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APRESENTACAO

A presente Tese de Doutorado estd em formato alternativo de acordo com a Resolugdo do

Colegiado No. 01/2013, de 14 de janeiro de 2013, que regulamenta a defesa de dissertagdes e

teses no Programa de Pds-Graduagdo em Patologia. Todos os requisitos da referida resolugao

foram contemplados:

v" O tema abordado pertence a linha de pesquisa do professor orientador;

v" O tema esta relacionado ao projeto de pesquisa proposto pelo aluno;

v" Os resultados foram publicados em periddico classificado Qualis A, na area de avaliagdo
Medicina II, de acordo com a Classificagdo de Periddicos do Quadriénio 2013 — 2016 da
Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior - Capes.

Vale destacar que um resumo com os resultados preliminares do estudo foi apresentado sob a

forma de poster, no 69" AACC Annual Scientific Meeting & Clinical Lab Expo realizado entre

30 de julho e 3 de agosto de 2017, em San Diego, CA, USA, sendo vencedor do 2017 Abstract

Awards da Lipoprotein and Vascular Diseases Division da American Association for Clinical

Chemistry — AACC (anexo). Adicionalmente, o referido artigo foi citado no editorial publicado

no mesmo volume da revista (anexo).
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RESUMO

Antecedentes: As metas terapéuticas para o colesterol nao-HDL (nao-HDL-C) sao definidas
como 30 mg/dL (0,78 mmol/L) maiores do que as respectivas metas para o colesterol da
lipoproteina de baixa densidade (LDL-C). Esta defini¢do, no entanto, ndo considera a
distribui¢do populacional do ndo-HDL-C, que poderia representar meta individual mais
apropriada quando ambos os marcadores sao discordantes. O objetivo deste estudo ¢ estabelecer
metas para o ndo-HDL-C correspondentes aos mesmos percentis populacionais do LDL-C.
Métodos: Foram atribuidos valores para o ndo-HDL-C situados nos mesmos percentis
correspondentes aos alvos terapéuticos de LDL-C para 14.837 participantes do Estudo
Longitudinal de Satde do Adulto (ELSA-Brasil) com niveis de triglicerides <400 mg/dL (4,52
mmol/L). Adiconalmente, a freqiiéncia de reclassificacdo de categoria terap€utica foi avaliada,
definida como o numero de individuos com niveis de LDL-C na categoria terapéutica
recomendada, mas com niveis ndo-HDL-C acima ou abaixo desta categoria.

Resultados: Os valores de nao-HDL-C correspondentes aos percentis populacionais das metas
de LDL-C, foram 92 (2,38), 122 (3,16), 156 (4,04), 191 (4.95) e 223 mg/dL (5,78 mmol/L).
Entre os participantes com LDL-C <70 mg/dL (1,81 mmol/L), 22,8% foram reclassificados em
categoria terapéutica superior de acordo com as metas de ndo-HDL-C derivado das diretrizes e
30,1% de acordo as metas derivadas dos percentis populacionais; para os participantes com
concentragdo de triglicérides entre 150-199 mg/dL (1,69-2,25 mmol/L), as frequéncias de
reclassificagcdo foram 25,6% e 64,1%, respectivamente.

Conclusdes: Nossos resultados demonstraram que as metas de nao-HDL-C baseadas nos
percentis foram até 8§ mg/dL (0,21 mmol/L) menores do que as recomendadas pelas diretrizes
e tiveram um impacto profundo na reclassificacao dos participantes, principalmente quando o
LDL-C foi < 100 mg/dL (2,56 mmol/L), a meta terapéutica a meta terapéutica para pacientes
de alto risco. Portanto, as metas para o nao-HDL-C devem ser modificadas para reducao do
risco residual.



ABSTRACT

Background and aims: Non-high-density lipoprotein cholesterol (non-HDL-C) goals are
defined as 30 mg/dL (0.78 mmol/L) higher than the respective low-density lipoprotein
cholesterol (LDL-C) goals. This definition, however, do not consider the population
distribution of non-HDL-C, which could represent a more appropriate individual goal when
both markers are discordant. The aim of this study is to establish non-HDL-C goals at the same
population percentiles of LDL-C.

Methods: Non-HDL-C values were assigned at the same percentiles correspondent to the LDL-
C treatment goals for 14,837 participants from the Longitudinal Study of Adult Health (ELSA-
Brasil) with triglycerides levels <400 mg/dL (4.52 mmol/L). We, also, assessed the frequency
of treatment reclassification, defined as the number of subjects with LDL-C levels in the
recommended treatment category, but with non-HDL-C levels above or below the category.
Results: The non-HDL-C values, based in correspondent LDL-C population percentiles, were
92 (2.38), 122 (3.16), 156 (4.04), 191 (4.95), and 223 mg/dL (5.78 mmol/L). Among
participants with LDL-C <70 mg/dL (1.81 mmol/L), 22.8% were reclassified in a higher
category according to the guidelines-based non- HDL-C cut-off and 30.1% according to the
population percentile-based cut-off; 25.6% and 64.1%, respectively, if triglycerides
concurrently 150-199 mg/dL (1.69-2.25 mmol/L).

Conclusions: Our results demonstrated that non-HDL-C percentiles-based goals were up to 8
mg/dL (0.21 mmol/L) lower than the guidelines recommended goal and had a profound impact
in the reclassification of participants, notably when LDL-C was < 100 mg/dL (2.56 mmol/L),
the treatment goal for high risk patients. Therefore, non-HDL-C goals should be changed for
reduction of residual risk.
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1. INTRODUCAO

1.1 ESTUDO ELSA-BRASIL

O Estudo Longitudinal de Satde do Adulto (ELSA-Brasil) tem como objetivo a identificagdo
do risco de doengas cardiovasculares e do diabetes mellitus em populacdo aparentemente
saudavel, focando na identificacio de biomarcadores na fase inicial do processo
aterosclerdtico.!> Além disso, visa identificar biomarcadores envolvidos no processo da rede
causal que se inicia com o ganho de peso corporeo e se cristaliza com o desenvolvimento do
diabetes tipo 2.

Trata-se de estudo de coorte multicéntrica inédito no Brasil, envolvendo mulheres ¢ homens
de 35 a 74 anos, servidores publicos de seis instituigdes de ensino e pesquisa das regides
Nordeste, Sudeste e Sul do Brasil. A linha de base do estudo foi realizada entre 2008 € 2010, a
segunda onda de coleta de dados entre 2012 e 2014 ¢ a terceira onda iniciada em 2017. Os
dados gerados terdo impacto na defini¢o de politicas ptiblicas do Sistema Unico de Saude, ao
descreverem a situacdo dos principais fatores de risco cardiovascular como hipertensao,
diabetes e dislipidemia e ao se caracterizar prevaléncia, conhecimento da situagao por parte do
sujeito de pesquisa, tratamento e controle do fator de risco.

Do ponto de vista operacional, o ELSA-Brasil optou desde o seu inicio pela visita do voluntario
ao centro de investigagdo (CI) para realizacao de exames clinicos, aplicagao de questionarios
sobre habitos de vida e antecedentes clinicos, além da coleta de material bioldgico para exames,
seguindo modelo de coortes como Framinghan e Aric.'” Para tanto, constituiu-se um
laboratdrio central responsavel pela realizacao de todos os exames de sangue e urina do estudo
e pela padronizagdo da metodologia de extracio de DNA.3

O laboratorio central escolhido, o Laboratorio do Hospital Universitario da Universidade de
Sdo Paulo, possui Sistema de Gestdo da Qualidade implantado, com certificacdo ISO
9001/2000 desde 11/4/2006, acreditado pelo Programa de Acreditacio de Laboratorios
Clinicos em 18/12/2009 (2005) e participa de programa de Proficiéncia Interlaboratorial. Conta
ainda com Programa de Controle de Qualidade Interno com, pelo menos, dois niveis de

controle para cada analito, com equipamentos automatizados de alto desempenho e equipe de
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profissionais qualificados que garantem a qualidade dos exames realizados.’

Em um estudo com as caracteristicas do ELSA-Brasil a realizacdo de exames em um tunico
laboratorio traz varias vantagens, como a diminui¢do da variabilidade interlaboratorial e a
utilizagdo dos mesmos insumos e consumiveis para a realizagdo das dosagens bioquimicas.?
Toda a sistematica de coleta, transporte e armazenamento das amostras bioldgicas foi
desenhada de forma a minimizar as interferéncias pré-analiticas e estdo de acordo com as
recomendacdes do CLSI (Clinical and Laboratory Standards Institute. Defining, Establishing
and Verifying Reference Intervals in the Clinical Laboratory; Approved Guideline - Third
Edition. CLSI document C28-A3c) e do Committee on Reference Intervals and Decision Limits

of International Federation of Clinical Chemistry (C-RIDL, IFCC).*>

1.2 DOENCA CARDIOVASCULAR ATEROSCLEROTICA E
HIPERCOLESTEROLEMIA

A doenga cardiovascular aterosclerdtica (DCA) € a principal causa de morbidade e mortalidade
no mundo atual, incluindo o Brasil. Em 2011, a DCA foi responsavel por 31% de todas as
mortes no Brasil, propor¢do que chega a 42% considerando-se as mortes atribuidas as doencas
ndo comunicaveis, sendo a doenga cardiaca isquémica (31%) e a doenga cerebrovascular (30%)
as formas mais prevalentes de DCA.S

A hipercolesterolemia ¢ considerada um fator de risco causal para a DCA pelos motivos
enumerados a seguir, dentre outros: (1) evidéncias experimentais comprovam que a
lipoproteina de baixa densidade ou low density lipoprotein (LDL) e as apolipoproteinas (apo)
B estdo diretamente implicadas no processo de inicio e progressdo da DCA; (2) estudo de
pacientes com doengas monogénicas do metabolismo lipidico evidenciam uma associagao
dose-dependente, log-linear, entre a magnitude absoluta da exposicdo ao LDL e o risco de
DCA; (3) estudos de randomizagao Mendeliana e ensaios clinicos randomisados de intervengao
confirmam que a associac¢ao entre LDL e DCA ¢ independente da presenca de outros fatores
de risco; (4) mais de 30 ensaios clinicos randomizados para a avaliacao de terapias destinadas

a reducao do LDL, incluindo mais de 200.000 participantes ¢ 30.000 eventos secundarios a
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DCA, demonstraram, de maneira consistente, que a redugao do risco de DCA ¢ proporcional a
reducio absoluta da concentracio do colesterol LDL (LDL-C).”*#

A Figura 1 ilustra o modelo resposta a retencao (response-to-retention) de inicio e progressao
da aterosclerose.”” As setas sio identificadas por cores para indicar os mecanismos cruciais
responsaveis pela retencao das lipoproteinas apolipoproteina-B aterogénicas rica em colesterol
na parede arterial, que € o principal evento iniciador da aterogénese (amarelo), seguida pelo
desencadeamento de respostas locais as lipoproteinas retidas e modificadas, culminando com
o crescimento e evolucao da placa (vermelho). A aterogénese ¢ iniciada pela retencdo focal das
lipoproteinas (LP) apoB nas moléculas da matriz extracelular subendotelial, particularmente
proteoglicanos (PGs). A retengdo € provavelmente facilitada pela agdo de enzimas, como a
lipase lipoproteica (LPL) e esfingomielinase secretoria (SMase). As LP retidas sofrem
modificagdes, como agregagdo e oxidagdo, e provocam uma série de eventos bioldgicos que
desencadeiam uma resposta inflamatdria mal adaptativa. Em particular, os monocitos penetram
no subendotélio, diferenciam-se em macrofagos e ingerem a proteina retida e LP modificadas,
para se tornarem células espumosas repletas de colesterol (foam cell). Eventualmente, células
T e outras células inflamatoérias entram nas lesdes e, juntamente com os macrofagos,
contribuem para a resposta inflamatoria mal adaptativa. O processo ¢ acelerado pela retengao
amplificada das LP nas lesdes estabelecidas. As células musculares lisas (SMCs) migram para
a intima e promovem a formagdo de um coldgeno tampao fibroso, provavelmente
representando uma resposta semelhante a cicatriz para afastar a lesdo. No entanto, a medida
que a lesdo progride, os macrofagos morrem e dao origem a areas de necrose preenchidas com
restos extracelulares, cristais de colesterol, proteases e pro-coagulantes/tromboticos. Estas
placas avangadas podem sofrer afinamento da capa fibrosa, ruptura ou erosdo, culminando com
o desencadeamento de eventos vasculares trombdticos agudos como infarto do miocardio e

acidente vascular cerebral.
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Figura 1: O modelo resposta a retencao (response-to-retention) de inicio e progressao da
aterosclerose.
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Legenda: ChEase, colesterol-esterase; LP, lipoproteina; LPL, lipase lipoproteica; MMPs, metaloproteinases da
matriz; PGs, proteoglicanos; Remnants, lipoproteinas apo-B remanescentes ricas em colesterol e triglicérides;
SMase, esfingomielinase; SMC, célula muscular lisa, incluindo SMCs imaturas; TF, fator tecidual; UC, colesterol
ndo esterificado.

