado, o LDL-C se
desliga do receptor, e entdo, o LDLR € degradado pela proteina PCSK9 ou é reciclado
para superficie celular dos hepatocitos. De forma alternativa, o LDLR também pode ser
degradado através da ligacdo PCSK9 exdgeno na superficie celular e ser internalizado e
degradado. Qualquer defeito nos genes que codificam as proteinas relacionadas ao
processo de remocdo do LDL do sangue, seja uma alteracdo funcional ou quantitativa,
ird interferir no processo de depuracdo da particula e resultara em

4,17,18

hipercolesterolemia (ver Figura 1).
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Fonte: Ito e colaboradores (2015) *.

Figura 1 - Proteinas envolvidas no metabolismo das lipoproteinas.



Existem diferentes genes relacionados com a HF, e todos causam um defeito no
processo de remogdo do LDL-C do plasma sanguineo. Além disso, todas as variantes
genéticas apresentam alta variabilidade fenotipica, enfatizando a influéncia do ambiente
(ex. dieta alimentar, estilo de vida) na condicéo clinica de cada individuo™*?*,

Aproximadamente 90% dos casos de HF ocorrem por alteracbes no gene que
codifica o LDLR. Atualmente sdo conhecidas cerca de 1.891 mutacfes nesse gene
(http://www.hgmd.cf.ac.uk/ac/search.php). O gene LDLR estd localizado no
cromossomo 19, com 18 exons e 839 aminoacidos que formam a proteina do LDLR
(OMIM 606945). Os individuos que apresentam mutacdo nesse gene na forma
heterozigotica tem uma deficiéncia de 50% do LDLR, levando ao aumento de 2 vezes
no niimero de particulas de LDL-C no sangue>?.

As alteracdes nesse gene foram divididas em 5 classes, que estéo relacionadas a

funcionalidade do receptor %:

e Classe I, sdo geralmente mutacbes nonsense, grandes delecbes e
mutacOes na regido do promotor do gene que resultam na auséncia de
sintese do LDLR;

e Classe Il, causam o bloqueio completo (classe Il a) ou parcial (classe Il
b) do transporte do LDLR do reticulo endoplasmatico para o aparelho de
Golgi, que acaba por diminuir a quantidade de receptor na membrana
plasmatica;

e Classe I, resulta em um defeito no dominio de ligacdo do LDLR, dessa
forma o LDL néo se liga ao LDLR,;

e Classe IV, nesse tipo de alteracdo o LDL e seu receptor se ligam
corretamente, porém existe uma deficiéncia na internalizacdo do
LDL/LDLR pelas vesiculas revestidas de clatrina para dentro da célula;

e Classe V, o processo de reciclagem do LDLR ndo € realizado

efetivamente.

As classificagOes funcionais das alteragfes no gene do LDLR influenciam no
fendtipo, ou seja, no perfil lipidico dos individuos com HF como também na reposta ao

tratamento para reducdo dos niveis lipidicos. Em individuos que apresentam uma



alteracdo genética com alelo nulo (Classe 1) o fenotipo, geralmente, é mais severo
(elevados niveis de LDL-C e CT) quando comparados a alteraces com alelos

defeituosos (Classe 11, 111, IV e V)**%,

As alteracdes que ocorrem no gene APOB correspondem a menos de 5% dos
casos de HF. Ele esta localizado no cromossomo 2, com 29 exons, dos quais o exon 26
(7.572 pares de base) é o maior e codifica mais da metade da proteina (OMIM 107730).
O mesmo gene produz duas formas a apoB-48 e apoB-100. A apoB-48 é produzida pelo
intestino delgado sendo necessaria para producdo dos quilomicrons. A apoB-100 é
produzida no figado e é a principal apolipoproteina que compde a particula de LDL,
além disso, possui um dominio de ligacdo com o LDLR agindo como mediador para a
ligacdo da particula de LDL com o seu receptor para ser metabolizado para dentro da
célula. Em um Unico processo de producdo o gene APOB faz as duas isoformas com
funcdes diferentes?®?.

Alteracbes nesse gene que estdo relacionadas a HF sdo aquelas que causam
defeitos no dominio de ligagdo do apob-100 com o LDLR prejudicando 0 metabolismo
do LDL aumentando a sua concentra¢do no plasma sanguineo. Contudo, a HF causada
por esse gene apresenta um fenoOtipo menos grave, sendo que as concentragOes
plasmaticas de LDL-C geralmente estdo abaixo do percentil 95 da populacdo em mais
de 25% dos heterozigotos e os homozigotos possuem concentracdes plasmaticas de
LDL-C mais comparaveis a HF heterozigética®® 2.

Estudos realizados com o gene APOB descrevem a hip6tese de que 0s niveis de
LDL-C menores do que em outras formas de HF ocorra devido ao caminho alternativo
da metabolizacdo da particula de LDL através da apolipoproteina E (ApoE) presente nas
lipoproteinas de densidade intermediaria (IDL) na superficie celular que também € um
ligante para o LDLR. No entanto, esses pacientes podem ter uma concentracao
aumentada de pequenas particulas densas de LDL, que sdo as particulas mais
aterogénicas, portanto eles apresentam um risco cardiovascular elevado®®>".

O gene PCSK9 e formado de 12 exons, com 3.617 pares de base, produz uma
proteina com 692 aminoacidos (OMIM 607786). A frequéncia de HF causada por esse

gene corresponde a menos de 1% dos casos. O gene € expresso em maior quantidade no



figado, intestino delgado e nos rins. Uma mutacdo que aumenta a atividade do gene gera
uma proteina PCSK9 com ganho de funcdo que aumenta a degradacdo do LDLR,
diminuindo o numero de receptores na membrana plasmatica prejudicando o
metabolismo do LDL-C, aumentando a sua concentracdo no plasma sanguineo*®.
Algumas alteragdes genéticas nesse gene que causam perda de funcéo na proteina foram
associadas a diminuicdo de risco de DCV. Por isso, atualmente, a inibi¢cdo da PSCK9
tem sido um importante alvo terapéutico para hipercolesterolémicos, ja que a sua

inibicdo aumenta o nimero de LDLR*%,

A HF mais frequente é autossdmica dominante, como 0s genes citados acima,
porém tem se considerado uma outra forma de HF autossémica recessiva, com uma
frequéncia rara, que ocorre devido a alteracBes no gene que codifica a LDLRAPL1. O
gene LDLRAP1 ¢ formado por 9 exons e da origem a uma proteina de 308 aminoacidos
(OMIM 605747). Somente pacientes que apresentam mutagcdes no gene LDLRAP1 na
forma homozigo6tica ou heterozigoto composto é que vao apresentar fenotipo da doenca;
quando presentes na forma heterozig6tica simples estes individuos sdo considerados
apenas portadores da alteracdo genética, ndo apresentam hipercolesterolemia. Além
disso, apresentam niveis de LDL-C e risco de DCV menores do que 0s homozigotos

com alteragdo no gene LDLR*".

1.3 Diagnésticos da HF

O diagnostico e o tratamento precoce da HF sdo importantes para prevencédo de
DCV que ocorrem devido aos niveis elevados de LDL-C. Individuos com HF
heterozigotica quando ndo tratados podem apresentar DCV aos 30 anos de idade, que
muitas vezes levam a oObito o adulto jovem. Na populagdo geral, dos individuos com
menos de 60 anos de idade cerca de 5% dos casos de Infarto Agudo do Miocardio
apresentam HF heterozigotica®®*®.
O diagnéstico clinico pode ser realizado com base nos seguintes critérios:

elevados niveis de LDL-C (> 190 mg/dl em adultos e 170 > mg/dl em criancas);



presenca de xantomas de tenddo, arco corneano (< 45 anos de idade) e xantelasma, que
nem sempre estdo presentes mas sdo indicativos importantes de HF; DCV precoce
(homens com menos de 55 anos de idade e mulheres com menos de 60 anos de idade);
historico de familiar de primeiro grau com hipercolesterolemia e DCV precoce. Durante
o diagndstico clinico é importante investigar causas secundarias de dislipidemias, como
hipotireoidismo, alteracBes nas fungdes renais e qualquer outra condi¢do que possa

aumentar os niveis de LDL-C?.

Na literatura existem ferramentas padronizadas para o diagnéstico clinico, como
Dutch Lipid Clinic Network (DLCN)*, descrito na Quadro 1, US Make Early Diagnosis
Prevent Early Death (MEDPED)* e Simon Broome Register Group™.

O critério MEDPED *° é fundamentado por grupos de idade e grau de parentesco
com o individuo com HF utilizando pontos de cortes de LDL-C e CT especificos para
cada grupo. Esse critério ndo leva em conta a presenca de sinais clinicos como

xantomas de tendao, arco corneano e a ocorréncia de DCV.

O diagnéstico do Simon Broome™ é baseado nos niveis de LDL-C ¢ CT (CT >
290 mg/dl ou LDL-C > 190 mg/dl em adultos, e para criangas com menos de 16 anos de
idade CT > 260 mg/dl ou LDL-C > 160 mg/dl), sendo utilizado os niveis sem
tratamento com hipolipemiantes ou mais alto durante o tratamento; presenca de sinais
clinicos como os xantomas de tenddo no paciente ou em parentes de 1° grau; historico
familiar de DCV precoce e hipercolesterolemia. No final o critério classifica o individuo

como definitivo ou provavel, dependendo do somatdrio dos critérios apresentados.



Quadro 1 — Critério diagndstico para Hipercolesterolemia Familiar adaptado do

DLCN®*.

Parametros

Pontos

Historico Familiar

Parente de 1° grau portador de doenga vascular/coronéria prematura
(homem < 55 anos, mulher < 60 anos) OU

Parente adulto de 1° ou 2° grau com LDL >190 mg/dL

Parente de 1° grau portador de xantoma tendinoso e/ou arco corneano
ou

Parente de 1° grau < 16 anos com LDL > 160 mg/dL

Historia Clinica

Paciente portador de doenca arterial coronaria prematura (homem < 55
anos, mulher < 60 anos)

Paciente portador de doenca arterial cerebral ou periférica prematura

(homem < 55 anos, mulher < 60 anos)

Exame Fisico
Xantoma de tendao

Arco corneano < 45 anos de idade

Nivel de LDL-C (mg/dl)
> 330 mg/dl

250 a 329 mg/dI

190 a 249 mg/dI

155 a 189 mg/di

= W O1

Anélise do DNA
Presenca de mutacdo funcional do gene do receptor de LDL, da
apoB100 ou da PCSK9

Diagnostico de HF
Certeza se
Provavel se

Possivel se

> 8 pontos
6 a 8 pontos

3 a5 pontos

Fonte: WHO, 1999 ¥




Todos esses critérios diagndsticos, citados anteriormente, recomendam que 0s
individuos que s&o definidos clinicamente como definitivo ou provével para HF sejam
encaminhados para o diagnéstico molecular*’. Contudo, ndo ha critérios clinicos que
predizem de forma absoluta a HF e nem ha um consenso de qual critério teria melhor
aplicabilidade. O diagnostico clinico nem sempre se caracteriza como possivel
principalmente em criangas com HF heterozigética®. Além disso, o custo do teste
genético ainda é dispendioso, por isso varios paises tém buscado desenvolver
algoritmos que apresentem uma boa acurécia e garantam que esses testes sejam usados
efetivamente® 7,

A identificacdo de uma mutacdo permite um diagnostico mais preciso da HF,
que ndo sdo possiveis apenas com os niveis lipidicos e critérios clinicos. Além disso,
tem importantes implicaces clinicas, pois permite a aplicacdo de medidas preventivas e
terapéuticas adequadas minimizando os riscos de DCV precoce. Contudo o teste

genético ainda ndo é acessivel para a populacio geral na maioria dos paises®*®4.

