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INTRODUCCION



Capitulo 1

Metabolismo lipidico

1.1 Colesterol y lipoproteinas

El colesterol es un componente de las membranas celulares, esencial para el
mantenimiento de su integridad y funcion. Ademas, es precursor de los &cidos biliares en el
higado, de hormonas esteroideas en tejidos esteroidogénicos, de la vitamina D y de
oxiosteroles (1-5). Para la regulacion de colesterol en el organismo, parte es sintetizado de
novo, donde la enzima 3-hidroxi-5-metil-glutaril-CoA-reductasa (HMG-CoA-reductasa)
juega un papel muy importante (colesterol endégeno) y parte ingerido con la dieta (colesterol
exogeno). Nuestro organismo obtiene de la ingesta solamente una pequefia parte del
colesterol del organismo (=400 mg/dia) y la mayor parte proviene de la sintesis hepatica
(=1g/dia). De colesterol ingerido en la dieta aproximadamente un 50% es absorbido por via
intestinal y el sobrante eliminado por las heces (1,4,5).

El colesterol circulante en sangre, debido a su insolubilidad, esta asociado a lipoproteinas,
las cuales transportan otros lipidos incluyendo triglicéridos (TG) y fosfolipidos (3). Las
lipoproteinas son macromoléculas esferoidales formadas por lipidos y proteinas, que se
denominan apolipoproteinas. Su estructura se caracteriza por tener un ndcleo hidrofébico que
contiene fosfolipidos, antioxidantes liposolubles, vitaminas y ésteres de colesterol; y una
monocapa hidrofilica que contiene colesterol libre, fosfolipidos, y apolipoproteinas (apo)
especificas (5-7).

Las apos tienen un papel crucial en el metabolismo lipidico y entre otras funciones,
destaca la capacidad de actuar como ligandos para los receptores celulares del colesterol
(7,8). Las apos son esenciales para el transporte de los lipidos en un medio acuoso, como es
la sangre, y se dividen en cinco categorias segun su densidad y propiedades fisicoquimicas:
quilomicrones (QM), lipoproteinas de muy baja densidad o VLDL (Very Low Density
Lipoprotein), lipoproteinas de densidad intermedia o IDL (Intermediate Density
Lipoprotein), lipoproteinas de baja densidad o LDL (Low Density Lipoprotein), y
lipoproteinas de alta densidad o HDL (High Density Lipoprotein) (5,6). (Tabla 1) (Figura 1)



A su vez, existen cinco clases principales de apos: Apo As (I-V), Apo Bs (48, 100), Apo Cs
(1-111), Apo E y Apo(a), son mostradas en la Tabla 2 (6).

Figura 1. Estructura y tamafio de las lipoproteinas
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Tabla 1. Clases de lipoproteinas
Lipoproteinas Densidad (g/ml) Tamafio Lipidos principales Apoproteinas
(nm) principales
Apo B-48, Apo C, Apo E,
Quilomicrones < 0,930 75-1200 Triglicéridos
Apo A-1, A-ll, A-IV
Remanentes de Triglicéridos
0,930-1,006 30-80 Apo B-48, Apo E
quilomicrones Colesterol
VLDL 0,930-1,006 30-80 Triglicéridos Apo B-100, Apo E, Apo C
Triglicéridos
IDL 1,006-1,019 25-35 Apo B-100, Apo E, Apo C
Colesterol
LDL 1,019-1,063 18-25 Colesterol Apo B-100
Apo A-l, Apo A-11, Apo C,
HDL 1,063-1,210 5-12 Colesterol
Apo E
Lp(a) 1,055-1,085 =30 Colesterol Apo B-100, Apo (a)

Adaptado de Feingold KR ((10))

AN



Tabla 2. Clasificacion de las apolipoproteinas

Apo

Apo A-l

Apo A-11

Apo A-IV

Apo A-V

Apo B-48

Apo B-100

Apo C-I

Apo C-II

Apo C-11I

Apo E

Apo(a)

MW/(Da)

28.000

17.400

46.000

41.000

264.000

550.000

5.700

8.900

8.800

34.500

187.700-
80000

Fuente principal

Higado, Intestino

Higado, Intestino

Higado, Intestino

Higado

Intestino

Higado

Higado, Intestino

Higado, Intestino

Higado, Intestino

Higado, Intestino,
Cerebro, otros

Higado

Lipoproteina asociada

Proteina mas abundante de HDL,
VLDLy QM

(20%) de proteina de HDL, tras la
apo-Al. QM, VLDL

QM, HDL, libre en plasma

QM, VLDL, HDL

QM, remanentes de QM

VLDL, IDL, LDL

QM, VLDL, HDL

QM, VLDL, HDL

Superficie de particulas ricas en
TG: QM y VLDL

QM, VLDL, remanentes de HDL

Lp(a)

Funcion

Estructural en HDL, Activador de LCAT

Estructura de HDL, TG y el metabolismo de
4cidos grasos

Metabolismo de particulas ricas en TG.
InteractGa con apo-Cll en LPL. Activador de
LCAT

Ensamblaje de QM y VLDL. Activador de LPL

Componente estructural de QM y remanentes de

QM

Componente estructural de VLDL, IDL 'y LDL.
Ligando del receptor LDL.

Activador de LCAT, inhibidor de LPL y CETP.
Inhibe la apo E uniéndose a LRP.

Activador de LPL: su deficiencia llevara al
aumento de la HTG

Inhibidor de LPL. Desplaza la apo E de LRP.

Proteina multifuncién. Ligando del LDLry
remanentes de QM. Ligando de LRP. Modula
LPL, CETP, LCAT, LH. Molécula antioxidante.
Regulador de la respuesta inflamatoria



Adaptado de Dominiczaky y cols ((6)). Abreviaturas no descritas anteriormente y que aplican en la tabla: aminoacidos

(AA), Kilo Daltons (KDa), proteina transferidora de esteres de colesterol (CETP), lecitin 7 Metabolismo lipidico colesterol
acil transferasa (LCAT), proteina relacionada con el LDLr (LRP), hipertrigliceridemia (HTG), Lipasa hepatica (LH),
lipoprotein lipasa (LPL), lipoproteina (a) (Lp(a)), receptor LDL (LDLT).

1.2- Via ex6gena del metabolismo de las lipoproteinas

La via exdgena del metabolismo de las lipoproteinas conlleva la absorcién y transporte de
los lipidos de la dieta, >95% son TGy el resto se trata de fosfolipidos (2-4g/dia), vitaminas
liposolubles, y colesterol (Figura 2) (11).

La digestion de los lipidos comienza por via oral, donde se activan las lipasas linguales
secretadas por las glandulas salivares (glandulas de Von Ebner). Las lipasas linguales
hidrolizan las uniones ésteres en los TG con acidos grasos de cadena media o corta, en la
posicion 3 dando 2-monoacilglicéridos (12).

En el estdbmago tiene lugar la emulsificacion de las grasas, como resultado de las
contracciones peristélticas del piloro, impulsadas por el quimo géstrico. La mucosa géstrica
segrega lipasa gastrica, que se degrada rdpidamente, y que produce como productos
resultantes monoglicéridos y acidos grasos de cadena larga. Son vertidos al intestino delgado
donde ocurre la digestion fundamental de las grasas de forma mayoritaria gracias a las lipasas
de origen pancreatico (4,12-15). En la luz intestinal, los TG son hidrolizados a &cidos grasos
y 2-monoglicéridos por la lipasa pancreatica y emulsionados con acidos biliares, colesterol,
esteroles vegetales y vitaminas liposolubles para formar micelas y facilitar la absorcion en el
enterocito (por difusion o por transporte especifico, como por el CD36).

La absorcion de colesterol en el intestino delgado proximal representa la principal via de
entrada del colesterol a nuestro organismo. El colesterol se transporta a las células intestinales
por un transportador de membrana, la proteina tipo 1 de Niemann-Pick C1-like (NPC1L1)
(16). La importancia de scavenger receptor class B type | (SR-BI) todavia es cuestionable,
pero se ha sugerido que desemperfia un papel importante como sensor lipidico (17). Una vez
en la célula intestinal, tiene lugar la esterificacion del colesterol fundamentalmente mediante
la accion de la enzima acil- coenzima A-colesterol-aciltransferasa (ACAT) y la enzima
colesterol esterasa (con un papel menos importante) (14). En el caso de los esteroles

vegetales, la formacién de ésteres, ocurre con menor eficiencia puesto que son sustratos
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pobres para la ACAT (18). El colesterol no esterificado, se transporta fuera de la célula
intestinal, mediante la proteina dimérica ATP binding casette (ABCG5 y ABCGS) (3).

Figura 2. Papel de las lipoproteinas en el transporte de lipidos exdgenos y endégenos.
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Adaptado de Jameson JL, Fauci AS, Kasper DL, Hauser SL, Longo DL, Loscalzo J. 2018. (19) LDLr:
Receptor lipoproteina de baja densidad; LDL: Lipoproteina de baja densidad, FFA: Acidos grasos libres; LPL:

Lipoproteina lipasa; HL: Lipasa hepatica; IDL: Lipoproteina de densidad intermedia; VLDL: Lipoproteina de

muy baja densidad.

- Formacion de Quilomicrones.

Los TG hidrolizados en la luz intestinal, absorbidos como acidos grasos y reesterificados
en forma de TG, constituyen los QM. Su funcion es transportar los lipidos (procedentes de
la ingesta) fundamentalmente al tejido muscular y tejido adiposo. Su tamafio depende de la
cantidad y tipo de grasa ingerida y absorbida. Son las particulas lipoprotéicas mas grandes,
pero menos densas (d<1,000 g/mL). Contienen apos como: Apo B-48, Apo A-1, Apo A-1V,
Apo C-II, Apo C-l111, Apo C-IV y Apo E (20).



Para la formacion de QM en el reticulo endoplasmatico de los enterocitos se necesita de
la sintesis de proteina Apo B-48 (en los seres humanos, esta codificada por el mismo gen que
la Apo B-100 pero con secuencia truncada, ya que solo consta de un 48% de la parte N-
terminal de ésta Gltima. Ambas son codificadas por el gen APOB(21), y de la Proteina
microsomal de transferencia de TG (MTP), que se encarga de transferir lipidos a la Apo B-
48 (22-24).

- Metabolismo de Quilomicrones.

La mayor parte de los lipidos absorbidos por el intestino se secretan en forma de QM al
sistema linfatico para finalizar en el torrente circulatorio y aclararse en breve periodo de
tiempo (5-10 min) (25). Al no enviarse directamente a la circulacion portal, se facilita su
transporte a los tejidos muscular y adiposo, donde se expresa en gran cantidad la lipoprotein
lipasa (LPL). Las Apo A-l1'y Apo A-IV se pierden y la LPL, activada por el cofactor Apo C
I1, conlleva la hidrélisis de los QM a remanentes, liberando acidos grasos libres (26). Parte
de estos acidos grasos son captados por los adipocitos y células musculares por las proteinas
transportadoras de acidos grasos (FATP) y CD36. Otros acidos grasos mediante la albdmina,
se conducirén a otros tejidos.

Los QM reducen su tamafio (QM residuales) se enriquecen proporcionalmente en
colesterol, y al ser reconocida la Apo E que transportan, son captados por receptores
hepaticos, donde son internalizados mediante la proteina relacionada con el receptor LDL
(LRP) uniéndose a la Apo E, donde finaliza su etapa metabdlica y de este modo el colesterol

de la dieta llega al higado.

1.3- Via endogena del metabolismo de las lipoproteinas

La via enddgena se refiere a la secrecion hepatica de los TG y colesterol (en menor
cantidad). Los &cidos grasos que no son oxidados, junto con los ésteres de colesterol
constituyen las VLDL, siendo necesario para ello la sintesis de Apo B-100, Apo E, Apo C-I,
Apo C-I1, y Apo C-I111 (20,26). (Figura 2) (Figura 3)



- Metabolismo de VLDL.

Las VLDL son lipoproteinas grandes y de muy baja densidad (d <1,006 g/mL), ricas en
TG. Se sintetizan exclusivamente en el higado, en el reticulo endoplasmético rugoso de los
hepatocitos (27). La Apo B-100 es su proteina mayoritaria, proteina estructural para la
secrecion de VLDL y de las lipoproteinas que se van formando durante su catabolismo: IDL,
LDL vy la lipoproteina(a) (Lp(a)) (20). Los constituyentes de las VLDL son transportados al
aparato de Golgi, se fusionan con Apo B -100, se glicosilan y forman vesiculas que contienen
las particulas nacientes de VLDL(26,28). La principal funcion de las VLDL es la de
transportar TG y acidos grasos a los tejidos muscular y hepatico (andlogamente a los QM)
(20).

Las VLDL que provienen del higado, en la circulacion intercambian con las HDL: Apo
C-I, Apo C-I11 (activador de la LPL), Apo C-11I (inhibidor de la LPL) y Apo E (que modula
la union de las VLDL con receptores en la superficie celular del hepatocito) (29).

Los TG de las VLDL son hidrolizados en el tejido graso por la LPL y la particula
resultante se denomina VLDL remanente (o IDL)(30). Aproximadamente, la mitad de las
VLDL remanentes son aclaradas por el receptor de las LDL (LDLr-mediated) por el higado
y otros tejidos y el resto entra en la llamada cascada lipolitica de las lipoproteinas VLDL -

IDL - LDL en el plasma sanguineo (31).

- Metabolismo de IDL.

La formacion de particulas de IDL se obtiene de la deslipidacion de VLDL mediante la
LPL. Son particulas que contienen ésteres de colesterol y captan Apo E a partir de particulas
de HDL. Se consideran de densidad intermedia (d<1,019 g/mL>1,006 g/mL). Son de menor
tamario y mas densas que las VLDL.

Las IDL pueden eliminarse de la circulacion por los hepatocitos (union formada por la
Apo E a los receptores de LDL y LRP), aunque se trata aproximadamente de solo un 50%.
El resto de TG de las IDL son hidrolizados por la LPL, disminuyendo su tamafio y formando
las particulas LDL, ricas en ésteres de colesterol y con una Unica molécula de a Apo B -100
(10,20).



Figura 3. Regulacion del metabolismo de los triglicéridos

Adaptado de Sathiyakumar et al (32): (1) ApoC-Ill estimula la produccion de lipoproteinas ricas en TG
hepéticos. (2) ApoC-1l Es un cofactor y activador esencial de LPL que estd anclado a HSPG y GPIHBP1 (3)
GPIHBP1 captura LPL en el espacio intersticial y lo transporta a la superficie luminal (4) ApoA-V se une a
proteoglicanos de heparan sulfato y activa LPL. (5) ApoC-IIl inhibe la lipolisis mediada por LPL. (6) ApoC-I
inhibe la actividad de LPL. (7) ApoE2 puede interferir con LPL. (8) ApoC-lll inhibe la depuracion hepatica
mediada por receptores de lipoproteinas ricas en TG. (9) Las proteinas similares a la angiopoyetina (ANGPTL)
3, 4y 8 son miembros de una familia de proteinas que inhiben la LPL. Abreviaturas: ANGPTL: Angiopoietin-
like proteins; Apo ClIlI, apoproteina CIl; Apo ClII, Apoproteina CIlI; Apo E2: apoproteina E2; GPIHBP1:
proteina 1 de unién a HDL anclada a glicosilfosfatidilinositol; HSPG, proteoglicano de heparan sulfato; LPL:
lipoprotein lipasa; TG: triglicéridos.

- Metabolismo de LDL.

Las particulas LDL son de baja densidad (d<1,063 g/mL > 1,019 g/mL), se caracterizan
por transportar la mayor parte de colesterol en la circulacion, hacia los tejidos periféricos y
el higado y su concentracidn en sangre esta determinada por las tasas relativas de produccion
y eliminacién, ambas reguladas principalmente por receptores de LDL en el higado. Del total
de las particulas un 30% se catabolizan en los tejidos periféricos y un 70% son transferidas
al higado (20,33).

N



- Receptor LDL.

El LDLr fue descrito por Goldstein y Brown en 1973 (34). Pertenece al grupo de
glicoproteinas de membrana, llamadas receptores de lipoproteinas. Las lipoproteinas que
transportan colesterol son captadas mediante dichos receptores por endocitosis por todos los
tejidos. Los LDLr se encuentran en elevada concentracion en el higado, en la corteza
suprarrenal y cuerpo luteo ovarico(35).

El gen que codifica el LDLr se denomina LDLR y se encuentra en el cromosoma 19p13.1-
p13.3 (36). Contiene 18 exones y codifican para una glicoproteina transmembrana de una
cadena de 839 aminoacidos (35). Se distinguen cinco dominios en la proteina LDLr: dominio
citosdlico, dominio transmembrana, dominio con sitios de O-glicosilacion, dominio con
homologia al Epidermal Growth Factor (EGF) y dominio de unién a LDL (Apo B-100 o
Apo E).

- Regulacion intracelular de colesterol y LDLr

La regulacion de los LDLrs en el higado viene establecida en funcion del contenido de
colesterol en el hepatocito. Cuando los niveles de colesterol intracelular disminuyen, las
proteinas de union a elementos reguladores de esteroles inactivos (SREBP) acompafiadas de
SCAP (proteina reguladora del metabolismo del colesterol, agente central del sistema de
retroalimentacion SREBP) se transportan en vesiculas (COPII, coat protein) desde el reticulo
endoplasmatico al complejo de Golgi para activarse. Se mueven al nucleo y estimulan la
transcripcion del LDLR y otros genes, incluida la 3-hidroxi-3-metil-glutaril coenzima A
reductasa (HMG-CoAR) para la sintesis de colesterol (37).

Si hay aumento de los niveles de colesterol intracelular los SREBPs quedan inactivos
(10,38) y la actividad de HMG-CoAR es disminuida mediante INSIG1 e INSIG2, que se
unen a HMG-CoAR con ubiquitina ligasas para degradarse por distintas vias o se inactiva

mediante fosforilacion (39) (Figura 4).



Figura 4. Via SREBP en el metabolismo del colesterol
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El LDLr permite el acceso del colesterol al interior del hepatocito. También lo hace el

transporte reverso de colesterol mediante SRB1. Parte de colesterol se esterifica por la acetil
coenzima A acetiltranferasa (ACAT2) y parte forma &cidos biliares. Finalmente, el exceso
de colesterol se libera a la bilis mediante ABCG5/ABCG8 (37) (Figura 5).

Figura 5. Regulacién de colesterol y LDLr
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Adaptada de Aguilar-Ballester M et al.(37)_Abreviaturas: SREBP: Receptor scavenger clase B tipo 1; VLDL: Lipoproteina de muy

baja densidad; HMG-CoAR: 3-hidroxi-3-metil-glutaril coenzima A reductasa; acetyl coenzya A acetyltranferasa (ACAT2)

Por otro lado, el Liver X receptor (LXR) es también un importante regulador
transcripcional de colesterol. Un exceso de colesterol en el interior de la célula y de
oxiesteroles conlleva su activacién, provocando la internalizacion de LDLr para su
degradacion lisosomal (40). Los transportadores de ATP binding cassette (ABCAL y
ABCG1) se transcriben, provocando la salida de colesterol (41).

Otro regulador de la disponibilidad de LDLr es la proproteina convertasa subtilisina/
kexina tipo 9 (PCSK?9), que se encarga de conducir a LDLr al lisosoma para su degradacion,
de esta manera disminuye LDLr en la superficie celular y por tanto la endocitosis de LDL
(42).