Fonte: Borén e Williams, 2016 p. 475.

1.2.1 Estrutura, classificacdo e quantificacdo das lipoproteinas

Lipoproteinas sdo macromoléculas responsaveis pela solubilizagdo e transporte dos lipides no

plasma. Sao constituidas por uma fracao lipidica (triglicérides, fosfolipides, colesterol) e outra
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proteica (apolipoproteinas). As lipoproteinas podem ser classificadas de acordo com o tamanho
e a densidade das particulas, que sdo funcao do conteudo relativo de colesterol e triglicérides,
ou pelo tipo de apo.'?

Considerando a fragao lipidica, sdo descritas cinco classes principais de lipoproteinas:

e Quilomicrons - particulas muito grandes, responsaveis pelo transporte de triglicérides
provenientes da dieta.

e Lipoproteina de densidade muito baixa - Very low density lipoprotein (VLDL),
particula composta por triglicérides de origem endogena (45 a 60%) e, em menor
proporcao, esteres de colesterol (16 a 22%)).

e Lipoproteina de densidade intermedidria - Intermediate density lipoprotein (IDL),
particula composta por esteres de colesterol e triglicérides.

e Lipoproteina de baixa densidade - Low density lipoprotein (LDL), particula composta
predominantemente por esteres de colesterol (45 a 50%).

e Lipoproteina de alta densidade - High density lipoprotein (HDL), particula composta
por esteres de colesterol (15 a 20%).

Em relacdo ao tipo de apo presente, sdo descritas duas classes de lipoproteinas: (1) cada
particula de VLDL, IDL, LDL, contém uma unica molécula de apoB-100, enquanto cada
particula de quilomicron contém uma unica molécula de apoB-48. Quilomicrons, VLDL, IDL
e LDL s3o denominadas lipoproteinas apoB ou lipoproteinas aterogénicas. Também parte
dessas lipoproteinas, a lipoproteina(a) [ Lp(a)] possui estrutura e densidade semelhante ao LDL,
mas com uma molécula de apo(a) covalentemente ligada a apoB-100; (2) cada particula de
HDL contém uma unica molécula de apoA-I, sendo denominado lipoproteina A-I ou
lipoproteina  antiaterogénica. Imunoensaios comerciais imunoturbidimétricos ou
imunonefelométricos especificos para a deteccdo das lipoproteinas apoB-100/B-48 ou apoA-I
possibilitam a quantificagdo do nimero de particulas apoB ou apoA-I1.!%!!

Como mais de 90% das particulas apoB sdo formadas por LDL e, sendo estas compostas
predominantemente por colesterol, a dosagem plasmatica do colesterol LDL (LDL-C), seja por
métodos diretos ou indiretos, ¢ utilizada como correlato da concentragdo das lipoproteinas
aterogénicas apoB e como principal alvo terapéutico lipidico no manejo do risco
cardiovascular.'!

A estimativa do LDL-C pela equagao de Friedewald (LDL-C = colesterol total — HDL-C —
triglicérides/5), ¢ o método mais utilizado para quantificacdo desta lipoproteina na pratica

clinica. O resultado obtido por esse método incorpora o colesterol das particulas LDL, IDL e
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Lp(a), mas nao o colesterol de todas as particulas remanescentes ricas em triglicérides e
colesterol. As particulas ricas em triglicérides compreendem tanto os remanescentes de
quilomicrons, presentes no sangue primariamente no periodo pds-prandial, quanto os
remanescentes de VLDL e IDL, presentes durante o jejum, e sdo consideradas importantes
lipoproteinas aterogé€nicas. O remanescente de colesterol (Remanescente-C) corresponde,
portanto, ao colesterol presente em outras lipoproteinas que ndo LDL ¢ HDL e sdao estimados
pela equagao (Remanescente-C = colesterol total - HDL-C — LDL-C). Assim, o Remanescente-
C inclui todas lipoproteinas ricas em triglicérides (TG): VLDL, IDL e, no estado de ndo jejum,
remanescentes de quilomicrons.!!

O colesterol nao HDL-C (nHDL-C), calculado como a diferenca entre o colesterol total e o
colesterol HDL (HDL-C), representa a massa de colesterol contida em todas as lipoproteinas
aterogénicas (LDL, VLDL, IDL, Lp(a) e remanescentes). Por incorporar o colesterol das
particulas remanescentes ricas em triglicérides, o nHDL-C ¢ considerado um marcador de risco
cardiovascular mais inclusivo que o LDL-C.!!

Em sintese, as lipoproteinas aterogénicas podem ser avaliadas por meio do perfil lipidico
padrdo, que inclui a dosagem do colesterol total, HDL-C e triglicérides por métodos
enzimaticos, e o calculo do LDL-C, nHDL-C e Remanescente-C a partir desses parametros. As
dosagens de apoB e apoA1 por método imunoquimico podem ser usadas como alternativas ao
nHDL-C e HDL-C, respectivamente. O teor de colesterol de Lp(a), correspondente a
aproximadamente 30% da massa total de Lp(a), ¢ incluido nas medi¢des de CT, nHDL-C e
LDL-C e seu conteudo de apoB na medicdo da apoB. A Figura 2 apresenta de forma

esquematica a relagao entre os diversos marcadores laboratoriais do perfil lipidico.
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Figura 2: Lipoproteinas separadas de acordo com a densidade e tamanho e seus marcadores
laboratoriais representativos medidos em uma amostra de sangue.
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Fonte: Langlois et al., 2018, p. 1010.

1.2.2 Alvos terapéuticos para tratamento da dislipidemia

A estimativa do risco de DCA resulta da somatoria do risco associado a cada um dos fatores
de risco mais a potenciagao causada por sinergismos entre alguns fatores. A Atualiza¢dao da
Diretriz Brasileira de Dislipidemias e Prevencdo da Aterosclerose — 2017, recomenda a
utilizacdo do Escore de Risco Global, que estima o risco de infarto do miocardio, acidente
vascular cerebral, ou insuficiéncia cardiaca, fatais ou ndo fatais, ou insuficiéncia vascular
periférica em 10 anos. Ele deve ser utilizado na avaliagdo inicial, ou mesmo em pacientes em
uso de estatinas, entre os individuos que ndo foram enquadrados nas condi¢des de muito alto
ou alto risco.'?

Uma vez estratificado o risco cardiovascular do paciente, tratamento visando atingir metas
terapéuticas especificas para reducao absoluta ou porcentual do LDL-C ¢ nHDL-C deve ser
iniciado, ainda que tais metas sejam derivadas de subandlises de ensaios randomizados e
controlados, que ndo testaram diretamente o beneficio de se alcancarem diferentes metas de

LDL-C (Tabela 1).
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Tabela 1: Metas terapéuticas absolutas e reducao porcentual do colesterol da lipoproteina de
baixa densidade e do colesterol ndo-HDL para pacientes com ou sem uso de estatinas.'?

Categoria Critérios de Inclusiao Meta LDL — Meta
C (mg/dl) nHDL-
C
(mg/dL)
Muito alto Doenga aterosclerotica (mesmo se <50 <80
risco assintomatica)

Obstrucao arterial > 50%
Alto risco ERG >20% (homem) ou 10% (mulher) + LDL- <70 <100
C 70-189 mg/dl
Aterosclerose subclinica*®
Aneurisma aorta abdominal
DRC (TFGe < 60 ml/min)
LDL-C > 190 mg/dl
Diabetes 1 ou 2 + fatores de risco™** ou
aterosclerose subclinica
Risco ERG 5-20% (homem) ou 5-10% (mulher) + <100 <130
intermediario LDL-C 70-189 mg/dl
DM 1 ou 2 que ndo preencham critérios de alto
risco
Baixo risco ERG < 5% (homem) ou < 5% (mulher) + LDL- <130 <160
C 70-189 mg/dl

Legenda: ERG: escore de risco global; LDL-C: colesterol LDL; DRC: doenca renal cronica; TFGe: taxa de
filtrag@o glomerular estimada; DM: diabetes mellitus.

* Aterosclerose subclinica: placas na carétida e/ou espessamento médio-intimal; escore de calcio > 100; indice
tornozelo-braquial (ITB) < 0,9 e¢/ou placas aterosclerotica na angioTC coronarias.

**Fatores de risco no DM: idade > 48 anos (homem) ou 54 anos (mulher); DM > 10 anos; historia familiar
cardiopatia prematura; tabagismo; hipertensao; sindrome metabolica; retinopatia; microalbumintria e/ou TFGe <
60 ml/min.

As diretrizes para prevencao e tratamento da dislipidemia e da DCA atribuem ao LDL-C papel
central como meta terapéutica primaria para reducdo do risco cardiovascular, enquanto o
nHDL-C ¢ considerado meta terapéutica co-primaria associada ao LDL-C ou como meta

secundaria em pacientes com hipertrigliceridemia, obesidade, sindrome metabdlica, ou



diabetes mellitus.'?"°
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A Tabela 2 apresenta as principais metas terapéuticos preconizadas pelas diretrizes

internacionais e nacionais para avaliacdo e tratamento das dislipidemias.

Tabela 2: Metas e alvos terapéuticos para prevencao da doenga cardiovascular das diretrizes
nacionais e internacionais, de acordo com a categoria de risco.

Diretriz

Meta Primaria

Meta Secundaria

ATP 113

NICE 2015

NLA 2015"

Canadense 20166

ESC 2016

AACE 2017'8

VI Brasileira 201712

AHA/ACC 2018"

LDL-C: <70 mg/dL (alto), < 100
mg/dL (alto), < 130 mg/dL
(intermediario) e < 160 mg/dL
(baixo)
nHDL-C: > 50% redugao

LDL-C: <70 mg/dL (muito alto), <
100 mg/dL (alto); < 130 mg/dL
(intermediario e baixo, terapia

medicamentosa se LDL-C > 130 ou

ndo-HDL-C > 160 mg/dL para risco
intermediario, e LDL-C > 160 ou
nao-HDL-C > 190 mg/dL para risco
baixo); nao-HDL-C: LDL-C + 30
mg/dL

LDL-C: <70 mg/dL ou reducdo de
50% para pacientes com indicacdo
para estatinas

LDL-C: baseadas nos resultados do
score de risco cardiovascular
SCORE, < 70 mg/dL, < 100 mg/dL,
< 155 mg/dL e < 190 mg/dL
LDL-C: <55 mg/dL (extremo), <70
mg/dL (muito alto), < 100 mg/dL
(alto), < 100 mg/dL (intermediario) e
< 130 mg/dL (baixo)
LDL-C: < 50 mg/dL ou redugao >
50% (muito alto), < 70 mg/dL ou
reducdo > 50% (alto), < 100 mg/dL
(intermediario) ou redugdo de 30-
50% e < 130 mg/dL ou redugéo >
30% (baixo)

LDL-C: > 50% redugédo ¢ < 70
mg/dL (prevencao secundaria), >
50% reducao e < 100 mg/dL (LDL-
C> 190 mg/dL), > 50% reducao
(prevencao primaria com alto risco
ou diabetes com agravantes), 30-
49% redugdo (prevengao primaria
com risco intermediario ou
borderline com agravantes ou

diabetes sem agravantes)

nHDL-C: LDL-C + 30 mg/dL

nHDL-C: LDL-C + 30 mg/dL

nHDL-C: LDL-C + 30 mg/dL

nHDL-C: LDL-C + 30 mg/dL ou 25
mg/dL (extremo)

nHDL-C: LDL-C + 30 mg/dL

Legenda: ATP = Adult Treatment Panel; NICE = National Institute for Health and Care Excellence; NLA =
National Lipid Association; ESC = European Society of Cardiology; AACE = American Association of Clinical
Endocrinologists; AHA = American Heart Association; ACC = American College of Cardiology.
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1.2.3 Colesterol nao-HDL

A dosagem do LDL-C ¢ um dos pilares da avalia¢do do risco cardiovascular e tratamento da
dislipidemia.?®?! Evidéncias de ensaios clinicos randomizados demonstram que para cada
reducdo de 39,7 mg/dL na concentracdo de LDL-C, ha queda proporcional de 25% na
frequéncia de eventos cardiovasculares maiores (morte por doenca coronariana, infarto do
miocérdio, acidente vascular encefalico e revascularizagdo miocardica) por ano, a partir do
primeiro ano apds inicio do uso de estatinas.®*? Considerando-se um cenario em que 10.000
pacientes em uso de estatinas apresentam reducdo persistente da concentracdo do LDL-C em
79,4 mg/dL por cinco anos, eventos cardiovasculares maiores serdo prevenidos em cerca de
1000 (10%) pacientes de alto risco e 500 (5%) pacientes de baixo risco (prevengdo primaria).?
A despeito das evidéncias robustas de que tratamento hipolipemiante centrado no LDL-C ¢
uma forma eficiente de redugdo do risco cardiovascular, essa estratégia possui algumas
limitagoes.