1.4 Rastreamento genético em cascata

A estratégia de rastreamento genético em cascata tem se apresentado como uma
ferramenta mais efetiva e econémica para o diagnoéstico dos individuos com HF. Na
triagem em cascata, um paciente indice é inicialmente diagnosticado clinicamente
empregando um dos critérios clinicos citados anteriormente ou algum critério ja
padronizado pelo programa. Apoés o teste genético, é confirmada a presenca ou auséncia
de uma mutacdo. Quando o paciente indice apresenta uma mutacdo € iniciado o
rastreamento genético nos seus parentes de primeiro grau para procurar novos casos de

HF. Os seus familiares de primeiro grau apresentam 50% de chances de ter a doenga®°"

52

O rastreamento genetico em cascata € considerado o método de melhor custo
beneficio para diagnéstico da HF, pois permite a identificacdo de individuos com a

doenca ainda jovens sendo economicamente e socialmente benéfico, pois tras efeitos
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direto na morbidade e mortalidade nesses individuos que apresentam maior risco para
DCV52'53

Mesmo sendo custo efetivo o rastreamento em cascata ndo é capaz de identificar
todos os individuos com HF, por isso tem sido discutido o rastreamento universal, no
qual toda a populacdo é rastreada de forma sistematica com base nos valores de
colesterol. Nao ha informacdes sobre a implementacdo desse método em algum
programa de HF. Contudo, tem sido crescente a discussdo do desenvolvimento do
rastreamento universal dos niveis lipidicos, principalmente, com as criancas e
adolescentes buscando identificar os individuos que terdo maior risco de desenvolver
DCV precoce. Porém, o rastreamento universal tem como principal desvantagem o
elevado custo e o alto numero de individuos falsos positivos, além das questfes éticas
que envolvem o rastreamento com as criangas, principalmente relacionadas com o uso
de medicamentos hipolipemiantes em idade precoce **°**°,

No Brasil os primeiros estudos com HF foram realizados com um pequeno
namero de individuos buscando apenas identificar a origem étnica das mutacdes
encontrada nesses individuos®®>’. Em seguida, outro grupo desenvolveu um estudo,
identificando clinicamente e molecularmente 156 individuos com HF, onde concluiram
gue mutacgdes no gene LDLR podem influenciar na resposta ao tratamento para diminuir
os niveis lipidicos™. Atualmente, o Hipercol Brasil, programa de rastreamento genético
em cascata para HF, ja identificou molecularmente 125 casos indices com HF, sendo
encontrada uma mutacdo para HF em 59,4% dos familiares rastreados. Esses dados
mostram que o rastreamento em cascata no Brasil € viavel e constitui em um método

satisfatdrio para identificacdo dos familiares .

1.5 Fatores de risco para DCV na HF

Individuos com HF sdo expostos por longo tempo a niveis elevados de LDL-C (

> 190 mg/dl) por isso o risco de desenvolverem aterosclerose ainda na idade do adulto
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jovem e, consequentemente, um evento cardiovascular (CV) € dez vezes maior que a
populacdo geral. A aterosclerose é o principal fator para o desenvolvimento de DCV
nesses individuos®>!#°9°,

O nivel de LDL-C dos pacientes que apresentam HF constitui no fator preditivo
de maior importancia para ocorréncia do evento CV ao longo da vida®™. Embora a
mutacdo seja provavelmente o fator mais importante na expressdo clinica da HF, pois
determina os niveis elevados de LDL-C, a interacdo de fatores ambientais também véo

influenciar para aumento do risco de DCV®.

O uso de tabaco € uma condi¢do que agrava o prognostico clinico do individuo
com HF. Um estudo realizado com a coorte de HF na Holanda verificou que os
individuos que eram fumantes apresentaram maior ocorréncia de eventos CV do que 0s
ndo fumantes e que apds o cessamento do uso do tabaco por 6 a 9 anos houve um
decréscimo significativo no risco de DCV®. Outros preditores para ocorréncia de
eventos CV que sdo importantes de serem identificados e prevenidos nesses individuos
sdo hipertensdo arterial, aumento do indice de massa corporal, niveis baixos de HDL-C
Esses fatores de riscos citados contribuem para o aumento da incidéncia de DCV nesses
individuos, contudo pouco se sabe dos efeitos da entrada desses pacientes em uma

coorte de rastreamento genético®* .
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2. OBJETIVOS

2.1 Objetivo Geral

Identificar os fatores determinantes para ocorréncia de eventos CV em todos os
individuos da coorte e avaliar o critério clinico para deteccdo de uma variante genética
patogénica para HF, no primeiro individuo da familia, apds serem inseridos em um

programa de rastreamento genético em cascata.

2.2 Objetivos Especificos

1. Analisar a incidéncia de eventos CV nos individuos que entraram no programa,
em 1 ano de seguimento

2. Avaliar os preditores de eventos CV ap6s um ano de seguimento, em uma
populacdo atendida por um programa de rastreamento genético de HF.

3. Comparar os critérios clinicos de entrada do Cl para o programa de rastreamento
genético de HF j& padronizado na literatura com o critério adotado pelo
programa.

4. Definir a aplicabilidade do critério utilizado pelo programa para identificar uma
mutacdo no CI, com base nos individuos j& inseridos na coorte através de

balanco entre sensibilidade e especificidade de cada ponto de corte definido;
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3. MATERIAL E METODOS

3.1 Desenho de estudo

Estudo de coorte prospectiva aberta dos pacientes que foram inseridos no
programa de rastreamento genético em cascata para Hipercolesterolemia Familiar
(Programa Hipercol Brasil)®. O estudo foi realizado no Laboratério de Genética e
Cardiologia Molecular no Instituto do Coracgdo (InCor) da Faculdade de Medicina da
Universidade de S3o Paulo (FMUSP). O estudo foi aprovado pelo Comité de Etica
(CAPPesq numero 3757/12/013).

3.2 Populacéo do estudo e critérios de incluséo

Os individuos que apresentam diagnostico clinico de HF, ou seja, apresentam
LDL > 210 mg/dl e historico familiar de DCV precoce sdo encaminhados para o
Programa Hipercol Brasil. Os individuos foram encaminhados do Ambulatério de
Lipides do InCor, das Unidades Basicas de Saude de Sdo Paulo, dos centros parceiros e

através do site (http://www.hipercolesterolemia.com.br/). Os individuos quando

acessam o site do programa respondem um questionario que gera uma pontuagao que ira
classifica-lo como possivel caso de HF. Essas questdes sdo enviadas para o e-mail do
programa. Caso a pontuacdo classifique esse individuo como possivel caso de HF é
solicitado por email um contato de telefone, e entéo ele € convocado para participar do

programa de rastreamento.


http://www.hipercolesterolemia.com.br/
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Os individuos encaminhados ou convocados sdo denominados de Caso indice
(CI), primeiro individuo da familia a entrar no programa, e sdo orientados, por
profissionais treinados, sobre a importancia da identificacdo e do rastreamento genético
para HF e da posterior identificacdo de seus familiares de primeiro grau caso ele
apresente uma mutacdo. Nesta ocasido é aplicado e solicitado que o participante da
pesquisa leia o termo de consentimento livre e esclarecido (TCLE), e se o individuo
optar pela participacdo no estudo é, entdo, realizada a coleta de material bioldgico,
aplicacdo de questionario de identificacdo, avaliacdo de risco cardiovascular e anamnese

clinica completa.

Apbs o resultado genético, o Cl € convocado para retornar ao programa, onde sO
entdo é entregue o laudo com o resultado do seu exame. Quando o CI é positivo, ou
seja, apresenta uma mutacdo ja definida como causadora de HF, novamente é
esclarecido a importancia do rastreamento em cascata dos familiares e, entdo, o
programa solicita autorizacdo para o contato com os familiares de primeiro grau. Os
familiares de primeiro grau sdo contatados por telefone para participar do programa e
séo orientados sobre a importancia do rastreamento, visto que, os familiares com laudo
genético positivo serdo entdo convocados seus familiares de primeiro grau e assim por
diante. Quando o CI apresenta um exame genético negativo (ndo foi encontrada
nenhuma mutacdo relacionada a HF) ndo é realizado a cascata genética, porém ele é
orientado sobre a importancia do acompanhamento ambulatorial pois o resultado nédo
descarta o diagnostico clinico de HF e, também, a importancia de seus familiares

realizarem periodicamente exames de acompanhamento do seu colesterol.

Os individuos positivos para HF se caso aceitarem sdo matriculados,
acompanhados e tratados no Ambulatério de Dislipidemia do Instituto do Coragédo
(InNCor/HCFMUSP) pelo Sistema Unico de Salde (SUS), quando residem em S&o
Paulo. Pacientes de centros parceiros sdo tratados pelos proprios centros de origem e 0s
outros pacientes sdao encaminhados para seus médicos particulares ou para posto de

saude de referéncia.

Todos os individuos com mais de 15 anos de idade, inseridos no programa de
rastreamento genético em cascata, estdo participando do estudo de seguimento, sendo

inseridos na coorte no momento em que recebem o laudo genético (tempo zero, Typ). Os
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individuos sdo: os Cl e familiares com diagndstico molecular positivo para HF; os Cl e

familiares com diagnostico molecular negativo.

3.3 Coleta de dados

Ap6s um ano da entrega do laudo genético foi realizado o contato telefénico
com o paciente (1° seguimento, T,). O contato telefénico € o momento em que se
realiza a coleta de dados dos pacientes incluidos no estudo, que ocorre através da
aplicacdo de um questionario padronizado. Em alguns casos, quando possivel, a coleta

de dados foi realizada pessoalmente.

As questdes irdo fornecer informacbes sobre os exames bioquimicos atuais;
acompanhamento com médico especialista, inquirindo sobre quantas vezes ele procurou
um médico especialista no ultimo ano; ocorréncia de internacdo no altimo ano,
independente da causa; qual medicamento o paciente esta utilizando; com relacdo ao
medicamento hipolipemiante ser4 questionado se houve alteragdes na dose e no
medicamento, e adesdo ao tratamento (quantas vezes esquece de tomar 0 medicamento);
surgimento de fatores de risco adicionais para DCV como: hipertensdo arterial, diabetes
e tabagismo; realizacdo de atividade fisica (frequéncia por semana e horas por dia);
ocorréncia de eventos CV novos, fatais e ndo fatais, sendo definido: infarto agudo do
miocardio, angina com hospitalizacdo, cirurgia de revascularizacdo, acidente vascular
cerebral isquémico, angioplastia coronariana, insuficiéncia cardiaca congestiva. Em
caso de falecimento do individuo participante do estudo é solicitado por telefone, por
algum membro da familia, a causa da morte conforme descrito no atestado de dbito e

data e local do falecimento. O questionario esta apresentado no Apéndice.

No estudo, o perfil lipidico dos individuos, exames de imagem como
cintilografia, eletrocardiograma, eco cardiograma, cateterismo  cardiaco,

Angiotomografia computadorizada e/ ou escore de célcio, ecodoppler de carotidas séo
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obtidos dos prontuérios médicos do InCor ou séo solicitados o envio por email, quando

ndo realizados no InCor, com prévio consentimento do paciente.

3.4 Analises de dados

Foram realizados nos primeiros resultados uma analise descritiva das variaveis.
Para as variaveis continuas foram calculados a média e o desvio-padrdo. As variaveis
categoricas foram calculadas como frequéncias. As diferencas entre as frequéncias
foram comparadas pelo teste do qui-quadrado. As diferencas entre as médias foram
comparadas através do teste t ou andlise variancia (ANOVA) se necessario. Foi
considerado significante um p valor < 0,05. A analise de regressdo logistica foi
realizada para determinar variaveis preditoras independentes. A magnitude da
associacdo foi estimada pelo Odds Ratio (OR) com intervalo de confianca de 95% (IC
95%). Foi realizado analise de sensibilidade, especificidade, valor preditivo positivo e
valor preditivo negativo para avaliar o melhor critério clinico para diagnostico da HF.
No primeiro ano de seguimento, um total de 818 individuos foi inserido no estudo sendo
299 CI (167 CI com mutacdo positiva e 132 Cl sem mutacdo) e 519 familiares (348
familiares com mutacdo positiva e 171 sem mutacdo) que foram apresentados no
primeiro artigo. No segundo artigo, para analise de padronizacéo do critério de entrada
do CI para o estudo genético foram utilizados todos os ClI que estavam no T, mesmo
que ainda nao havia sido realizado o primeiro contato telefénico do seguimento, sendo
um total de 257 CI com mutacgdo e 496 CI sem mutacdo. Todos os dados dos individuos
foram obtidos do Programa Hipercol Brasil com autorizagdo dos mesmos apos
assinatura do TCLE. Todas as analises estatisticas foram realizadas utilizando o

programa Statistical Package for the Social Sciences (SPSS versao 13.0).
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4. RESULTADOS

Artigo 1

Atherosclerosis. 2016; (250): 144 - 150

Preditores dos eventos cardiovasculares ap0s um ano de rastreamento

molecular para Hipercolesterolemia Familiar.