- Mecanismo de la endocitosis de LDL

Las particulas de LDL se unen al LDLr en la superficie de la célula, mediante un proceso
que es dependiente de una secuencia NPxY (FDNPVY) en la cola citoplasmética de LDLry
que da lugar a la internalizacion de dichas particulas en forma de vesiculas a través de hoyos
recubiertos de clatrina (43). Una vez fusionadas en el interior de éstas, la disminucién del pH
en los endosomas facilita que la particula LDL se separe de su receptor (disocia Apo B-100
y LDLr) Una vez disociados, el LDLr se recicla de nuevo en la superficie celular o bien se
dirige a los lisosomas que conlleva un proceso de degradacion. En los casos que se mantiene
el LDL unido al receptor, se hidrolizan en aminoacidos y colesterol no esterificado. Dicho
colesterol tendra varias funciones: participar en la sintesis de membranas o de hormonas
esteroideas, o bien quedar almacenado como reservorio celular de colesterol, en forma de
ésteres de colesterol mediante la ACAT (41,44) (Figura 6).



Figura 6. Ciclo celular del receptor de LDL. LDLr: receptor de LDL
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Teresa L.Errico et al(20). Abreviaturas: LDL: Lipoproteina de baja densidad; LDLR: receptor de LDL.

1.4 Metabolismo de HDL vy transporte reverso de colesterol

El transporte reverso de colesterol (TRC) se define como el proceso mediante el cual el
colesterol es transportado por las particulas HDL en la circulacion desde los tejidos
periféricos al higado y es excretado por la bilis. EI TRC comienza con la salida del exceso
de colesterol de los tejidos periféricos, como por ejemplo de las células espumosas que se
encuentran en el musculo liso 0 en los macrofagos. De esta manera se impide la acumulacion
periférica de colesterol y es una de las propiedades antiaterogénicas de la que se caracterizan
las HDL (45).
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Las particulas HDL son las lipoproteinas de menor tamafio y mayor densidad (d< 1,21
g/mL > 1,063 g/mL) estdn compuestas de 20-30% de colesterol (50% lipidos y 50%
proteinas). Ademas de estar involucradas en el TRC, estan involucradas en los procesos
antiinflamatorios, antitrombdticos y de inhibicion oxidativa de las LDL. Para la formacion
de particulas HDL son necesarios varios pasos (6,20).

El primer paso es la sintesis de la proteina Apo A-1, formada en higado y en el intestino,
que facilita que el colesterol y los fosfolipidos intracelulares se transfieran de los hepatocitos
y enterocitos a las HDL nacientes, mediante la ABCA1ly ABCGL (del casette de union ATP).
Dicho proceso es conocido como “eflujo” de colesterol. La Apo A-1 se transforma en
particulas HDL nacientes o pre-p-HDL (“pre-p” hace referencia a su movilidad
electroforética) unas particulas pobres en lipidos y proporcionalmente ricas en proteinas de
estructura discoidal (45,46).

El colesterol de las HDL nacientes es esterificado mediante la enzima lecitin colesterol
acil transferasa (LCAT, una enzima asociada a HDL) dando como resultado ésteres de
colesterol, proceso que consiste en transferir un &cido graso de los fosfolipidos al colesterol
libre, y se forman las HDL maduras a-HDL (con movilidad electroforética a). De esta manera
el colesterol libre en la superficie de la particula de HDL una vez esterificado puede dirigirse
al nucleo de la particula y aumentar progresivamente de tamafio. Conforme su aumento se
van transformando desde a-HDL3 a a-HDL> (45,47). En menor medida, tiene lugar un
“eflujo” de colesterol de células periféricas a través de la proteina de superficie SR-B1. A
nivel hepético la interaccion entre SR-B1 y las HDL libera el contenido en ésteres de
colesterol desde las HDL a los hepatocitos (6,48). De esta manera el exceso de colesterol
puede ser eliminado por la bilis (5).

La composicion de las particulas HDL también depende del catabolismo de las particulas
ricas en TG (QM y VLDL) en el cual sucede una transferencia no especifica de ésteres de
colesterol entre diversos tipos de lipoproteinas y que es promovido por la proteina
transferidora de ésteres de colesterol (CETP). Esta glicoproteina hidrofdébica se produce en
el higado y en el tejido adiposo y circula unida a las HDL. Se encarga de equilibrar la cantidad
de los lipidos hidrofdbicos (ésteres de colesterol y TG) entre las particulas que contienen Apo
B y las HDL (49). La lipasa hepatica (LH) hidroliza los TG de las HDL recibidos por la
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accion de la CETP y de los fosfolipidos, liberando Apo A-1y, por tanto, disminuyendo su
tamafo. Estas HDL podran ser captadas por el higado para transferir su colesterol o circular
de nuevo hacia los tejidos extrahepéticos (50).

Por ello, estos procesos de lipdlisis y transferencia parecen ser claves para que las
particulas de HDL, puedan continuar con nuevos ciclos de transporte reverso de colesterol
(Figura 7).

Figura 7. Representacion del metabolismo de HDL y transporte reverso de colesterol
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Adaptado de Brewer et al(51) LDL: Lipoproteina de baja densidad; LDLR: receptor de LDL. SREBI:
Receptor scavenger clase B tipo; HDL: Lipoproteina de alta densidad; LCAT: Lecitin colesterol acil

transferasa.

1.5 Metabolismo integrado de las lipoproteinas

Una vision global del metabolismo lipoproteico nos muestra la alta conexion entre las
distintas lipoproteinas. Por un lado, como se comportan los QM y VLDL en relacién a la
sintesis de HDL. Por otro lado, la asociacion entre las vias metabdlicas y funcionales, ya
comentadas anteriormente, y que son controladas por factores de transcripcion que se activan
mediante ligandos, como los receptores nucleares que regulan los genes del metabolismo
(PPAR alfa, PPAR delta, PPAR gamma y LXR). Por altimo, la intervencion de lipasas o
proteinas como la CETP (20). (Figura 8).



Figura 8. Representacion global del metabolismo de las lipoproteinas.

Hegele y cols(5). Abreviaturas: FA:acido graso; HLS: Lipasa sensible a hormona proteina adaptadora
(AP); CT: colesterol; ATGL: lipasa adiposa de TG; SRB: receptor scavenger clase B tipo 1.

1.6 Lipoproteina(a)

La lipoproteina(a) (Lp(a)) fue descrita por primera vez por Berg en 1963. Se trata de una
particula similar a la de LDL, sintetizada por el higado, en la que la ApoB-100 establece una
unién covalente por un enlace de disulfuro a una apoliproteina(a) (Apo(a))(52). Su conjunto
consiste en un complejo molecular esférico con una densidad entre 1,05 y 1,12 g/mL)(52—
54). La Apo(a) ha evolucionado del gen del plasmindégeno mediante duplicacion y
remodelacion, aunque su significado se desconoce. El plasmindgeno (enzima fibrinolitica)
tiene 5 Kringles (KI a KV) y un dominio de proteasa. La Apo(a), sin embargo, contiene 10
subtipos de K1V, 9 de ellos (KIV1y KIV 310) presentes en 1 sola copia, y el KIV2 presente
entre 1 a >40 copias, 1 copia de KV, y un dominio inactivo proteasa. El gen de la apo(a),
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LPA, parece ser responsable de mas del 90% de la variacion de la cuantia circulante de la
lipoprotein(a) (Lp(a)) en la poblacion (52).

La Apo(a) es sintetizada en el higado (hepatocitos), pero el lugar donde se ensambla a la
Lp(a) todavia es desconocido. A pesar de la gran similitud con el LDL, son particulas
metabolicamente distintas. Aunque varios estudios han identificado al LDLr como un
elemento clave en el catabolismo de la Lp(a), no estéa claro si participa en su catabolismo(55).

La Lp(a) contiene Apo B que es un ligando de los LDLr, lo que sugeriria que tiene la
capacidad de unirse a ellos. En estudios en los que se compara con LDL, se observa que la
afinidad de los LDLr para la Lp(a) es menor que para LDL in vitro, pero esto es mas dudoso
en estudios in vivo como los realizados en la Hipercolesterolemia Familiar (HF) (54).

Se han observado variaciones en la concentracion de Lp(a) entre poblaciones, en parte
dependiente de la raza y sexo, y se sabe que la concentracién de Lp(a) es de carécter
hereditario, y no modificable en el tiempo, pero ligeramente modulada por la edad, la dieta
y el ejercicio (56).

Estudios epidemioldgicos han asociado la enfermedad coronaria con una elevada
concentracion de Lp(a). Igualmente, la Apo(a) se ha asociado a un efecto aterogénico (57).
En humanos, los tratamientos farmacoldgicos hipolipemiantes, han demostrado no tener
importancia en la concentracion de Lp(a), incluyendo los anticuerpos monoclonales anti-
PCSK9. En pacientes con HF, una poblaciéon de muy alto riesgo cardiovascular (CV), los
niveles de Lp(a) han sido independientemente asociados con el incremento de dicho riesgo.
Pero todavia no hay estudios que confirmen el efecto de la reduccién de Lp(a) en la

enfermedad coronaria (58) (Figura 9).



Figura 9. Estructura de la Lp(a)
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Capitulo 2

Clasificacion de los trastornos del metabolismo lipidico

2. Dislipoproteinemia

El concepto de dislipoproteinemia se define como aquella alteracion en las
concentraciones plasmaticas o en la composicién de las lipoproteinas. Cuando las
alteraciones elevan las cifras de dichas particulas, se denomina “hiperlipoproteinemia”, si al
contrario es por una disminucion o defecto, se nombra como “hipolipoproteinemia”. Dichas
alteraciones son muy relevantes clinicamente puesto que se asocian con el desarrollo de
arteriosclerosis. En las fases iniciales de las hiperlipoproteinemias, la enfermedad es
asintomatica, sin embargo, en fases avanzadas se relaciona con una acumulacion de
colesterol en forma de placa de ateroma conocido como arteriosclerosis con un incremento
del riesgo CV (60,61).

2.1. Clasificacion de las dislipemias

Desde que Fredrickson clasifico en 1970, las hiperlipoproteinemias en funcion del
fenotipo lipidico se ha utilizado dicha clasificacion durante afios (ver Tabla 3).

La clasificacion de las dislipemias (alteraciones cuantitativas o cualitativas de colesterol
y TG en sangre) segun el fenotipo, se dividen en:

- Hipercolesterolemia aislada: con aumento de la concentracion de colesterol,

- Hipertrigliceridemia aislada: con aumento de la concentracion de TG,

- Dislipemias mixtas: manifestadas con aumento de concentraciones en colesterol y TG.

- Hipolipidemias: disminucion de concentracién en el plasma de los lipidos, generalmente

conocidas como hipocolesterolemia, cuando existe una disminucion de colesterol o



hipoalfalipoproteinemia, cuando se debe a una disminucién de la concentracion del colesterol
HDL (cHDL) (60,62).

Actualmente, se utiliza desde un punto de vista etioldgico, una clasificacion més préctica,
donde se incluyen factores ambientales, farmacos o distintas patologias. La clasificacion
consiste en denominarlas segin su origen, sean por causas genéticas o primarias, o bien por

causas secundarias (ver tabla 3).

Tabla 3. Clasificacion fenotipica de las hiperlipoproteinemias segin Fredrickson
(Organizacion Mundial de la Salud, 1970)

Fenotipo Triglicéridos | Colesterol Lipoproteinas | Aterogénesis
total aumentadas
I Quilomicrones | Ninguna
T T T ? Normalof observada
lla Normal ¢ 4 ? LDL t++
b T ? ? ? VLDL ot
R
vV 444 Normalo # VLDL ++
\/ uilomicrones
ttrt t |3 +

Adaptado de J L Beaumont et al(60). LDL: Lipoproteina de baja densidad; IDL: Lipoproteina de densidad

intermedia; V
: Lipoproteina de muy baja densidad.

2.2 Dislipemias familiares

La expresion mas grave o extrema de hipercolesterolemia, es aquella determinada en
mayor medida por los factores genéticos. La HF es la mas caracteristica y esta mayormente
asociada a la enfermedad CV. (Ver tabla 4).

2.3 Hipercolesterolemias primarias

Las hipercolesterolemias primarias son trastornos del metabolismo lipidico que se
caracterizan por aumento en las concentraciones plasmaticas de colesterol, habitualmente de
origen genético sin existir una causa secundaria productora. Afectan por aumento de las LDL,
HDL o Lp(a).



Tabla 4. Clasificacion de las dislipemias

Dishpidemeas que alectan
al colestesnl

Primarias:
= Lpmentan el cLlL:
= Hiperealesterplemias monoginicas domsnandes (heferocipotahomacigata);
= Pod mutaciones ea of pen LOLA
= apa B100 defectuoss familiar
- Por mutaciones em el gen PCSKT
— Hipercolesternlemia aufosdmics recesiva
— Hiperlipoproteimemiala)
= Dizminaryen el cLDL:
— Abet alspoproteinemea
- Hipabetalipegroteinemia
= Wgmentan el cHOL-
= Dieficiencia de CETP
— Disfancidnidéficit de apolipoproteina CHI
= Dismineryen el cHDL:
— Analfalipogeoteinemia
— HipoaHafipoproteinemia familiar
— Defuciencia familiar de LCAT
= [Hras frmas primanas de hipercolestérmlomia:
— Sitosterolemia
— Deticiencia de colesternl 7 -alfa-hadrealaza

Secundarias:

= Dieteticas

= Por farmaces

= Por comarbelidades

Hipertriglicendemias graves

Primarias:

= Deficiencia de LFL

= [ieliciencia de apo C2

= |nbabidos famidiar dela LPL

= [eliciencis de apo A5

= Dieficiencia de LMF1

= Dieficiencia de GRIHBR]

= Hiperirighceridemias multipénicas

Secundariax:
= Faciones endgencs

Hipestriglicendemias modiradas

Primarias:

* Hiperrighicerideméa Eamiliar

= Hiperipidemia familiar combsnada
* Disbetalipoprofeimemia

Secumdarias:

= Diglipidemia ateropénica (diabetes mellitus, sindrome metabdlico,
enfermedsd renal crénica, sindmome del ovatio pelsquisticn, ebesidad)

= Faciores endgencs

Dislipidemias mixtas

Primarias:

= Hiperfipidem|a mixts esporddica

= Hipedipidemia familiar combsnada

= Dighetadipoproteimemia

= [eficiencia de lipasa hepitica

= Dieficiencia de lipasa acida lisosomal

Secundarias:

= Dietéticas

= Por farmacos

= Por comorbalidades

LCAT. lecitina-colesierpl-acé-fransferasa; LPL: lipoproteinkpasa.

Alicia Taboada Duro et al (63)
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2.1 Hipercolesterolemias monogénicas que aumentan el colesterol LDL

2.1.1- Hipercolesterolemia Familiar Heterocigética

La Hipercolesterolemia Familiar Heterocigota (HFHe) es un trastorno autosémico
codominante del metabolismo de las lipoproteinas, que se caracteriza por unas
concentraciones muy elevadas en el plasma de cLDL. La HFHe es causada por mutaciones
en los genes que codifican para LDLR, APOB, PCSK9 o APOE (64,65).

Las caracteristicas clinicas que derivan de dicha enfermedad son:

- la presencia de xantomas tendinosos (casi patognomonicos de la HF)

- xantomas cutaneos

- xantelasmas: acumulacion de depositos de colesterol en la piel

- deposito de colesterol en la cornea dando el arco corneal (no patognomonico) (2,35).

La implicacidn clinica mas destacable en estos pacientes es el desarrollo de la enfermedad
coronaria precoz. Los sujetos con HFHe sin tratamiento, antes de los 55 afios en el caso de
los varones y 60 en las mujeres sufriran un evento CV, un riesgo que estd aumentado hasta
10 veces, en el caso de pacientes con HFHe definida o probable.

La frecuencia de la enfermedad se ha estimado entre 1/200 y 1/250 (14 y 34 millones de
personas en el mundo), incluso recientes estudios indican que en algunas poblaciones
aumentaria hasta 1/137 (66,67).

2.1.2 Hipercolesterolemia Familiar autosémica recesiva

La hipercolesterolemia autosomica recesiva es una enfermedad muy poco frecuente
<1:1.000.000, representa menos del 1% de las HF. El gen LDLRAP1, en el cromosoma 1
(1p36.11) codifica la proteina adaptadora de LDLr (LDLRAP1), que esta involucrada en la
unién de Apo B-100-LDLr de manera que facilita su endocitosis, y por tanto su defecto causa
el aumento de cLDL. Se han descrito mas de 10 mutaciones en este gen, con la caracteristica
de favorecer la enfermedad CV prematura presentando cifras similares a las de HF
homocigotica (68).



2.1.3 Hipercolesterolemia Familiar Homocigota

La Hipercolesterolemia Familiar Homocigota (HFHo), es una enfermedad hereditaria que
presenta habitualmente variantes patogénicas en los alelos del gen LDLR. Se produce por
mutaciones en ambos alelos de este gen y conduce a una reduccién del reciclaje y
aclaramiento de cLDL. Puede deberse a verdaderos homocigotos (con misma mutacién en
ambos alelos de LDLR) heterocigotos compuestos (que presentan diferentes mutaciones en
cada alelo de LDLR), o bien heterocigotos dobles (con dos variantes patogénicas en dos genes
diferentes asociados a HF: LDLR, APOB, PCSK9 y APOE). Presentan una clinica similar a
la HFHe, pero més grave, ya que la concentracion de cLDL suele superar los 500 mg/dL y
desarrollan una enfermedad precoz coronaria en las primeras décadas de la vida. Ademas se

ha observado un desarrollo més avanzado y precoz de estenosis aortica (69,70).

2.1.4 Hiperlipoproteinemia(a)

La hiperLp(a) se transmite con caracter codominante, y se han descrito hasta 30 isoformas
de Apo(a). La concentracion de Lp(a) es muy variable entre sujetos entre 0,1-300 mg/dL,
derivada de las variaciones en el gen LPA, que codifica la Apo(a) (71).

Aproximadamente en un 25% de los sujetos con una hipercolesterolemia diagnosticada
clinicamente de HFHe, ésta se asocia a un aumento de la Lp(a). En el caso de la HF, los
sujetos presentan valores mas elevados de Lp(a) que la poblacion general, sin saber la causa
que justificaria este aumento, parece ser que se trata de un mecanismo que influye tanto la
sintesis como el catabolismo de la Lp(a) (72).

Se ha observado que las concentraciones Lp(a) superiores a 30 mg/dL se relacionan
independientemente con un aumento de riesgo CV. La relacién de tamafio de la molécula de
Apo(a) y sus repeticiones de KIV-2, tiene que ver con el riesgo de enfermedad CV. A menor
numero de repeticiones, menor tamafio de la particula, mayor concentracion en sangre y
mayor riesgo CV (73). Hasta la fecha no existe un tratamiento eficaz para conseguir reducir
drasticamente la Lp(a), aunque los inhibidores de PCSK9 (iPCSK9) la disminuyen en torno
a un 20-25% independientemente de la concentracion de cLDL(74-76).