Em primeiro lugar, alguns pacientes com risco cardiovascular muito alto ou alto continuam a
experimentar eventos vasculares ainda que a concentracdo de LDL-C esteja dentro da meta
preconizada para essa categoria de risco.'!?** Nesse sentido, estudos recentes indicam que
concentracgdes elevadas de remanescentes de colesterol também sdo um fator causal da doenca
cardiovascular aterosclerdtica. Varbo e colaboradores demonstraram que aumento
geneticamente determinado de 39 mg/dL nos niveis pds-prandiais de remanescentes de
colesterol estd associado com risco 2,8 vezes maior de doenca cardiaca isquémica,
independente dos niveis de HDL-C, indicando que o colesterol das lipoproteinas ricas em
triglicérides é um fator causal para aterosclerose corondria.’> As lipoproteinas ricas em
triglicérides contém 5 a 20 vezes mais colesterol por particula que o LDL, podem atravessar o
endotélio e sdo fagocitadas diretamente pelos macréfagos subendoteliais via receptor
scavenger, na auséncia de oxidacdo.?® Devido a necessidade de ser realizada em jejum, a
dosagem de LDL-C pela equacdo de Friedewald ndo inclui o colesterol das particulas
remanescentes, podendo subestimar o risco cardiovascular em pacientes com aumento de
remanescentes, como pacientes com hipertrigliceridemia e obesidade.!'?

Em segundo lugar, o advento de novos agentes hipolipemiantes como os inibidores da PCSK-
9 (do inglés, proprotein convertase subtilsin-kexin type 9), possibilitou a redu¢ao adicional de
50 a 60% do LDL-C além dos niveis maximos possiveis atingidos com a terapia com

estatinas.?” Uma metaanalise recente constatou que a diminui¢do no LDL-C de 38,7 mg/dL a
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partir de niveis basais tdo baixos quanto 63 mg/dL e atingindo plato de até¢ 20 mg/dL, promove
reducgdo relativa consistente de 21% no risco de eventos vasculares, sem aumento de efeitos
colaterais adversos.?® Na maioria dos laboratdrios clinicos, o LDL-C é estimado pela equacio
de Friedewald, cuja imprecisdo analitica e bias aumentam quanto menor for a concentracdo de
LDL-C, e mais elevados os niveis de triglicérides.!! Mais precisamente, a equagio de
Friedewald subestima os niveis de LDL-C quando comparada ao método direto VAP (do inglés
Vertical Auto Profile). Pacientes com LDL-C calculado < 70 mg/dL e triglicérides entre 150 e
199 mg/dL apresentaram média de LDL-C, medido pelo método direto, 9 mg/dL (percentil 5 a
95, 1,8 a 15,4 mg/dL) mais alta, e 18 mg/dL (percentil 5 a 95, 6,6 a 36,04 mg/dL) mais alta se
triglicérides entre 200 e 399 mg/dL. Entre 23 e 59% dos pacientes com LDL-C calculado <70
mg/dL apesentou LDL-C direto > 70 mg/dl, na dependéncia dos niveis de triglicérides acima
descritos.?’

Apesar de todas as particulas LDL serem aterogénicas, existe grande variagdo interindividual
no conteudo de colesterol (razao colesterol/triglicérides) das particulas LDL. Dependendo do
contetdo relativo de colesterol, em alguns pacientes a concentragdo de colesterol plasmatico
pode subestimar ou superestimar o numero de particulas LDL e, por conseguinte, o risco
cardiovascular. **3? A Figura 3 ilustra a composi¢io heterogénea das particulas VLDL e LDL.
As particulas VLDL e LDL diferem na composi¢ao lipidica: as particulas de VLDL contém
quantidades variaveis de triglicérides ou ésteres de colesterol (quadrante superior), enquanto
as particulas de LDL podem conter massa normal de colesterol (quadrante inferior direito),
podem ser pobres em colesterol (quadrante inferior central) ou podem ser ricas em colesterol
(quadrante inferior esquerdo). A razao média do numero de particulas de LDL versus VLDL
no plasma ¢ de 9:1. Apolipoproteina B (circulo azul) ¢ igual a soma do niimero de particulas

de VLDL e LDL no plasma.’!
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Figura 3: Composi¢ao heterogénea de particulas de VLDL e LDL.

Legenda: CE = ésteres de colesterol; TG = triglicérides.
Fonte: Sniderman et al., 2014, p. 463.

Pacientes com diabetes mellitus, sindrome metabdlica, obesidade ou hipertrigliceridemia,
desenvolvem um padrdo de alteracdo da concentragdo dos lipides, denominado dislipidemia
aterogénica, caracterizada por baixos niveis de HDL-C, alta concentragdo de lipoproteinas ricas
em triglicerideos e de particulas apoB, especialmente LDL pequenas e densas depletadas de
colesterol.*

Quando a composi¢ao de colesterol das particulas de LDL é normal, as concentragdes de LDL-
C ou nHDL-C sdo concordantes, dessa forma fornecendo a mesma informac¢ao quanto ao risco
cardiovascular. No entanto, quando as particulas LDL sdo depletadas de colesterol, a
concentracao de LDL-C pode estar normal ou diminuida, a despeito do nimero aumentado de
lipoproteinas aterogénicas, como ocorre na dislipidemia aterogénica. Sobretudo nessas
circunstancias, o nHDL-C reflete melhor o potencial aterogénico que o LDL-C, dado que o
mesmo representa o colesterol presente em todas as lipoproteinas aterogénicas, incluindo as

particulas remanescentes, € possui maior correlagao com os niveis séricos de apoB que o LDL-

C.21*2 A Figura 4 ilustra o tamanho e ntimero relativo de particulas de LDL e remanescentes
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de colesterol (Remanescente-C) em 3 pacientes com concentragao idéntica de LDL-C baixo
(70 mg/dL), mas com nHDL-C e apoB discordantes em relacdo as metas desejaveis para
pacientes de alto risco. O paciente 1 tem todos os 3 alvos na meta e numeros normais de
particulas de LDL (predominantemente maiores). O paciente 2, com hipertrigliceridemia
moderada, tem nHDL-C discordante acima da meta (100 mg/dL) devido ao aumento de
Remanescente-C. O paciente 3 também tem hipertrigliceridemia moderada e aumento de
Remanescente-C, associados a concentragdo maior de apoB do que o paciente 2, devido ao
nimero elevado de particulas LDL pequenas e densas ndo detectadas pela dosagem padrdo de

LDL-C."

Figura 4: Tamanho e niimero relativo de particulas de LDL e remanescentes de colesterol
(Remnant-C) em 3 pacientes com LDL-C (LDLC) baixo idéntico, mas com nHDL-C (Non-
HDLC) e apoB discordantes em relagdo aos alvos de tratamento desejaveis de alto risco.

LDLC Remnant-C LDLC Remnant-C
Non-HDLC 100 mg/dL Non-HDLC 130 mg/dL

TG 150 mg/dL / TG 300 mg/dL \

ApoB 0.6 g/L ApoB 0.9 g/L ApoB 1.2g/L

eee
e

Patient 1 Patient 2 Patient 3

Legenda: TG = triglicérides.
Fonte: Langlois et al., 2018, p. 1022.

Diversos estudos observacionais demonstraram associa¢ao positiva entre os niveis de nHDL-
C e a incidéncia de eventos cardiovasculares. No que diz respeito a predicdo do risco
cardiovascular, o nHDL-C apresenta desempenho clinico semelhante ou superior ao LDL-C.
Na metanalise realizada pelo Emerging Risk Factors Collaboration (ERFC), que incluiu dados
de mais de 300.000 participantes, a Hazard Ratio (HR) para aumento correspondente a um
desvio-padrao do LDL-C foi similar a do nHDL-C: 1,38 (IC95% 1,09 a 1,73) e 1,42 (IC95%

1,06 a 1,91), respectivamente.®* Outra metanalise de 12 estudos incluindo 233.455
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participantes e 22.950 eventos cardiovasculares isquémicos nao fatais, constatou risco relativo
padronizado (Relative Risk Ratios standardized, RRRs) de 1,34 (IC95% 1,24 a 1,44) para
nHDL-C e de 1,25 (IC95% 1,18 a 1,33) para LDL-C. Uma estratégia terapéutica tendo como
alvo nHDL-C poderia levar a redugdo adicional da incidéncia de 300.000 eventos
cardiovasculares no periodo de 10 anos, comparada a estratégia baseada no LDL-C.*

Estudos de intervencao terapéutica também confirmaram uma relagao direta entre a magnitude
da reducao do nHDL-C e a queda no risco de doenga cardiaca coronariana. Uma metandlise
incluindo 49 estudos com estatinas e outros agentes hipolipemiantes demonstrou que cada
reducdo de 39 mg/dL na concentragdo do nHDL-C resulta em diminui¢cdo de 20% no risco de
doenca cardiovascular, semelhante ao alcangado pelo LDL-C (23%).3® Metanalise de oito
ensaios randomizados com um total de 38.153 pacientes tratados com estatinas constatou que
os niveis de nHDL-C foram mais fortemente associados a eventos cardiovasculares maiores,
comparados a apoB e LDL-C, com HR para cada aumento correspondente a um desvio-padrao
de 1,16 (IC95% 1,12 a 1,19) 1,14 (IC95% 1,11 a 1,18) e 1,13 (IC95% 1,106 a 1,17),
respectivamente, com pacientes no alvo terapéutico do LDL-C de 100 mg/dL e acima do alvo
do nHDL-C de 130 mg/dL, permanecendo sob risco residual elevado.’’

Do ponto de vista analitico, o nHDL-C pode ser calculado na auséncia de jejum e em amostras
com TG > 400 mg/dL. Comparado ao LDL-C calculado pela equagdo de Friedewald e a oito
métodos comerciais diretos, o nHDL-C possui melhor concordancia com a ultracentrifugacao
para classifica¢do do risco cardiovascular segundo as categorias do NCEP (do inglés National
Cholesterol Education Program), em pacientes com concentragdo normal e, especialmente,
elevada de TG (200 a 399 mg/dL).>® As propriedades biologicas e analiticas descritas acima
tornam o nHDL-C uma alternativa ao LDL-C para a estimativa do risco cardiovascular e
monitorizagdo terapéutica nas situacdes nas quais o LDL-C nao pode ser utilizado ou ¢
impreciso, como na hipertrigliceridemia, sem implicar em nenhum custo adicional, ja que pode

ser obtido por meio do perfil lipidico convencional.'!*8
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1.2.4 Discordancia entre nHDL-C e LDL-C: defini¢cao, prevaléncia e implicacdes clinicas

A maioria dos estudos populacionais e de interven¢ao terapéutica indica que nHDL-C, LDL-C
e apoB s3ao medidas de risco cardiovascular altamente correlacionadas e equivalentes,
fendmeno que pode ser explicado pelo fato de que mais de 90% das lipoproteinas apoB sdo
compostas por particulas LDL, de tal forma que alteragdes no nimero de particulas apoB sdo
acompanhadas por alteragdes paralelas na massa de colesterol e, portanto, de nHDL-C e LDL-
C 131,32

Embora correlacionadas, nHDL-C, LDL-C e apoB nao sao medidas de risco idénticas, visto
que a massa de colesterol das particulas apoB pode variar significativamente do ponto de vista
individual.* Assim, a dosagem de colesterol pode superestimar ou subestimar o nimero de
particulas apoB, quando as particulas LDL sao ricas ou pobres em colesterol, respectivamente.
Na vigéncia de discordancia entre o nimero de particulas apoB e a concentragao de colesterol,
o risco cardiovascular ¢ determinado pelo primeiro parimetro.’* Além de incorporar o
colesterol das particulas remanescentes, o nHDL-C apresenta maior correlagdo com o numero
de particulas apoB que o LDL-C, particularmente no caso de aumento do nimero de LDL
pequenas e depletadas de colesterol.!! A Figura 5 demonstra porque o nHDL-C é um marcador
mais preciso do nimero de particulas de LDL do que o LDL-C. Esta figura demonstra como
pequenas particulas de LDL depletadas de colesterol sdo criadas quando ésteres de colesterol
(EC) e triglicérides (TG) sao trocados entre particulas de VLDL e LDL pela proteina de
transferéncia de éster de colesterol (CETP, do inglés, Cholesterol Ester Transfer Protein). A
esquerda estdo as particulas VLDL1 e LDL1 antes da transferéncia, e a direita as particulas
VLDL2 e LDL2 apds a transferéncia. A quantidade de EC em VLDL2 ¢ maior do que a
quantidade de EC em VLDLI1 devido a transferéncia de EC de LDL1 para VLDL1. Da mesma
forma, o montante de EC em LDL2 ¢ menor que a quantidade de EC em LDLI devido a
transferéncia de EC de LDL1 para VLDL1 gerando VLDL2. LDL2 ¢é agora depletado de
colesterol e ndo equivale ao numero de particulas de LDL. No entanto, nHDL-C2 (=VLDL2-
C+LDL2-C) ¢ igual a nHDL-C1 (=VLDL1-C+LDL1-C). Assim, a relacdo entre o nHDL-C e
o numero de particulas de LDL (um) ¢ a mesma. E ¢ assim que o nHDL-C compensa o erro no

LDL-C na estimativa do niimero de particulas pequenas depletadas de colesterol.*
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Figura 5: Relacao entre colesterol nao-HDL (non-HDL-C) e nimero de particulas LDL.