Este estudo relata o primeiro ano de seguimento dos individuos inscritos no
programa de rastreamento genético em cascata para HF no Brasil, um ano depois de
receberem seus resultados de testes genéticos. Diferente dos estudos ja realizados, esta
ndo € uma descricdo unica de eventos CV iniciais em uma coorte de pacientes com HF,
visto que estamos seguindo todos os individuos que foram submetidos a uma triagem
genética, nossos resultados nos permitem obter estimativas de risco para uma variedade
mais ampla de subgrupos de risco que sd&o comumente vistos neste tipo de programa.
Conforme relatado, um alto risco de eventos CV ndo € apenas visto em Cl mas também
nos familiares com mutacdo, contudo os preditores dos eventos CV sdo diferentes para

cada grupo de individuos.



18

Atherosclerosis 250 (2016) 144—150

journal homepage: www.elsevier.com/locate/atherosclerosis

Contents lists available at ScienceDirect

Atherosclerosis

Predictors of cardiovascular events after one year of molecular
screening for Familial hypercholesterolemia

@ CrossMark

Pamela R.S. Silva * ", Cinthia E. Jannes ?, Julia D.C. Marsiglia *, Jose E. Krieger ¢,
Raul D. Santos °, Alexandre C. Pereira *

@ Laboratory of Genetics and Molecular Cardiology, Heart Institute (InCor), University of Sao Paulo Medical School Hospital, Sao Paulo, Brazil
Y Lipid Clinic, Heart Institute (InCor), University of Sao Paulo Medical School Hospital, Sao Paulo, Brazil

ARTICLE INFO

ABSTRACT

Article history:

Received 17 March 2016
Received in revised form

9 May 2016

Accepted 11 May 2016
Available online 15 May 2016

Keywords:

Familial hypercholesterolemia
Cascade screening
Cardiovascular diseases
Cardiovascular disease predictors
Index patient

Background and aims: This study reports the first year follow-up of individuals enrolled in Brazil's genetic
cascade screening program for Familial Hypercholesterolemia (FH), Hipercol Brasil. Predictors for the
occurrence of cardiovascular (CV) events in individuals screened for FH were studied. Methods: This is an
open prospective cohort of individuals who were included in a cascade genetic screening program for FH.
The first prospective follow-up was carried out one year after patients received their genetic test result.
Individuals included in this study were index cases (probands) and relatives with identified (M +) or not
genetic mutations (M —). Logistic regression analysis was performed to determine predictive variables
for the occurrence of CV events censored at one-year of follow-up.
Results: A total of 818 subjects were included, 47 first CV events were ascertained, with 14 (29.7%) being
fatal. For index cases, the only factor independently associated with increased risk of CV events was the
presence of corneal arcus (OR: 9.39; 95% CI: 2.46—35.82). There was an inverse association of CV events
with higher HDL-cholesterol levels (OR: 0.95; 95% Cl: 0.90—0.99). For M+ relatives, risk factors associated
with increased CV events risk were diabetes mellitus (OR: 7.97; 95% Cl: 2.07—-30.66) and tobacco con-
sumption (OR: 3.70; 95% CI: 1.09—12.50).
Conclusions: A high one-year incidence of CV events was found in this cascade-screening cohort. Pre-
dictors of events differed between index cases and relatives and can be useful for the development of
preventive efforts in this highly susceptible group of individuals.

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

relatives. Initially, the Index Case (IC) is clinically identified (LDL-
C > 210 mg/dL without lipid-lowering drugs) and molecularly

Familial hypercholesterolemia (FH) is an autosomal dominant
disease clinically characterized by elevated levels of serum low-
density lipoprotein-cholesterol (LDL-C) and the occurrence of
early cardiovascular disease (CVD) [1-5]. The worldwide preva-
lence varies from 1:200 to 1:500 in the heterozygous form. The
homozygote form is rare and its prevalence is around
1:300,000—1,000,000. In Brazil, it is estimated that there are
402,000 to 670,000 cases of FH and less than 1% are diagnosed and
treated appropriately [6—8].

HipercolBrasil program |7] is a nation-wide initiative to provide
molecular FH screening for in-risk probands and first-degree

* Corresponding author. Av. Dr. Enéas de Carvalho Aguiar, 44 — Cerqueira Cesar,
Sao Paulo, SP, 05403-900, Brazil.
E-mail address: pam_r_s@usp.br (PR.S. Silva).

http://dx.doi.org/10.1016/j.atherosclerosis.2016.05.023
0021-9150/© 2016 Elsevier Ireland Ltd. All rights reserved.

tested for a mutation in one of the three known genes that cause
heterozygous FH (LDLR, PCSK9 and APOB). Once a mutation is
detected in an IC, all first-degree relatives (regardless of their
cholesterol levels) are invited to participate in the screening pro-
gram. First-degree relatives have a 50% chance of having the disease
[8,9].

FH patients are at high risk for early cardiovascular disease
(CVD), since they are exposed to elevated LDL-C levels since birth
[10,11]. The risk of cardiovascular (CV) events in these patients may
be increased by 20 times if FH is not diagnosed and treated properly
[11]. Other factors may increase the risk of CV events in these in-
dividuals, such as smoking, hypertension, diabetes, high body mass
index (BMI), family history of premature CVD and low levels of HDL
cholesterol (HDL-C) [ 12—16]. However, most studies evaluating the
impact of risk factors in FH patients included only probands and
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were derived from retrospective or cross sectional evaluations, thus
making the predictors of CV events in relatives still uncertain. In
addition, it is tempting to speculate that clinical and demographic
determinants of cardiovascular events will vary depending on the
final result of the molecular screening program and that this may
have important consequences for the care of these individuals.
Therefore, the aim of this study was to identify the main CV event
predictors in individuals included in a cascade screening cohort for
FH, for both probands and relatives.

2. Materials and methods
2.1. Study design

This study evaluated prospectively a cohort of patients who
were included in the genetic cascade screening program, Hiper-
colBrasil [7] and was conducted at the Laboratory of Genetics and
Molecular Cardiology of the Heart Institute (InCor), University of
Sao Paulo Medical School Hospital, Sao Paulo, Brazil. The study was
approved by the Institutional Ethics Committee (CAPPesq number
3757/12/013).

2.2. Study population and inclusion criteria

The cascade screening program for FH was previously reported
by Jannes et al. [7] Index Cases (IC) and relatives summoned by
HipercolBrasil program were oriented by trained professionals
about the importance of familial genetic screening and written
informed consent was obtained from all IC and relatives. For under-
age individuals (<18 years old), written informed consent was
obtained from their legal responsible. The genetic test results were
delivered privately in the presence of patients only. In that occa-
sion, patients were instructed about the genetics of FH and the
importance of mutation detection. Along with the report, partici-
pants received informative folders about FH, cardiovascular disease
and the importance of cholesterol control. All patients who agreed
to enter the program were registered in the Lipid Clinic of the Heart
Institute (InCor/HC-FMUSP), which is the reference tertiary center
for treatment and follow-up.

Individuals older than 15 years which were participating in the
cascade-screening program were included in the follow-up study
once they received the genetic screening report (T0). Study subjects
were: IC with suggestive clinical and presenting a definitive genetic
diagnosis of FH (M+); IC with suggestive clinical diagnosis but no
identified mutations (M—); and relatives with and without identi-
fied causal mutations (rM+ and rM—, respectively). Although it is
not expected that rM-present a higher risk for CV events when
compared to M+ or rM-+, these were maintained in the follow-up
study so we could assess whether they indeed present no higher
risk for CV events, as well to serve as a family-adjusted control
group.

2.3. One-year follow-up

To collect data from individuals included in the study, a stan-
dardized questionnaire was applied by phone by a trained profes-
sional one year after the patient received the result of the genetic
test. The follow-up questionnaire ascertained whether the patient
presented or not a cardiovascular event during the follow-up. In
addition, the questionnaire inquired about previous CVD; presence
of risk factors for atherosclerosis; history of early CVD in first-
degree relatives (e.g. male <55 and female <60 years-old); cur-
rent biochemical exams; follow-up with specialists; which medi-
cation the patient was using and if there were changes in
prescription; adherence to treatment; onset of additional risk

factors for cardiovascular events (hypertension, diabetes, smoking);
physical activity, and patient's general health. Incomplete treat-
ment adherence was defined as patients failing to take their
medication at least 5 times a month.

First cardiovascular events during follow-up were defined as:
acute myocardial infarction, unstable angina with hospitalization,
coronary angioplasty, coronary artery bypass surgery, ischemic
stroke, ischemic heart disease, or congestive heart failure. Cardio-
vascular events, plasma lipids, presence of CVD risk factors, and use
of lipid-lowering drugs were adjudicated from patients’ medical
records.

2.4. Statistical analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS version 13.0). Initially, a descrip-
tive analysis of the variables was carried out. For continuous vari-
ables the mean and standard deviation were calculated. Categorical
variables were calculated as frequencies. The differences between
frequencies were compared using the chi-square test. The differ-
ences between means were compared with Student t or Analysis of
variance (ANOVA) tests if necessary. Significance was considered at
a p value < 0.05. The logistic regression analysis was performed to
determine predictive variables for the occurrence of CV events. The
magnitude of the association was estimated using the odds ratio
(OR) with 95% confidence intervals (95% CI).

3. Results
3.1. Clinical and laboratory parameters

A total of 818 subjects were included in the study. Tables 1 and 2
show clinical and laboratory characteristics of the subjects in the
first year of follow-up, respectively. Of all ICs (n = 299) included in
the analysis, 167 (55.8%) were M-+ while 132 were M—. Of interest,
after one year of follow-up, although 11% of M- IC had their dose of
lipid-lowering agents increased, overall this group presented a
trend for decrease in the prevalence of lipid-lowering treatment
(LLT). For M+, in 18.5% the prescribed doses were increased,
without a significant change in the overall prevalence of LLT.

Regarding the lipid profile, Table 2 shows that both M+ and M-
IC presented a decrease in total and LDL-C, and an increase in HDL-C
levels after one year (p < 0.05).

The numbers of relatives included in the analysis were 348 rM+
(67%) and 171 rM—. Table 1 shows that rM + had an increase in the
prevalence of diabetes diagnosis, in the use of lipid-lowering drugs
and a decrease in tobacco consumption (p < 0.05) after one year.
Among rM + individuals that were under LLT during the follow-up,
29.8% presented changes in the drug dosage (21.2% with dose in-
crease). However, of all patients under LLT 25.1% reported incom-
plete adherence to treatment. Table 2 shows that there was no
significant alteration in lipid profile of relatives after one year.

3.2. Cardiovascular events during follow-up

During follow-up a total of 47 first new CV events occurred,
being 33 (70%) nonfatal: 21.2% myocardial infarction, 15.5% angina,
12.1% coronary artery bypass surgery, 24.2% coronary angioplasty,
12.1% congestive heart failure, 3% ischemic stroke, and 10% ischemic
heart disease. Fourteen events (30%) were fatal: 71.4% myocardial
infarction, 21.4% congestive heart failure, and 7.1% ischemic stroke.
Of all CV events (fatal or non-fatal) in the group of mutation posi-
tive individuals (IC and relatives) 24.3% refer to coronary angio-
plasty and 10.8% to coronary artery bypass surgery.

A total of 37 (7.2%) and 10 (3.3%) events occurred respectively in
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20

Clinical characteristics of index cases presenting or not familial hypercholesterolemia causing mutations (M +, n = 167; M —, n = 132) and their respective relatives (M -+,
n = 348; M—, n = 171) at the time of genetic test result deliver (Ty) and one-year follow-up (T;).

Mutation + Mutation —
To T To T
n n p value n n p value”

Index cases
Age (years) 50 + 16 167 52+15 167 0.01 56 + 12 132 57 +12 132 0.01
BMI (kg/m?) 2745 134 27+4 134 0.42 28+4 129 2745 129 0.07
Hypertension (%) 287 48 31.1 52 0.52 49.6 66 51.1 68 0.75
Diabetes (%) 84 14 114 19 0.30 16.5 22 226 30 0.20
Tobacco consumption
Current 6.0 10 5.4 9 18.0 24 15.8 21
Former 287 48 293 49 0.96 316 42 338 45 0.85
Never 515 86 50.3 84 489 65 48.1 64
Pharmacological treatment” (%) 80.8 135 90.4 151 0.97 89.5 119 83.5 111 0.06
Relatives
Age (years) 46 + 17 348 48 + 16 348 0.01 47 + 16 171 49 + 17 171 0.01
BMI (kg/m?) 26+5 333 26+5 333 0.68 28+ 14 162 27+6 162 0.19
Hypertension (%) 30.5 106 328 114 0.47 25.0 43 250 43 0.94
Diabetes (%) 9.8 34 149 52 0.03 99 17 122 21 0.46
Tobacco consumption
Current 121 42 86 30 93 16 93 16
Former 21.0 73 247 86 0.21 233 40 238 41 0.99
Never 66.4 231 65.5 228 67.4 116 66.9 115
Pharmacological treatment” (%) 68.7 239 79 275 0.04 25.6 44 238 41 0.11

@ Medications for cholesterol treatment were statins, ezetimibe, resins, fibrates and niacin.

b p value < 0.05.