2.2. Hipercolesterolemias monogeénicas que aumentan el cHDL

2.2.1 Hiperalfalipoproteinemia-déficit de CETP

Esta condicion de hipercolesterolemia se diferencia por una elevada concentracion de
cHDL, mayor del percentil 90 en la poblacidn general. En algunos casos considerados como
moderados, los niveles se concentran entre 80 mg/dL y 100 mg/dL y severo como >100
mg/dL. Las mutaciones que intervienen son producidas fundamentalmente por aquellos
genes que codifican a la proteina transportadora de ésteres de colesterol (CETP), lipasa
hepatica (LIPC), apolipoproteina C-111 (ApoC3) y receptor SRB1 (scarvenger receptor clase
B tipo 1) (77). Se ha observado que dificultan el transporte reverso de colesterol (TRC) y en
algunos estudios epidemiolégicos, a pesar de que pudiera parecer contradictorio, han
asociado una relacion directa entre concentraciones muy altas de cHDL y riesgo de

desarrollar enfermedad CV aterosclerética (78).

2.3. Otras formas primarias de hipercolesterolemia

2.3.1 Sitosterolemia

Se caracteriza por ser una enfermedad rara autosomica recesiva y que se presenta en
edades iniciales de la vida. Se concentran altos niveles de esteroles vegetales o fitoesteroles
en sangre (79). Es una enfermedad infradiagnosticada ya que no existe un cuadro clinico
caracteristico, con sintomas similares a la HF (xantomas, arco corneal, enfermedad coronaria
precoz) (80). Las mutaciones responsables aparecen en el transportador ABCG5/ABCG8. En
el mundo se han estudiado en torno a 100 casos, aunque se estima que la prevalencia podria
llegar a ser 1:50.000 (81).

2.3.2 Deficiencia de colesterol -7-alfa-hidroxilasa.

Las mutaciones descritas en el gen CYP7AL, codifican a la enzima CYO7AL (colesterol-
7-a-hidroxilasa). Se trata de una enfermedad autosomica dominante, con prevalencia de

<1:1.000.000. Dicha enzima estd asociada al citocromo P450, encargado de regular la



circulacion del colesterol. Los niveles inferiores de esta enzima, provocan un aumento de la

concentracion en plasma de cLDL, derivada de una menor sintesis de LDLr (82).

2.4. Hiperlipidemias mixtas primarias

2.4.1 Hiperlipidemia mixta esporadica

En dicho trastorno, de etiologia desconocida, los valores de CT y TG aumentan, derivados
del aumento de las particulas VLDL y LDL. De caracter poligénico, se ha asociado con
diferentes variantes en multiples genes. Aparece en edad adulta, y estaria favorecida su
expresion por la obesidad abdominal, la resistencia a la insulina y sindrome metabdlico, por
tanto, con un elevado riesgo CV. Presentan valores de CT >250 mg/dL, cLDL >160 mg/dL
y TG>200 mg/dL, ademéas un cHDL bajo y Apo B elevada (63).

2.4.2 Hiperlipemia familiar combinada

Es el trastorno hereditario mas frecuente del metabolismo lipidico que afecta al 1-3% de
la poblacion. Tiene un caracter poligénico. La region cromosomica 1921-1g23 se ha descrito
como fuertemente asociada a este trastorno. En torno a 1 millén de personas en Espafia
podrian estar afectadas de esta enfermedad (83). Fue descrita por Goldstein et al, Hazzard et
al., and Kwiterovich et al, simultdneamente, cuando se estudiaron pacientes con enfermedad
CV (84). Cerca del 20-38% de los pacientes tienen antecedentes personales de infarto de
miocardio (IM)(83). Son varios los genes cuyas mutaciones intervienen en su génesis. Se
asocia a la cardiopatia isquémica familiar. Ademas, va relacionada con las enfermedades
como diabetes mellitus (DM) y obesidad, de ahi la variedad en el fenotipo en individuos de
la misma familia. Se diferencia del cuadro anterior porque en la hiperlipemia familiar
combinada existe un marcado componente familiar con varios miembros afectos.

Dicha enfermedad, esta caracterizada por fluctuaciones en el perfil lipidico, debido a un
tejido adiposo disfuncional, que conlleva un aumento de los niveles de &cidos grasos libres.
Se produce una sobreproduccion de particulas VLDL y TG por retraso en el aclaramiento de
éstos. También la Apo B se ve alterada, con mayor concentracion >120 mg/dL en plasma,

con predomino de particulas aterogénicas de LDL, y un cHDL disminuido(85).



Los criterios diagnosticos no estan claros, para ello hay que valorar la presencia de
dislipemia y/o los antecedentes familiares de enfermedad CV en los familiares de primer
grado (<55 afios en hombres y <60 en mujeres) y analizar si hubiera causas secundarias. La
hipercolesterolemia y/o hipertrigliceridemia moderada estan presentes en estos sujetos. No
muestran signos de xantomas tendinosos, pero si algunos casos muestran arco corneal y

xantelasmas (Ver tabla 5).

Tabla 5. Criterios diagnosticos de Hiperlipemia familiar combinada

| Persona afectada:
= En adultos
CT =240 mgfdL (6.2 mmobL} o cLOL =160 mg/dL (4,1 mmaol/L) v TG =200 mg/dL (=23 mmol1)
* En menores de 20 afios:
CT =200 mgdL (=52 mmodL) o clOL =130 mgidLi=3 4 mmall) wo TG =120 mgidL (=14 mmall)
= Descartar causas secundanias: indice de masa corporal =35 kg/m?, hemoglobina glucosilada =10%,
hipatereidisma no controlado y etilisma (=40 g de alcohol/dia)

Familia afectada:

* [os 0 mas miembros de primer grado (padres, hermanos, hijes) atectados de hipedipidemia mada, o de
combinaciones de los fenotipas hipercolesterolemia pura, hiperlipidemia mixta o hipertrighceridemia

 Ze gicluyen ias familias con xantomas fendingsas o cifras de cLOL =300 mgAdL (=7 8 mmolL) en dos o més
familizres de primer grado con hipercolesterolemia

Red Tematica de Investigacién Cardiovascular en Hiperlipidemias Genéticas (Instituto de Salud

Carlos 111). cLDL: colesterol unido a lipoproteinas de baja densidad; CT: colesterol total; TG:

triglicéridos.

2.4.3 Disbetalipoproteinemia

La disbetalipoproteinemia familiar o hiperlipoproteinemia tipo Ill, es una enfermedad
grave que presenta mutaciones en el gen de APOE, hiperlipidemia mixta y un alto riesgo de
enfermedad CV. Esta caracterizada por presentar homocigosis para el alelo E2 en el gen Apo
E. Hay otras variantes de APOE mas raras como la APOE Arg136Ser, que parece frecuente
en la poblacion espafiola y tiene un caracter codominante. La prevalencia de la
disbetalipoproteinemia es alrededor de 0,1% (1:1000) (86).

La primera descripcion de la enfermedad se relata en 1952, McGinley et al. describieron

14 pacientes con “xantomas tuberosos” (87). En 1967 Fredickson et al. la clasificaron como
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hiperlipoproteinemia tipo I11 (88). Utermann et al., observaron que se trataba de una variante
genetica de Apo E (89).

La Apo E defectuosa no se une al LDLr y a la proteina relacionada con el receptor LDL
(LRP), lo que provoca un incremento de VLDL y de lipoproteinas de densidad intermedia
(IDL) en la sangre. Si ademas se acomparian de obesidad o diabetes, la manifestacion de la
enfermedad se potencia. Los niveles de CT y TG son entre 300-600 mg/dL (90).

Se expresa con dislipemia mixta, xantomatosis y enfermedad CV. Hasta la edad adulta no
suelen mostrar manifestaciones. Estas ocurren antes en los hombres. Los xantomas cutineos
afectan a un 60% de los pacientes no tratados; los lipidos generalmente se depositan en los
pliegues de las manos (xantoma striata plamaris). EI 50% presentan xantomas tuberosos, en

codos, rodillas y nalgas. En otros casos también aparecen xantelasmas (86,91).

2.4.4 Deficiencia de lipasa hepatica

La lipasa hepatica (LH) es una enzima sintetizada en el higado y que actta en la superficie
de los hepatocitos. Esta codificada por el gen LIPC que se localiza en el cromosoma 15
(15¢g21.3). Puede hidrolizar TG y fosfolipidos y fundamentalmente se ve involucrada en la
conversion de las IDL a LDL, ademas interviene en el aclaramiento de los QM y de las HDL.
El déficit de LH es muy raro, se trata de una enfermedad autosémica recesiva y su
descubrimiento es relativamente reciente, en los afios 80 (92).

La clinica suele estar asociada a una enfermedad prematura coronaria y a incremento de
arteriosclerosis (93). Sin embargo, otras investigaciones como la realizada por Cohen et al.,
no mostraron diferencias en pacientes con enfermedad CV en la actividad de LH. Todavia se
cuestiona si la actividad de la LH esta en relacionada con el riesgo CV ya que aumenta tanto
la Apo B, como las HDL. Por ello, independientemente del cambio lipidico producido, puede

que el riesgo aterogénico quede modulado (94).

2.4.5 Deficiencia de lipasa acida lisosomal (DLAL)

Es una enfermedad muy rara, de caracter autosomico recesivo, crénica y progresiva que
afecta al metabolismo lipidico. Se trata de mutaciones en el gen de LIPA, en el cromosoma

10 (10923.31), con una disminucidn de la actividad de dicha enzima (95). Su frecuencia es



de 1:130.000 habitantes (96). En 1956 se hizo referencia a ella por primera vez, y se observo
una actividad de LAL inferior a 1% (97).

Su mecanismo consiste en acumular progresivamente ésteres de colesterol y TG en los
hepatocitos y macrdfagos (98). Se trata de una clinica muy grave, que afecta con una
mortalidad precoz en los primeros meses de vida, en la forma mas grave, llamada enfermedad
de Wolman caracterizada por vémitos, diarreas, hepatoesplenomegalia, y fallo
multiorganico. Ademas retraso mental y generalmente muerte prematura (99). En la forma
del adulto, los sintomas suelen aparecer en la tercera o cuarta décadas de la vida. En las
formas tardias se presenta elevacion de las enzimas hepaticas en 2-3 veces los niveles de
limite de normalidad. Puede derivar en cirrosis hepatica y puede pasar inadvertida hasta mas
alla de los 30 afios de edad (100).

2.5. Hipertrigliceridemias moderadas y graves.

La hipertrigliceridemia (HTG) se caracteriza por aumento de las particulas que llevan
predominantemente TG, es decir QM y/o VLDL y se define por TG elevados en ayunas >200
mg/dL. Las formas severas presentan cifras superiores a 900 mg/dL y suelen asociarse a un

defecto monogénico, con riesgo de pancreatitis aguda (101).

2.5.1 Hipertrigliceridemia familiar

Es una enfermedad comUn hereditaria autosémica dominante, afecta al 1% de la poblacién
y se manifiesta con frecuencia en la edad adulta. Los estudios de asociacion del genoma
completo (GWAS, genoma-wide association study) han reconocido 45 loci relacionados con
alteraciones en las concentraciones de TG, las variaciones genéticas mas frecuentemente
encontradas se encuentran en los genes APOC2, APOC3, APOA4 y APOA5 (102).

Aproximadamente la mitad de los familiares de primer grado presentan cifras de 250 a
1000 mg/dL, pero sin cifras elevadas de cLDL. La sintesis de TG estd aumentada y por lo
tanto la de VLDL. Las particulas de HDL aparecen disminuidas en la mayoria de los
pacientes con HTG. A pesar de esta alteracion, no esta clara las asociacion con la enfermedad
CV prematura (101,103). Con frecuencia coexisten factores como consumo excesivo de

alcohol, diabetes mal controlada, consumo de farmacos como antitiroideos y estrégenos, que



pueden favorecer la enfermedad y derivar en la forma mas grave, conocida como
hiperquilomicronemia o fenotipo tipo V (104).

Para su diagndstico se debe tener en cuenta la determinacion de Apo B, que es normal al
contrario que en la hiperlipemia familiar combinada (105). Existe una clara asociacion de las
particulas ricas en TG mas pequefias y el riesgo de arteriosclerosis (106).

La clinica que presentan estos pacientes, se orienta a la valoracion de presencia de rasgos
de sindrome metabdlico, comprobar la existencia de xantomas eruptivos (en las formas més
graves) y la sospecha de esplenomegalia (limitado a las enfermedades raras) y
hepatomegalia(107,108).

2.5.2 Sindrome de quilomicronemia familiar

El sindrome de quilomicronemia familiar es autosémico recesivo, se caracteriza por
presentar unos niveles de TG muy elevados (>1500 mg/dL) en ayunas de 12-14 horas. La
primera referencia en la literatura cientifica se muestra en 1981. Se observa una clinica muy
Ilamativa que se identifica en la nifiez o edad adulta joven, y en la que aparecen marcados
niveles muy elevados de TG y con caracteristicas clinicas como dolor abdominal, habito
delgado y con o sin pancreatitis aguda, xantomas eruptivos, lipemia retinalis, confusion
mental, pérdida de memoria, hepatomegalia o0 esplenomegalia (109). La prevalencia de este
trastorno es de 1:1.000.000 de habitantes (110).

La causa principal de esta enfermedad es una alteracion en el gen que codifica la enzima
lipoproteina lipasa (LPL). Defectos genéticos provocan el descenso de la actividad lipasa
(hepatica, pancreatica, y endotelial) lo que conlleva una menor actividad lipolitica que deriva
en altas concentraciones de QM y VLDL (67). Entre el 10-20% de los casos se debe a
afectaciones en uno de los cuatro genes que interactian con lipoprotein lipasa, incluyendo
APOC2, GPIHBP1, APOAS y LMF1 (111). Aungue son mutaciones extremadamente raras,
quienes padecen esta enfermedad tienden a agruparse en grupos de hermanos y no en
transmision vertical (son necesarios dos alelos defectuosos).

El tratamiento de estos pacientes es fundamentalmente la restriccion de grasas < 15% o
incluso <5-10% en los casos mas severos. La dieta se debe componer de TG de cadena media,

ya que no se absorben con los QM, ademas de suplementos vitaminicos de vitaminas



liposolubles. La plasmaféresis puede contemplarse en los casos de pancreatitis recurrentes
(112-114).

2.6. Hipercolesterolemia poligénica

La hipercolesterolemia poligénica se caracteriza por una elevacion de las particulas de
LDL, como consecuencia de variaciones comunes en la secuencia de maltiples genes.

En 2011, Talmud y cols. observaron que una proporcion alta de pacientes con HF
diagnosticada con criterios clinicos pero sin mutaciones en los genes de LDLR, APOB y
PCSK9, acumulaban alelos asociados a concentraciones mas altas de cLDL y por ello se
trataba de una causa poligénica y no de una causa monogénica (115). Futema et al.
demostraron la solidez de este anlisis, simplificandolo a 6 Single nucleotide variant (SNV),
en muestras de seis paises europeos (116). Estos sujetos pueden presentar fenotipo clinico
similar al de la HF, sin embargo, a diferencia de éstos, no suelen acumular depdsitos de
colesterol superficiales como los xantomas tendinosos. El cribado diagnostico en cascada
familiar que se recomienda en aquellos casos con sospecha de causa monogeénica no tendria
tanta importancia en las formas poligénicas (117,118). Se plantea que todavia son necesarios
mas estudios de genotipado y secuenciacion masiva para determinar con mayor precision e

indagar en el conocimiento de esta enfermedad.



Capitulo 3

Lipidos y arteriosclerosis

3. Dislipemia aterogénica

La dislipemia aterogénica se define como un aumento de los niveles de TG en sangre,
particulas que contienen Apo B, y disminucién de HDL. Las LDL son predominantemente
pequefas y densas (119). Esta alteracidn esta relacionada con mayor riesgo CV (119).

Se ha denominado como la “triada lipidica”, “fenotipo lipoprotéico B”, “fenotipo lipidico
aterogénico” o ‘“hiperapobetalipoproteinemia”. Esta alteracion es consecuencia de
enfermedades como sindrome metabdlico, resistencia periférica a la insulina, obesidad
central e hiperlipemia familiar combinada (105,120,121). En Espafia se muestra en un 35%
de la poblacion diabética a pesar de estar bajo tratamiento. Si se refiere a prevencion
secundaria, la prevalencia supera el 51% (120). Ademés de los pacientes diabéticos, se
presenta en pacientes con enfermedad coronaria, sindrome de ovario poliquistico o
enfermedad renal cronica (122).(Figura 10) (Tabla 6).

Figura 10. Fenotipo lipoproteico de la dislipemia aterogénica.

Alicia Taobada et al(63). LDL.: lipoproteinas de baja densidad; CT: colesterol total; TG: triglicéridos;

HDL: lipoproteinas de alta densidad



Tabla 6.

Parametros lipidicos alterados en la dislipemia aterogénica.
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Alicia Taobada et al(63).LDL: lipoproteinas de baja densidad; CT: colesterol total; TG: triglicéridos;

HDL: lipoproteinas de alta densidad

3.1 Relacion entre el colesterol vy la arteriosclerosis

En el afio 2015 los profesores Joseph Goldstein y Michael Brown, trabajaron en un

documento donde plasmaron e identificaron los mayores acontecimientos cientificos de la

historia de la asociacion del colesterol con la arteriosclerosis (34). Estan recogidos en la

figura que se muestra a continuacion (Tabla 7).

Tabla 7. Historia del colesterol y enfermedad cardiovascular
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La primera nocion que hizo referencia a las placas de ateroma fue en 1910, por el quimico
Adolf Windaus que observo que en las aortas humanas se concentraba 25 veces mas
colesterol que las aortas sin enfermedad. En 1954, John Gofman estudid que las particulas
LDL en aquellos pacientes con enfermedad CV estaban aumentadas, era la primera
asociacion que se establecia entre cLDL y la enfermedad coronaria (123). Posteriormente en
el estudio “Lipid Research Clinics Coronary Primary Prevention Trial”(LRC-CPPT)
multicéntrico, aleatorizado, doble ciego, donde se estudiaron a 3.806 varones con alto riesgo
CV, el tratamiento con colestiramina fue beneficioso y se pudo concluir que un menor cLDL

se asociaba a una menor incidencia de morbilidad y mortalidad CV(124).

3.2. Remanentes de lipoproteinas y arteriosclerosis

Los remanentes de TG han demostrado tener un impacto en los mecanismos
fisiopatoldgicos que conllevan a la aterogénesis. Si los niveles estan aumentados en exceso,
los remanentes pueden infiltrarse a nivel de la barrera endotelial y acceder al espacio
subendotelial. El acceso a través de la pared arterial es influido por varios factores como la
permeabilidad de la pared, el tamafio y concentracion de la particula, mediante un proceso
de transcitosis. Un acceso muy similar al que tienen lugar las particulas de LDL al interior
de la intima (125-127).

3.2.1 Mecanismos patogénicos del cLDL en el desarrollo de la arteriosclerosis

Las particulas de LDL, junto con las remanentes y Lp(a), tienen un tamafio inferior a 70
nm, por ello tienen la capacidad de atravesar al espacio subendotelial. En un principio, se
planteo la hipotesis de que el paso de las particulas LDL y otras lipoproteinas aterogénicas
se desarrollaba mediante filtracién pasiva, dependiendo del tamafio en ambos lados de la
capa intima. Recientemente se ha analizado que este proceso tiene mayor complejidad y que
consiste en un proceso de transporte transcelular o “transcitosis”, que combina endocitosis y
exocitosis, generando vesiculas donde son transportadas. Este proceso es favorecido por la
afinidad de las particulas LDL por los receptores de las LDL y posiblemente SR-B1
(128,129). (Figura 11).



Figura 11. El papel del LDL en la arteriosclerosis.
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La arteriosclerosis comienza en el momento en que las lipoproteinas pequefias que contienen Apo B (LDLy
remanentes de VLDL) quedan retenidas y unidas a proteoglicanos en el espacio subendotelial.