VLDL1-C + LDL1-C = non-HDL-C = VLDL2-C +LDL2—C:

VLDL 2

c; TG

LDL 2

LDL-C 2 < LDL-C 1

Legenda: CE = ésteres de colesterol; CETP = proteina de transferéncia de éster de colesterol; TG = triglicérides.
Fonte: Nijs et al., 2013, p. 167.

A analise da discordancia consiste em um método analitico baseado na comparagao entre
fatores de risco quando eles divergem quanto a predi¢ao de determinado evento, comparado a
quando sdo concordantes. Nao existe uma definicdo consensual de discordancia entre
lipoproteinas aterogénicas porque na escala de variacdo da massa de colesterol por particula
LDL nao ha um valor que categoricamente defina particula rica ou depletada em colesterol,
assim como ndo ha um valor especifico que estipule nHDL-C e LDL-C baixo ou elevado.

e Otvos e colaboradores, no estudo MESA (do inglés Multi-Ethnic Study of
Atherosclerosis), dosaram LDL-C (Friedewald) e nimero de particulas LDL (LDL-P)
em 6.814 individuos de ambos os sexos. A distribuigdo das concentracdes de cada
lipoproteina foi representada como percentis populacionais e a discordancia foi definida
como a diferenca na concentracdo das lipoproteinas igual ou superior a 12 unidades
percentis, de forma que 50% dos participantes foram classificados como concordantes
e 50% como discordantes, sendo 25% com LDL-C > LDL-P € 25% com LDL-P > LDL-
C (Figura 6).%°

e Sniderman e colaboradores, no estudo INTERHEART, avaliaram as concentracdes de
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nHDL-C e apoB em 9.345 pacientes com infarto agudo do miocardio e 12.120 controles
de 52 paises. A distribuicao das concentragdes de cada lipoproteina foi representada
como percentis populacionais. Participantes com nHDL-C e apoB variando até 5
unidades percentis foram considerados concordantes (50%), ao passo que participantes
com nHDL-C > 5 percentis e apoB < 5 unidades percentis ou vice-versa (25% cada),
foram considerados discordantes.*’

Mora e colaboradores estipularam as medianas de LDL-C, nHDL-C, nimero de
particulas LDL e apoB em 27.533 mulheres saudéveis, no estudo Women's Health
Initiative (WHI). Valores de cada marcador acima da mediana foram considerados
aumentados e abaixo da mediana diminuidos, resultando em dois grupos concordantes,
nHDL-C baixo ¢ LDL-C baixo ou nHDL-C alto e LDL-C alto, e dois grupos
discordantes, nHDL-C baixo ¢ LDL-C alto ou nHDL-C alto e LDL-C baixo, os taltimos
correspondendo a 11,2% dos participantes.*!

deGoma e colaboradores avaliaram 6.814 participantes do estudo MESA, e definiram
valores para nHDL-C e particulas LDL (LDL-P) correspondentes aos percentis dos
alvos terapéuticos do LDL-C propostos pelo NCEP (70, 100, 130 ¢ 160 mg/dL),
derivados da coorte de Framingham. Foram criadas 5 categorias terapé€uticas para
nHDL-C e LDL-P baseadas nos percentis 2, 20, 50 e 80, sendo considerado discordante
o resultado de LDL-P consistente com determinada categoria terapéutica, por exemplo
entre os percentis 2 a 20, e nHDL-C abaixo ou acima dessa categoria, por exemplo

abaixo do percentil 2 ou acima do percentil 20. A prevaléncia de discordancia entre

nHDL-C e LDL-P foi de 40%.%?
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Figura 6: Relagoes entre LDL-C e LDL-P entre 5598 participantes do estudo MESA.
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Legenda: (A) Correlagédo entre as concentragdes de LDL-C e LDL-P. (B) Relago dos niveis de LDL-C e LDL-P
em unidades percentuais. As linhas tracejadas delimitam os valores concordantes de LDL-C e LDL-P, definidos
como aqueles variando até +12 unidades percentis.

Fonte: Otvos et al., 2011, p. 107.

Os estudos citados acima empregaram definigdes distintas de discordancia, como percentis,
medianas e classificacdo de categoria terapéutica, mas chegaram as mesmas conclusdes: (1)
apesar de serem altamente correlacionados, as concentragoes de LDL-C, nHDL-C, LDL-P e
apoB sdo discordantes em propor¢do significativa dos participantes; (2) na vigéncia de
discordancia, o risco cardiovascular ¢ determinado pelo numero de particulas (LDL-P ou apoB)
e ndo pela massa de colesterol (LDL-C e nHDL-C). No entanto, nenhum comparou diretamente
a frequéncia e significado clinico da discordancia entre LDL-C e nHDL-C.

A andlise da discordancia realizada por Mora e colaboradores representa a investigagao mais
abrangente comparando LDL-C com lipoproteinas aterogénicas alternativas como LDL-P,
nHDL-C e apoB, em 28.345 mulheres saudaveis do Women's Health Study acompanhadas
durante 17 anos quanto a incidéncia de eventos coronarianos, incluindo morte por doenca
coronariana, infarto do miocardio, angioplastia coronariana percutdnea e cirurgia de
revascularizacdo miocardica. Na andlise da discordancia entre LDL-C, nHDL-C e apoB,
mulheres com niveis de LDL-C abaixo da mediana e niveis de nHDL-C e apoB acima da
mediana apresentaram risco coronariano aumentado, com HR de 2,92 (IC 95% 2,33-3,67) para
nHDL-C e HR de 2,48 (IC 95,0% 2,01-3,07) para apoB. Por sua vez, mulheres com niveis de
LDL-C acima da mediana e niveis de nHDL-C e apoB abaixo da mediana apresentaram risco
coronariano diminuido, com HR de 0,40 (IC 95% 0,29-0,57) para nHDL-C e HR de 0,34 (IC
95,0% 0,26-0,46) para apoB. Em mulheres com nHDL-C discordantemente alto, o LDL-C
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subestimou o risco coronariano em trés vezes, quando comparado com mulheres com ambos
os marcadores concordantes. Participantes com LDL-C baixo ¢ nHDL-C alto possuiam
fendtipo caraterizado por maior frequéncia de hipertrigliceridemia, HDL-C baixo, proteina C

reativa elevada e indice de massa corporal aumentado.*!

1.2.5 Meta terapéutica para nHDL-C

A meta terapéutica proposta para o nHDL-C ¢ a meta de LDL-C especifica para a categoria de
risco cardiovascular do paciente acrescida de 30 mg/dL, arbitrariamente definido como o valor
de colesterol VLDL calculado como triglicérides/5 conforme equacdo de Friedewald,
considerando-se 150 mg/dL como o valor de referéncia para triglicérides.*

No entanto, o valor de 30 mg/dL. como meta para o nHDL-C tem sido questionado pelos
seguintes motivos:

¢ A média geométrica da concentragdo de triglicérides na populagdo americana adulta é
103,5 mg/dL, indicando que uma proporgao significativa de individuos apresenta niveis
de triglicérides inferiores a 150 mg/dL.*

e Existe uma alta variabilidade interindividual na composi¢ao das particulas VLDL e,
consequentemente, na razao triglicérides/VLDL-C. Os percentis 5 e 95 da razao podem
variar entre 3,6 a 7,2 e 3,7 a 8,0, quando o perfil lipidico ¢ determinado em jejum ou
sem jejum respectivamente, na dependéncia da concentragao de triglicérides e nHDL-
4

e Embora LDL-C, nHDL-C e apoB sejam biomarcadores altamente correlacionados do
ponto de vista populacional e possuam razdo de risco similares, do ponto de vista
individual eles podem diferir com relagdo a predi¢dao do risco cardiovascular como
consequéncia da variabilidade interindividual da massa de colesterol das particulas
apoB. O HR representa o aumento no risco de um evento clinico devido ao aumento de
um desvio-padrdo na concentragio de LDL-C, nHDL-C ou apoB na populagdo.*®

Segundo anélise do The Emerging Risk Factors Collaboration (ERFC) envolvendo
302.430 participantes de 68 estudos prospectivos, os HR dos trés marcadores
aterogénicos para doenga cardiaca coronariana (infarto do miocardio ou cardiopatia

isquémica fatal) sdo semelhantes: 1,38 (LDL direto), 1,42 (nHDL-C) e 1,49 apoB.** No
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entanto, a questao critica ¢ se os trés marcadores predizem o risco de forma semelhante
em todos os individuos. Esse seria o caso apenas da massa de colesterol por particulas
apoB fosse fixa, o que ndo corresponde a realidade. A andlise da Figura 7, que
representa a distribuicdo das concentragdes de LDL-C como percentis versus as
concentracdes de nHDL-C em 1.310.440 participantes adultos do estudo VLDL-2 (Very
Large Database of Lipids), demonstra a existéncia de consideravel dispersdo em torno
da linha de identidade, indicando que os niveis das duas lipoproteinas sdo discordantes
em uma proporg¢io significativa de participantes.*” Em pacientes com particulas LDL
pequenas e depletadas de colesterol, o percentil populacional de LDL-C (percentil 30
por exemplo) ¢ inferior ao percentil da concentracao de apoB e de nHDL-C (percentil
50 por exemplo). Mesmo que o HR de LDL-C, nHDL-C e apoB sejam idénticos, o risco
predito pelo primeiro para esse paciente ¢ inferior ao risco predito pelos tltimos, visto
que a concentracao de nHDL-C e apoB permanecem mais elevadas em comparagao ao
restante da populagdo, e o risco predito por determinado marcador depende nao apenas
do HR, mas também da concentracio desse marcador no individuo (Figura 8).*
Considerando-se que o principal objetivo da terapia hipolipemiante ¢ a redugdo do
colesterol para niveis associados a risco cardiovascular populacional mais baixo, uma
das formas de reduzir o risco cardiovascular residual ¢ estabelecer metas para o nHDL-
C equivalentes as concentracdes situadas nos percentis populacionais equivalentes as

metas terapéuticas de LDL-C .48
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Figura 7: Discordancia individual entre os percentis de LDL-C e nHDL-C no estudo
VLDL-2.
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Figura 8: Hazard Ratio (HR) reais para nHDL-C e apoB em diferentes concentragdes
em toda a populacdo americana, provenientes do Emerging Risk Factors Collaboration
Study (ERFC).
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Nesse sentido merecem ser mencionados os resultados do estudo VLDL-2, no qual
Elshazly e colaboradores determinaram valores de nHDL-C correspondentes aos
mesmos percentis populacionais das metas de LDL-C preconizadas pelo NCEP (70,
100, 130, 160, and 190 mg/dL), e a frequéncia de discordancia entre LDL-C e nHDL-
C na classificacdo da categoria terap€utica, definida com base nos percentis
correspondentes as metas de LDL-C. As metas de LDL-C foram situadas nos percentis
15°,44°,72°,90° e 97°, os quais corresponderam aos valores nHDL-C 93, 125, 157, 190
e 223 mg/dL. Os autores observaram frequéncia elevada de discordancia entre LDL-C
e nHDL-C, principalmente na vigéncia de niveis baixos de LDL-C e elevados de
triglicérides: dos pacientes com LDL-C <70 mg/dL, 15% apresentaram nHDL-C > 100
mg/dL (meta das diretrizes) e 25% > 93 mg/dL (meta derivada do percentil); 22% e
50% dos pacientes com LDL-C < 70 mg/dL e triglicérides entre 150 a 199 mg/dL,
apresentaram nHDL-C > 100 mg/dL e > 93 mg/dL, respectivamente.*’ A anélise post
hoc do estudo LUNAR (do inglés Limiting UNdertreatment of lipids in ACS With
Rosuvastatin), que avaliou pacientes com sindrome coronariana aguda em uso de
estatinas, demonstrou que, durante o tratamento, o valor de LDL-C e nHDL-C
correspondente a concentracdo de apoB de 80 mg/dL, foi 74 mg/dL e 92 mg/dL,
respectivamente. Apesar de metodologicamente distintos, ambos os estudos sugerem
que a meta para o nHDL-C de pacientes com risco cardiovascular muito alto deve ser

reduzida em 7 a 8 mg/dL em relacdo a preconizada pelas diretrizes.*’
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2. JUSTIFICATIVA