Table 2

Plasma lipids of index cases presenting or not familial hypercholesterolemia causing mutations (M +, n = 167; M —, n = 132) and of their relatives (M +, n = 348; M —, n = 171)
at the period of genetic test result deliver (Tp) and at 1 year follow-up (Ty).

Mutation + Mutation —

To T n p value To T n p value®
Index cases
TC (mg/dL)
All individuals 259 + 95 241 + 86 115 0.01 236+ 71 218 + 61 96 0.01
LDL-C (mg/dL)
All individuals 188 + 90 170 + 84 119 0.01 156 + 65 135 £ 51 95 0.01
HDL-C (mg/dL)
All individuals 46 + 14 48 + 15 115 0.02 51+15 53+15 96 0.13
TG (mg/dL)
All individuals 119 + 57 113 +£57 111 0.21 156 + 103 155 + 94 95 0.95
Relatives
TC (mg/dL)
All individuals 232 + 61 229 + 64 206 0.47 200 + 39 203 +50 20 0.69
LDL-C (mg/dL)
All individuals 162 + 57 158 + 60 200 0.39 126 + 34 127 +39 18 0.91
HDL-C (mg/dL)
All individuals 47 +13 48 + 14 202 0.05 54 +16 56 + 16 19 043
TG (mg/dL)
All individuals 111 + 70 107 + 61 201 0.29 128 + 54 120 + 57 20 0.63

2 pvalue < 0.05.

those presenting or not a mutation (p < 0.05). There were respec-
tively 20 (11.9%) and 4 (3%) cardiovascular events in IC presenting or
not a mutation (p < 0.05). Among M+ and M—relatives there was
no difference in the rate of CV events, 4.8% and 3.5% respectively (p
> 0.05).

Table 3 shows the clinical characteristics of IC presenting or not
a CV event during follow-up. Comparing M+ IC with and without
events, those presenting a CV event, had a higher prevalence of
corneal arcus, previous CVD and, higher total and LDL-C and tri-
glycerides with lower concentrations of HDL-C. For M— IC with CV
events, only the prevalence of corneal arcus was significantly
higher when compared to M—IC without events. There were no
differences on the prevalence of LLT at baseline among the groups.

Table 4 shows characteristics of relatives presenting or not a CV

event. Among rM+, those presenting CV events were older and
mostly male with a higher prevalence of hypertension, diabetes,
tobacco consumption and corneal arcus (p < 0.05). For rM— with a
CV event, levels of total and LDL-C were higher when compared to
rM— without events.

When performing univariate analysis, factors associated with
increased risk of CV events in IC (M+ and M—) were the presence of
a causal FH mutation and corneal arcus. After multivariable
adjustment, corneal arcus presence was significantly associated
with increased risk for CV events (Table 5). On the contrary there
was an independent association of higher HDL-C levels with a
reduced risk of CVD.

Table 6 shows the univariate associations with increased risk for
CV events in rM+. Older age, male sex, hypertension, diabetes,
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Table 3

Characteristics of the index cases according to the presence or absence of cardiovascular (CV) events.

Mutation + (n = 167)

Mutation— (n = 132)

Presence of CV events®

Presence of CV events

Yes (n = 20) No (n = 147) p value Yes (n = 4) No (n = 128) p value?
n n n n
Age (years) 56+19 20 50 + 15 147 0.08 63 +£10 4 55+ 12 128 022
Males (%) 55.0 11 422 62 0.27 25.0 1 25.0 32 0.99
Females (%) 45.0 9 57.8 85 75.0 3 75.0 96
Hypertension (%) 35.0 7 279 41 0.25 50.0 2 500 64 097
Diabetes (%) 0 0 95 14 017 0 0 172 22 042
Previous CVD (%) 60.0 12 374 55 0.5 50.0 2 295 38 037
Family history of CVD" (%) 40,0 8 354 52 021 50.0 2 482 62 080
Pharmacological treatment® (%) 70.0 14 823 121 0.74 100 4 89.1 114 053
BMI (kg/m?) 27+6 14 27+5 126 0.96 27+3 4 284 126 0.55
Tobacco consumption (current and former) (%) 35.0 7 34.7 51 0.59 25.0 1 50.0 64 0.31
Corneal arcus (%) 50.0 10 245 36 001 50.0 2 133 17 004
Xanthelasmas (%) 20.0 4 10.2 15 0.09 0 0 7.0 9 0.58
Tendon xanthoma (%) 15.0 3 95 14 0.26 0 0 23 3 0.78
TC (mg/dL) 351 £ 175 13 264 + 93 124 0.01 254 + 121 4 240 + 67 114 0.68
LDL-C (mg/dL) 274 + 161 13 193 + 90 126 0.01 174 + 101 4 160+ 63 112 066
HDL-C(mg/dL) 37+8 13 4713 126 0.01 52+ 14 4  50+14 114 078
TG (mg/dL) 182 + 137 13 122 + 57 122 0.01 140 + 103 4 163 + 108 113 0.67
2 Patients who had a cardiac event in the first year of follow-up.
b Family first degree who had some early cardiovascular event: male < 55 and female < 60 years-old.
¢ Medications for cholesterol treatment were statins, ezetimibe, resins, fibrates and niacin.
4 p value < 0.05. TC: total cholesterol; TG: triglycerides.
Table 4
Characteristics of the relatives according to the presence or absence of cardiovascular (CV) events.

Mutation + (n = 348) Mutation— (n = 171)

Presence of CV events® Presence of CV events

Yes (n = 17) No (n = 331) p value Yes (n = 6) No (n = 165) p value!

n n n n

Age (years) 55+ 16 17 46 + 16 331 0.02 66 + 6 6 47 + 16 165 0.01
Males (%) 64.7 11 369 122 0.02 50.0 3 36.4 60 0.49
Females (%) 353 6 63.1 209 50.0 3 63.6 105
Hypertension (%) 64.7 11 287 95 0.01 66.7 4 23.6 39 0.01
Diabetes (%) 47.1 8 79 26 0.01 333 2 9.1 15 0.05
Previous CVD (%) 76.5 13 350 116  0.01 50.0 3 10.2 17 001
Family history of CVD" (%) 47.1 8 502 166 047 66.7 4 473 78 049
Pharmacological treatment* (%) 94.1 16 67.4 223 0.04 16.7 1 26.1 43 039
BMI (kg/m?) 28+7 16 265 328 034 27+3 6 28+14 165 092
Tobacco consumption (current and former) (%) 70.6 12 311 103 0.01 50.0 3 321 53 035
Corneal arcus (%) 41.2 7 16.9 56 0.01 0 0 42 7 0.63
Xanthelasmas (%) 11.8 2 8.8 29 0.67 0 0 3.0 5 0.69
Tendon xanthoma (%) 1.8 2 76 25  0.68 0 0o 0 0 084
TC (mg/dL) 234+ 74 14 238 + 68 223 0.82 249 + 6 2 190 + 39 25 0.04
LDL-C (mg/dL) 174 + 72 14 164 + 58 214 0.55 166 + 11 2 115 + 36 23 0.06
HDL-C(mg/dL) 43+13 14 47 +13 219 028 54+ 18 2 51x15 24 084
TG (mg/dL) 86 + 39 14 125131 219 027 149 + 111 2 129+64 25 069

@ Patients who had a cardiac event in the first year of follow-up.

b Family first degree who had some early cardiovascular event: male <55 and female <60 years old.
€ Medications for cholesterol treatment were statins, ezetimibe, resins, fibrates and niacin.

d pvalue < 0.05. TC: total cholesterol; TG: triglycerides.

previous CVD, tobacco consumption (current or former) and
corneal arcus were all associated. In the multivariate analysis only
diabetes and tobacco consumption remained significantly associ-
ated with the risk of CV events.

4. Discussion

This study reports the first follow-up in individuals enrolled in
the cascade genetic screening program for FH in Brazil, one year
after they received their genetic test results. Different from previ-
ous reports, this is not a sole description of early events in a cohort
of FH patients. Since we are following all individuals that were

submitted to a genetic screening cascade our results allow us to
derive estimates of risk for a broader variety of risk subgroups that
are commonly seen in this type of program. As reported, a high risk
of CV events is not only seen in probands of such a cohort, but
rather in all different substrata analyzed. Predictors of this risk are,
however, different.

4.1. Cardiovascular events and their predictors in index cases and
relatives

As previously described [14], the incidence of CV events in M+
individuals was higher than in M—, and the incidence of fatal or



22

148 PRS. Silva et al. / Atherosclerosis 250 (2016) 144—150
Table 5
Variables associated with CV events in index cases presenting or not mutations after univariate and multivariate logistic regression.
OR? 95% Cl p value® OR"” 95% Cl p value
Mutation + 435 1.45-13.07 0.01
Age (years) 1.02 0.99-1.05 0.10
Gender (male) 193 0.83—4.47 0.12
Hypertension 1.28 0.50-3.27 0.59
Previous CVD 275 1.17-6.43 0.01
Tobacco consumption (current and former) 0.87 0.34-2.25 0.77
Family history of CVD 1.84 0.55-6.07 0.31
Xanthelasmas 2.70 0.82-8.86 0.10
Corneal arcus 7.33 2.63-20.44 0.01 9.39 2.46-35.82 0.01
Tendon xanthomas 293 0.76-11.22 0.11
TC 1.00 0.99-1.01 0.88
LDL-C 1.01 1.00-1.02 0.01
HDL-C 0.95 0.91-0.99 0.01 0.95 0.90-0.99 0.04
TG 1.00 0.99-1.01 0.20
@ Univariate Logistic Regression Analysis.
b Multivariate Logistic Regression Analysis (Adjusted for age, gender, HDL-C, corneal arcus, previous CVD).
€ p value < 0.05.
Table 6
Variables associated with CV events in relatives with positive mutations after univariate and multivariate logistic regression.
OR" 95% Cl p value* OR" 95% Cl p value
Age (years) 1.03 1.01-1.06 0.02
Gender (male) 3.14 1.13-8.70 0.02
Hypertension 441 1.58—-12.29 0.01
Diabetes 10.25 3.65-28.82 0.01 797 2.07-30.66 0.01
Previous CVD 6.02 1.92-18.89 0.01
Tobacco consumption (current and former) 5.26 1.80-15.33 0.01 3.70 1.09-12.50 0.03
Family history of CVD 0.67 0.22-2.00 0.47
Xanthelasmas 137 0.29-6.37 0.68
Corneal arcus 4.03 1.40-11.57 0.01
Tendon xanthoma 137 0.29-6.36 0.68
TE 0.99 0.99-1.01 0.99
LDL-C 1.01 0.99-1.01 0.54
HDL-C 0.97 0.93-1.02 0.28
TG 0.99 0.97-1.01 0.99

2 Univariate Logistic Regression Analysis.

b Multivariate Logistic Regression Analysis (Adjusted for age, hypertension, diabetes, previous CVD, tobacco consumption and corneal arcus).

€ pvalue < 0.05.

nonfatal CV events in the first year of follow-up was more than
twice in M + IC than in affected relatives. The occurrence of coro-
nary artery bypass surgery and coronary angioplasty among M + IC
and rM+ was 35%, suggesting that the cascade screening could have
in part contributed to the occurrence of these events. After genetic
diagnosis affected individuals were indeed referred to a tertiary
cardiology center. Needless to say that the sole fact that these in-
dividuals were molecularly diagnosed as having FH may have led to
increased use of diagnostic procedures to diagnose subclinical
atherosclerosis that is frequently encountered in FH patients [2]
and, consequently, led to more revascularization procedures. It is
not the scope of the present work to discuss the evidence-based
indication of revascularization procedures for coronary artery dis-
ease. It should be realized, nonetheless, that individuals that
received new revascularization procedures were perceived by their
clinicians as having increased cardiovascular risk.