A partir de este momento, por un lado, comienzan los procesos de oxidacién y glicacién que activan las células
endoteliales. Estas células una vez activadas, comienzan a interaccionar y adherirse a monocitos (selectinas,
VCAM-1) y quimioatrayentes (MCP-1). De esta manera los monocitos se conducen al espacio subintimal. Por
otro lado, se activan también células inmunes, incluidas las células dendriticas, los mastocitos, las células T
reguladoras (T-reg) y las células T auxiliares 1 (Th-1). Los monocitos cambian a macréfagos y éstos a células

espumosas. Asi se activan vias de sefializacion inflamatoria con una modificacion de las LDL.

3.2.2 Mecanismos patogénicos de Lp(a) en el desarrollo de la arteriosclerosis

La Lp(a) también se ha relacionado como factor independiente de riesgo CV, su
intervencion en este proceso es desconocido, pero se ha asociado por un lado con la capacidad
de transportar colesterol al espacio subendotelial, y por el transporte de fosfolipidos oxidados
con alta actividad proinflamatoria y proaterogénica(71,129,131). Su potencial efecto
protrombatico y antifibrinolitico es mas discutible.

Niveles elevados de fosfolipidos oxidados transportados en la Lp(a) han sido mostrados
en pacientes con enfermedad inflamatoria intestinal, artritis reumatoide, lupus eritematoso,

inmunodeficiencia adquirida, enfermedad crénica renal e hipertension pulmonar. Este
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incremento pudiera explicar, al menos en parte, el mayor riesgo cardiovascular de estas
entidades (132,133).

3.3. Reaccion inflamatoria de las particulas LDL

Una vez en la intima, las particulas LDL se unen a los proteoglicanos de la pared arterial
a través de los aminodcidos arginina y lisina de la Apo B. Aquellas zonas de la pared con
mayor densidad de proteoglicanos sera las zonas mas vulnerables de acumulacién LDL
tendran mayor hiperplasia y acumulacion de células musculares. La reaccion inflamatoria
que tiene lugar se describe en una revision de expertos de la European Atherosclerosis

Society, dividiendo el proceso en etapas:

1. Oxidacion de lipidos (fosfolipidos, ésteres de colesterol) por la actividad oxidativa de
las células endoteliales activadas o por los macrofagos.

2. Formacion de las células espumosas y liberacién de los lipidos proinflamatorios.

3. Desnaturalizacion de particulas lipidicas y acumulacién de depésitos extracelulares.

4. Formacién del nucleo de la placa: los lipidos que se han modificado provocan una
respuesta inmunitaria innata, se promueve la inflamacion local con la liberacidn de citocinas
proinflamatorias.

5. Activacion de las células T que conduce a una respuesta inmunitaria adaptativa. La
actividad de los antigenos especificos procede a la inflamacion y muerte celular.

6. Eferocitosis donde las células fagociticas se encargan de eliminar las células muertas
antes de que se rompa la membrana y se eliminen componentes proinflamatorios vertiéndose
al espacio extracelular (129,134,135).

3.4. Diagnostico de la dislipemia

En el estudio Framingham se planted la necesidad de elaborar un programa de prevencion
de la enfermedad cardiovascular. Se estudiaron a 4.469 personas en edades comprendidas
entre 30 y 59 afios, y se observo que la elevacion del CT > 245 mg/dL estaba relacionado

con un riesgo 3 veces superior de sufrir un evento CV en hombres entre 40-59 afios (136).



Posteriormente multiples estudios epidemiologicos, de aleatorizacion mendeliana y de
intervencion han confirmado la asociacion.

En la actualidad, las guias Europeas de la Sociedad Europea de Arteriosclerosis (EAS, en
inglés) recomiendan una valoracion de la dislipemia en los adultos varones >40 afios y en
mujeres > de 50 afios 0 posmenopausicas, fundamentalmente en aquellos sujetos con alto
riesgo CV(137). Para la valoracion del diagnostico de dislipemias se precisa el calculo de
niveles de cLDL estimados con la formula de Friedewald (cLDL =(TC-TG/5)- cHDL)). En
el caso de los pacientes con TG muy elevados (>400 mg/dL) o muy bajos niveles de cLDL
se pueden calcular mediante el método de Martin/Hopkins (TG> 150 mg/dL o cLDL <70
mg/dL) o bien utilizar el colesterol noHDL (no-cHDL), que es la suma del CT vehiculizado
por particulas aterogénicas (VLDL + LDL + IDL) y otros remanentes. El no-cHDL se calcula
con la siguiente formula: c-no-HDL=CT — cHDL (63,138).

Las ecuaciones de riesgo siguen siendo de referencia para calcular el riesgo CV mediante
el uso de Systemic Coronary Risk Estimation (SCORE) de las guias EAS, o bien el pooled
cohort equations (PCEs) en las Guias Americanas de American College of
Cardiology/American Heart Association (ACC/AHA) (139).

Ademas de la estimacion de cLDL, actualmente se recogen en ambas guias la valoracién
de Lp(a), siendo de alto riesgo cifras >50 mg/dL y de muy alto riesgo CV valores superiores
a 180 mg/dL. La EAS incluye también recomendaciones de medicion de placas cardtidas y
femorales como otro factor de riesgo CV/(140). La evidencia de enfermedad arterial coronaria
o cerebrovascular mediante imagen, como angiografia por tomografia computarizada (TAC)
o0 ecografia de ultrasonidos en carétidas se considera en el documento de la EAS con un
riesgo semejante a la enfermedad clinica (139).

Los objetivos terapéuticos de cLDL en pacientes considerados como “muy alto riesgo
CV” se han establecido en unos valores mas agresivos desde la tltima revision de las guias
Europeas, siendo (<55 mg/dL y una reduccion de >50% o <40 mg/dL para pacientes con
enfermedad aterosclerotica cardiovascular recurrente en 2 afios a pesar del tratamiento con
estatinas maximo tolerado). Las guias recomiendan un uso escalonado de farmacos iniciando

con estatinas potentes para después en caso de no alcanzar objetivos asociar ezetimiba y



posteriormente iIPCSK9 en base a los ensayos clinicos publicados en los ultimos afios
(75,76,141).

En unidades especializadas de lipidos, el analisis de Apo B y de Apo Al, se consideran
de especial interés para identificar a los sujetos de alto riesgo CV, mediante el cociente de
Apo B /Apo Al. En concreto, las particulas que tienen Apo B son aterogénicas y la Apo Al
componente de las HDL como principal apo contenida en éstas e involucrada en su
metabolismo. Otra medida de prediccion de riesgo CV, consiste en el cociente CT/ cHDL en
hombres y >4,5 en mujeres. Ambos cocientes muy similares al calculado por no-cHDL.
Todavia las guias de recomendaciones de dislipemias no incluyen estos parametros como

objetivos terapéuticos, limitandose a las concentraciones de cLDL (142).

3.5. Otros indices de riesgo aterogénico

Otra medida de riesgo aterogénico se basa en el calculo de los cocientes CT/cHDL,
cLDL/cHDL y Apo B/Apo Al, con valores altos en estos cocientes se puede establecer un
desequilibrio entre las lipoproteinas aterogénicas y las lipoproteinas protectoras,
incrementando el riesgo CV. Para una mayor precision de aquellos casos con
hipertrigliceridemia (HTG) se recomienda el uso del cociente CT/cHDL y del indice de

Mayurama (TG/cHDL >2), cuando se acompafia ademas de un cHDL disminuido (143).

3.6. Evidencia de los efectos de los lipidos y lipoproteinas en la enfermedad

aterosclerética cardiovascular.

3.6.1. cLDL v riesgo de aterosclerosis

Las particulas de cLDL se caracterizan por ser muy heterogéneas, tanto en densidad como
contenido lipidico y comportamiento metabdlico y su tamafio esta afectado por la
concentracion de particulas VLDL y TG.

En 1950 el investigador John Gofman et al. clasificaron las lipoproteinas en subtipos.
Fueron clasificadas en grandes, medianas y pequefias (grandes LDL-I, densidad: 1.019-
1.023 g/L; medianas LDL -lla, densidad: 1.023-1.028 g/L; medianas LDL-IIb, densidad:
1.028-1.034 g¢/L; pequefias LDL-Illa, densidad: 1.034-1.041 g/L; pequefias Illb, densidad:



1.041-1.044 g/L; muy pequefias LDL- IVa, densidad: 1.044-1.051 g/L y muy pequefias
LDL- IVb, densidad: 1.051-1.06 g/L g/L)(144,145).

En el caso de las particulas de cLDL pequefias y densas (fenotipo B), presentan mejor
afinidad por los proteoglicanos vasculares y por tanto representan una mayor aterogenicidad
y riesgo de enfermedad coronaria. La presencia de este tipo de particulas se muestra
mayoritariamente en pacientes con hipertrigliceridemia. Estos sujetos presentan un fenotipo
que puede incluir: resistencia a la insulina, concentraciones altas de Apo B, niveles elevados
de VLDL y TG y una concentracion de cHDL baja (146).

Estudios de randomizacion mendeliana y ensayos de randomizacién controlados han
demostrado la asociacién entre los niveles de cLDL y su influencia en el riesgo CV
(147,148). De manera que una exposicion larga en el tiempo a unos valores de cLDL bajos
se relaciona con un menor riesgo de eventos CV. Es decir, tanto la magnitud como la duracién

en el tiempo parecen afectar (149).

3.6.2. TG vy riesqo de aterosclerosis

Los niveles elevados de TG estdn asociados independientemente con mayor
morbimortalidad CV, en concreto cuando se asocian con particulas LDL pequefias y densas,
y el cHDL esta disminuido. Algunos estudios parecen establecer una relacién mas bien causal
con laenfermedad CV, pero todavia no se ha concretado esté afirmacion, ya que la asociacion
disminuye cuando se controla por cHDL, cLDL o Lp(a) (150). Recientemente se observd
que la concentracion de Apo B explica gran parte del riesgo atribuido a los TG, por lo tanto,
el efecto de los TG y sus remanentes en dicho riesgo viene determinado por las particulas de

Apo B contenidas, mas que por los TG en si mismos (140,151).

3.6.3. cHDL v riesgo de aterosclerosis

Las concentraciones bajas de cHDL son un factor independiente de riesgo CV. En el
hombre es mayor con concentraciones cHDL <40 mg/dL y de 46 mg/dL en las mujeres. La
inversa relacion con el riesgo parece estar bien estudiada en estudios observacionales. No
esta claro la proteccidn que plantea el cHDL frente al desarrollo de aterosclerosis, pero parece

estar asociado con la capacidad antioxidante y antiinflamatoria que proporcionan las



particulas que contienen Apo Al y sus enzimas asociadas. Datos recientes han demostrado
que el aumento de 10 mg/dL de cHDL disminuye un 14% el riesgo CV (63,140,152). Sin
embargo, no hay evidencia de ensayos randomizados en los que el aumento de cHDL
produzca dicho efecto. Por ello el efecto que proporciona esta particula, necesita futuros

estudios que clarifiquen dicha asociacion (153).

3.6.4. Lp(a) vy riesqo de aterosclerosis

Las altas concentraciones en el plasma de esta particula han demostrado una asociacion
con la enfermedad CV. Los estudios de randomizacion mendeliana y los ensayos
randomizados parecen contradecirse, mientras que los primeros han concluido una fuerte
asociacion, las terapias que han sido utilizadas para disminuir la particula Lp(a), incluyendo
niacina y los inhibidores CETP, no habian mostrado este efecto. En la actualidad el uso de
iIPCSKO9, parece reorientar a una direccion optimista de los tratamientos frente a esta
particula, ya que han supuesto una disminucion de hasta un 30-40% con beneficio

independiente del cLDL en la reduccién de eventos (57,154,155).

3.6.5. No-cHDL v riesgo de aterosclerosis

Las concentraciones de no-cHDL en el metaanalisis de Boekholdt et al., demostraron ser
el pardmetro mas adecuado, para valorar el riesgo aterogénico asociado a los lipidos, puesto
que representaban una mejor correlacion con el riesgo CV que el cLDL (156). La
determinacion de Apo B se ha incluido también en dicho analisis, pero siendo un parametro
menos fiable y econdmico que la medicién de no-cHDL viene quedandose en un segundo
plano (63).



Capitulo 4

Hipercolesterolemia Familiar

4.1 Definicion e historia

La Hipercolesterolemia Familiar (HF) es una enfermedad hereditaria, autosomica
dominante, que cursa con elevadas concentraciones de LDL, consecuencia de alteraciones
en el metabolismo lipidico. Se caracteriza por presentar enfermedad prematura
cardiovascular y una clinica representativa que muestra depdsitos en tendones denominados
xantomas tendinosos y arco corneal (35,67,157).

En 1938 el cientifico Carl Muller describio la enfermedad al identificar varios sujetos con
xantomas tendinosos, colesterol muy elevado y lesiones coronarias (158).

En 1964 el fenotipo fue diferenciado en HFHe menos severa y en la forma grave HFHo
por Khachadurian, en la Universidad Americana en Beirut, en una amplia familia libanesa
(159). Por entonces, tres afios méas tarde, en 1967, Fredrickson y Levy relacionaban la
enfermedad con el metabolismo de las particulas de LDL (88). A partir de 1972, Brown y
Goldstein comenzaron a profundizar en esta enfermedad, observando que estos pacientes
mostraban concentraciones altas en sangre de cLDL y sufrian infartos en edades precoces.
La clave fundamental fue en 1973, cuando describieron el mecanismo del LDLr, y
observaron que la actividad de la enzima HMG CoA reductasa, en las células de pacientes
con HFHo, era de 50 a 100 veces por encima de lo normal (160). Posteriormente, en el afio
1985, Goldstein y Brown reciben el Premio Nobel por su descubrimiento en el analisis del
LDLry la asociacion de la HF a distintas mutaciones en LDLR en 110 sujetos (2). En 1983,
habian determinado la prevalencia de la enfermedad de 1:500 en HFHe y 1:1.000.000 en
HFHo (2,35).



4.2 Epidemiologia

Desde que Goldstein y Brown definieron la prevalencia de la HF en 1983, se acept6
1:500 como una estimacién de la enfermedad. En poblaciones, con alta consanguinidad,
como canadienses franceses (161), libaneses cristianos (162), sudafricanos Afrikaner (163)
0 judios Ashkenazi (164), puede aumentar a una prevalencia de 1:100 personas, dado su
aislamiento genético en la historia de estos grupos étnicos (165,166). Recientemente The
Copenhagen General Population Study y la EAS han sugerido que se trata de una enfermedad
infradiagnosticada e infratratada y que su prevalencia podria ser mayor con una afectacién
de 1:200 y en el caso de la HF definida molecularmente, de 1:244 personas. Se calcula que
entre 14 y 34 millones de personas en el mundo podrian sufrir de HF en la actualidad y un
porcentaje de entre 20-25% perteneceria a nifios y adolescentes (67,157,167,168). En el caso
de la HFHo esta estimacién también seria mayor de la diagnosticada hasta ahora, siendo
1:160.000 a 300.000 personas (169). En Espafia, solamente el 6% de los pacientes estan
diagnosticados genéticamente, cuando la prevalencia esperada estaria en 180.000 personas
(170).

Dada la morbilidad y mortalidad que supone esta enfermedad, seria necesario

establecer estrategias en la poblacion para un diagnéstico mas preciso de la HF.
4.3 Etiologia y patogenia

La HF con un patron autosomico dominante, viene determinada por mutaciones en
los genes LDLR, APOB, APOE (171) y en PSCK9. También se han localizado otros genes
con menor frecuencia como el gen de STAP1 (172). En la actualidad, se han analizado 1.700
mutaciones en LDLR, de las cuales 1.200 han sido expresadas como HF severa. Todas las
mutaciones, a excepcion de las afectadas en el gen de LDLRAPL , causan un patron
autosémico dominante (69,173-176).

La penetrancia de esta enfermedad es de mas de 90%, afecta a ambos sexos
indistintamente y aparecen las primeras manifestaciones en la infancia. La mitad de los
descendientes mostraran la enfermedad dada la alta probabilidad de expresar este fenotipo

(177). La herencia puede ser de tipo autosémico dominante, codominante o recesivo. En el



caso de la HFHe la herencia transmite uno de los alelos con mutacion y el otro normal. En la
HFHo los 2 alelos que se han heredado muestran mutacion. Los heterocigotos compuestos
se denominan aquellos que heredan mutaciones diferentes en los dos alelos; a diferencia de
los heterocigotos dobles que presentan en dos genes distintos, mutaciones diferentes.
Generalmente se trata de una mutacion de LDLR y el otro alelo presenta mutaciones en los
genes APOB o PCSK9 (63,178).

4.3.1- Vias moleculares que causan hipercolesterolemia familiar

1- Proteinas que afectan a la funcion del LDLr

El LDLr se caracteriza por ser una proteina quimérica, en su forma madura, consta de 839
aminodcidos y se sintetiza como precursor de 120 kDa (179). Se origina en el reticulo
endoplasmatico y se desplaza hasta el aparato de Golgi para dirigirse a la membrana celular.
En dicha membrana se concentra en invaginaciones de clatrina. EI LDLr une Apo B-100 de
las LDL y a la Apo E de las particulas remanentes. En esta union tiene un papel importante
la proteina adaptadora 1 del LDLr (LDLRAP1) que permite su endocitosis. Los endosomas
transportan el complejo y por su medio acidificado, tiene lugar una disociacion donde se
divide por un lado la LDL que se metaboliza y por otro el LDLr que vuelve a la superficie
celular (64,177,180). En dicho proceso la proteina PCSK9, también puede interactuar con el
LDLr inhibiendo su reciclado y como consecuencia se degradara, pero no se reciclara (181).
Todo ello dependera de la demanda de las concentraciones de esteroles y colesterol en el
interior de la célula, capaces de interactuar con el factor de transcripcion sterol regulatory
element-binding proteins (SREBP-2), sensible a los esteroles que modula la expresion de
multiples genes del metabolismo del colesterol intracelular incluidos los que codifican al
LDLry HMGCoA reductasa (177).

2- Gen del LDLR y mutaciones en el LDLR

La causa de la HFHe son mutaciones en el gen del LDLR, que tiene su localizacion en el
cromosoma 19 (19p13) (182). Se han estudiado méas de 1700 mutaciones en este gen, como
se indica anteriormente (176,183). El gen que codifica este receptor contiene 18 exones. El

exon 1 codifica 21 aminodacidos o péptido sefial y es necesario para el transporte celular. Un



4,5 % de las mutaciones tienen lugar en esta region. Los exones 2 al 6 median la interaccion
de receptor y lipoproteinas gracias a la union de Apo B. Constituyen una secuencia de 7
repeticiones de 40 aminoacidos. En torno al 40% de las mutaciones de HF ocurren en este
domino. Los exones 7 al 14 codifican 411 aminoacidos, y tienen un 33% de homologia con
el factor de crecimiento epidérmico (EGF). El exdn 15 su actividad funcional es desconocida,
es una zona de glucosilacion, podria tratarse de una funcion estabilizadora del receptor. El
exon 16 esta involucrado en el anclaje del LDLr a la membrana celular. Los exones 17 y 18,
codifican el dominio citosolico (177,183-188). (Figura 12).

Figura 12. Estructura del LDLR.
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Al-Allaf et al.(189). A) Representacion esquemdtica del :gen LDLR-; B) Region 3’UTR; C) Dominio de la
proteina.