O nHDL-C ¢ um fator de risco para doenga cardiovascular aterosclerdtica e alvo terapéutico
para prevengao primaria e secundaria. Estudos realizados em outras popula¢des demonstraram
que uma frequéncia elevada dos individuos apresenta nHDL-C e LDL-C discordantes e que,
nessa situagado, o risco cardiovascular ¢ determinado pelo primeiro marcador. Alguns autores
recomendam que a meta terapéutica do nHDL-C deve ser definida como concentragdes
equivalentes aos mesmos percentis populacionais das metas de LDL-C.*”**® O tnico estudo
realizado com essa finalidade demonstrou que as metas de nHDL-C baseadas em percentis sao
mais baixas que as propostas pelas diretrizes, implicando em uma frequéncia mais elevada de
individuos com LDL-C na meta e nHDL-C acima da meta terapéutica, principalmente quando
a concentracdo de TG ¢ elevada e a de LDL-C baixa, equivalente as metas dos pacientes com
risco cardiovascular alto ou muito alto.*’ Portanto, a avaliacdo da reprodutibilidade desses
achados em outras populagdes ¢ importante, tendo em vista as repercussdes terapéuticas e
potencial reducao do risco residual que metas mais adequadas de nHDL-C poderiam
proporcionar para pacientes com risco cardiovascular alto.

O estudo ELSA-Brasil constitui base de dados ideal para (1) a construgdo de intervalos de
referéncia especificos para a populagdo brasileira e (2) para a determinagdo da distribui¢do das
concentracdes de LDL-C e nHDL-C e, por conseguinte, de metas terapéuticas especificas para
o ultimo parametro nessa populacao, pelos seguintes motivos:

e Participantes bem categorizados com relagdo as caracteristicas socio-demograficas, de
estilo de vida, historia patoldgica, uso de medicamentos e suplementos, de tal forma
que € possivel aplicar os critérios de inclusdo e exclusdo recomendados pelo C-RIDL;

e Condigdes pré-analiticas, incluindo condi¢des para o preparo do participante, coleta e
armazenamento da amostra bioldgica, atendem as recomendag¢des do CLSI e IFCC;

e Representantes de seis grandes centros das trés regides mais populosas do Pais (Sul,
Sudeste e Nordeste);

e Exames realizados em um unico laboratério clinico central de referéncia, desta forma
eliminando o impacto analitico secundério a variabilidade de resultados entre kits de
fabricantes diferentes sobre o intervalo de referéncia final.

O presente estudo tem como objetivos:
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Determinar, nos participantes do estudo ELSA-Brasil, os percentis equivalentes as
metas terapéuticas de LDL-C e os valores de nHDL-C correspondentes a esses
percentis;

Avaliar a discordancia entre os dois marcadores levando-se em consideragdo categorias
de metas terapéuticas baseadas no LDL-C e no nHDL-C, incluindo tanto as metas de
nHDL-C derivadas das diretrizes terapéuticas quanto as derivadas dos percentis
populacionais do ELSA-Brasil, e estratificando a analise segundo as concentragdes de

triglicérides.
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Background and aims: Non—high-density lipoprotein cholesterol (non-HDL-C) goals are defined as
30 mg/dL (0.78 mmol/L) higher than the respective low-density lipoprotein cholesterol (LDL-C) goals.
This definition, however, do not consider the population distribution of non-HDL-C, which could
represent a more appropriate individual goal when both markers are discordant. The aim of this study is
to establish non-HDL-C goals at the same population percentiles of LDL-C.
Methods: Non-HDL-C values were assigned at the same percentiles correspondent to the LDL-C treat-
ment goals for 14,837 participants from the Longitudinal Study of Adult Health (ELSA-Brasil) with tri-
glycerides levels < 400 mg/dL (4.52 mmol/L). We also assessed the frequency of reclassification, defined
as the number of subjects with LDL-C levels in the recommended therapeutic category, but with non-
HDL-C levels above or below the category.
Results: The non-HDL-C values, based on correspondent LDL-C population percentiles, were 92 (2.38),
122 (3.16), 156 (4.04), 191 (4.95), and 223 mg/dL (5.78 mmol/L). Among participants with LDL-C <70 mg/
dL (1.81 mmol/L), 22.8% were reclassified in a higher category according to the guidelines-based non-
HDL-C cut-off and 30.1% according to the population percentile-based cut-off; 25.6% and 64.1%,
respectively, if triglycerides concurrently 150—199 mg/dL (1.69—2.25 mmol/L).
Conclusions: Our results demonstrated that non-HDL-C percentiles-based goals were up to 8 mg/dL
(0.21 mmol/L) lower than the guidelines recommended goal and had a profound impact on the reclas-
sification of participants, notably when LDL-C was <100 mg/dL (2.56 mmol/L), the treatment goal for high
risk patients. Therefore, non-HDL-C goals should be changed for reduction of residual risk.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction when triglycerides (TG) are > 200 mg/dL (2.26 mmol/L) [5—10].

Recent studies have demonstrated that patient-level discor-

Non—high-density lipoprotein cholesterol (non-HDL-C) is a
measure of cardiovascular disease risk (CVD) equivalent to or even
more robust than low-density lipoprotein cholesterol (LDL-C)
[1—4]. Current guidelines recommend non-HDL-C as a co-primary
therapeutic target associated with LDL-C or as a secondary target
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dances between LDL-C and non-HDL-C are common [11—13]. Pa-
tients at goal levels of LDL-C, but with high non-HDL-C levels, still
have increased CVD risk [13,14]. Non-HDL-C tends to be discor-
dantly higher in patients with excess triglyceride-rich lipoproteins
(TRL), as occurs in atherogenic dyslipidemia (AD) [11—13].

AD is a condition characterized by increased levels of tri-
glycerides (TG), decreased levels of HDL-C, and normal or moder-
ately increased levels of LDL-C [15—19]. Non-HDL-C, calculated as
the difference between total cholesterol and HDL-C, represents the
cholesterol mass contained in all atherogenic lipoproteins (LDL and
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TRL). Since non-HDL-C also captures TRL, it represents an important
target of therapy, as epidemiological and experimental evidence
indicates that TRL is atherogenic and an important marker of re-
sidual risk [15—18].

One strategy to reduce the residual CVD risk is to use percentile-
based non-HDL-C goals [11,20]. The guidelines proposed thera-
peutic goal for non-HDL-C is the same as for LDL-C, plus 30 mg/dL
(0.78 mmol/L) [6—10]. However, the non-HDL-C values with
percentile equivalence to LDL-C goals for high risk patients may be
7—9 mg/dL (0.18—0.23 mmol/L) lower than the guidelines proposed
goal [11,20]. Lowering the non-HDL-C goals for these patients could
potentially reduce residual risk.

The present study aimed to determine non-HDL-C values cor-
responding to the same population percentiles of LDL-C treatment
goals in the participants of the Brazilian Longitudinal Study of Adult
Health (ELSA-Brasil) and to calculate the prevalence of discordance
between non-HDL-C and LDL-C, using the guideline and percentile-
based non—HDL-C goals, at different LDL-C and triglyceride levels.

2. Materials and methods
2.1. Study subjects

ELSA-Brasil is a multicenter cohort study involving 15,105 civil
servants aged 35—74 years, from six cities in Brazil [Belo Horizonte,
Porto Alegre, Rio de Janeiro, Salvador, Sao Paulo and Vitéria] [21,22].
The ELSA-Brasil protocol was approved by the National Commis-
sion for Research Ethics (CONEP), with the letter of approval No.
976/2006, and by the Research Ethics Committees from the
participating centers. All participants signed a consent form.

The present study excluded participants with no known results
for total cholesterol, HDL-C or triglycerides (n = 9) and triglycerides
levels > 400 mg/dL (4.52 mmol/L, n=259). A total of 14,837 par-
ticipants were included in our analyses.

2.2. Data collection

Information on age, gender, smoking, diagnosis of diabetes
mellitus, systemic arterial hypertension and use of oral hypolipi-
demic agents was obtained by interviewing the participants, ac-
cording to a specific protocol developed for the ELSA-Brasil study.
The body mass index (BMI) was calculated as the ratio between the
weight (kg) and the square of the height (meters).

2.3. Blood sampling and transport

Blood samples were collected after a 12-h fast in a tube with an
activator gel. The serum was separated within 30 min and stored in
cryotubes at —80 °C. Subsequently, the cryotubes were transported
to the Laboratory of the University Hospital of the University of Sao
Paulo, where they remained stored at —80 °C until the biochemical
analyzes were performed.

2.4. Lipid profile analysis

Total cholesterol was measured by the enzymatic colorimetric
cholesterol oxidase method (ADVIA Chemistry Cholesterol_2,
Siemens Healthcare Diagnostics, Tarrytown, NY, USA). HDL-C was
measured by the non-precipitated homogeneous colorimetric
method (ADVIA Chemistry Direct-HDL Cholesterol, Siemens) and
the triglycerides levels were assessed by the colorimetric enzy-
matic method of glycerol phosphate peroxidase, according to
Trinder (ADVIA Chemistry Triglycerides, Siemens). LDL-C was
calculated by the Friedewald equation (LDL-C=total choles-
terol - HDL-C — triglycerides/5), when triglycerides were

<400 mg/dL (4.52 mmol/L) [23]. Non-HDL-C was calculated as the
difference between total cholesterol and HDL-C. All tests were
performed using the ADVIA 1200 equipment (Siemens).

2.5. Statistical analysis

Variable distribution was presented as frequencies, mean and
standard deviation, or median and interquartile range.
Mann—Whitney U test was used for comparison of medians and
Chi-squared test was used for comparison of categorical variables.
We consider p<0.05 statistically significant. Initially, we established
population percentiles for the LDL-C values 70, 100, 130, 160,
190 mg/dL, (1.81, 2.59, 3.36, 4.14, 4.92 mmol/L), corresponding to
the therapeutic goals proposed by 2004 National Cholesterol Edu-
cation Program Adult Treatment Panel Il update (NCEP-ATPIII), as
well as the non-HDL-C values equivalent to these LDL-C percentiles
[10]. This was done for each city individually and for all participants
of Elsa-Brasil.

As non-HDL-C is a secondary therapeutic target, we next eval-
uated the participant-level discordance between LDL-C and non-
HDL-C, stratified by LDL-C and TG concentration. For this pur-
pose, we used the LDL-C goals defined by NCEP-ATPIII to create five
therapeutic categories, < 70, 70-99,100—129, 130—159, >160 mg/dL
(<1.81, 1.81-2.56, 2.59—3.34, 3.37—4.12, >4.14 mmol/L). Identical
non-HDL-C therapeutic categories were also created with the goals
suggested by the guidelines (LDL-C + 30 mg/dL), as well as the
values derived from the population percentile equivalent to the
LDL-C goals. Discordance was defined as the non-HDL-C based
reclassification of therapeutic category, that is, the percentage of
participants with LDL-C concentration within a specific therapeutic
category, but with non-HDL-C concentration lower (non-HDL-
C < LDL-C) than or higher (non-HDL-C > LDL-C) than the proposed
goal for this category. For example, based on the non-HDL-C
guideline derived goals, participants with LDL-C levels between
70 and 99 mg/dL (1.81-2.56 mmol/L) and non-HDL-C
levels < 100 mg/dL (2.59 mmol/L), were reclassified in a lower
category. Conversely, participants with identical LDL-C levels but
with non-HDL-C levels >129 mg/dL (3.34 mmol/L), were reclassi-
fied in a higher category.