FH phenotype presents great variability within the same family
and among different mutations [17,18]. However, through the
analysis of risk factors association with CV events, it is possible to
infer that exposure time to elevated levels of LDL-C in the IC seems
to be the most important factor that influenced CV event occur-
rence. In M + IC who suffered a CV event, mean baseline LDL-C
levels were 274 mg/dL, being 29% higher than in IC who did not
have a CV event. Previously, LDL-C levels >260 mg/dL have been
shown to increase in 8.29 times the risk of a CV event is FH

individuals [18—21]. Indeed, xanthelasmas and corneal arcus for-
mation, important markers of long term exposition to high levels of
LDL-C [22], were significantly higher in the M + IC who had a CV
event and the latter was independently associated with occurrence
of CVD in the follow-up.

On the other hand, as previously seen in cross sectional evalu-
ations [13,14] higher HDL-C concentrations were independently
associated with a reduced risk of CV events.

Of importance, in the rM+ who had a CV event, predictors
where different from those of index cases. We have observed, as
predictors, a higher prevalence of lifestyle-related factors such as
diabetes, hypertension, tobacco consumption, resembling the fac-
tors related to CV events in the non-FH populations [23]. This
highlights the importance of early detection and reemphasizes the
need for cascade screening of FH probands’ first-degree family
members [24].

4.2. Life-style changes after genetic screening

Another important question we have addressed was regarding
the effects of going through FH genetic screening upon lifestyle
changes. This is particularly important since once FH screening
programs are well established they will constitute golden oppor-
tunities to impact the cardiovascular health of high-risk individuals
in a community. Understanding the dynamics of its impact is, thus,
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paramount for the better overall use of this resource.

In general, FH index cases present higher prevalence and
duration of statin use than their relatives [17,18]. In the first year of
follow-up, there was a significant decrease in total and LDL-C levels
in M+ IC. Although 81% of M+ ICs were already under LLT treat-
ment when enrolled in the study, the genetic test result might have
contributed to treatment adherence and adjustment of drug
dosage. This justifying the significant decrease in the lipid levels of
these individuals, despite the overall majority of them being
already on treatment at baseline.

In the rM+, there was a significant increase in LLT prevalence.
When they received the genetic result, 68.7% of rM+ where under
treatment and after the program guiding and referral to specific
care, the prevalence increased to 79%. However, there was no sig-
nificant decrease in lipid levels after one year probably due to the
fact that many rM+ were still adjusting their treatment, both for
dose and type of medication. In addition, one in four referred
incomplete adherence to proposed treatment. A follow-up study
with FH individuals, performed in the Netherlands [25], has shown
that when they got in the screening program, only 37.6% of patients
follow the LLT and one year after they were enrolled in the program,
that percentage increased to 92.5%.

Unexpectedly, in this one year of follow-up there was a signifi-
cant increase in diabetes prevalence on rM+. It is difficult to infer in
a one-year follow-up period the main reason for this augmented
prevalence, being this one of the limitations of this study. However,
we must take into account the use of statins in the incidence of
diabetes, as pointed by Preiss et al. [26] who have shown that the
use of statins seems to be associated with the increase in diabetes
incidence. We could not associate the observed increased incidence
with dose augmentation or statin initiation. Another possibility is
that, since diabetes information was self-referred, the noted
increased is mainly secondary to increased awareness and search
for health care resources by individuals exposed to the program’s
information on cardiovascular related risks.

In conclusion, after one-year follow-up of individuals enrolled in
the HiperCol Brasil genetic cascade screening program we were
able to detect a high prevalence of CV events after this small follow-
up period. Moreover, we could identify that in IC the long-term
exposition to high levels of LDL-C, indicated by the presence of
corneal arcus, seem to be the most important predictor of short-
term risk for a CV event, while in relatives of positive ICs one was
able to associate CV events occurrence to an increased number of
modifiable risk factors. Longer follow-up will help to better char-
acterize the importance of risk factors for CVD onset in a population
receiving contemporary lipid lowering therapy.
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Avaliacdo clinica e laboratorial dos parametros usados para identificacdo do
caso indice para o rastreamento genético para Hipercolesterolemia Familiar no

Brasil.

Neste estudo, avaliamos os parametros clinicos e laboratoriais utilizados na
identificacdo dos Cls para triagem genética em uma coorte de individuos brasileiros
suspeitos de diagndstico de HF. Em um periodo de 5 anos, 753 CI foram rastreados com
uma taxa de deteccdo de mutacdo positiva de 1em cada 3 individuos usando técnicas de
biologia molecular de nova geracdo. O criterio DLNC parece ser vidvel para a
identificacdo de individuos com uma mutacéo que causa HF, especificamente com uma
pontuacdo > 6. No entanto, os valores de LDL-C > 230 mg/dL também apresentaram
boa discriminacdo e podem ser usados como um Unico parametro para detectar a

presenca de uma mutacdo em individuos com hipercolesterolemia.



26

Atherosclerosis 263 (2017) 257—-262

Contents lists available at ScienceDirect

atherosclerosis

Atherosclerosis

journal homepage: www.elsevier.com/locate/atherosclerosis

Evaluation of clinical and laboratory parameters used in the
identification of index cases for genetic screening of familial
hypercholesterolemia in Brazil

@ CrossMark

Pamela R.S. Silva *, Cinthia E. Jannes ? Theo G.M. Oliveira %, Marcio H. Miname °,
Viviane Z. Rocha ”, Ana Paula Chacra ®, Maria Helane C. Gurgel ¢, Renan M. Montenegro €,
Carlos Roberto M. Rodrigues Sobrinho ©, Annie Seixas Bello Moreira ¢,

Marcelo H.V. Assad ¢, Marina R.C. Pinto ¢, Mauricio Teruo Tada ¢, Raul D. Santos ™',
Alexandre C. Pereira ', Jose E. Krieger '

% Laboratory of Genetics and Molecular Cardiology, Heart Institute (InCor), University of Sao Paulo Medical School Hospital, Sao Paulo, Brazil
b Lipid Clinic, Heart Institute (InCor), University of Sao Paulo Medical School Hospital, Sao Paulo, Brazil

© Cardiology Department, Walter Cantidio University Hospital, Federal University of Ceara, Fortaleza, Brazil

d Cardiology Department, National Institute of Cardiology, Rio de Janeiro, Brazil

ARTICLE INFO ABSTRACT

Article history:

Received 12 April 2017
Received in revised form

30 May 2017

Accepted 21 June 2017
Available online 22 June 2017

Keywords:

Familial hypercholesterolemia
Low-density lipoprotein cholesterol
Screening

Index patient

Background and aims: There is controversy on the accuracy of different diagnostic criteria for familial
hypercholesterolemia (FH). The aim of this study is to assess the performance of different clinical criteria
used to identify individuals for FH genetic cascade screening in Brazil.
Methods: All index cases (IC) registered in the Hipercol Brasil program between 2011 and 2016 were
analyzed. Inclusion criteria were age >18 years and elevated LDL-cholesterol (LDL-C) levels, with a
conclusive result in the genetic test, whether positive or negative. Initially, we tested the multivariable
association between clinical and laboratory markers and the presence of an FH causing mutation. Then,
we analyzed sensitivity, specificity, positive and negative predictive values for the LDL-C quartile dis-
tribution, LDL-C as a continuous variable, as well as the performance measures for the Dutch Lipid Clinic
Network (DLCN) score to identify a mutation.
Results: Overall, 753 ICs were included and an FH causing mutation was found in 34% (n = 257) of the
subjects. After multivariable analysis, LDL-C as a continuous variable, tendon xanthomas and corneal
arcus were independently associated with the presence of FH mutations. LDL-C values > 230 mg/dL
(5.9 mmol/L) had the best tradeoff between sensitivity and specificity to diagnose a mutation. The DLCN
score presented a better performance than LDL-C to identify a mutation, area under the ROC curve were
0.744 (95% CI: 0.704—-0.784) and 0.730 (95% CI: 0.687—0.774), respectively, p=0.014.
Conclusions: In our population, LDL >230 mg/dL is a feasible criterion to indicate ICs to genetic testing.
© 2017 Published by Elsevier Ireland Ltd.

1. Introduction

C) catabolism, leading to elevated blood cholesterol levels and
consequently increasing the risk of atherosclerotic cardiovascular

Familial hypercholesterolemia (FH) is an autosomal dominant
genetic disorder caused by variants that alter LDL-cholesterol (LDL-

Abbreviations: M+, mutation positive; M-, mutation negative; IC, index case;
FH, familial hypercholesterolemia; ASCVD, atherosclerotic cardiovascular disease.
* Corresponding author. Av. Dr. Enéas de Carvalho Aguiar, 44 - Cerqueira Cesar,
Sao Paulo, SP, 05403-900, Brazil.
E-mail address: pam_r_s@usp.br (PR.S. Silva).
! These authors are last co-authors of the manuscript.

http://dx.doi.org/10.1016/j.atherosclerosis.2017.06.917
0021-9150/© 2017 Published by Elsevier Ireland Ltd.

disease (ASCVD) development. In addition, due to the long-term
exposure to high LDL-C, individuals with FH may present clinical
signs that indicate the presence of tendon xanthomas, corneal
arcus (when present in individuals aged < 45 years), and xanthe-
lasmas [1].

Currently, there are about 1600 mutations described as causing
FH, with 95% of them occurring in the gene coding for the LDL re-
ceptor (LDLR). The remaining 5% affect genes coding for apolipo-
protein B (APOB) and proprotein convertase subtilisin/kexin type 9
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(PCSK9) [2.3].

FH is an underdiagnosed and undertreated disease [4] and
heterozygous FH is estimated to affect up to 670,000 Brazilians [5].
The diagnosis and treatment of FH could change the prevalence
scenario of ASCVD at early ages since LDL-C lowering treatment has
been shown to reduce cardiovascular disease incidence and mor-
tality [6,7].

Diagnosis of FH individuals may be cost-effectively performed
through genetic cascade screening programs |7]. Cascade screening
methods consist in the identification of an index case (IC), which,
because of its high a priori probability of harboring a causal mu-
tation, is then referred to genetic test and, in case of a positive result
(i.e. an identified causal genetic mutation), all first-degree relatives
are screened for the same mutation. Despite being the most cost-
effective method, it depends on the assertive identification of an
IC, which is itself based on clinical criteria [8]. In the literature, the
most adopted clinical classifiers for FH are from the Simon Broome
Register Group [9] and the Dutch Lipid Clinic Network (DLCN) [10];
however, there is no international consensus on which are the best
clinical predictors to refer patients for genetic test. This is partic-
ularly relevant if one considers the different settings from which ICs
may be referred (direct-consumer, primary care, secondary care)
and the different availability of detailed laboratory and clinical in-
formation on them. Therefore, population-specific adjustments are
frequently observed in the literature [11,12].

The accuracy of specific clinical or biochemical parameters may
change from one setting to another and the overall cost-
effectiveness of cascade screening programs depends on the bal-
ance between sensitivity and specificity testing for the IC. There-
fore, in this study, we assessed the accuracy of different FH
diagnostic clinical criteria in the Hipercol Brasil [ 5], a state of the art
genetic cascade-screening program.

2. Materials and methods

This study was performed with subjects registered in an FH
genetic cascade screening program in Brazil. Participants were
recruited by doctors from the Heart Institute (InCor), University of
Sao Paulo Medical School or from partner institutions. In addition,
individuals, who contacted the program via website, were also
selected by trained health professionals from the program. After
inclusion criteria were met, participants were referred to genetic
testing.

The program is conducted at the Laboratory of Genetics and
Molecular Cardiology at the Heart Institute (InCor/HCFMUSP),
University of Sao Paulo Medical School Hospital, Sao Paulo, Brazil.
The study was approved by the Institutional Ethics Committee
(CAPPesq number 3757/12/013), and all subjects signed an
informed consent form.

2.1. Study population and inclusion criteria

We included in this analysis all IC individuals registered in
Hipercol Brasil between 2011 and 2016. The inclusion criteria for
this study were: age >18 years and a conclusive result of the genetic
test, whether positive or negative. The only inclusion criterion for
being registered at Hipercol Brasil was to have previous docu-
mentation of an LDL-C > 210 mg/dL. However, some individuals
with LDL-C values < 210 mg/dL were also included in the program
during the selected period, when referred by local physicians due to
other overwhelming clinical characteristics associated with FH.