La actividad residual del LDLR, nos condiciona su clasificacion en:

- Mutaciones de alelo nulo o mutaciones de clase 1, con una actividad inferior al 2%.
Afectan a la sintesis del receptor e implican pérdida del promotor, afectan al ajuste, generan
codones de parada o sin sentido o bloquean al ARN mensajero. Estas mutaciones son la forma
grave de la enfermedad, asociada a una mayor concentracion de cLDL y consecuente

aterosclerosis (190),



- Mutaciones de alelo defectuoso o de disminucion de funcion en el gen LDLR con una
actividad entre 2-25%. En este caso se pueden afectar las sintesis en el reticulo
endoplasmaético, su maduracion en el aparato de Golgi, su traslocacion a la membrana celular,
su union a Apo B o su reciclado. Se clasifican en (Figura 13):

1. Mutaciones de clase 2. Las proteinas que son codificadas quedan bloqueadas total o
parcialmente, al no presentar una estructura tridimensional necesaria para su correcto
funcionamiento. Se trata de deleciones en el LDLR, en los exones para el dominio de union
al ligando o dominio a EGF.

2. Mutaciones de clase 3. Los alelos defectuosos no pueden unirse a las particulas LDL,
consecuencia de distintos reordenamientos de residuos de cisteina o deleciones en dominio
EGF (191).

3. Mutaciones de clase 4. Los dominios citoplasmatico y dominio transmembrana se ven
afectados por defectos en los alelos que impiden gque los LDLr no puedan internalizarse en
las fosas de clatrina (192).

4. Mutaciones de clase 5. Afectan al dominio EGF, son mutaciones “sin sentido” e

impiden que el LDLr pueda reciclarse (193).

Figura 13. Proceso del LDLr y proteinas que afectan a su funcion. Alteraciones del receptor
LDL.
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3. ApoB -100 defectuosa familiar

La HF por defecto de Apo B-100 es una enfermedad genética que se caracteriza por la
incapacidad de las particulas LDL de establecer union con el LDLr. APOB esta localizado
en el cromosoma 2 (2p24-p23). Existen muy pocas mutaciones en APOB causales de HF
pero la mas conocida es aquella que sustituye un aminoécido en posicion 3500, glutamina
por arginina (R3500Q). Es poco frecuente y representa un 5 % de las HF. Dichos pacientes
son buenos respondedores del tratamiento a estatinas en su respuesta con disminucion de
cLDL (194) (Figura 14).

4. Mutaciones en el gen PCSK9

El gen de PCSKO9, se encuentra en el cromosoma 1(1p32.3). Dicho gen codifica a la
proteina sérica PCSK9, que se sintetiza en higado y se encarga de regular los LDLr en la
superficie de la célulay en el catabolismo del LDL. La union con el LDLr evita que se recicle
a nivel intracelular. Hay distintas mutaciones con ganancia de funcion que disminuyen el
namero de LDLr en superficie celular y que suponen un 1% de las HF (195) (Figura 14). En
las mutaciones con ganancia de funcion la actividad de PCSK9 se ve alterada. El cLDL
aumenta, debido a que el gen PCSK9 codifica a una proteina hiperactiva de PCSK9 que
provoca que el LDLr se degrade a mayor intensidad y por tanto una presencia cada vez menor
en la superficie celular. Algunos estudios han sugerido que el PCSK9 podria unirse al LDLr
en un estado cataliticamente inactivo que al acidificarse en el medio provocaria su
degradacion (181).

- Mutaciones con pérdida de funcion: el LDLr se ve incrementado y conlleva un aumento de
aclaramiento de cLDL en sangre (195,196). Ademas, se observaron en estudios entre
africanos- americanos y caucésicos (mutaciones en Y142X -C679X y R46L,
respectivamente) relacionados con un efecto protector frente a enfermedades
cardiovasculares (197,198). Estas aportaciones plantearon un beneficio mayor en el
desarrollo de arteriosclerosis con una intervencion temprana de la terapia hipolipemiante
(199).



Figura 14. Unidn defectuosa de la apolipoproteina B. Ganancia de funcion de PCSKO9.
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Ascaso et al.(178) Abreviaturas: PCSK9:Proproteina convertasa subtilisina/ kexina tipo 9; LDL:

lipoproteinas de baja densidad LDLR: Receptor de lipoproteinas de baja densidad.

4.4 Manifestaciones clinicas de la Hipercolesterolemia Familiar.

4.4.1 Manifestaciones clinicas de la Hipercolesterolemia Familiar Heterocigota

- Aumento del cLDL

Los pacientes con HFHe muestran cifras de cLDL de dos a tres veces por encima de
los niveles normales, es decir, cifras superiores a >190-400 mg/dL (200). Se han encontrado
mayores cifras de cLDL en aquellos pacientes con mutacion en el gen de LDLR, en concreto
en los sujetos con alelos LDLR negativos (201). El nivel de TG esta frecuentemente dentro
de la normalidad, y en caso de tener cifras elevadas podria ser explicado por la interaccion

de otros genes (genotipo E2/E2) o factores ambientales (alcohol, sobrepeso, y DM) (202).

- Depositos extravasculares de colesterol
Los xantomas constituyen una agrupacion de células espumosas en el tejido conectivo
de la piel, tendones y fascias, incluso con menor frecuencia en periostio. Son formaciones

consecuencia de una acumulacion de lipidos, a partir de los macrofagos. Su presentacion



clinica es variable, de maculas cutaneas blandas o semisdélidas hasta papulas o nodulos de
gran tamafio, su apariencia es de color amarillento, debido al caroteno que almacenan los
lipidos (203).

- Xantomas tendinosos: se caracterizan por ser una acumulacion de depositos de
colesterol en los tendones. Pueden verse afectados, ademas, inserciones de tendones, fascia
y periostio. Forman nddulos mdviles en las zonas de tenddn de Aquiles, codos, dorso de
manos, rodillas y talones. Un tercio de los pacientes con HFHe presentaran esta clinica en la
cuarta década de su vida. El riesgo de CV prematura se relaciona con la aparicion de dichos
xantomas, demostrado por Civeira et al. y consolidado por numerosos estudios posteriores.
Por ello se trata de un buen marcador para una intervencion precoz y la prescripcion de un

tratamiento hipolipemiante de alta intensidad (202—-204).(Figura 15).

Figura 15. Xantomas tendinosos en los tendones de Aquiles

Delia Reina(205). A. Xantomas tendinosos en los tendones de Aquiles. B. Ecografia del mismo paciente, del
tenddn de Aquiles: en un corte longitudinal se ve un tendon engrosado, de una ecotextura heterogénea.

- Xantelasmas: Se definen como placas blandas o semisélidas en los parpados
superiores (70% de los casos) e inferiores. En edades tempranas de la vida, es un evidente
signo de hipercolesterolemia pero generalmente es a partir de los 50 afios cuando suele
presentarse (202,206,207) (Figura 16,A).
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Figura 16. A.Xantelasmas B. Arco corneal

B. A.Fernandez (209)

- Arco corneal: Se define como un dep6sito de colesterol que se acumula en la
periferia de la cornea, aparece como una opacidad gris, blanca o amarillenta de 1-1,5 mm de
ancho y separado por una zona corneal clara de 0.3-1mm que se denomina intervalo lucido
de Vogt. Se presenta mayoritariamente en ambos 0jos. Se ha considerado que el cLDL esta
presente en el arco corneal. Aparece en el 14 % de los casos en la cuarta década de la vida.
La asociacion de arco corneal y altos niveles de cLDL se da con frecuencia en la HF en
variedad de estudios (202,209-211). (Figura 16,B).

- Enfermedad cardiovascular

La enfermedad CV aterosclerdtica, es causa de la muerte de >4 millones de personas
en Europa anualmente (212). La elevacion de las cifras de cLDL desde el nacimiento en
pacientes con HF, conlleva el ser factor de riesgo de enfermedad aterosclerdtica y mortalidad.
Los estudios hasta la fecha, han analizado que sin tratamiento un 50% de los varones y un
33% de las mujeres desarrollard enfermedad CV antes de los 55 afios y 60 afios
respectivamente (67,140,213,214). La HF representa entre 1-2% de todos los infartos de
miocardio prematuros en la mayoria de paises y en concreto en Alemania y Finlandia
ascenderia a 9% la enfermedad cardiovascular isquémica muy prematura (215,216). Se
estima que el incremento de riesgo CV en estos pacientes es de al menos 10 veces superior
al de la poblacion general (140).
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Actualmente lo datos analizados tras afios de tratamiento hipolipemiante con estatinas
desde 1980, son esperanzadores. En el metaanalisis mas reciente de Clinical treatment
trialists (CCT) de 27 estudios randomizados, se concluy6 que la disminucion de 1.0 mmol/L,
con tratamiento con estatinas durante 5 afios, reduce un 10%, el riesgo de mortalidad (217).
Y en el estudio The West of Scotland coronary prevention study (WOSCOPS), se analizo,
que el seguimiento durante 20 afios de este tratamiento descendia en un 18% (218).

En el estudio del Registro Espafiol de Dislipemias, se identificO que solamente un
15,1 % de pacientes con HFHe tenia enfermedad CV. En linea con estos datos el registro
SAFEHEART mostr6 que un 21,9% presentaba la enfermedad (219,220). Diferentes
cohortes de Reino Unido (221), Noruega (222), Dinamarca (223), y Holanda (224) han
referido que los pacientes con HF tratados en el tiempo, presentan una mejora substancial en
la enfermedad CV con respecto a décadas pasadas. El tipo de mutacion también parece tener
alguna asociacion, ya que en aquellos pacientes con mutacién nula, se observé en una cohorte
espafiola con HF que las enfermedades CV y la recurrencia de los eventos CV fue de 1,7
veces superior (201).

Por otro lado, la Lp(a) se ha asociado como factor de riesgo cardiovascular
independiente en la HF. Hasta la fecha, los pacientes con HFHo que presentaban dos alelos
en LDLR nulos, han mostrado tener una concentracion de Lp(a) hasta dos veces superior. Sin
embargo, los datos referentes a los pacientes heterocigotos son todavia inconcluyentes (225).
El andlisis de la asociacién entre Lp(a) y calcificacion aortica valvular ha sido contemplado
por varios estudios, refiriéndose a esta particula como un conocido e independiente factor de
riesgo CV (226). Ademas, se han analizado en diversos estudios el estrechamiento de la
valvula adrtica y su calcificacion en este tipo de pacientes hipercolesterolémicos. Ten Kate,
mostré en aquellos pacientes con mutacion patogénica una alta prevalencia de enfermedad
valvular adrtica, hasta un 41% respecto a 21% en la poblacion en general) (227). Sin
embargo, en el Cardiovascular Health Study, esta asociacién no pudo ser demostrada(228).
(Figura 17)



Figura 17. Fisiopatologia de la enfermedad HFHe
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Figura Adaptado de Nordestgaard (67).

4.5 Diagnostico

La deteccion precoz de la enfermedad de HF es fundamental para evitar la
enfermedad prematura cardiovascular y clinica derivada lo méas pronto posible. Dado que se
trata de un problema de salud muy importante, el diagndstico y correcto tratamiento es clave
para un buen control de la enfermedad. Hasta la actualidad el diagnostico se ha basado en el
perfil lipidico de la familia, la presencia de depositos de colesterol y antecedentes personales
y familiares de enfermedad coronaria prematura. Los criterios del Dutch Lipid Clinic

Network se muestran en la siguiente Tabla 8.

Ly



Tabla 8. Criterios Dutch Lipid Clinic Network

* Familiar de primer grado con enfermedad coronaria premafura (hombres <55 afes y mujeres <60 ahos) |
= Familiar de primer grado com neeles de cLOL =210 mgfdL (=54 mmolL) o =p95

= Familiar de primer grado con xantomas tendinosos we arco corneal <45 afios o 7
= Familiar <18 afas com clDL =150 mghdl (=33 mmolfL] o =p9%5

* Paciente con enfermedad corosaria peematura (hombres <55 afos; mujeres <60 afios) )
* Faciente con enfermedad ceretaovascular prematura thombees <50 afos; mujenes <& afes) |
o eafermedad arlerial perifénica

= Kantomas fendinasos b
= Arco comneal en personas <45 afios

Lg =11 a-:'..'ii} mgtdL (8,5 mmal/L) B
* cLOL 250379 mg/dL (6,5-8,5 mmoli) 3
o clOl 150-249 mgfdL (4,9-6.5 mmoli) K]
« cLOL 155-189 mgfdl (4,0-4,9 mmol/L) I
Mutaciin I‘unn:iuﬁa!en ks genes LILR, APOB. PCSKO 0 LDLRAP) ] 8

= Cerbeza: =8 puntos

= Prohabile: 6-7 puntos
= Pozible: 3-5 puntos

* Improbatble: <3 puntes

Figura de World Health Organization (WHO)(140)

Otros criterios de diagndstico son los basados en the Simon Broome register del
Reino Unido (229) (Tabla 9) y el Programa MedPed de EE.UU(230). (Tabla 10).
Tabla 9. Criterios diagndsticos del Simon Broome Familial Hypercholesterolemia

Register para el diagndstico de hipercolesterolemia familiar
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Tabla 10. Puntos de corte de CT total en el diagnostico de HF de la escala MedPed.
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Los criterios que se usan mas frecuentemente en Europa, y recomendados por la
SEA, son los criterios holandeses. En la actualidad, el diagnostico de la HF mediante el
estudio genético se ha facilitado gracias a las técnicas de secuenciacion masiva (NGS, next
generation sequencing), este método ha permitido el cribado en cascada familiar y ademas
es muy coste-efectivo. La secuenciacion cada vez es mas completa y hoy en dia, podemos
estudiarla en los genes de LDLR, APOB, PCSK9, LDLRAP1, APOE y STAP1 (231). Es
recomendable en aquellos casos con puntuacién > 6, de lo contrario la especificidad
disminuiria y por ello el fracaso en el diagndstico. En general, las mutaciones con un

diagndstico definitivo o probable se presentan entre el 60-80% de los casos (140).

4.5.1 Cribado familiar

La EAS recomienda el cribado en cascada, para la identificacion de familiares HF,
basandose en el criterio del National Institute for Health and Care Excellence (NICE), que
considera un diagnéstico méas eficaz cuando se valoran tanto pruebas genéticas como
concentraciones de cLDL. Es recomendable hacer una valoracion temprana a los 2 afios de
edad, en aquellas familias con sospecha de HF con unos antecedentes precoces de
enfermedad CV: en familiares de primer grado o segundo, en hombres <55 afios; en mujeres
<65 afios; si ademas el nifio cuenta con factores de riesgo cardiaco; o en algin familiar de
primer grado o segundo grado el CT es >240 mg/dL. Para evitar confusiones entre los 9y 11

afios, el cribado permite el conocimiento de la situacion del adolescente, antes de que



comience con los cambios propios de la pubertad. El registro de Cascade Screening for
Awareness and Detection, CASCADE la eficacia del diagndstico precoz en la prevencion de
eventos (232).

En el Consensus Statement of the European Atherosclerosis Society de 2013,
Nordestgaard et al. reflejaron que la mayoria de los paises en el mundo, necesitan reforzar
sus estrategias para el diagndstico de esta enfermedad, estableciendo unidades clinicas

especificas para el manejo de esta patologia (67).
4.6 Tratamiento

4.6.1 Estatinas

En 1960 la American Heart Association (AHA) establecié la importancia de
disminuir las concentraciones de colesterol en la sangre asociado al riesgo CV. Hoy en dia,
son los farmacos més utilizados para la prevencion de enfermedad CV tanto en prevencion
primaria como secundaria. La evidencia de numerosos ensayos clinicos ha establecido que
por cada disminucién de 38,7 mg/dL de cLDL tras 5 afios tratamiento con este
hipolipemiante, la mortalidad disminuye un 10%(217).

El mecanismo de accion de las estatinas se establece mediante la inhibicion de la
enzima HMG-CoA reductasa. La sintesis de colesterol se ve reducida por dicha inhibicion.
En los hepatocitos se activa una estimulacién de los LDLr que conllevan a un aclaramiento
de cLDL equilibrando el déficit intracelular del mismo (233,234) (Figura 18).



Figura 18. Mecanismo de accion de estatinas
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Adaptado de Harvey RA(235). Mecanismo de accién de estatinas. Abreviaturas: LDL: lipoproteinas de baja

densidad; LDLR: Receptor de lipoproteinas de baja densidad; VDLR: lipoproteinas de muy baja densidad.

Existen diferentes tipos de estatinas, y dependiendo de su biodisponibilidad,
capacidad de atravesar las membranas celulares o afinidad a los lipidos, tendran mayor o
menor actividad. Las estatinas liposolubles, como simvastatina y lovastatina, se unen a las
proteinas plasmaticas, presentan una biodisponibilidad baja de <5% por el efecto del
citocromo P450. Las estatinas hidrosolubles, como pravastatina, rosuvastatina y
pitavastatina, no se metabolizan por el mismo mecanismo, si no que necesitan del anion
organico transportador de polipéptidos (OATP1B1). Cuentan con una variacion de la
biodisponibilidad de 12% de la atorvastatina hasta 51% de la Pitavastatina (236).

- Las de alta intensidad, de media disminuyen el cLDL >50%.
- Las de moderada intensidad disminuyen el cLDL entre 30-50%.
- Las de baja intensidad disminuyen el cLDL entre 20-30% (141).



Para los pacientes con HF el tratamiento de eleccion, recomendado por la EAS, es la
estatinas de maxima potencia, que generalmente necesita estar asociado a otros tratamientos
para lograr los objetivos esperados. En la siguiente tabla se muestran los diferentes tipos e
intensidades de estatinas (Tabla 11).

Tabla 11. Clasificacioén de las estatinas

(reduccidn de cLOL 250%) (reduccidn de cLOL 30-50%) (reduccidn de cLOL<30%)

Abarvastating 40-80 mg Abarvastating 10-20 mg Simvastating L0 mg
Roswvastatiza 20-40 mg Resirwastating 5-10 mg Prawastating 10-20 mg
Lamvasiating 20-40 mg Lovastating 20 mg
Frawastating 40=B0 mg Fluvastatina 70:40 mg
Lovasiahna 0 mg Pigvastaling I mg

Fluvasiatina 45-40 mg
! Pitavestabios 24 my

Adaptada de Stone NJ et al (237)

4.6.2 Ezetimiba

Es un farmaco que inhibe la absorcion intestinal de colesterol. Es un inhibidor
selectivo del transportador de colesterol intestinal Niemann-Pick C1-Likel (NPC1L1). Las
reducciones de cLDL son en torno a 15-25%, pero generalmente en pacientes con HF se
asocia a estatinas esperando un efecto sinérgico. Es un farmaco muy bien tolerado, con pocos
efectos secundarios, y que ha demostrado que la reduccién de cLDL coadministrado es

superior a la que se aplica al doblar la dosis de estatina (238-240).

4.6.3 Resinas secuestrantes de acidos biliares

Las resinas quelantes reducen el colesterol al inhibir el ciclo enterohepatico de las
sales biliares, actuando sin tener efecto a nivel sistémico. Son farmacos utilizados
preferentemente en nifios por haber demostrado seguridad y eficacia a largo plazo. Consiguen
una reduccion del cLDL de 20-25%. Dosis mas altas de colestipol 30 g y resincolestiramina

24 g alcanzan hasta un 30-35%. Generalmente, son una opcion para pacientes intolerantes a
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estatinas, ademas dado que no producen toxicidad sistémica, también pueden utilizarse en
embarazadas. La adherencia al tratamiento, sin embargo, es baja, ya que condiciona efectos
secundarios en el intestino, como pesadez, estrefiimiento, flatulencias. EI mejor tolerado es
el colesevelam (241,242).