Statistical analysis was performed using the MedCalc statistical
package for Windows, version 16.8.4 (MedCalc Software, Ostend,
Belgium).

3. Results

Participants in this study were aged 35—74 years (median age of
52.1 years), most were women (55%), 13% smoked and 22.6% had a
BMI that exceeded 30 kg/m?>. Prevalence of hypertension and dia-
betes was 35.4% and 19.2%, respectively.

Women presented a more favorable lipid profile than men, with
higher median HDL-C [60.0 vs. 49.0 mg/dL (1.55 vs. 1.27 mmol/L);
p <0.0001], lower median non-HDL-C [151 vs. 158 mg/dL (3.91 vs.
4.09 mmol/L); p <0.0001] and lower median TG [103 vs. 129 mg/dL
(116 vs. 1.46 mmol/L; p <0.0001]. Characteristics of the study
population are shown in Table 1.

The population percentiles of LDL-C and equivalent non-HDL-C
values are shown in Table 2.

The non-HDL-C values, recorded for each city of the study,
ranged 87-92mg/dL  (2.25—2.30 mmol/L), 120—125 mg/dL
(3.11-3.24 mmol/L), 155—158 mg/dL (4.01—4.09 mmol/L),
190—-193 mg/dL  (4.92—-5.00mmol/L) and 223-228 mg/dL
(5.78—5.91 mmol/L), respectively, for the percentiles 3, 18, 52, 82
and 95. The highest variation in non-HDL-C concentration among
different cities was 5 mg/dL (0.13 mmol/L), corresponding to a co-
efficient of variation (CV) of 5.4% at the 3rd percentile, lower than
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Table 1
Characteristics of the participants of ELSA-Brasil included in this study.”
Characteristics All participants Women Men p-value
n=14,837 n=28161 n=6676
Age, years (SD) 52.1(9.1) 52.0 (8.9) 52.2 (94) =0.9675
Smoking status (%) <0.0001
Now 13.0 12.0 14.1
Before 29.8 25.5 35.1
BMI (%) =0.0059
Overweight ( > 25 - <30 kg/m?) 40.2 36.1 453
Obesity ( > 30 kg/m?) 226 24.6 20.1
SAH (%) 354 32.0 39.7 <0.0001
Diabetes mellitus (%) 19.2 164 22.6 <0.0001
Hypolipidemic agents (%)
Statins 12.1 12.1 12.1 =1.00
Others 2.1 1.6 2.7 =0.0008
Total cholesterol, mg/dL, median (IQ)® 211.0 (186.0—239.0) 213.0 (188—241) 208 (183—-236) <0.0001
LDL-C, mg/dL, median (IQ) 129.0 (107.0-152.0) 128 (107—-152) 129 (108—151) 0.8088
HDL-C, mg/dL, median (IQ) 54.0 (46.0—65.0) 60.0 (51-70) 49.0 (43-57) <0.0001
non-HDL-C, mg/dL, median (IQ) 154.0 (130.0—180.0) 151 (128—178) 158 (133—-184) <0.0001
Triglycerides, mg/dL, median (IQ) 113.0 (81.0—-162.0) 103 (75—143) 129 (92—-185) <0.0001

SD, standard deviation; BMI, body mass index; IQ, interquartile range; SAH, systemic arterial hypertension; HDL-C, HDL-cholesterol; LDL-C, LDL cholesterol; non-HDL-C, non-

HDL cholesterol.

2 To convert mg/dL to mmol/L multiply by 0.02586 for cholesterol and by 0.01129 for triglycerides.

Table 2
Population percentiles and corresponding values of LDL-C (mg/dL) and non-HDL-C (mg/dL) in ELSA-Brasil study.?

Percentile LDL-C non-HDL-C non-HDL-C non-HDL-C non-HDL-C non-HDL-C non-HDL-C non-HDL-C
BA ES MG RJ RS SP ELSA
n=1989 n=1029 n=3071 n=1760 n=2022 n =4966 n=14,837
w, W, 53.2% W, 53.1% W, W, 57.6% w, W, 55.0%
59.5% 52.8% 54.5%

3° 70 87 92 90 91 92 90 92

18° 100 122 125 120 123 124 123 122

52° 130 157 158 156 155 158 156 156

82° 160 191 193 190 190 191 191 191

95° 190 223 228 226 227 229 226 224

BA, Bahia State; ES, Espirito Santo State; MG, Minas Gerais State; R], Rio de Janeiro State; RS, Rio Grande do Sul State; SP, Sao Paulo State; W, women.

2 To convert mg/dL to mmol/L multiply by 0.02586 for cholesterol.

the total error permitted in the determination of total cholesterol
(<9.0%) and HDL-C (<13.0%), based on the specifications for
analytical quality deriving from the components of biological
variation [25].

Using the non-HDL-C reference value of LDL-C + 30 mg/dL
(0.78 mmol/L) proposed by current guidelines, 2068 participants
(14.0%) were moved into a higher therapeutic category, and 3957
(26.7%) were allocated into a lower therapeutic category. In
contrast, applying the non-HDL-C values from population percen-
tiles, 2305 participants (15.5%) were reclassified into a higher
therapeutic category and 2410 (16.2%) were moved to a lower
therapeutic category. The number of participants reclassified in
either higher or lower therapeutic categories was related to higher
or lower serum triglyceride levels, respectively (Fig. 1).

Because the guidelines recommend using non-HDL-C as a
therapeutic target only after the LDL-C goal is reached, and
considering that the Friedewald equation used to calculate the LDL-
C underestimates its actual concentration when the calculated
value is< 100 mg/dL (2.59 mmol/L) and triglyceride levels are
>150 mg/dL (1.69 mmol/L), we next focused on the frequency of
reclassification into a higher therapeutic category for participants
with low LDL-C levels [24]. Indeed, when we reclassified the ther-
apeutic category of participants with LDL-C <100 mg/dL
(2.59 mmol/L) using non-HDL-C and we stratified them by serum

triglyceride concentration, a higher reclassification was most
frequent in the group with triglycerides levels >150 mg/dL
(1.69 mmol/L). The reference values for non-HDL-C based on pop-
ulation percentiles reclassified a higher number of participants
than the guidelines derived reference values, particularly at tri-
glycerides levels between 150 mg/dL (1.69 mmol/L) and 199 mg/dL
(2.25 mmol/L) (Figs. 2 and 3).

4. Discussion

We have established non-HDL-C goals equivalent to the same
population percentiles of LDL-C therapeutic goals in a sample of the
ELSA-Brasil cohort. These new values were up to 8.0 mg/dL
(0.21 mmol/L) lower than the current guidelines-based non-HDL-C
goal, mainly when LDL-C concentrations were less than 100 mg/dL
(2.59 mmol/L).

We also demonstrated pronounced patient level discordance
between LDL-C and non-HDL-C percentiles-based goals. The high-
est frequency of reclassification into a higher therapeutic category
based on percentile-measured non-HDL-C occurred in patients
with low LDL-C and hypertriglyceridemia, precisely those for
whom the Friedewald formula underestimates the real concen-
tration of LDL-C, leading to the risk of subtherapeutic treatment
[24].
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H non-HDL-C Percentile 33.5% 9.6% 0.2% 0.0%

Higher reclassification
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70.0%
60.0%
50.0%
40.0%
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20.0%
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0.0% —
TG <100 TG 100-149 | TG 150-199 | TG 200-400
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M non-HD L-C Guideline 0.0% 4.6% 17.8% 68.0%
M non-HDL-C Percentile 0.0% 5.5% 24.4% 70.1%

Fig. 1. Reclassification of the therapeutic category based on non-HDL-C goals.

The participants were reclassified according to non HDL-C goals derived from current guidelines and ELSA-Brasil population percentiles, and stratified by triglyceride concentration
(TG, mg/dL). ® (A) Lower reclassification: 3957 participants (26.7%) were reclassified according to the guidelines, and 2410 participants (16.2%) were reclassified according to the
population percentiles. (B) Higher reclassification: 2068 participants (14.0%) were reclassified according to the guidelines, and 2305 participants (15.5%) were reclassified according
to the population percentiles. “To convert mg/dL to mmol/L multiply by 0.01129 for triglycerides.
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Fig. 2. Reclassification of study participants with LDL-C <70 mg/dL.

The reclassification was based on non-HDL-C (mg/dL) values derived from guidelines (dashed line) and population percentiles of ELSA-Brasil (continuous line). Above each line are
the patients moved to a higher therapeutic category according to the corresponding criterion. ¢ (A) Of the 359 participants with LDL-C <70 mg/dL, 82 (22.8%) and 108 (30.1%) were
reclassified according to the guidelines and population percentiles, respectively. (B) Reclassification, according to either guidelines or population percentiles, stratified by tri-
glyceride concentration (TG, mg/dL). “To convert mg/dL to mmol/L multiply by 0.02586 for cholesterol and by 0.01129 for triglycerides.



248 EA. Brito et al. / Atherosclerosis 274 (2018) 243—250

175 1 -1
) °o ° ! = ®
S 5 S o
» | @ ;‘-‘ E N ) .
° o t e | - ® o e o 9 , o ® L ‘
~ 1507 8% o oS¢ R B A R
%I ® o © » 8 e o °© | e o g H : e ° "
3 267 (11.9%) o |8 o 38 tSegeg 8y
£ ® . J g © 8 e _ e ® T 8 8¢ °
~ o ! ) © @ 4 J:l g a_ﬁ 8 8 i..é ]
------- - - - - - =2 -~ S E-—0-5 0- 0- g - -
Q 125] 439(f05%) . . i iocec” EREEE i i
= T S8 §:5iizi
T ceocgbezsis 8,204 :
< § Je.f FVRGicd ' 1
o] e g g s ) . o 2 QE 2 2
Pz " e g b | a% g q L
8§ ¢ cgcd ] - 8 8 8 o
1004 888 s8 88 q0fl :
HEE RN sgl l! g
g8 . =
gggi - 8 ®
s g5 8 ks
o © o
754 °

70 80 90 100
LDL-C (mg/dL)

TG <100 mg/dL (n = 1,179) | | TG 100-149 mg/dL (n = 548) | | TG 150-199 mg/dL (n = 222)| | TG 200-400 mg/dL (n = 300)

1751
1501

=i

<]

[=)]

E |__00%_ ______|l__. 00%)_ _1____}J

o

5.' 1254 0 (0%) 58 (10.6%)

T

=

(=]

4

100+

70 80 9 10070 80 90 10070 80 9 10070 80 9 100
LDL-C (mg/dL)

Fig. 3. Reclassification of study participants with LDL-C values 70—99 mg/dL.

The reclassification was based on non-HDL-C values (mg/dL) derived from guidelines (dashed line) and population percentiles of ELSA-Brasil (continuous line). Above each line are
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Adopting the non-HDL-C goals derived from population-based
percentiles for individuals with LDL-C <70 mg/dL (1.81 mmol/L)
or <100mg/dL (2.59mmol/L) and triglyceride levels of
150—199 mg/dL (1.69—2.25 mmol/L) increased by two to three
times the percentage of these individuals reclassified into a higher
therapeutic category compared with reclassification based on the
30 mg/dL (0.78 mmol/L) guideline. This reinforces the relevance of
measuring non-HDL-C, even at TG levels of 150—199 mg/dL
(1.69—2.25 mmol/L), and of having the appropriate populational
reference value.

The rationale for the 30 mg/dL (0.78 mmol/L) gap between
LDL-C and non-HDL-C goals is based on the assumption that very-
low-density lipoprotein cholesterol (VLDL-C), estimated as tri-
glycerides/5 by the Friedewald formula, is the principal athero-
genic lipoprotein after LDL-C. Since an optimal triglycerides level
is less than 150 mg/dL (1.69 mmol/L), the optimal level of VLDL-C
is less than 30 mg/dL (0.78 mmol/L) [26]. However, according to
the non-HDL-C distribution among the participants of the ELSA-
Brasil study, for individuals with very high and high cardiovas-
cular risk the correct reference value would be 22 mg/dL
(0.57 mmol/L).