2.2. Clinical and laboratory characteristics

All relevant clinical information was collected through a

standardized questionnaire and physical exams followed by the
collection of biological material as previously described [5]. Sub-
jects were examined for the presence of xanthomas, xanthelasmas
or corneal arcus. Weight (kg) and height (m) were determined and
the body mass index (BMI in kg/m?) was calculated. Laboratorial
exams were obtained from medical records or from previous exams
brought by the participants. Values of fasting total cholesterol (TC),
LDL-C, HDL-C, and triglycerides (TG) were collected. LDL-C values
used were those available at baseline evaluation. When the subject
was on statin use, we asked for the highest documented value
before statin initiation. In case we could not retrieve that piece of
information, the value obtained under statin treatment was used to
calculate the scores. The DLNC score was calculated using infor-
mation available at the baseline visit and, therefore, the presence of
an FH causing mutation was not considered for diagnosis.

2.3. Genetic testing

Subjects were tested for six FH-related genes: LDLR, APOB,
PCSK9, LDLRAP1, LIPA and APOE using state of the art molecular
techniques. Target regions were considered as coding exons plus 10
bp of introns up- and downstream. The promoter region of LDLR
was also screened. Templates were prepared on lon One Touch
System and sequenced in lon Torrent PGM™ platform, with 32
samples per run in a 316v2 lon Chip. Raw FASTQ files were im-
ported into CLC Genomics Workbench 9.5 (QIAGEN) and analyzed
using a custom pipeline. Minimum quality requirements for variant
call were: base quality of PhredQ >20; target-region coverage
>10x; frequency of variant allele >20% and bidirectional presence
of the variant allele. After minor allele frequency filtering
(MAF < 0.002) with control populations (NHLBI-ESP6500, EXAC
and 1000Genomes), all potentially causal variants were consulted
for previous description in ClinVar, Human Genome Mutation
Database (HGMD® Professional - QIAGEN), British Heart Founda-
tion and Jojo Genetics databases. Pathogenicity attribution was
performed according to the American College of Medical Genetics
(ACMG) guideline [13].

For previously undescribed variants, functional impact predic-
tion was performed with SIFT, PROVEAN and PolyPhen-2 and var-
iants without previous description were considered as potentially
pathogenic when pointed as damaging in at least two algorithms
and if MAF <0.002. Individuals with negative results were also
screened for large insertions and deletions via MLPA (MRC-
Holland).

2.4. Statistical analysis

Initially, a descriptive analysis of the variables was carried out
and results are presented according to the IC's genetic results:
mutation positive (M+) for those in whom a causative genetic
variant was identified, and mutation negative (M-) for those
without observed causative variants. For continuous variables, the
mean and standard deviations were calculated. Categorical vari-
ables were described as frequencies. The differences between fre-
quencies were compared using the Chi-square test. The differences
between means were compared with Student t or analysis of
variance (ANOVA) tests, if necessary. Logistic regression was used to
test the independent association of clinical and laboratory variables
with the presence of a mutation. The performance (sensitivity,
specificity, positive and negative predictive values PPV and NPV,
respectively) of different criteria to diagnose the presence of an FH
causing mutation was tested as follows: first, the categorical dis-
tribution of LDL-C (25th, 50th and 75th percentiles) within the
study population; second LDL-C levels as continuous variables and
the best tradeoff between sensitivity and specificity was
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Table 1
Index case (IC) clinical characteristics according to the presence or absence of an FH causative mutation.
Mutation + Mutation — p value®
(n=257) (n = 496)
n n
Age (years) 50 + 15 257 52+13 496 0.01
Males (%) 393 101 36.7 182 0.45
Female (%) 60.3 155 633 314
Hypertension (%) 304 78 48.0 238 0.01
Diabetes (%) 10.1 26 12.7 63 0.45
Early coronary artery disease (%)" 311 80 31.0 154 0.65
Acute myocardial infarction (%) 16.7 43 18.3 91 0.95
Angina (%) 245 63 220 109 0.16
Family history of increased LDL-C levels (%) 471 121 50.4 250 0.01
Family history of early coronary artery disease (%)" 40.5 104 440 218 0.03
Current pharmacological treatment (%)" 81.7 210 80.8 401 0.77
BMI (kg/m?) 27 +5 221 275 481 0.10
Smoking (%) 8.6 22 14.7 73 0.05
Tendon xanthoma (%) 13.2 34 1.0 5 0.01
Xanthelasmas (%) 125 32 71 35 0.01
Corneal arcus (%) 284 73 135 67 0.01
DLCN score (%)
Definitive 40.9 105 10.1 50 0.01
Probable 284 73 292 145
Possible 222 57 427 212
Unlikely 23 6 121 60
2 p<0.05.

b Coronary disease in men aged under 55 years or women aged under 60 years.

© First or second degree relatives with TC > 260 mg/dL or LDL >160 mg/dL in children (>16 years) or TC > 290 mg/dL or LDL > 190 mg/dL in adults (pre-treatment levels or

the highest level under treatment).

4 Family history of coronary disease (e.g. heart attack) in first or second degree relatives (men aged under 55 years and women aged under 60 years).
€ Current use of lipid-lowering drugs (e.g. statins). To transform mg/dL in mmol/L multiply by 0.0256.

determined by calculating the area under the receiver operation
curve (ROC); third the DLCN score; we compared the discriminative
value of the DLCN criteria and the best determined LDL-C value by C
statistics; finally we calculated the IC's age distribution in our
population (25th, 50th and 75th percentiles) and analyzed the best
LDL-C cutoff for each age group (<40, 4151, 52—59 and >60 years
old) through C statistics. Significance was considered at a p < 0.05.
Statistical analyses were performed using the Statistical Package for
Social Sciences (SPSS version 13.0), except for the comparison of
discrimination between LDL-C values and the DLCN score that was
done using an online tool (http://vassarstats.net).

3. Results

Seven hundred and fifty-three ICs were included in the study.
Tables 1 and 2 describe clinical and laboratorial characteristics of
included individuals. Overall, 34.1% (n = 257) of screened in-
dividuals had a positive mutation identified through genetic
screening (M+). M+ individuals were significantly younger than
M- ICs. The presence of characteristic clinical signs of FH such as
xanthomas, xathelasmas and corneal arcus was greater in M+ in-
dividuals. There were no differences between the groups regarding
the presence of previous ASCVD or lipid lowering therapy. Overall,
40.9% of the individuals that were classified as a “definitive” diag-
nostic in the DLNC clinical score had a causal variant identified
(Table 1).

Table 2 shows baseline and on-treatment plasma lipids of the
studied subjects. The average baseline and on-treatment LDL-C and
TC values were higher in M+ individuals. On the other hand, M-
individuals presented higher values for both baseline and on-
treatment TG.

Table 3 shows that after multivariable logistic regression anal-
ysis, the presence of tendon xanthomas, corneal arcus and baseline
LDL-C values was independently associated with the presence of an

FH causative mutation. No independent association was found with
family history of early ASCVD or elevated LDL-C levels.

Table 4 and Fig. 1 show values for sensitivity, specificity, PPV and
NPV of different parameters to select ICs for genetic test. As ex-
pected, the higher the LDL-C levels, the greater the specificity and
the lower the sensitivity for the presence of an FH causing muta-
tion. LDL-C levels >230 mg/dL (5.9 mmol/L), that coincided with
the 50 percentile of the LDL-C distribution of the IC population,
had the best tradeoff between sensitivity and specificity to di-
agnose a mutation as shown in Supplemental Table 1. The DLCN
score presented a better discrimination than LDL-C > 230 mg/dL
(5.9 mmol/L) to identify an FH causing mutation, area under the
ROC curve respectively of 0.744 (95% CI: 0.704—0.784) and 0.730
(95%CI:  0.687—0.774), p=0.01 (Supplemental Fig. 1 and
Supplemental Table 1). The LDL-C > 230 mg/dL cutoff was identi-
fied as the best value in the age groups (<40; 41-51; 52—59 year
old), except for the elderly group (>60 years), in which the best

Table 2
Index cases lipid values according to the presence or absence of an FH causative
mutation.

Mutation —
(n = 496)

Mutation +
(n =257)

p value®

n n

388 +84 134 320+51 227 0.01
340 +107 102 302+53 206 0.01
307+79 127 232+44 217 001
265+105 100 216+45 195 0.01
48 + 15 125 50+ 15 211 040
46 + 13 100 50 +15 193 0.03
141 £ 63 123 187+ 106 208 0.01
144 + 72 100 190+ 119 189 0.01

Baseline TC (mg/dL)

On treatment” TC (mg/dL)
Baseline LDL-C (mg/dl)

On treatment LDL-C (mg/dL)
Baseline HDL-C (mg/dL)

On treatment HDL-C (mg/dL)
Baseline TG (mg/dL)

On treatment TG (mg/dL)

a
p < 0.05.
b With use of lipid-lowering drugs. To transform mg/dL in mmol/L multiply by
0.0256.
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Table 3
Parameters related to the presence of an FH causative mutation.

OR? 95% Cl p value” OR 95% Cl p value”
Age (years) 0.98 0.97-0.99 0.01
Hypertension 0.53 0.38-0.73 0.01
Family history of early ASCVD 1.52 1.04-2.23 0.03
Family history of increased LDL-C levels 1.70 1.12-2.56 0.01
Tobacco consumption (current) 0.55 0.32-0.92 0.02
Tendon xanthoma 15.93 6.14—41.31 0.01 6.06 1.86-19.71 0.01
Xanthelasmas 211 1.27-3.51 0.01
Corneal arcus 293 2.00-4.28 0.01 1.76 1.00-3.08 0.04
Baseline TC 1.01 1.01-1.02 0.01
Baseline LDL-C 1.02 1.01-1.03 0.01 1.01 1.00-1.02 0.01
Baseline HDL-C 0.99 0.97-1.01 0.40
Baseline TG 0.99 0.90-0.99 0.01

@ Univariate logistic regression analysis.
b p < 005.

€ Multivariate logistic regression analysis (variables entered on model: age, family history of increased LDL-C levels, family history of ASCVD, baseline LDL-C, tendon

xanthoma, corneal arcus).

Table 4
Sensitivity, specificity, positive and negative predictive value (PPV and NPV, respectively) for LDL-C percentiles and the DLNC clinical score.
Mutation + Mutation - Sensitivity Specificity PPV NPV

Score % n % n % (95% CI) % (95% C1) % (95% Cl) % (95% CI)
LDL-C > 205 mg/dL 404 208 59.6 307 87.0 (81.9-90.8) 30.3 (26.1-34.9) 40.3 (36.1-44.7) 81.2 (74.2-86.6)
LDL-C > 230 mg/dL 496 170 50.4 173 71.1 (64.8-76.6) 60.7 (56.0-65.3) 49.5 (44.1-54.9) 79.5 (74.7-83.6)
LDL-C > 273 mg/dL 68.6 118 314 54 493 (42.8-55.8) 87.7 (84.2-90.5) 68.6 (61.0~75.3) 76.1 (72.1-79.7)
DLNC
Definitive 67.7 105 323 50 435 (37.2-50.0) 89.2 (86.0-91.8) 67.7 (59.6-74.8) 75.4 (71.5-78.8)
Probable 335 73 66.5 145 53.6 (44.9-62.1) 65.2 (60.4-69.7) 33.4(27.3-40.2) 81.1 (76.5-85.1)
Possible 21.2 57 78.8 212 90.4 (79.7-96.0) 22.0(17.3-27.5) 21.1(16.5-26.6) 90.9 (80.6-96.2)
Unlikely 9.1 6 90.9 60 75.0 (35.5-95.5) 31.8 (22.5-42.7) 9.0 (3.7-19.3) 93.3 (76.4-98.8)

To transform mg/dL in mmol/L multiply by 0.0256.

LDL-C cutoff was 242 mg/dL (6.2 mmol/L) (Supplemental Fig. 2 and
Supplemental Table 2).

4. Discussion

In this study, we assessed clinical and laboratory parameters
used in the identification of ICs for genetic screening in a cohort of
Brazilian individuals suspected of FH diagnosis. In a 5-year period,
753 ICs were screened with a rate of positive mutation detection of
1:3 using state of the art molecular biology techniques. These
numbers represent less than 0.5% of all estimated cases of FH in
Brazil [5]. DLNC criteria seem to be feasible for the identification of
individuals with an FH causing mutation, specifically with a score
>6. However, LDL-C values > 230 mg/dL also showed good
discrimination and could be used as a sole parameter to screen for
the FH mutation presence in hypercholesterolemic individuals.

In the age group analysis, using LDL-C value as a sole parameter,
the cutoff in the elderly group (>60 years) increases when
compared to other age groups. This result is understandable since
cholesterol tends to increase with age, and older individuals might
present with other types of dyslipidemias, which influence LDL-C
levels. However, as the aim of the program is to identify positives
IC in the youngest age possible, and the group of individuals with
more than 60 years corresponds to the 75th percentile of our
population, the majority of our target population would be covered
with a 230 mg/dL cutoff.