4.6.4 Inhibidores de PCSK9

Los inhibidores de PCSK9 actuales son anticuerpos monoclonales que inhiben la

proteina PCSK9 y que han conseguido reducir el cLDL hasta un 60%. PCSK9 se sintetiza en
el hepatocito y se secreta en el plasma. Una vez ahi se une con LDLr formando un complejo
e internalizandose por endocitosis y degradado en el interior de lisosomas. Cuando la union
al complejo es inhibida por un anticuerpo monoclonal, el cLDL se introduce en el interior de
la célula, pero el LDLr vuelve a la superficie del hepatocito con la consecuente unién a una
nueva particula de cLDL (243,244). (Figura 19).

Figura 19. Inhibidores PCSK9

A

Robert Stoekenbroek (243). American Society for Biochemistry and Molecular Biology. A)
Degradacion del receptor de lipoproteinas de baja densidad (LDLR) mediada por PCSK9.B) Inhibicién
PCSKO.

En 2015 fueron aprobados por US Food and Drug Administration y la European
Medicines Agency (EMA), dos anticuerpos monoclonales, Evolocumab y Alirocumab,
enfocandose principalmente en pacientes con HF y con enfermedad CV. En 2017, se
desarroll6 un ensayo clinico, conocido como FOURIER (Further Cardiovascular Outcomes
Research with PCSK9 Inhibition in Subjects with Elevated Risk), donde se estudiaron 1242

centros de 49 paises, con un total de 27.564 pacientes. Con una diferencia de 1,5 % de eventos



CV que fueron recogidos entre pacientes tratados con evolocumab y con placebo, siendo un
9,8% en el caso de los pacientes que recibieron el tratamiento y un 11,3% los que inyectaron
placebo (245,246). Més tarde fue publicado el ensayo ODYSSEY OUTCOMES 18.924
pacientes que habian presentado sindrome coronario agudo en los 12 meses previos, con
cifras de cLDL >70 mg/dL con tratamiento convencional con dosis maximas de estatinas. Se
obtuvieron resultados similares con recurrencias de eventos en un 9,5 % con alirocumab y
11.1% con placebo (75). Ambos estudios disminuyeron el cLDL por debajo de 70 mg/dL,
alcanzando los objetivos planteados previamente y sin efectos secundarios relevantes. Dichos
tratamientos en la actualidad son administrados en una seleccion de pacientes que incluyen
pacientes que presentan HFHe o HFHo y pacientes con factores de riesgo de recurrencia de
evento CV (246).

4.7 Recomendaciones en la dieta

Se ha revisado ampliamente la relacion de sufrir un evento CV con los patrones
dietéticos, demostrando una asociacion causal entre la dieta y el riesgo CV. Los estudios
randomizados conocidos como “metabolic ward studies”, estudios de cohortes y
randomizados, muestran que la ingesta de grasas saturadas conlleva un aumento de cLDL y
ademas un alto nivel en la concentracion de estas particulas a largo plazo puede ocasionar
eventos CV (247-249). El estudio Prevencion con Dieta Mediterranea (PREDIMED) donde
los participantes siguieron una dieta rica en aceite de oliva virgen extra o bien nueces,
comparado con una dieta baja en estos alimentos mostraron una incidencia de un 30% mas
baja en eventos CV (250). Sin embargo, son necesarios mas ensayos randomizados a largo y
corto plazo con una intervencion que tenga en cuenta los factores de riesgo como resultado.

Los suplementos de fitoesteroles como sitosterol, campesterol, y estigmasterol
presentes en aceites vegetales y en cantidades limitadas en frutas y verduras, legumbres y
granos han demostrado reducir un 7-10% los niveles de cLDL y CT, con un consumo medio
de 2 g/dia (251). Sin embargo, actualmente, no hay estudios que evidencien el efecto a nivel
CV.



La monacolina y levadura de arroz rojo, son inhibidores de la coenzima A (HMG-
CoA\) reductasa, el efecto clinico presenta un 20% de reduccion con una dosis de 2,5 -10 mg
/dia. Estos productos pueden presentar contaminantes en sus preparaciones y problemas de
seguridad no estudiados por el momento (252).

Otros suplementos como la fibra, la soja, berberina, y los acidos grasos omega 3 han
demostrado también tener un limitado efecto en los niveles lipidicos, pero todavia son
necesarios mas estudios que puedan evidenciar su efecto a largo plazo en los eventos
CV(140).



Tabla 12. Objetivos para la prevencion de enfermedades cardiovasculares

Tabaco Evitar la exposicion del tabaco
Dieta Basada en frutas, verduras, granos, pescados, y baja en grasas
saturadas

Actividad fisica 3,5-7 h/semana de actividad moderada e intensa (30-60 min/dia)

Peso BMI 20-25 kg/m?, cintura <94 cm (hombres) y <80 cm (mujeres).

Tension arterial <140/90 mmHg

cLDL Muy alto riesgo en prevencién primaria o secundaria: reduccion
del cLDL >50% con respecto al valor inicial y un objetivo de cLDL
de <1,4 mmol /L (<55 mg/dL)
Riesgo alto: un régimen terapéutico que logra una reduccion de
cLDL >50% con respecto al valor inicial y un objetivo de cLDL de
<1,8 mmol /L (<70 mg/ dL).
Riesgo moderado: Un objetivo de <2,6 mmol / L (<100 mg / dL).
Riesgo bajo: Un objetivo de <3,0 mmol / L (<116 mg / dL).

Non-cHDL <85 mg/dL, 100 mg/dL y 130 mg/dL muy alto riesgo, alto riesgo,
moderado riesgo respectivamente.

Apo B <65 mg/dL, 80 mg/dL y 100 mg/dL, muy alto riesgo, alto riesgo,
moderado riesgo respectivamente.

Triglicéridos Recomendacién de <1.7 mmol/L (<150 mg/dL)

Diabetes HbAlc: <7% (<53 mmol/mol)

Adaptado de 2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce

cardiovascular risk (140). Apo: apolipoproteina; IMC: indice de masa corporal; HbAlc: hemoglobina

glicosilada; cHDL: colesterol unido a lipoproteinas de alta densidad; CLDL: colesterol unido a lipoproteinas

de baja densidad.



A continuacion, se resume en la figura un resumen de las estrategias de diagnostico y

tratamiento para el manejo de HFHe. (Figura 20).

Figura 20. Resumen de las estrategias de diagnostico y tratamiento.

Resumen de Screening:
tratamiento y

. L. Persona indice o miembro familiar con:
diagnéstico de FH

-Hipercolesterolemia Familiar (FH)

-Adulto: Colesterol 2310 mg/dL o percentil >95th para la edad y
genero del pais o

-Nifio: Colesterol 2230 mg/dL o percentil >95th para la edad y
genero del pais o

-Enfermedad prematura coronaria
-Xantomas tendinosos

-Muerte Subita cardiaca en un miembro familiar

Diagnéstico:
Uso de Criterio Diagnostico de Dutch Lipid Clinic Network critera. Esto no es aplicado para nifios.

OPCIONAL: excluir otras casusas de hipercolesterolemia = valoracién de riesgo (Lp(a))

En familia usando los niveles de LDLc

Cascada screen:

A 4

Si el criterio Dutch Lipid Clinic Network critera score >5

- Screen con estudio genético en el caso indice (si el test
DNA estd disponible en el pais.

-Test familiar > si la causa se conoce—> cascada screen

l

Modificacién de los estilos de vida:

Objetivos de LDLc: Incluye dejar de fumar y consejos sobre dieta

-Nifios:< 135 mg/dL

-Adultos: <70 mg/dL Tratamiento Prioritario:

-Adultos con Nifios: estatinas, ezetimiba y resinas biliares

enfermedad CV o

Diabetes Mellitus: Adultos: méaxima dosis de estatinas, ezetimiba, resinas biliares,

fibratos (niacina y nuevas terapias)
<55 mg/dL

Aféresis en Hipercolesterolemia Familiar Homocigota y en
tratamiento de resistentes FH con enfermedad coronaria.

Figura Adaptada de Nordestgaard et al. (106)
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Justificacion

La hipercolesterolemia familiar heterocigota (HFHe) es la enfermedad monogénica
mas frecuente en el adulto, afecta entre 1/200 y 1/250 sujetos, lo que supone entre 14y 34
millones de personas en el mundo (253,254). Las mutaciones responsables estudiadas hasta
la actualidad son aquellas que afectan a los genes que incluyen LDLR, APOB, PCSK9 y
APOE (253). Las caracteristicas clinicas que presentan estos pacientes se deben a un
aumento de las concentraciones de las particulas LDL. Por ello presentan depdsitos
superficiales de colesterol en diferentes tejidos, como arco corneal, xantelasmas y
xantomas tendinosos, y una elevada incidencia de enfermedad coronaria prematura
personal y familiar. Ademas, la trasmision es autosomica codominante y con una alta
penetrancia y expresividad (67).

Los estudios realizados a lo largo de estos afios han analizado que sin tratamiento un
50% de los varones y un 33% de las mujeres desarrollara enfermedad CV antes de los 55
afios y 60 afios respectivamente. Los registros internacionales de HFHe como el Simon
Broome britanico evidencid un riesgo hasta 100 superior de enfermedad coronaria en los
varones menores de 40 afios afectos de HFHe respecto a la poblacidn general en la era pre-
estatinas (67,140,229).

En los afios 80 con la aparicion de las estatinas, se empezé a disponer de tratamiento
hipolipemiante efectivo, el cual no se tenia hasta ese momento. Actualmente disponemos
de farmacos potentes y seguros para reducir el cLDL, donde se incluyen los inhibidores de
la HMGCOoA reductasa o estatinas, los inhibidores de NPC1L1, como la ezetimiba, los
iIPCSK®9, como alirocumab y evolocumab, y los inhibidores de angiopoyetina- like proteina
3 (ANGPLTL3) (140,255).

Por otro lado, el analisis de los genes cada vez es mas preciso, ya no solamente es
analizado clinicamente mediante los criterios diagnosticos de Dutch Lipid Clinics Network.
Ademas, a lo largo de los ultimos afios contamos con un diagnostico basado en test
genéticos definidos por las recomendaciones del American College of Medical Genetics
ACMG(67). El estudio genético se aplica no solamente a aquellos sujetos de alto riesgo de

enfermedad coronaria, sino también a aquellos pacientes analizados en base a criterios



lipidicos, es decir, un subgrupo de personas con posible HF que podria haberse
infravalorado cuando el diagnostico estaba muy centrado en la enfermedad CV.

Son varios los estudios que vienen demostrando estos ultimos afios la evolucion en el
fenotipo de estos pacientes, mostrando una enfermedad que pudiera ser mas benigna en los
afios venideros. Dos potentes ensayos clinicos como FOURIER y ODYSSEY OUTCOMES
mostraron una clara disminucion de 1,5 % de eventos CV que fueron recogidos entre
pacientes tratados con iPCSK9 y con placebo a lo largo de tres afios. Ambos estudios
disminuyeron el cLDL por debajo de 70 mg/dL, alcanzando los objetivos planteados y sin
mostrar efectos secundarios (75,76). Otros estudios analizados en nuestro grupo
demostraron que tras tres afios de tratamiento mediante iPCSK9 junto con estatinas y
ezetimiba los xantomas tendinosos observados en una serie de pacientes, habian
disminuido progresivamente (256). En el caso de los xantelasmas depositados de pacientes
con HFHe, tratados con dicho farmaco, y continuado en el tiempo durante 26 meses,
demostro una regresion de las lesiones lipidicas que podian revertirse con un gran descenso
de las concentraciones de cLDL (208).

El fenotipo clasico de la HFHe, muy probablemente, se ha modificado
sustancialmente, en especial por una mayor esperanza de vida libre de enfermedad
cardiovascular en estos pacientes, por otro lado, un diagndstico mas preciso y un
tratamiento mas eficaz. Es por ello, que previsiblemente el fenotipo de la enfermedad sea
mucho mas heterogéneo del que se mostraba en sus descripciones iniciales. Ademas, se
considera la hipotesis de que los farmacos hipolipemiantes utilizados durante mucho
tiempo en estos pacientes puedan haber influido en la presentacion de otras comorbilidades,
favoreciéndolas como la diabetes o0 mostrando un efecto protector. Se plantea por tanto el
estudio de enfermedades potencialmente asociadas con la HFHe diferentes a la enfermedad
coronaria clasica, asi como de potenciales morbilidades asociadas con el tratamiento
hipolipemiante prolongado. Para lograr estos objetivos hemos hecho dos aproximaciones
diferentes. En primer lugar, hemos analizado patologias que aparecen en sujetos
homocigotos que expresan un fenotipo mucho mas grave pero que no estaban descritas en
los sujetos heterocigotos. Este ha sido el caso de la enfermedad valvular aortica que es una

complicacion de los sujetos homocigotos pero que es desconocida en los heterocigotos. En



segundo caso es la hiperlipoproteinemia(a). La Lp(a) estd aumentada en los homocigotos
pero su concentracion en sangre en heterocigotos no esta bien determinada, ni el potencial
efecto que la mutacidn responsable de la hipercolesterolemia pudiera jugar. En el analisis
del fenotipo actual de los sujetos HFHe un tema no analizado es la potencial diferencia
entre la herencia materna o paterna de las enfermedades asociadas con HF. Este efecto es
conocido en otras enfermedades genéticas pero no en la HF. La segunda aproximacion ha
sido analizar patologias que se han asociado de forma no consistente con el tratamiento
hipolipemiante, una de ellas las cataratas en las que habia descripciones aisladas en
cohortes seguidas hasta 5 afios pero sin datos definitivos al respecto. Por ultimo, y para
tener una vision holistica de enfermedades que pudieran no haberse descrito previamente,
hemos analizado un grupo numeroso de familias con HFHe y un grupo de familias control,
analizando la mortalidad de los dos grupos en todos los familiares de primer grado de los
sujetos probando HFHe. De este modo podriamos por lado actualizar a fecha actual la
enfermedad cardiovascular en la HFHe y por otro identificar potenciales patologias que
hubiesen pasado desapercibidas hasta la actualidad. Todo ello para conocer en profundidad
la repercusion de todo el conjunto de factores que han influido en los sujetos HFHe los

ultimos afios y mejorar en lo posible su tratamiento futuro.
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Compendio de publicaciones: estudios principales

Estudio 1 Enfermedad valvular adrtica en ancianos con Hipercolesterolemia

Familiar Heterocigotica. Impacto de la terapia hipolipemiante.

1.1 Antecedentes

La Hipercolesterolemia Familiar es una enfermedad comln autosomica
codominante causada principalmente por mutaciones del gen LDLR. La prevalencia de la
HFHe es de aproximadamente 1/200-500 personas en la mayoria de los paises [1]. Los
pacientes con HFHe muestran concentraciones plasmaticas muy elevadas de colesterol
unido a lipoproteinas de baja densidad (cLDL) [1,2]. Sin un tratamiento hipolipemiante,
aproximadamente el 50% de los hombres y el 30% de las mujeres desarrollaran una
enfermedad coronaria antes de los 50 afios [1,3,4]. El tratamiento hipolipemiante ha
disminuido la enfermedad coronaria en la HFHe y muchos pacientes estan alcanzando una
esperanza de vida equiparable al resto de la poblacion [4]. Esta mayor tasa de supervivencia
puede derivar en otras enfermedades relacionadas con la hipercolesterolemia y/o con los
defectos en el LDLr, que no se revierten con las estatinas o que podian estar pasando
desapercibidas por disponer de una esperanza de vida mas corta. El aumento de nuevos
fenotipos ya se ha descrito en la HFHo. Los pacientes pediatricos con HFHo, morian de
aterosclerosis coronaria extremadamente prematura, pero dado que el riesgo de enfermedad
coronaria se ha reducido sustancialmente gracias a la aféresis de LDL desde la infancia [5-
7], a medida que envejecen, muestran un anillo aortico calcificado, calcificacion
ascendente de la aorta y un mayor riesgo de estenosis aortica (EA) grave [6]. La EA es un
proceso inflamatorio y degenerativo causado por el dafio endotelial consecuencia de la
infiltracion lipidica, fibrosis progresiva y calcificacion, que acaba causando el
estrechamiento de la zona valvular adrtica [8]. Curiosamente, la EA ha aumentado
progresivamente en los Gltimos afios en la mayoria de los paises, incluido en Espafia [9].
Los factores de riesgo para el desarrollo de EA incluyen la edad, la hipercolesterolemia, la
DM vy la hipertension, factores de riesgo tradicionales también implicados en el desarrollo

de arteriosclerosis [10]. Desafortunadamente, el tratamiento hipolipemiante no ha



demostrado reducir la progresion de la EA a largo plazo, por ello los mecanismos del
desarrollo de EA son desconocidos hasta el momento [11]. Existen varios factores que
pueden predisponer a esta enfermedad en pacientes con HFHe. En general, las
concentraciones cLDL son muy elevadas desde la infancia; ademas el tratamiento cronico
con estatinas parece favorecer la calcificacion vascular, que se asocia con la reduccion de
los componentes lipidicos e inflamatorios en las placas de ateroma [12]. Por otro lado,
muchos pacientes con HFHe tienen una concentracion elevada de Lp(a), un factor de riesgo
independiente de calcificacion vascular y de la valvula adrtica (AoVC) [13,14]. Casi la
mitad de la poblacion general de edad avanzada (> 75 afios) tiene indicios de AoVC y una
fraccion de ellos padece EA [13]. En consecuencia, la alta mortalidad por cardiopatia
coronaria precoz por HFHe [15] podrian estar ocultando la AoVC y la EA gue aparecerian
en edades avanzadas de la vida. Las mutaciones de LDLR predicen fuertemente la AoVC
[16], pero ain se desconoce si los pacientes de edad avanzada con HFHe tienen un mayor
riesgo de EA.

1.2 Objetivos

Planteamos la hipétesis de que muchos sujetos con HFHe en tratamiento crénico
con estatinas, no solo tienen AoVC, sino también parametros hemodindmicos alterados de
la funcién de la valvula aortica, incluso cumpliendo con los criterios diagnosticos
catalogados de Estenosis Aodrtica (EA). Nuestro objetivo fue estudiar estas diferencias
funcionales comparando pacientes con HFHe con controles. Ademas, este estudio evaluo
la prevalencia actual de EA en sujetos con HFHe >65 afios en tratamiento cronico con
estatinas. Finalmente, fueron analizados los factores de riesgo potenciales para el desarrollo
de EA en HFHe.

1.3 Material y métodos

Este es un estudio observacional, multicéntrico, de casos y controles. En el estudio
participaron cinco unidades de lipidos de toda Espafia. Se reclutaron casos de HFHe con
los siguientes criterios: edad >65 afios; una mutacidon patogénica en un gen candidato para

HF (LDLR, APOB o PCSK9) en el sujeto o en un familiar de primer grado; niveles



historicos de cLDL >220 mg/dL sin tratamiento hipolipemiante; y tratamiento con estatinas
>5 anos. Los controles se seleccionaron de familiares de pacientes con HFHe de las cinco
unidades de lipidos, que incluian: ausencia de hipercolesterolemia (cLDL <190 mg/dL sin
tratamiento hipolipemiante); edad >55 afios; y convivientes de HFHe >25 afios de
convivencia o hermanos HFHe sin diagndstico positivo. Se reclutaron, ademas, casos
adicionales de HFHe de familiares de casos cuando cumplian con los criterios de inclusion.
Los participantes fueron excluidos si tenian antecedentes personales de cardiopatia
reumatica.