Considering the linear relationship between serum lipid con-
centrations and the risk of CVD, these results suggest that adding
30 mg/dL (0.78 mmol/L) to LDL-C value to determine the non-HDL-
C goal underestimates the risk attributed to non-HDLC for an
important fraction of the patients, and that the reference value for
non-HDL-C should be defined as the equivalent to the LDL-C pop-
ulation percentile.

We showed that the higher the TG levels were, more pro-
nounced was the non-HDL-C based reclassification to a higher
category. This could be explained because non-HDL-C concen-
trations increases steadily with TG levels, and from a certain level
of TG, this increase is determined primarily due to an increase in
TRL, and not due to higher LDL-C or lower HDL-C concentration
[27].

The strategy of estimating the non-HDL-C reference values
based on the distribution of population percentiles seems to be
reproducible. Using the same methodology, the non-HDL-C
values obtained in the ELSA-Brasil study were similar to the
values proposed by Elshazly et al. [93 (2.41), 125 (3.24), 157
(4.07), 190 (4.92) and 223 mg/dL (5.78 mmol/L)], and Sniderman
et al. [91 (2.36), 125 (3.24), 158 (4.09) and 191 mg/dL (4.95 mmol/
L)] [11,20]. In the LUNAR trial, which examined the relation of
apoB with LDL-C and non-HDL-C in patients with acute coronary
syndrome, the LDL-C and non-HDL-C levels equivalents of an
apoB goal of 80 mg/dL (8.0 g/L), during treatment with intensive
statin therapy, were 74mg/dL (1.92 mmol/L) and 92 mg/dL
(2.38 mmol/L) [28]. Despite using different populations or
methodologies, these studies suggests that the goal for non-HDL-
C in patients with very high cardiovascular risk should be
reduced by 7-9mg/dL (0.18—0.23 mmol/L) in relation to the
current guidelines.

The discordance between lipid parameters has implications to
the clinical practice because non-HDL-C performs better than LDL-
C in CVD risk prediction, both on- and off-treatment, which, from
an individual point of view, could allow a better cardiovascular risk
assessment and treatment, as observed for patients with athero-
genic dyslipidemia [1—4,13,14]. As an example, Mora et al.
compared various lipid measures among 27,533 healthy women,
and found 11.6% of them with discordant LDL-C and non-HDL-C
levels [13]. In women with LDL-C levels below the median, and
discordant non-HDL-C levels above the median, coronary risk was
underestimated by three-fold with an adjusted HR of 2.92 (95% CI
2.33-3.67).

Limitations of this study include the fact that ELSA-Brasil is not a

population-based study. However, the distribution of participants,
regarding occupational category, ethnicity and age, is representa-
tive of the various socioeconomic, ethnic-racial and cultural seg-
ments of the Brazilian population [21]. Consistent with this, the
population distribution of non-HDL-C among the different cities
was less than the total error considered for total and HDL-C
cholesterol, suggesting that the reference values may be general-
ized to the rest of the population. Also, the lipid profile of the study
participants was determined on only one occasion, which may have
resulted in an error in the stratification of the participants into
different therapeutic classes due to analytical and biological vari-
ability. This was, however, similar to other studies that have also
analyzed a single dosage of the lipid profile [11,12,28].

Despite these limitations, the ELSA-Brasil study included a sig-
nificant number of participants, representing a rich database
collected in a standardized way and with laboratory parameters
obtained with rigorous pre-analytical and analytical protocols,
including examinations in a single laboratory. This guaranteed the
uniformity of the methodology and reduced the clinical impact of
inter-laboratory analytical variability [22].

In this large cohort of free living Brazilians, we observed a high
frequency of discordance between non-HDL-C and LDL-C based
therapeutic categories, with non-HDL-C percentile-based goals
leading to substantial reclassification of individuals into a higher
therapeutic category, especially in the presence of low LDL-C levels
and hypertriglyceridemia. As the Friedewald equation tends to
underestimate the LDL-C in these conditions, non-HDL-C becomes
a key contributor for cardiovascular risk management, particularly
for reducing residual risk in high-risk patients. This indicates that
the recommended goal for non-HDL-C should be changed to match
the same population percentile of LDL-C goals.
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4. CONSIDERACOES FINAIS

O presente estudo propos que o valor de referéncia preconizado pelas diretrizes para o nHDL-
C deve ser equiparado ao mesmo percentil populacional equivalente as metas de LDL-C. Esta
mudanga resultou em reducdo das metas de nHDL-C em 8 mg/dL para pacientes com risco
cardiovascular muito alto e alto, com consequente aumento da frequéncia de reclassificagdo dos
pacientes para categoria terap€utica superior, principalmente na presenga de baixa concentragao
de LDL-C e hipertrigliceridemia. Como a equacdo de Friedewald subestima o real valor do
LDL-C nesta situacdo, as metas terapéuticas baseadas nos percentis de nHDL-C assumem
importancia fundamental no manejo destes pacientes, potencialmente minimizando o risco
cardiovascular residual dos mesmos.?’

O fato de os nossos achados terem sido semelhantes aos de outros estudos, associado a pequena
variabilidade dos valores de nHDL-C por percentil entre os centros participantes do ELSA-
Brasil, sugerem que os valores do nHDL-C baseados nos percentis tém comportamento
semelhante em diferentes grupos populacionais.*’*

O recente Consenso para Quantificacdo de Lipoproteinas Aterogénicas, da European
Atherosclerosis Society (EAS) e European Federation of Clinical Chemistry and Laboratory
Medicine (EFLM), define que o biomarcador ideal deve ser validado quanto ao desempenho
analitico e clinico, a eficiéncia clinica e a custo-efetividade, em diferentes cenarios clinicos
como triagem, diagndstico e acompanhamento das dislipidemias.'!

No momento atual, o colesterol ndo-HDL ¢ a lipoproteina aterogénica que melhor preenche
esses requisitos. Do ponto de vista analitico, ¢ considerado um biomarcador preciso, nao
influenciado pelo estado de jejum e acessivel, ja que ¢ parte integrante do perfil lipidico liberado
pelos laboratérios clinicos sem nenhum custo adicional. Do ponto de vista do desempenho
clinico, possui associagdo comprovada com doenga cardiovascular incidente, e fornece
informagdo adicional em relagcdo ao LDL-C, por incorporar o colesterol das lipoproteinas ricas
em triglicérides. Do ponto de vista da eficiéncia clinica, além de ser um fator de risco
modificavel inquestionavel (alvo terapé€utico), também apresenta como atributos provaveis o
fato de ser um biomarcador superior ao LDL-C que, enquanto meta terap€utica, leva a reducao
do risco cardiovascular.'!

No entanto, a principal limitagdo do nHDL-C como biomarcador ¢ a auséncia de limites de

decisdo clinicamente validados. Os estudos de discordancia sugerem o potencial do nHDL-C
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como marcador de risco cardiovascular residual, mas ¢ preciso ter em mente que as metas de
nHDL-C preconizadas pelas diretrizes foram arbitrariamente definidas por consenso, ainda
sendo necessaria a avaliacdo do seu desempenho diagndstico como teste complementar ao
LDL-C, para identificagao e tratamento de individuos com risco residual.

Para atingir tais objetivos, devem ser delineados estudos que comparem a redugdo de eventos
cardiovasculares resultante da adog@o das metas de LDL-C, das metas de nHDL-C preconizadas
pelas diretrizes e das metas de nHDL-C derivadas dos percentis populacionais. Apesar de o
ELSA-Brasil nao constituir um estudo de intervengao terapéutica, devido a alta prevaléncia de
discordancia entre LDL-C e nHDL-C entre os participantes do estudo, a coorte oferece uma
oportunidade para o acompanhamento prospectivo e avaliagdo da incidéncia de eventos
cardiovasculares em individuos com nHDL-C discordantemente alto, seja de acordo com as

metas definidas pelas diretrizes ou segundo os percentis populacionais.
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Lipids/Lipoproteins

laborious and time-consuming We have developed a simple fully-automated direct
homogeneous measurement method of sd LDL-C . With our assay kat, it has been
revealed that the nise of sd LDL-C 15 a nisk factor for coronary heart disease (CHD)
independent from LDL-C. However, the significance as a risk factor in the secondary
prevention of CHD has been unexplamed yet. Method: Subjects were 356 male and 73
female patients aged of 65 years and older with stable coronary artery disease (CAD)
who did or did not develop major cardiovascular events (MACEs) during 5-vear
follow-up period. MACEs were defined as all cause death, onset of acute coronary
syndrome, need for coronary and peripheral artenial revasculanzation, hospitalization
for heart failure, surgical procedure for any cardiovascular diseases. and/or requiring
hospitalization for stroke. Besides sd LDL-C with our assay kit. the following
biomarkers were measured or calculated, and then analyzed: LDL-C, Ib LDL-C. non-
HDL-C, RLP-C, apoAl. apoB. glucose, HbAle, BNP, and eGFR Result: First-time
MACEs were observed in 141 patients. Male patients with MACEs had significantly
higher levels of LDL-C. Ib LDL-C. sd LDL-C, non HDL-C. apoB. RLP-C, fasting
plasma glucose, HbAlc, BNP, and high-sensitive CRP. and sigmficantly lower
levels of HDL-C, apoAl. and eGFR were observed in the patients. Multivariate
Cox regression analysts results showed that all of biomarkers except Ib LDL-C and
eGFR were significantly associated with MACEs. Among lipid biomarkers, only sd
LDL-C had a significant association with MACEs in male patients treated with statins
(Hazard ratio (HR) 1.022, 95% confidence mterval (CI) 1.003-1.042) and diabetic
male patients (HR 1.019, 95% CI 1.001-1.036). Kaplan-Meier MACE-free survival
curve analysis was conducted for 2 groups dichotonuzed by sd LDL-C 25 mg/dL.
which 15 the median of whole subject. Significantly decreased MACE-free Survival
ratio was observed 1n high sd LDL-C group.Conclusion: These results confirm that sd
LDL-C is the most important residual risk to predict future MACEs in stable CAD
patients including patients treated with statins.

Stability of fatty acids in serum stored at -20°C for up to 5 years

C. D. Powers!. M. R. Stemnberg’. S. S. Momin'. E. C. Pendergrast’. D. C.
Scully®. R. L. Schleicher'. ‘CDC, Atlanta, GA, *Battelle, Columbus, OH,
JORISE, Oak Ridge, TN

In a pilot study, we saw up to 43% degradation of polyunsaturated farty acids (PUFA)
1 plasma stored for 6 months at -20°C. It 1s known that PUFA are highly sensitive
to oxidative degradation. This study evaluates the stability of a panel of fatty acids
in serum stored with and without butylated hydroxytoluene (BHT) at -20°C = 5
years. The panel includes 11 saturated (SFA), 6 monounsaturated (MUFA), and 13
PUFA fatty acids. A modification of Lagerstedt et al. (2001) was used to quantitate
unfractionated serum fatty acids. Briefly. total farty acids were hydrolyzed, hexane-
extracted, derivatized to pentafluorobenzyl bromide esters, and detected using
electron capture negative-ion gas chromatography-mass spectrometry.

Serum pools were prepared (=)BHT (3.33 g/L methanol). The serum pools (¥)
BHT were stored at -70°C or -20°C for up to 3 years. All vials were kept frozen
and analyzed at designated times. (3 months. 1.5 years. and 3 vears). To assess assay
performance, serum quality control pools (+)BHT were used. Serum was measured
1n duplicate at each time point except one storage condition, serum (-)BHT stored at
-70°C for 5 years was measured m singlicate due to availability.

For each time period and fatty acid m the panel. concentrations were log transformed
and a separate two-way analysis of vanance was performed using pool and storage
condition as the main effects. The reference condition was storage at -70°C (+)BHT
for the specified length of time (3 months, 1.5 years. or 5 years). Relative percent
changes for storage at -20°C (£)BHT compared to the reference condition for a given
time period were calculated from a two-way ANOVA model with no interaction.
However, interactions between the storage conditions and pools were noted if the
pool-by-storage-condition interaction was both statistically significant and a = 5%
difference existed between any of the pools.

The average percent difference for SFA in serum (=)BHT stored at -20°C ranged from
-2% to 0.2% at 3 months and 1.5 years (p = 0.05): MUFA were = 4% different at 3
meonths (p < 0.05). PUFA with = 3 double bonds decreased from 0.4% to 9% (+)BHT
and from 16% to 36% (-)BHT in serum stored at -20°C for up to 5 years (p = 0.05).
Eicosapentaenoic acid and docosahexaenoic acid were particularly unstable in the
absence of BHT. losing 34% and 35%, respectively. after 3 years at -20°C (p < 0.03).
Serum fatty acids stored for 5 years at -70°C (£)BHT were on average < 1% different
across all classes compared to the reference condition.