Familial genetic cascade screening is considered the most cost-
effective method for FH identification [16], and it is important for
an assertive and early diagnostic both in ICs and relatives. In our
study, we could show that even the ICs under treatment usually
present high levels of LDL-C when entering the program, indicating

an inadequate and ineffective therapy, regardless of a known ge-
netic background. Although genetic testing is important for the
cascade screening and for diagnostic confirmation, the adopted
treatment and clinical management are based on the phenotype
features of each individual, which may be highly variable [17—19].

The cascade necessarily begins with a genetic-positive IC, and
the identification of a mutation is strongly associated with the
clinical diagnosis [12]. Nonetheless, criteria to establish the most
cost-effective cutoff for the selection of to-be-screened ICs are not
widely agreed upon. Consequently, different programs worldwide
have made adjustments to obtain a more effective screening per-
formance for their populations [12,20].

Considering that defining the best cutoff of a diagnostic test
procedure involves trade-offs between sensitivity and specificity,
and that molecular testing is not able to capture the entire
complexity of the clinical diagnosis (it is rather a tool for cascade
screening), we aimed at analyzing the overall accuracy of the tested
approaches. It should be highlighted that depending on the specific
clinical, economical or societal scenario, different options may be
preferred. In our specific case, a balance between a high number of
individuals with a positive genetic test and the number of in-
dividuals undergoing a still costly procedure is the determinant to
consider the strategy. In addition, one must consider the ease by
which healthcare providers and even individuals from the general
population would be able to self-identify or identify a family
member as candidates for screening.

The DLCN score is recommended in different guidelines for FH
diagnosis [4,11,21]. However, this score is strongly dependent on a
reliable knowledge of family history, laboratory values in relatives,
and the presence of clinical signs of cholesterol deposits in the skin
and tendons. Indeed, in our study, cholesterol deposit signs were
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Total Sample:
753 ICs - 34.1% of positive ICs

l

If using

LDL-C > 205 mg/dL

LDL-C > 230 mg/dL

1

LDL-C > 273 mg/dL
|

Not Screened
(31.7%)

Screened
(45.5%)

Screened
(68.3%)

Positive ICs: 208
Negatives ICs: 307
PPV: 40.3%
NPV: 81.2%

Positive ICs: 49

Negative ICs: 189
PPV: 49.5%

NPV: 79.5%

Positive ICs: 170
Negative ICs: 173

Not Screened Screened Not Screened
(54.5%) (31.4%) (68.6%)
Positive ICs: 87~ PositivelCs: 118 pqgitive ICs: 139
Negative ICs: 323 Negatives: 54 Negative ICs: 442
PPV: 68.6%
NPV: 76.1%

Fig. 1. Proportion of genetic-positive cases based on our population prevalence rate (34.1%) using the three tested cutoff values for LDL-C that correspond to percentiles 25, 50 and
75 for the studied population. Gray shaded individuals represent the percentage of confirmed positive cases while white shaded individuals represent the negative cases.

independently associated with mutation discovery, but they are
becoming harder to find nowadays due to the use of lipid lowering
therapy for hypercholesterolemia in the absence of an FH diagnosis
[19]. In addition, some family information is frequently hard to
obtain and usually inaccurate. Indeed, in our study, no independent
association was found between family history of early ASCVD or
elevated cholesterol levels with mutation finding. Therefore, we
believe that the use of an LDL-C threshold could be an alternative to
the DLCN score to indicate mutation screening, since previous ev-
idence has suggested that very high blood cholesterol levels are
associated with a greater chance of encountering a monogenic
cause for the FH phenotype [22].

When comparing the discriminatory performance of DLNC
scores with LDL-C values as a criterion for mutation identification,
the former presented a better discriminatory performance. How-
ever, overall, the proposed LDL-C cutoff value of 230 mg/dL
(5.9 mmol/L) was a reasonable alternative, with good discrimina-
tion capacity.

This study has limitations: first our cohort did not include in-
dividuals under 18 years and second, around 80% of the studied
subjects were under statin treatment at the time of the evaluation,
and even considering that we used the highest available LDL-C,
with or without lipid lowering medications, we can't totally rule
out an effect of statin treatment on our results. However, this
problem is common to the contemporary FH cohorts, where hy-
percholesterolemia is diagnosed before FH [23]. Finally, the cost-
effectiveness of our findings must be tested in a greater number
of individuals.

In conclusion, our data suggest that both the DCLN score and a
sole criterion of an LDL-C > 230 mg/dL (5.9 mmol/L) seem to be

adequate for molecular FH screening in Brazilian individuals.
However, using only LDL >230 mg/dL is enough to indicate an IC to
genetic test, when obtaining some reliable information on all the
clinical variables required in DLNC guidelines is often difficult.
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5. ANALISE CRITICA

A HF ¢ a principal doenca genética relacionada com a ocorréncia de infarto
agudo do miocardio °®®’. O tratamento tardio tem como efeito a exposicéo prolongada a
elevados niveis de LDL-C, muitas vezes desde a infancia, levando ao desenvolvimento
de aterosclerose precocemente. Além disso, os fatores de riscos adicionais ndo séo
prevenidos e tratados e podem ter uma estimativa de efeito muito maior na populacéo
HF do que na populacéo geral®®.

No nosso trabalho buscamos avaliar inicialmente os principais fatores que
podem estar associados com o aumento do risco da ocorréncia de eventos CV em
individuos que foram inseridos em um programa de rastreamento genético. O fator
inovador desse estudo é que buscamos avaliar diferentes grupos que séo inseridos na
coorte e ndo apenas os individuos Cl que apresentam uma mutacdo, 0 que permitiu
verificar que existe uma diferenca nos fatores de risco para eventos CV entre 0s grupos
Cl e familiares mutados.

No grupo de CI o principal fator que esteve associado a ocorréncia de eventos
CV foi o tempo de exposicdo a niveis elevados de LDL-C. Em geral o Cl apresenta
sinais clinicos que caracterizam essa exposi¢cdo como arco corneano, xantomas de
tenddo e xantelasma, por isso ele é identificado clinicamente, na maioria dos casos,
como um individuo com HF definitivo. Neste estudo, os fatores de risco que mais
influenciaram na ocorréncia de eventos CV nos familiares, ap6s o resultado genético,
estdo relacionados ao estilo de vida, principalmente o uso de tabaco que aumentou em 3
vezes o risco de evento CV.

As diferencas encontradas nos grupos analisados, familiares e CI, sdo em parte
explicadas pelo momento em que sdo inseridos na coorte. Em geral, o CI ¢ identificado
em idade mais velha e ele ja apresenta o fenotipo de HF. Os familiares entram na coorte
mais jovem e muitas vezes ndo tem diagnostico clinico da doenca e nem conhecimento
sobre seus niveis lipidicos.

O diagndstico precoce é importante para prevencdo desses fatores de risco, pois
ao longo do tempo, os individuos seriam diagnosticados logo no inicio da juventude, ou
até mesmo na infancia, permitindo assim o tratamento adequado e a prevengdo dos

riscos adicionais. Com o rastreamento em cascata os familiares sdo diagnosticados em
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idade mais jovem, sendo esse o fator principal que caracteriza a efetividade desse
método diagnostico.

A HF apresenta grande variabilidade fenotipica mesmo em individuos que
apresentam a mesma mutacéo e sdo da mesma familia, e a variacdo dos fatores de risco
nos grupos de individuos podem, em parte, explicar essa variabilidade®.

Esses resultados mostram que a HF ainda é um desafio para a satde publica,
pois afeta varios membros de uma mesma familia, e a maioria dos individuos,
principalmente os jovens, sdo assintomaticos, por isso os medicos de atencdo primaria
precisam se envolver e receber treinamento para identificagdo e acompanhamento
clinico adequado dessas familias. A maioria dos individuos com HF deveriam ser
tratados na atencdo primaria, tendo como foco a familia como um todo, mesmo o0s
membros ndo afetados, contudo no Brasil isso ainda ndo é aplicado.

Para o atendimento das dislipidemias na Atencdo Primaria seria necessario que o
Ministério da Saude criasse um programa especifico dentro do sistema, assim como 0s
programas de Diabetes e Hipertensdo Arterial. Quando um programa € implantado
dentro da Atencédo Basica ele é pensado desde a prevencdo, diagnéstico e tratamento do
individuo e da familia, pois esse € um dos principios do atendimento na Unidade Basica
de Saude. Além disso, quando ha um programa implementado todos os profissionais de
salde sdo treinados para o manejo adequado da doenga e formas de diagnéstico réapido e
eficiente também sdo desenvolvidos.

Casos mais graves e mais complexos devem ser encaminhados para centros
especializados de referéncia, de preferéncia para uma equipe de dislipidemias. Além
disso, é importante criar um modelo Unico e integrado para o diagndstico e cuidados de
HF a nivel nacional, que seja possivel de ser entendido por profissionais de salde tanto
na atencdo primaria como nos setores especializados, com o objetivo de diminuir os
riscos de DCV e consequentemente, os custos de salde e, acima de tudo, evitar mortes
prematuras’”.

Com esses resultados citados anteriormente, podemos levantar a importante
questdo sobre o diagnostico ser realizado precocemente, e a implementacdo de um
programa nacional de rastreamento que seja coordenado de forma centralizada entre as
redes de atencdo a saude. Atualmente, no mundo, o rastreamento em cascata é

considerado 0 método mais custo-efetivo e de maior aplicabilidade pelas coortes de HF.
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Contudo, os critérios clinicos para encaminhar o individuo para o teste genético ndo
apresentam um consenso sobre sua eficacia em diagnosticar uma mutagao®*>3",

Nesse trabalho, buscamos padronizar um critério para entrada do Cl na nossa
populacédo que apresentasse uma boa acuracia com base nos ClI ja inseridos comparando
com o critério DLCN que é o critério mais aplicado para identificar o individuo com
HF. Buscamos padronizar apenas um valor de ponto de corte do LDL-C como critério
de entrada e identificamos que o LDL-C maior ou igual a 230 mg/dl é vélido e
reprodutivel, e é uma ferramenta simples e confidvel. Apesar de o critério DLCN ter
apresentado melhor desempenho ele é fortemente dependente de um conhecimento
confidvel da historia da familia, dos valores laboratoriais em parentes e da presenca de
sinais clinicos de depositos de colesterol na pele e nos tenddes, que atualmente,
apresentam uma baixa frequéncia, em nossa coorte®, devido ao uso de medicamentos
para hipercolesterolemia mesmo sem um diagnéstico de HF.

O objetivo de definirmos o critério com base apenas no ponto de corte do LDL-
C é no sentido de definirmos um critério mais simples de ser aplicado e confiavel.
Questdes sobre informagcbes dos membros das familias muitas vezes sao dificeis de
identificar sua fidedignidade, ou mesmo de se obter alguma informagdo. Com esse
critério é esperado que qualquer profissional de salude seja capaz de identificar um
individuo possivel de ter HF e encaminha-lo para o teste genético para confirmagdo da
doenca. Estudos futuros serdo necessarios para avaliar a aplicacdo desse critério nessa

coorte de individuos com HF.
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6. CONCLUSAO

Com os achados deste trabalho podemos concluir que a HF é uma doenca que
apresenta elevado risco para desenvolvimento de DCV e a identificacdo dos fatores de
riscos associados com a ocorréncia dos eventos CV apresentam variac@es nos diferentes
grupos, CI e familiares, por isso as acdes de prevencgdo e promocao de salde devem ser
pensadas de forma a controlar todos esse fatores. Além disso, o diagnostico precoce é
confirmado, pelos nossos resultados, como uma importante medida para diminui¢do da
morbidade e mortalidade por DCV nesse grupo de individuos altamente susceptiveis.
Para isso, se faz necessario a adequacdo de ferramentas para deteccdo dos casos
clinicamente para encaminhamento do teste genético. Nos avaliamos e padronizamos o
critério unico do LDL-C maior ou igual a 230 mg/dl como critério suficiente e confiavel

para indicacdo do CI para realizacdo do teste genético.
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APENDICE

QUESTIONARIO DE SEGUIMENTO DO PROGRAMA HIPERCOL BRASIL

Dados pessoais

Nome:

DNA: RG INCOR: Caso indice( ) Familiar ()

Telefones:

Email: Facebook:

Endereco:

Data de preenchimento: / /

Data de nascimento: / /

(Preenchido pelo programa) Data de entrega do laudo: / /

Toma remédio para colesterol: sim () ndo () data inicio: local:

Se ndo toma, porque?:

Visita: Presencial ( )Telefonica ( ) Correio/email ()

Estudo genético:

A perguntas abaixo se referem aos acontecimentos ocorridos no tltimo ano.