El componente clave fue la valoracion de un ecocardiograma transtoracico. Los
datos de laboratorio se obtuvieron de los registros en las unidades de lipidos con fechas <1
afio a la ecografia cardiaca, si cumplian con el criterio de tratamiento hipolipemiante
estable. Cuando estos datos no estuvieron disponibles, se extrajo una muestra de sangre
durante la visita. Todos los procedimientos se realizaron localmente, en cada unidad de
lipidos.

Todos los sujetos dieron su consentimiento informado por escrito al protocolo, que
fue aprobado por un comité ético central (Comité Etico de Investigacion Clinica de Aragon,
CEICA).

Ecocardiografia transtoracica

Los ecocardiogramas transtoracicos convencionales fueron realizados por
cardiélogos certificados a nivel nacional en ecocardiografia, segun el protocolo para este
estudio. Los estudios de ecocardiograma se enfocaron en la valvula aértica con la misma
posicion para todos los pacientes.

Se realizaron las siguientes mediciones:

- gradiente medio de presién de la valvula adrtica;

- velocidad aortica maxima (Vmax);

- area de la valvula adrtica;

- area de la valvula aortica indexada al area de superficie corporal;

-valvula de aorta bicuspide o tricispide;

- engrosamiento valvular> 3 mm;

- y calcificacion de las valvas de la valvula adrtica.



El cardidlogo que realizaba los ecocardiogramas era ciego al estudio, no conocia el
diagnostico de HFHe. El grado de calcificacion de la valvula aortica se puntud de la
siguiente manera: 1, sin calcificacion; 2, levemente calcificado (pequefias manchas
aisladas); 3, moderadamente calcificado (multiples manchas grandes); y 4, muy calcificado
(engrosamiento extenso y calcificacion de todas las clspides). La EA se diagnosticé segln
las guias de American College of Cardiology/American Heart Association Task Force on
Practice Guidelines. Se considera EA con cualquiera de los siguientes hallazgos: gradiente
medio de presion de la valvula adrtica >20 mm; Vmax >2 m/s; y area de la valvula adrtica
<1 cm?. Los estadios de EA fueron leves (Vmax 2-2,9 m/s y gradiente de presion de la
valvula <20 mm vy érea de la valvula adrtica>1 cm?); moderada (Vmax 3-3,9 m/s o
gradiente de presion de la valvula 20-39 mm y area de la valvula aortica >1 cm?) y severa
(gradiente de presion de la valvula >40 mm; o Vmax >4 m/s; o area de la valvula adrtica
<1 cm?). La esclerosis de la valvula adrtica (ASc), una afeccion adrtica mas leve, se definio
en presencia de engrosamiento (>3 mm) y/o calcificacion de la valvula adrtica sin
obstruccion significativa del flujo (Vmax <2 m/s) o criterios de EA.

Entrevista clinica

Sobre la informacion de los datos clinicos, se recogi6 edad, sexo, nivel de estudios,
antecedentes de tabaquismo, hipertension, diabetes, antecedentes personales de
enfermedad cardiovascular y antecedentes familiares de enfermedad cardiovascular en
familiares de primer grado, edad a la que ocurrieron los eventos cardiovasculares, valores
de lipidos sin tratamiento y antecedentes de tratamiento hipolipemiante. El nivel de
educacién se clasifico en primaria, secundaria y educacion superior. El tabaquismo actual
se definid por fumar en el presente o haber fumado en el Gltimo afio. Los exfumadores se
definieron como sujetos que habian fumado al menos 50 cigarrillos en su vida, pero que no
habian fumado en el dltimo afio. EI consumo de tabaco se registré como el numero de
paquetes diarios fumados multiplicado por el nimero de afios fumados.

Referente al tratamiento hipolipemiante, registramos la edad a la que comenzo el
tratamiento con estatinas, la estatina prescrita con mayor frecuencia, la dosis de estatina, el
uso de ezetimiba, la edad a la que comenzo el tratamiento con ezetimiba y estatina y la

dosis que se prescribia como tratamiento actual.



En los participantes con enfermedad cardiovascular previa, se registro la edad del
primer evento y el tipo de evento: infarto de miocardio; sindrome coronario agudo con
hospitalizacién; accidente cerebrovascular isquémico; revascularizacion coronaria,

carotidea o periférica; la muerte subita; o aneurisma aortico.

Examen fisico

En el examen fisico se registrd talla, peso, presion arterial sistélica y diastélica y
presencia de xantomas tendinosos. El indice de masa corporal (IMC) se calculé como el
peso en kilogramos dividido por el cuadrado de la altura en metros.

Pruebas de laboratorio

Cuando los valores de lipidos actuales (<1 afio) no estaban disponibles, se obtuvo
una muestra de sangre para determinar, CT, TG, cHDL, Apo B, Lp(a), glucosa y HbAlc.
En cada centro se realizaron mediciones de laboratorio y conservacién de muestras.

Definiciones

La hipertension arterial se definid6 como presion arterial sistdlica >140 mmHg,
presion arterial diastélica >90 mmHg o uso actual de medicacion antihipertensiva. La
diabetes se defini6 como glucosa plasmatica en ayunas >126 mg/dL, HbAlc >6,5% o uso

actual de medicacioén antidiabética.

Andlisis estadistico

Los datos se expresan como media (desviacion estandar) o porcentaje. Para las
comparaciones entre casos y controles, las variables ecogréficas de la valvula adrtica y la
presencia de niveles de afectacion de la valvula aortica se analizaron mediante regresiones
lineales y logisticas basadas en ecuaciones de estimacion generalizada (GEE) con
diferentes niveles de ajuste: no ajustada, ajustada por sexo y edad y ademas se ajusto para
la concentracion de cLDL sin tratamiento. Los analisis estratificados para casos y controles
y los restringidos a casos se basaron en modelos lineales generalizados, e incluyeron, para
estimar su influencia, la variable concentracion de cLDL sin tratamiento o afios de vida

con farmacos hipolipemiantes. La influencia del cLDL y el tratamiento hipolipemiante se



estudiaron por separado en los estratos de casos y controles. Todos los andlisis se realizaron

con el software estadistico R version 3.4.4. y el paquete “gee” version 4.13.19.

1.4 Resultados

El equipo de investigacion recluté 205 sujetos, 112 casos y 93 controles. La edad
media fue de 71,8 afios y 70,0 afios en los grupos de casos y controles, respectivamente.
Ademas del CT y cLDL sin tratamiento hipolipemiante, la edad, la prevalencia de
enfermedad cardiovascular previa y los antecedentes familiares de prevalencia de
enfermedad cardiovascular prematura, también fueron més altos en el grupo de HFHe que
en el grupo de control. EI IMC fue similar en ambos grupos. No hubo diferencias en
tabaquismo, hipertension y DM tipo 2 (tabla 1). Todos los casos estaban en tratamiento
hipolipemiante con un tiempo medio de tratamiento de 22,5 (8,7) afos.

Caracterizacién de la valvula aortica

El gradiente medio de presion de la valvula adrtica fue mayor en los casos (7,4
mmHg) que en los controles (5,0 mmHg), después de ajustar por edad y sexo (P = 0,003).
Los pacientes con HFHe, en comparacion con los controles, tenian mayor Vmax (1,7 m/s
y 1,5 m/s, respectivamente, p = 0,011), y menor area de la véalvula adrtica (2,0 cm?y 2,4
cm?, respectivamente, p <0,001)). Entre los pacientes con HFHe, la puntuacion media de
calcificacién valvular de las valvas de la valvula adrtica fue mayor y el engrosamiento
valvular fue més prevalente (P = 0,004). La fraccién de eyeccion del ventriculo izquierdo
tendid a ser menor en los casos (65,7% vs 67,2%, P = 0,056). Todas las valvulas estudiadas
fueron trictspides. La EA con criterios moderados o graves y la esclerosis aortica, fueron
mas prevalentes entre los HFHe (7% vs 1%, OR ajustado por edad y sexo 8,33, IC 95%
1,22, 57,10, P = 0,031; y 55% vs 32%, OR ajustado por edad y sexo 1,90; IC del 95%:
1,04; 3,47; P = 0.061 respectivamente) (Tabla 2) y aumento con la edad (Figura 1).
Ademas, las comparaciones de las mediciones aorticas ajustadas y la prevalencia de
estenosis para las concentraciones de cLDL sin tratamiento, no mostraron ninguna
diferencia significativa. Por lo tanto, cLDL podria estar justificando en parte, las
diferencias de valvulas entre HFHe y controles, pero como el cLDL es parte de la definicion

de caso y control, para aclarar el problema, se realizaron regresiones estratificadas.



Mostraron que la edad, pero no el cLDL, se asocio significativamente con todas las
variables de la valvula aortica entre los controles. Ademas la Vmax y la puntuacion de
calcificacion de la valvula adrtica también se asociaron con la concentracion de cLDL sin
tratamiento entre los casos de HFHe. El gradiente medio de la valvula adrtica aument6 4,1
(2,1, 6,1) mmHg/10 afios entre los casos, mientras que solo aument6 0,8 (0,0, 1,6)
mmHg/10 afios entre los controles de diferentes grupos de edad.

Todos los datos clinicos y de laboratorio fueron similares en todos los estadios de
la valvula adrtica, excepto por la presencia de xantomas de tendén.

Factores de riesgo de enfermedad valvular

Para evaluar como el tratamiento con estatinas entre los pacientes con HFHe podria
modificar los parametros de la valvula adrtica entre estos pacientes, utilizamos modelos
que incluian el sexo, la edad y la duracion del tratamiento con estatinas. El area de la
valvula adrtica disminuy6 y la puntuacion de calcificacion de la valvula adrtica aumento
significativamente con la edad (P <0,001) e independientemente de las estatinas. La
fraccion de eyeccion fue independiente de la edad, pero disminuyé con la duracién del
tratamiento con estatinas (P = 0,005). El gradiente medio de la valvula adrtica aumenté con
la edad en los casos y controles, pero con una tasa de incremento mas alta en la HFHe
(Figura 2).



Estudio 2. La hipercolesterolemia de herencia materna no modifica el fenotipo

cardiovascular en la Hipercolesterolemia Familiar

2.1 Antecedentes

La Hipercolesterolemia Familiar (HF) es una enfermedad autosémica codominante
caracterizada por concentraciones muy elevadas de colesterol unido a cLDL, depositos
superficiales de colesterol en forma de arcos corneales y xantomas tendinosos, y alto riesgo
de enfermedad CV prematura en ausencia de un tratamiento hipolipemiante adecuado (1,
2). Las concentraciones de cLDL de HFHe tienden a ser aproximadamente el doble que las
de los sujetos de la poblacion general y su riesgo de enfermedad CV en las primeras
décadas de vida, especialmente enfermedad coronaria, es hasta 100 veces mayor (3). Sin
embargo, una caracteristica de la HFHe es la gran variabilidad en la presentacion clinica,
incluidas las concentraciones de cLDL, y la presencia de xantomas tendinosos o
enfermedad de las arterias coronarias (4). Esta variabilidad es multifactorial y se ha
asociado con: el gen responsable de la HF, con un fenotipo méas severo en portadores de
mutaciones de LDLR que en aquellos con mutacion en APOB, PCSK9 o APOE (5, 6); el
tipo de mutacién causal, con peor fenotipo en los portadores de alelos nulos que en los
portadores de alelos defectuosos (7); la interaccidn con otros genes, como ABCA1 o PSCK9
(8, 9); y la presencia de factores de riesgo de enfermedad CV comunes a la poblacién
general, como tabaquismo, diabetes, colesterol unido a cHDL y niveles elevados de Lp(a)
(10). A pesar de todo esto, el origen de gran parte de esta variacion clinica en HFHe sigue
siendo desconocido (1, 4).

Uno de los factores potenciales asociados con la variacion clinica de los sujetos
con HFHe es el origen parental del defecto genético. Algunos de los fendmenos
relativamente frecuentes en la naturaleza que podrian explicar diferencias en el fenotipo de
enfermedades monogénicas son la denominada impronta gendémica, que consiste en que el
nivel de expresion de los alelos de un gen depende de su origen parental (11); y un efecto
materno, donde el fenotipo de la descendencia esta determinado no solo por el ambiente y
genotipo postnatal sino también por el ambiente durante la gestacion (12). Estos fenOmenos

epigenéticos se producen por modificaciones de la cromatina, principalmente por



metilacion del ADN, acetilacion de histonas o la interaccion de ARN no codificantes con
el ADN. La induccion de la metilacion del ADN esta muy influenciada por el entorno
materno (13). Los genes de impronta gendmica no se han asociado con HF hasta el
momento (11). Sin embargo, se ha atribuido un efecto maternal en la HFHe debido a un
posible efecto de la hipercolesterolemia materna durante el embarazo que condicionaria
una memoria metabdlica durante la edad adulta (14). Se ha observado que los sujetos con
HFHe de origen materno pueden tener niveles mas altos de cLDL (15) y una mayor
mortalidad por enfermedad CV que los sujetos con HFHe de origen paterno (16). Seria
similar a lo que ocurre con el tabaquismo de la madre, con una dieta rica en grasas saturadas
durante el embarazo (17), o con el bajo peso al nacer, asociados con riesgo de diabetes
(18), hipertension arterial o enfermedad cardiovascular ateromatosa en la edad adulta (19).

El efecto de la hipercolesterolemia durante el embarazo se ha estudiado en
diferentes modelos animales, observando que dicha enfermedad favorece el desarrollo
temprano de lesiones arterioscleroticas en recién nacidos y un mayor riesgo de diabetes e
hipertension arterial en la edad adulta (20, 21). Sin embargo, se desconoce si este efecto
sucede en los humanos. EIl tratamiento hipolipemiante esta contraindicado durante el
embarazo y, dado que los niveles de colesterol aumentan fisiologicamente durante el
segundo y tercer trimestre del embarazo, el aumento del colesterol es sustancial en las
mujeres embarazadas con HFHe (22). Por tanto, la HF es un buen modelo para identificar
si la hipercolesterolemia severa durante el embarazo en mujeres con HFHe condiciona el
fenotipo en la descendencia y explica, al menos en parte, las diferencias que encontramos
entre sujetos adultos con HFHe.

2.2 Objetivos

El objetivo de este analisis fue identificar las diferencias potenciales en la
antropometria, los depositos de lipidos superficiales, las comorbilidades y las
concentraciones de lipidos entre sujetos de origen maternal o paternal de

hipercolesterolemia, dentro de un gran grupo de HFHe.



2.3 Material y métodos

Este estudio observacional, transversal, multicéntrico desarrollado a nivel nacional
en Espafia, se disefi¢ para identificar diferencias en la HFHe segun el origen parental de la
hipercolesterolemia. Los datos de los pacientes con HFHe se obtuvieron del Registro de
Dislipidemias de la Sociedad Espafiola de Aterosclerosis (SEA). El Registro de
Dislipidemias de la SEA es un registro activo online, donde 65 unidades de lipidos
certificadas, de diferentes regiones espafiolas, informan de casos con varios tipos de
hiperlipidemias primarias (23). Los criterios de inclusion y la recopilacion de datos se
estandarizaron entre las unidades en 5 sesiones antes del reclutamiento de los casos. Se
obtuvo el consentimiento informado por escrito de cada paciente incluido en el estudio; el
protocolo del estudio se ajusta a las directrices éticas de la Declaracion de Helsinki de 1975;
el protocolo de estudio ha sido previamente aprobado por el Comité Etico de Investigacion
Clinica de Aragon.

Los sujetos con HFHe eran elegibles para su inclusién en este analisis si tenian un
diagnostico clinico o genético de HFHe. El diagnoéstico clinico se basé en los criterios
diagnosticos propuestos por los Criterios Dutch Lipid Clinic Network: 6-8 puntos
(probable) y >8 puntos (definitivo). El diagnéstico genético se seleccion6 en base a la
mutacion patogénica que portaba el probando para HF. La definicion de patogenicidad de
mutaciones siguid las recomendaciones del ACMG del American College of Medical
Genetics (1). Los HFHo fueron excluidos de este estudio. Los pacientes en los que la
herencia parental de HF era desconocida, no se incluyeron en el analisis final.

Variables de estudio

- Entrevista clinica

En el registro se incluyen datos de HFHe, como los antecedentes de salud personal
y familiar, de antropometria, exploracion fisica, datos de laboratorio, presencia de
enfermedad CV, edad en la que se inicio el tratamiento con estatinas, antecedentes de
tratamiento hipolipemiante y datos genéticos sobre mutaciones en LDLR, APOB o PCSK9

(positivo, negativo o desconocido).



- Historial de salud familiar

La informacion sobre la transmision de la hipercolesterolemia derivada de los
padres fue transmitida por el probando y confirmada a partir de las historias clinicas del
paciente. La enfermedad CV se defini6 como: coronaria (infarto de miocardio,
procedimiento de revascularizacion coronaria, muerte subita); cerebral (accidente
cerebrovascular con deéficit neurologico > 24 h sin sangrado en las pruebas de imagen
cerebral); enfermedad vascular periférica (claudicacion intermitente con indice tobillo-
brazo <0,9 o revascularizaciéon arterial de miembros inferiores) o aneurisma aortico
abdominal sintomatico o asintomatico.

- Pruebas de laboratorio

Los niveles de lipidos y lipoproteinas se analizaron en ayunas sin tratamiento
hipolipemiante durante al menos 6 semanas.

Definiciones

La hipertension arterial se definid como presion arterial sistolica >140 mmHg o
presion arterial diastolica >90 mmHg o consumo de medicacion antihipertensiva. El IMC
se calcul6 mediante el peso en kilogramos dividido por el cuadrado de la altura en metros.
La DM se defini6 segun el consumo de medicamentos antidiabéticos. Fumador actual se
definié como fumador actual o fumador en el ultimo afio. Exfumador se definié como un
sujeto que habia fumado al menos 50 cigarrillos en su vida, pero que no habia fumado en
el ultimo afo.

Realizamos este estudio de acuerdo con la Declaracion de Helsinki para la
proteccion de los derechos y el bienestar de las personas que participan en la investigacion
biomeédica.

Andlisis estadistico

Las variables se expresaron como media (desviacion estandar) o porcentaje. Las
diferencias no ajustadas entre los grupos de padres se analizaron con la prueba t de Student
o la prueba de chi-cuadrado, segln correspondia. Se utilizaron modelos de regresion lineal
y logistica ajustados por edad y sexo para definir las caracteristicas clinicas observadas y
para comparar las diferencias entre el origen parental. Las diferencias en la prevalencia de

comorbilidades se estudiaron con modelos de regresion logistica ajustados por edad, sexo



e IMC. Se realiz6 un andlisis de sensibilidad restringiendo el conjunto de datos a aquellos
sujetos con mutacion genética confirmada. Todos los andlisis de datos se realizaron con
SPSS versidn 22 y R version 3.6.0. Se realizo un célculo de potencia post-hoc para analizar
la diferencia de prevalencia de enfermedad cardiovascular segin el origen parental de la
HF, P <0,05 se considero estadisticamente significativo.