In conclusion, SFA and MUFA 1n unfractionated serum are relatively stable when
stored at -20°C (£)BHT. However, PUFA degrade when stored without BHT at -20°C
for longer than 3 months; generally. greater numbers of double bonds were associated
with lower stability. To prevent substantial PUFA degradation, BHT should be added
to the setum prior to storage at -20°C or preferably serum should be stored at =-70°C.

Wednesday, August 2, 9:30 am — 5:00 pm

Non-HDL cholesterol secundary therapeutic goals based on LDL
cholesterol population percentiles: Contribution of Longitudinal
Study of Adult Health (ELSA-Brasil)

F. A. Brito!, W. Pedrosa’. C. B. Maluf!, P. G. Vidigal'. ‘Universidade
Federal de Minas Gerais, Belo Horizonte, Brazil, ‘Hermes Pardini
Laboratory, Belo Horizonte, Brazil

Background: Current international guidelines consider non—high-density lipoprotein
cholesterol (non-HDL-C) as a goal for the prevention and treatment of atherosclerotic
cardiovascular disease. These guidelines established non-HDL-C targets 30 mg/dL
higher than the respective low-density lipoprotein cholesterol (LDL-C) cut-off points,
considermg the very-low-density lipoprotem (VLDL-C). estumated by the Friedewald
equation, when the triglycenide concentration 1s 150 mg/dL. These definitions do not
consider the population distribution of the non-HDL-C values, and recent studies i
different populations have shown that they were lower than the guidelines cut-off
points. The aim of this study is to establish cut-off points for non-HDL cholesterol
(non-HDL-C) at the same population percentiles of LDL-C. The frequency of
reclassification of therapeutic category using current guideline-based non-HDL-C and
population percentiles-based cut-off points were also assessed.

Methods: A total of 14.837 participants from the Longitudinal Study of Adult Health
(ELSA-Brasil). aged from 35 to 74 years old and with triglycerides levels < 400 mg/
dL were included. Total cholesterol. HDL-C. and tniglycendes were measured m
the ADVIA Chenustry system after 12 hours of fasting and LDL-C was calculated
with the Friedewald equation. Initially, population percentiles were established for
the LDL-C wvalues correspondng to the therapeutic goals, and non-HDL-C values
equivalent to the respective LDL-C percentiles were assigned. Next, we assessed
the reclassification of therapeutic category based on non-HDL-C. defined as the
frequency of subjects with LDL-C levels in the recommended treatment category. but
non-HDL-C levels higher than the recommended treatment goal.

Results: The LDL-C wvalues of 70, 100, 130 and 160 mg/dL corresponded to the
population percentiles 3, 18, 52 and 82, respectively. The non-HDL-C cut-off points
for the same percentiles were 92, 122, 156 and 191 mg/dL. When using the latter
non—HDL-C cut-off pomts, 2305 (15.5%) participants were reclassified upwards
and 2410 (16.2%) downward. Using current guidelines-based cut-off points, 2068
(14.0%) participants were reclassified upwards and 3957 (26.7%) downward. Among
participants with triglycerides between 150 and 199 mg/dL and with concurrently
LDL-C level = 70 mg/dL. 26 3% were reclassified upward according to the guideline-
based non-HDL-C cut-off point (= 100 mg/dL), and 65 8% according to the population
percentile-based cut-off point (non-HDL-C =92 mg/dL). Of participants with LDL-C
level between 70 and 99 mg/dL. 14.3% were reclassified upward according to the
guidelme-based cut-off point (non-HDL-C = 130 mg/dL). and 48.9% according to the
population percentile-based cut-off point (non-HDL-C = 122 mg/dL).

Conclusion: In this large cohort of free living Brazilians, ours results indicates that
the recommended target value for non-HDL-C should be reduced to match the same
population percentile equivalent to LDL-C goals. This change resulted in a significant
wmcrease m the frequency of reclassification of patients to a higher therapeutic
category, especially in the presence of low LDL-C level and hypertriglyceridemia.

RNASE L regulates the expression of fatty acid synthase in the mouse
liver

R. Wei, A. Zhou. Cleveland State University, Cleveland, OH

Background:

Interferons (IFNs) are cytokines that participate in the innate immumty against
viruses and other microbial pathogens. In addition. they also display anti-tumor, anti-
proliferative and immuno-regulatory activities. The function of IFNs 1s mediated
through proteins encoded by IFN-stimulated genes (ISGs). Ribonuclease L (RNase L)
1s a type of ISGs. Studies have shown that RNase L contributes to anti-viral infection,
apoptosis and anti-cell proliferation. RNase L knockout mice are significantly larger
than wide type mice in terms of body weight, and have more oil droplets 1n the organ
tissues such as liver and kidney, suggesting that RlNase L may be involved 1n lipid
metabolism.

Method and Results:

To determune 1f RINase L regulates the expression of any genes in the liver, liver
tissue extracts from RNase L knockout and wild type mice were subjected to SDS-
polyacrylamide electrophoresis and Coomassie blue staining The differentially
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Non-HDL-C levels and residual cardiovascular risk: Do population-
specific precision approaches offer any advantages?
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Since the initial discovery of the links between dietary fats,
blood lipids and coronary heart disease (CHD) risks nearly eight de-
cades ago [1,2], extensive research has been conducted in this area
and the risk factor role of blood lipids and lipoproteins in the devel-
opment of atherosclerotic cardiovascular disease (CVD) is firmly
established. Significant improvements in our understanding of
the physiological role, function, regulation and metabolism of
each lipoprotein class during health and disease have permitted
the establishment of reference values for normal (optimal or desir-
able) and pathological concentrations for both pro- and anti-
atherogenic lipoprotein classes. These values provide guidance to
clinicians when assessing an individual patient's risk of developing
CVD and have also been used in guidelines to monitor treatment ef-
fects and to establish therapeutic goals. It is increasingly appreci-
ated that lipid and lipoprotein traits differ between population
(ethnic/racial) groups and/or geographical locations. For example,
at a population level, African-Americans have higher levels of
high-density lipoprotein cholesterol (HDL-C) and lower levels of
triglycerides compared to Caucasians [3,4]. These population-
specific characteristics in lipid profile may become important in
evaluating the dynamic interplay between multiple risk factors,
leading to the development of CVD [3].

Based on the findings of a large number of epidemiological,
population-based as well as mechanistic and experimental studies,
effective lifestyle- and pharmacological-based interventions for
reducing circulating levels of atherogenic lipoproteins have been
developed. These include, but are not limited to, lifestyle modifica-
tions (reducing dietary saturated fat intake, increasing dietary fiber
and plant sterols/stanols intakes, staying physically active and exer-
cising regularly) as the corner stone of treatment [5,6] as well as use
of lipid-lowering medications such as 3-hydroxy-3-methyl-glu-
taryl-coenzyme A reductase inhibitors (i.e., statins). Due to these
seminal works and developments as well as the increasing public

DOI of original article: https://doi.org/10.1016/j.atherosclerosis.2018.04.007.

https://doi.org/10.1016/j.atherosclerosis.2018.05.010
0021-9150/© 2018 Published by Elsevier B.V.

awareness regarding the importance of maintaining a healthy life-
style to reduce cardiovascular risk, age-adjusted prevalence of
elevated levels of low-density lipoprotein cholesterol (LDL-C)
among U.S. adults aged 40—74 years has decreased from 59% to
27% from the late 1970s through 2007—2010 [7]. Accordingly, the
percentage of U.S. adults using lipid-lowering medication increased
from 5% to 23% from the late 1980s through 2007—2010 [7]. These
shifts have contributed to reduce heart disease and stroke mortality
over the last decades [8].

Although LDL-C is well established as a CVD risk factor, dyslipi-
demia is frequently characterized by a more complex pattern with
elevated levels of triglycerides, remnant lipoproteins, lipoprotein(a)
and a lipoprotein subfraction pattern considered unfavorable in
addition to low levels of HDL-C. Notably, a low level of HDL-C is
the most commonly observed type in patients with premature
CVD [9] and it has been shown to be a strong independent predictor
of incident cardiovascular events [10—12]. Therefore, assessment of
an individual's risk of CVD based on LDL-C level alone, a snap shot
of a steady-state pool size of a single class of atherogenic lipopro-
teins, may not always accurately reflect a person's global risk for
CVD development. Given these complexities, non-HDL-C, calcu-
lated as the difference between HDL-C and total cholesterol con-
centrations, has been identified as a useful tool to capture a more
complex dyslipidemic pattern. Measurement of non-HDL-C con-
centration may be particularly useful in individuals with high levels
of triglycerides, reflecting those in triglyceride-rich lipoproteins
such as lipoprotein remnants and VLDL-C. It has been suggested
that the non-HDL- C concentration, a sum of all apolipoprotein
(apo)-B-containing atherogenic lipoprotein populations, predicts
CVD risk at least equivalent to or even more robustly than LDL-C
concentration [13—15].

In this context, the study by Brito et al., published in this issue of
Atherosclerosis [18], offers opportunities for additional population-
specific insights into the use of non-HDL-C treatment goals in
detecting and reducing residual CVD risk. Their study included
about 15,000 subjects, participating in the Brazilian Longitudinal
Study of Adult Health (ELSA-Brasil). The ELSA-Brasil recruited civil
servants aged between 35 and 74 years in a spectrum of regions
across Brazil (six cities: Belo Horizonte, Porto Alegre, Rio de Janeiro,
Salvador, Sao Paulo and Vitéria). The cohort consisted of approxi-
mately equal number of men and women with on average a rela-
tively normal lipid profile. All laboratory parameters were
measured in a single laboratory, reducing the potential impact of
inter-laboratory variability. First, the authors systematically deter-
mined non-HDL-C values corresponding to the same population
percentiles of LDL-C treatment goals. Then, using the 2004 National
Cholesterol Education Program Adult Treatment Panel Il update
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guideline [16] and percentile-based non-HDL-C goals, they esti-
mated the prevalence of discordance between non-HDL-C and
LDL-C, while also taking LDL-C and triglyceride levels into account.
The study demonstrated that percentiles-based goals for non- HDL-
C were lower (up to 8 mg/dL) than the guideline goals and, in addi-
tion, that there was a significant treatment category discordance
between LDL-C and non-HDL percentiles with a more pronounced
effect noted for low LDL-C (<100 mg/dL) and high triglycerides
(>150 mg/dL) levels.

The findings of this study have several clinical implications.
First, the recommended method to determine non-HDL-C treat-
ment goals (LDL-C plus 30 mg/dL) in persons with relatively normal
triglyceride-rich lipoproteins under fasting conditions may not al-
ways accurately reflect real-life situations and could fail to identify
a significant number of individuals who are at a residual risk of
CVD. Second, the application of non-HDL-C population percentile-
based goals reclassified a smaller portion of individuals into a lower
therapeutic category compared with guideline-based goals (16% vs.
27%). Third, the performance of reclassification of individuals into a
higher therapeutic category was dependent on LDL-C and triglycer-
ide levels. Among individuals with a low LDL-C level (<70 mg/dL or
70—99 mg/dL) and a moderately elevated triglyceride level
(150—199 mg/dL), a greater proportion of individuals met criteria
for a higher therapeutic category based on population percentiles
rather than by applying guideline recommendations (64% vs. 26%
for the group with LDL-C level of <70 mg/dL; 51% vs. 17% for the
group with LDL-C level of 70—99 mg/dL). This suggests that using
population-specific percentiles might offer advantages in identi-
fying individuals potentially benefiting from continued treatment
to prevent future CVD incidents. Fourth, use of population-
specific non-HDL goals, matched to the same population percentile
of LDL-C goals, may help reduce misclassification risks due to the
use of the Friedewald equation for LDL-C level (e.g., underestima-
tion) and therefore help identify all individuals at residual risk for
CVD across categories. The study also adds to the ongoing discus-
sion whether to use lipoprotein goal levels or aim for a relative
reduction of atherogenic lipoprotein levels as a guiding tool, the
latter being a central theme in the recently published American
College of Cardiology/American Heart Association guidelines [6].
The findings further illustrate the need to evaluate therapeutic
goals among different population groups and the results highlight
the importance of using a population-specific model compared to
a more generalized model for establishing treatment goals to
reduce CVD risk across populations. These approaches are well-
aligned with the precision medicine concept and with the 2020
Impact Goals of the American Heart Association to improve the car-
diovascular health of all Americans by 20%, while reducing CVD and
stroke deaths by 20% by the year of 2020 [17].
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