1.

a) Exames de colesterol atuais (indique os valores do seu ultimo exame):

data: / /




45

Col total: TG: HDL: LDL: Glicose:

2. Quantas vezes vc procurou consulta médica especializada (Unidade de lipides,

cardiologista, endocrinologista) neste Gltimo ano?

3. Vocé esteve internado desde a sua ultima visita no Hipercol Brasil, no Incor?

Sim( ) Néao( ) Né&o sabe ( )
Em caso afirmativo, especifique;
Data:__/ [/ local: causa:
Data:_ /_/  local: causa:
Data:_ [/ [/ local: causa:

4. Vocé apresentou algum problema cardiovascular desde a sua Gltima visita?
Sim( ) Nao( ) N&o sabe ( )

Se sim, responda as perguntas abaixo (colocar em todos data e local em que ocorreu 0

evento):

Insuficiéncia cardiaca congestiva aguda que requer tratamento hospitalar
Sim( ) Nao( ) N/S( )

Insuficiéncia cardiaca congestiva crbnica que requer tratamento hospitalar
Sim( ) Nao( ) N/S( )

Infarto agudo do miocéardio
Sim( ) Nao( ) N/S( )

Tratamento trombolitico de urgéncia (trombose)
Sim( ) Nao( ) N/S( )

Tratamento de angioplastia de urgéncia: Sim () Nao( ) N/S( )
- stent recoberto
- stent convencional ____
- stent (ndo sei qual tipo)

- NUmero de stent
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By-pass aorto-coronario (cirurgia de revascularizagcdo do miocardio) de urgéncia para
evitar infarto do miocardio
Sim( ) Nao( ) N/S( )

Angioplastia coronariana transluminal percutanea e/ou by-pass aorto coronério de rotina
(eletivo) Sim () Néo( ) N/S( )

- stent recoberto

- stent convencional

- stent (ndo sei qual tipo)

- NUmero de stent
By-pass aorto-coronario (cirurgia de revascularizacdo do miocardio) eletivo para evitar
infarto do miocardio
Sim( ) Nao( ) N/S( )

Cirurgia de revascularizacdo miocardica (Cirurgia de carétidas e/ou coronarias)

sim( ) Ndo( ) N/S( )

Diagndstico inicial de angina
Sim( ) Néo( ) N/S( )

Piora da angina cronica estavel
Sim( ) Néo( ) N/S( )

Sindrome coronariana aguda (conjunto de sinais e sintomas relacionados ao coragao)
que precisa de hospitalizacéo

Sim( ) Nao( ) N/S( )

Arritmia potencialmente mortal ( definida como taquicardia ou fibrilagcdo ventricular)
Sim( ) Nao( ) N/S( )

Sincope ou tontura causada por uma arritmia
Sim( ) Nao( ) N/S( )

Infarto de miocérdio silencioso
Sim( ) Néo( ) N/S( )
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Acidente vascular cerebral (AVC)
Sim( ) Nao( ) N/S( )

Insuficiéncia renal terminal que requer didlise e ou transplante renal
Sim( ) Nao( ) N/S( )

Diminuicdo da funcdo renal (aumento de creatina em ao menos uns 50%)
Sim( ) Nao( ) N/S( )

Doengca vascular periférica: Sim () Nao( ) N/S( )

() Doenca vascular periférica (claudicacéo intermitente diagnosticada depois
gue entrou no programa Hipercol Brasil)

() Cirurgia de doenca vascular periférica (aneurisma de aorta abdominal,

revascularizagdo vascular periférica)

Doenga vascular aortica significativa: Sim () Nao( ) N/S( )
() Troca de valvular adrtico

Implante de marcapassos ou desfibrilador: Sim () Néao( ) N/S( )

Doenca isquémica do coracdo: Sim () Nao( ) N/S( )

Outro transtorno de ritmo cardiaco (fibrilacdo auricular, blogueio atrioventricular, etc).

Sim( ) Néo( ) N/S( )

Qual?

Exames

Cintilografia: Sim () Nao( ) N/S( )

Data: [/ / Local: FEVE%=__  resultado =
Eletrocardiograma: Sim () Néo( ) N/S( )

Data: / / Local: resultado:
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Eletrocardiograma estresse: Sim () Néao( ) N/S( )
Data: [/ / Local: resultado:

Ecocardiograma estresse: Sim () Néao( ) N/S( )

Data: __ / / Local: resultado:

Teste de esforco (MIBI) positivo: Sim () Néo( ) N/S( )
Data: [/ / Local: Resultado:

Cateterismo cardiaco (Coronaria): Sim () Néo( ) N/S( )
Resultado:

Angio tomografia computadorizada de car6tidas e/ou escore de célcio coronario
Sim () Ano? Nao( ) N/S( ) Escore de calcio: Volume:
() coronariografia com estenosis > 70%
() coronariografia com estenosis 50 e 69%
() coronariografia com estenosis < 50%

Outro teste positivo (tomografia computadorizada multicorte, resonancia magnética, etc)

Sim( ) Néo( ) N/S( )
Imagem de infarto na tomografia computadorizada: Sim () Nao( ) N/S( )
Ecodoppler: Sim () Nao( ) N/S( )
Carotidas: Sim () Néo( ) N/S( )
% FE: Resultado:
Ultrassom com doppler: Sim () Nao( ) N/S( )

() US doppler de carétidas com estenose > 70%
() US doppler de carétidas com estenose entre 50 e 69%
() US doppler de carétidas com estenose < 50%

Vascular Periférica
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() ecodoppler de membros superiores ou membros inferiores com estenose >
70%

(' )ecodoppler de membros superiores ou membros inferiores com estenose
entre 50 e 69%

(' )ecodoppler de membros superiores ou membros inferiores com estenose

menor < 50%
Evidéncia de aneurisma de aorta: Sim () Néo( ) N/S( )
Outras alteragdes cardiovasculares ndo descritas acima: Sim () Ndo( ) N/S( )

Qual?

5. Vocé apresentou ou foi diagnosticado com doenga vascular periférica:
Sim( ) Nao( ) N/S( )

6. Foi diagnosticado com desde a Gltima visita no programa Hipercol Brasil diabetes
mellitus?

sim( ) N&o( ) N/S ()

7. Foi diagnosticado com hipertensdo arterial?

Sim( ) Nao( ) N/S ()
8. Foi diagnosticado com cancer?
Sim( ) Nao( ) N/S ()
Em caso afirmativo:
Local d cancer: Ano de diagndstico:
Tratamento:  QTP( ) RXT( ) Cirurgia( )

Evolucéo: Livre da doenca ( ) Emevolucdo ( ) Recidiva( )

9. Sofreu alguma fratura 6ssea?
Sim( ) Nao( ) N/S( )
10. Controle dietético para hiperlipidemia?
Sim( ) Néo( ) Asvezes( )
11. Em relagdo ao consumo de tabaco:
a) Nao fumava e agora fumo ( ) Ano: N° de cigarros por dia:
b) Continuo fumando ( ) gto tempo? N° de cigarros por dia:

¢) Fumava e parei de fumar( ) Ano que parou:




d) Parou de fumar antes de entrar no programa () qto tempo fumou?:

e) Nunca fumei( )

12. Em relacdo ao seu tratamento Hipolipemiante (medicamentos para controle do

colesterol), houve alguma mudanca no seu tratamento desde a sua ultima visita no

programa Hipercol Brasil?
Sim( ) Néo( ) N/S( )
Qual?

13. Quantas pastilhas para o tratamento de colesterol vocé esquece de tomar:

a) Nunca esqueco.
b) 1-2 vezes /més.
C) 2-4 vezes por més

d) > 1/semana

14. Qual medicamento e qual dose vocé toma atualmente:

1.Rosuvastatina Sim

Nao sei

10

20

40

1. Atorvastatina Sim

Nao sei

10

20

40

80

2. Simvastatina Sim

N&o sei

10

20

40

80




3. Lovastatina Sim Né&o Nao sei
10
20
40
80
4. Pravastatina Sim Né&o Nao sei
10
20
40
5. Fluvastatina Sim Né&o Nao sei
20
40
80
6. Ezetimibe Sim Né&o Nao sei
5
10
7. Resinas (unidades/dia) Sim Né&o N&o sei
8. Fenofibrato Sim Né&o Nao sei
145
160
200
9. Gemfibrozilo Sim Né&o Nao sei
600
900
1200
10. Bezafibrato Sim Né&o Nao sei
200
400
11. Acido Nicotinico Sim Nao N3o sei
500
1000
2000
12. LDL aferesis Sim Né&o
13. AAS Sim Né&o N&o sei

o1



100

150

300
14. Clopidrogel Sim Néo N&o sei
15. Sintrom Sim Né&o Nao sei
16. Betabloqueadores Sim Néo N&o sei
17. Nitratos Sim Né&o Nao sei
18. Calcioantagonistas Sim Né&o N&o sei
19. IECAS Sim Né&o Nao sei
20. ARAII Sim Né&o Nao sei
21. Diuréticos tiazidicos Sim Né&o Nao sei
22. Diuréticos de ASA Sim Né&o Nao sei
23. Alfa-bloqueadores Sim Néo N&o sei
24. Digitalicos Sim Né&o N&o sei
25. Insulina Sim Né&o Nao sei
26. Metformina Sim Né&o Nao sei
27. Sulfonilureas Sim Né&o Nao sei
28. Glitazonas Sim Né&o Nao sei
29. Glinidas Sim Né&o Nao sei
30. Orlistat Sim Né&o Nao sei
31. Sibutramina Sim Né&o Nao sei
32. Hormonios tireoidianos Sim Né&o Nao sei
33. Tratamento hormonal Sim Né&o Nao sei

substitutivo
Especifique:
15. Exame fisico.
a) Peso Kg Altura cm IMC: _ kg/m2

16. Atividade fisica (Questionario Internacional de Atividade Fisica)

Ao responder estas questdes tenha em mente que:

52

- Ativ. Fisica vigorosa: atividades que requerem um esforco fisico grande e produz

uma respiracdo muito mais intensa que o normal
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- Ativ Fisica moderada: atividades que requerem um esfor¢co moderado e produz

respiracdo pouco mais intensa que o normal

- Pensar em atividades fisicas que durem ao menos 10 minutos.

1a. Nos ultimos 7 dias, quantos dias realizou atividades fisicas intensas, como levantar
pesos, ativ aerdbica ou bicicleta em academia?
dias da semana nenhum (passar para pergunta 2)

1b. Nos dias que habitualmente pratica ativ fisica intensa, quanto tempo o faz por dia?
horas minutos

2a. Nos ultimos 7 dias quantos dias realizou atividade fisica moderada como carregar

pesos leves, andar de bicicleta em terreno plano, ténis? Nao incluir caminhar.

dias da semana nenhum (passar para pergunta 3a)
2b. Nos dias que habitualmente pratica ativ fisica moderada, quanto tempo o faz por

dia?
horas minutos

3a. Nos ultimos 7 dias quantos dias caminhou ao menos 10 minutos? Por exemplo,
caminhar do trabalho para casa, caminhada de um local a outro ou qualquer outra forma
de caminhada que realize por écio, desporte, exercicio ou prazer.

dias da semana nenhum (passar para pergunta 4a)

3b. Nos dias que habitualmente caminha, quanto tempo o faz por dia?
____ horas _____minutos
3c. A que ritmo caminha normalmente?
() Ritmo vigoroso, onde respira muito mais intensamente que o normal
() Ritmo moderado, onde respira mais intensamente que o normal
() Ritmo mais lento que ndo produz mudancas na sua respiracao

As Ultimas perguntas sdo sobre o tempo que gasta estando sentado cada dia no trabalho, em
casa, quando realiza cursos no trabalho ou no tempo livre. Isto inclui o tempo que passa sentado

em um escritério, visitando amigos, lendo ou vendo televiséo.



4a. Nos ultimos 7 dias quantas horas ficou sentado, em um dia de semana?
____ horas ______minutos

4b.Nos ultimos 7 dias quantas horas ficou sentado, em um dia do final de semana?
____ horas ______minutos

5. Vocé se considera uma pessoa:

sedentaria: que faz ativ fisica moderada: que faz ativ fisica intensa:
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