2.4 Resultados

Caracteristicas clinicas

Los pacientes con HFHe se agruparon en 1231 HFHe-madre-descendientes y 1174
HFHe-padre-descendientes, de 45,7 (16,3) afios y 44,8 (16,7) afios, respectivamente. En
884 sujetos el origen parental de la enfermedad fue desconocido. Las principales
caracteristicas de los tres grupos se presentan en la Tabla 1 y en la Tabla Suplementaria 1.
Los sujetos con origen hipercolesterolémico parental desconocido eran mas mayores que
los otros dos grupos. Sin embargo, no se encontraron otras diferencias en el resto de las
variables estudiadas entre los tres grupos que diferian en el origen parental, incluyendo CT,
TG, cLDL, cHDL y Lp(a), puntuaciones de DLCN o intensidad o duracion del tratamiento
hipolipemiante. No hubo diferencias en ninguna de estas variables ajustadas por edad y
sexo entre los HFHe de origen materno o paterno (Tabla 2), considerandose solo aquellos
sujetos HFHe con confirmacion genética (Tabla 3). Todas las variables se analizaron
estratificadas segun el sexo, sin observar diferencias estadisticas entre hombres y mujeres.

(Tablas complementarias 4-7).

Prevalencia de enfermedades cardiovasculares, obesidad, diabetes e hipertension.

La prevalencia de estas morbilidades se presenta en las Tablas 4 y 5. No diferian
entre grupos, incluso despueés de ajustar por edad, sexo e IMC, cuando éste aplicaba (no
fue ajustado por IMC en los resultados antropométricos). Como era de esperar, la
prevalencia de DM fue baja en ambos grupos y respecto a las enfermedades estudiadas no
hubo ninguna tendencia a mostrar diferencias entre los tres grupos. Estimamos que nuestra

muestra tiene un 80% de poder estadistico para detectar un riesgo relativo de 1,367 entre



dos grupos de 1202 personas cuando la prevalencia global es de 12 casos por 100 con un
umbral alfa de 0,05.

Prevalencia de enfermedades cardiovasculares, obesidad, diabetes e hipertension

por grupos de edad.

Para identificar en profundidad las posibles diferencias en la prevalencia de la
morbilidad y las diferencias en su evolucion segun la edad, estudiamos todas las variables
y morbilidades segun las décadas de edad. Ninguna de las variables estudiadas mostrd
diferencias entre grupos de origen parental. La prevalencia de DM, enfermedad CV,
concentracion de cLDL y presion arterial aumentaron progresivamente y de forma similar,

a medida que aumentaba la edad.



Estudio 3. Lipoproteina (a) en hipercolesterolemia hereditaria. Influencia de

la causa genética, gen defectuoso y tipo de mutacion.

3.1 Antecedentes

La Lp(a) es una variante de las lipoproteinas de baja densidad (LDL) (1) causada
por una glicoproteina adicional, llamada apolipoproteina(a) (Apo(a)), unida
covalentemente a la apolipoproteina B100 (apoB) (2, 3). Apo(a) esta codificada por el gen
LPA, que deriva de la evolucién del gen del plasmindgeno. Apo(a) contiene 10 subtipos
diferentes de plasminégeno kringle IV (KIV), 1 copia de kringle V' y un dominio de
proteasa inactivo (4). El tamafio de la isoforma Apo(a) varia, dependiendo del nimero de
copias de KIV tipo 2 (de 1 a 40) y esta inversamente relacionado con la concentracion
plasmatica de Lp(a) (5). Alrededor del 25% de los sujetos tienen una concentracion de
Lp(a)>50 mg/dL, una cifra considerada clinicamente relevante, que aumenta el riesgo
cardiovascular (5, 6). EI gen LPA determina mas del 90% la variabilidad en los niveles
plasmaticos de Lp(a), con una discreta influencia de factores ambientales, incluida la dieta
(7).

La concentracion alta de Lp(a) es un factor de riesgo independiente de enfermedad
CV (6, 8). Los estudios epidemioldgicos, de aleatorizacion mendeliana, de asociacion de
todo el genoma y, muy recientemente, de intervencion con iPCSK9 han mostrado una
relacién lineal y positiva entre la concentracion de Lp(a) y el riesgo de infarto de miocardio
e ictus isquémico (2, 9-11). Ademas, la estenosis de la valvula adrtica aumenta en sujetos
con concentraciones elevadas de Lp(a) (10, 12). Sin embargo, el mecanismo responsable
del efecto proaterogénico de Lp(a) es mayormente desconocido (2, 13). De hecho, muchos
otros aspectos de la fisiopatologia de Lp(a) son poco conocidos (1, 2, 14). EI LDLr es el
principal receptor responsable del catabolismo de LDL, pero su participacion en el
catabolismo de Lp(a) es controvertida. Los pacientes homocigotos con HF que portan dos
alelos de LDLR nulos tienen una concentracion de Lp(a) dos veces mayor que los miembros
de la familia que no son HF, con un claro efecto de dosificacién genética (15), mientras
que los estudios en sujetos con HFHe han demostrado resultados no concluyentes. Sin

embargo, otros estudios in vitro e in vivo han descartado el LDLr como una via



significativa para el catabolismo de Lp(a) (16). Los estudios clinicos no son del todo
consistentes y se acompafian de importantes sesgos de limitacion, principalmente la
heterogeneidad en los criterios utilizados para el diagnéstico de HF, la poblacion estudiada,
los genes responsables de la enfermedad o el dominio proteico afectado por el defecto
genético.

3.2 Objetivos

El objetivo del presente estudio es comparar la concentracién de Lp(a) en controles
(extraidos de una poblacién sana) con sujetos con diferentes hipercolesterolemias
genéticas, para explorar si la concentracion de cLDL, el gen defectuoso involucrado y el

dominio de la proteina donde ocurre el defecto, estan asociados con la concentracion de
Lp(a).

3.3 Material y métodos

Sujetos con hipercolesterolemia familiar

Los pacientes fueron remitidos por médicos de atencion primaria a la Unidad de
Lipidos del Hospital Universitario Miguel Servet de Zaragoza para el estudio de su
hipercolesterolemia. Se incluyeron todos los pacientes remitidos desde enero de 2006 a
marzo de 2020, >18 afios, con diagnostico clinico de hipercolesterolemia primaria, con
sospecha de HFHe y con estudio genético completo de los genes responsables de HF. El
protocolo de derivacion de los pacientes a nuestra Unidad, se basa en criterios previamente
acordados e incluye concentraciones de CT>300 mg/dL (una vez excluidas las causas
secundarias).

Se definid hipercolesterolemia primaria cuando cLDL >190mg/dL o no-cHDL
>220 mg/dL o apoB >120 mg/dL y TG <400 mg/dL en ausencia de causas secundarias de
hipercolesterolemia: indice de masa corporal >35 kg/m?, hormona estimulante del tiroides
>6 mUJ/L, creatinina >2,0 mg/dL, diabetes mal controlada (HbAlc> 7,5%), colestasis
(bilirrubina directa >1 mg/dL) o uso de farmacos que favorezcan trastornos del
metabolismo lipidico. En aquellos pacientes con sospecha de hipercolesterolemia genética,

se incluyeron a todos los sujetos con hipercolesterolemia primaria grave (cLDL >220



mg/dL si la edad era <40 afios 0 >230 mg/ dL si la edad era >40 afios), transmision vertical
de hipercolesterolemia en la familia y cLDL> en el percentil 95 en al menos un familiar de
primer grado (Figura 1). Los resultados del anélisis genético (detallados a continuacion)
permitieron clasificar a los pacientes en HFHe (aquellos con mutaciones “patogénicas” y
“probablemente patogénicas” en genes candnicos de HF (N = 511), pacientes con una
mutacion de significado incierto (N = 69) y pacientes con mutacion negativa (aquellos sin
mutacion funcional en genes conocidos en la HF) (N = 886) (Figura 1).

Controles

Los controles se seleccionaron del estudio Aragon Workers Health Study (AWHS).
El AWHS es un estudio de cohorte longitudinal de factores de riesgo cardiovascular y
aterosclerosis subclinica que se viene estudiando desde 2009 (17). La Lp(a) se determind
al inicio del estudio en un subconjunto aleatorio de participantes. Todos los individuos >18
afios de AWHS, con determinacion de Lp(a) se incluyeron como controles (N = 1221).
Todos los participantes firmaron un consentimiento informado, aprobado por el Comité

Etico de Investigacion Clinica de Aragon antes de ser incluidos en el estudio.

- Datos clinicos

Se recogieron antecedentes personales de diabetes, hipertension, tabaquismo,
enfermedades cardiovasculares y tratamiento farmacoldgico, antecedentes familiares de
hipercolesterolemia y enfermedades cardiovasculares en casos y controles. Durante la
misma visita se realiz6 una exploracion fisica que incluyd talla, peso, perimetro de cintura,

presencia de arco corneal y xantomas tendinosos.

- Medidas de laboratorio

Se obtuvo una muestra de sangre después de 10 horas de ayuno y sin tratamiento
hipolipemiante durante al menos 5 semanas, excepto en aquellos sujetos con antecedentes
personales de enfermedad cardiovascular o riesgo de enfermedad CV muy alto. Ningun
paciente estaba siendo tratado con iPCSK9, un tratamiento que podria disminuir la
concentracion de Lp(a). En los casos y controles se determinaron los niveles de CT, TG,
cHDL, Lp(a), Apo Al y Apo B, glucosa, &cido urico, creatinina y enzimas hepaticas y



musculares. Los valores de cLDL se calcularon mediante la ecuacion de Friedewald y el
cLDL corregido por Lp(a) se calculo restando 1/3 de la concentracion de Lp(a) al valor de
cLDL (18). Todas las mediciones bioquimicas se realizaron en un laboratorio central como
se describio anteriormente (19). Los valores de lipidos se ajustaron en aquellos
participantes que tomaban farmacos hipolipemiantes segun la terapia con la que estaban
tratados (20). La Lp(a) se determind mediante nefelometria, en un sistema de
inmunoquimica IMMAGE 800® (Beckman Coulter, EE. UU.). Los resultados de Lp(a)
por debajo del umbral de deteccidn se imputaron a 0,5 mg/dL, a la mitad de ese umbral.
Las muestras de los sujetos incluidos en este estudio fueron cedidas por el Biobanco del
Sistema de Salud de Aragon (PT17 / 0015/0039) con la correspondiente aprobacion de los

Comités Etico y Cientifico.

- Estudio genético

En todos los sujetos con sospecha clinica de HF se estudiaron los genes LDLR
(NM_000527.4), APOB (NM_000384.2) y PCSK9 (NM_174936.3) con las plataformas
Progenika Biopharma Grifols (Derio, Espafa) (21) o GENinCode (Terrassa-Barcelona,
Espafia) (22) como se describi6 anteriormente. Estas plataformas incluyen mutaciones
puntuales, grandes reordenamientos y variaciones en el nimero de copias. Ademas, todos
los sujetos fueron sometidos a secuenciacién del exon 4 de APOE (NM_000041.4),), ya
gue se ha descrito como causa de HF (23).

El polimorfismo genético LPA (NM_005577.4) responsable de la variabilidad del
tamafio de Lp(a) se analizd mediante una metodologia basada en PCR en tiempo real (24).

- Funcionalidad de las mutaciones

Las variantes genéticas en los genes LDLR, APOB yCK9 se clasificaron como
"patogeénicas”, "probablemente patogénicas”, “significado incierto”, "probablemente
benignas” y "benignas™ segun las directrices del American College of Medical Genetics
and Genomics (ACMG ) (25).



- Dominios defectuosos del receptor de LDL

Las mutaciones se clasificaron segun el dominio afectado y la ubicacion del gen
(exon, intron o UTR). Las mutaciones en LDLR se dividieron en exonicas, intronicas y
UTRy, ademas, las mutaciones exonicas también se clasificaron en sus dominios proteicos
correspondientes: péptido sefial, dominio de unién a ligando (LBD), dominio homdlogo al
precursor de factor de crecimiento epidérmico A (EGF -A), dominio homdlogo al precursor
de EGF-B, hélice B, dominio homologo al precursor de EGF-C, dominio de unién a
azucares por O, dominio transmembrana y dominio citosolico. Las mutaciones en APOB
se dividieron en categorias exoénicas, intrénicas y UTR. Las mutaciones de PCSK9 se
dividieron en dominios proteicos: péptido sefial, prodominio, dominio catalitico y dominio
C-terminal.

- Puntuacién poligénica

El score poligénico (SP) se baso en 12 variaciones comunes de un solo nucleétido
(SNV) (Tabla complementaria 1) identificadas como aumento de cLDL a partir de estudios
de consorcio de asociacion de genoma de poblaciones europeas-caucésicas (26)

- Cohorte de validacion

Todos los sujetos no emparentados del Registro de Dislipidemias de la Sociedad
Espafiola de Aterosclerosis (SEA), y excluidos los sujetos del Hospital Universitario
Miguel Servet, con los mismos criterios de inclusion y exclusion que el grupo principal de
estudio fueron analizados como cohorte de validacion. El Registro de Dislipidemias de la
SEA es un registro online activo, en el que las unidades de lipidos certificadas de todas las
regiones de Espafia notifican casos de varios tipos de hiperlipidemias primarias (27). Los
sujetos se definieron con los mismos criterios. Se obtuvo el consentimiento informado por

escrito de cada paciente incluido en el registro.

-Anélisis estadistico

Las variables se expresaron como media (desviacién estandar), mediana (rango
intercuartilico) o porcentaje. Las diferencias no ajustadas entre los grupos se analizaron

con Kruskal-Wallis Rank Sum Test or Chi-squared Test, segun fuera apropiado. Se



utilizaron modelos de regresion lineal ajustados por edad, sexo e IMC para estudiar los
lipidos plasmaticos. La Lp(a), las repeticiones de kringle y los TG fueron logaritmicamente
transformados para las regresiones. Estos analisis se limitaron a los sujetos que disponian
de las variables completas para las variables de ajuste. Para estudiar la bondad del ajuste,
se realizd con pruebas de razén de verosimilitud (test de heterogeneidad entre grupos). Para
la Lp(a) donde los test fueron altamente significativos, se realizaron test post-hoc por pares
de acuerdo a los coeficientes de regresion. Se cre6 un modelo de regresion adicional para

estudiar la interaccion de cLDL y el grupo (controles vs HFHe) para Lp(a).

3.4 Resultados

Caracteristicas clinicas de los pacientes y controles hipercolesterolémicos

El estudio incluy6 a 1466 sujetos con hipercolesterolemia hereditaria remitidos para
estudio genético a la clinica de lipidos y a 1221 sujetos de control del estudio AWHS.
Segun el estudio genético, los sujetos con hipercolesterolemia se clasificaron en tres
grupos: HFHe con mutacién patogénica (n = 511); sujetos con una mutacion, pero con
implicaciones funcionales de significado incierto (n = 69); y sujetos sin mutacion
identificada en ninguno de los genes HF (n = 886) (Figura 1). Las principales caracteristicas
de los diferentes grupos se presentan en la Tabla Complementaria 2. Como era de esperar,
los grupos de hipercolesterolemia tenian concentraciones mas altas de CT, cLDL, Apo B
y cHDL, mientras que el IMC fue significativamente menor que el del grupo control, segun
los criterios de inclusién de hipercolesterolemia primaria. Las diferencias entre las
variables de lipidos fueron estadisticamente significativas después de ajustar por edad, sexo
e IMC (Tabla 1, grupos restringidos a casos de variables completas, ver Tabla
complementaria 3). Con respecto a la concentracion de Lp(a), los sujetos con mutaciones
negativas tenian una concentracion significativamente mas alta que la HFHe, y ambas mas
altas que el grupo de control (Figura 2A). El porcentaje de sujetos con concentracion de
Lp(a) >50 mg/dL en HFHe con una mutacion patogénica, sujetos con una mutacién, pero
con implicaciones funcionales de significado incierto, y en sujetos con mutacion negativa

fue del 31,1%, 43,5% y 52,3% respectivamente. Estos porcentajes fueron todos



significativamente méas altos que en los controles (23,1%), (p <0,01) (Tabla

complementaria 4).

Concentracién de Lp(a) en HF seqtn el gen responsable

La etiologia de la HFHe 511, segun el gen responsable fue: LDLR 443 sujetos,
APOB 27 sujetos, portadores de la mutacion p.(Leul67del) en APOE 37 y PCSKO9 4 sujetos.
La lista completa de mutaciones se presenta en la Tabla complementaria 5. Los lipidos
diferian entre los grupos de genes después de ajustar por edad, sexo e IMC (Tabla 2, grupos
restringidos a casos de variables completas). La Lp(a) difiri6 entre los sujetos con mutacién
LDLR, APOB y APOE (p <0,001). La concentracion media geométrica ajustada por edad,
sexo e IMC de la Lp(a) fue mayor en HF dependiente de APOB, 36,5 mg/dL (IC 95% 22,0,
60,8), intermedia en HF dependiente de LDLR, 21,7 mg/dL (IC del 95% 17,9, 26,4) y el
mas bajo en portadores de la mutacion p.(Leul67del) en APOE, 7,99 mg/dL (IC del 95%
4,9, 12,7). Todas las diferencias de Lp(a) entre grupos con un namero razonable de casos
(excepto mutaciones en el gen PCSK9, N = 4), fueron estadisticamente significativas por
pares (Figura 2B). La media geométrica de las repeticiones de LPA KIV-2 no difiri6 entre
los subgrupos de genes HF y las estimaciones y las diferencias para la Lp(a) permanecieron

sin cambios después del ajuste por el nimero de repeticiones de KIV-2.

Efecto de las mutaciones de LDLR sobre la concentracion de Lp(a) seqgun el

dominio proteico afectado en el LDLr

La ubicacion de las mutaciones de LDLR en los 443 sujetos se muestra en la Tabla
complementaria 5. No hubo diferencias en la concentracion de Lp(a) entre los grupos, ni
después de agrupar las mutaciones entre los 4 grupos principales: alelos nulos, dominio de
unién al ligando, dominio homologo al precursor EGF y de ayuste (splicing); ni entre los
grupos: alelos defectuosos vs defectos nulos.

Asociacién de la concentracién de Lp(a) con cLDL

Hubo una asociacién positiva entre cLDL y la concentracion de Lp(a) (Figura 2C).
Sin embargo, esta asociacion fue mas intensa en el grupo control (AWHS) que en el grupo

de HFHe, con una diferencia muy significativa en las pendientes entre los grupos (p =



0,006). EI colesterol calculado en Lp(a) contribuyd en mayor medida a cLDL en los
controles que en HFHe, especialmente si el cLDL estaba por encima de 200 mg/dL. A
misma concentracion de cLDL (por ejemplo, 200 mg/dL), la Lp(a) estimada fue
significativamente menor en HFHe que en los sujetos de control (p = 0,025). La Lp(a) fue
independiente del colesterol LDL-noLp(a) (mg/dL) en HFHe en contraste con la poblacion
control, en la que hubo una intensa asociacion negativa (Figura 2D).

Efecto del score poligénico

El score poligénico (SP) se realizd6 en un subconjunto de 216 sujetos
correspondientes a todos los sujetos consecutivos estudiados desde enero de 2018: 137 en
el grupo de mutacion negativa, 32 con una mutacion del gen HF de significado incierto y
47 sujetos con HFHe. Las caracteristicas clinicas y bioguimicas fueron similares a las del
grupo principal (Tabla complementaria 6). Las concentraciones en Lp(a) se mantuvieron
alrededor de 15 mg/dL mas altas en el grupo con mutacion negativa en comparacién con
HFHe, 50,4 mg/dL (IQR 19,0, 119,0) vs 36,5 mg/dL (IQR 7,94, 58,4), respectivamente (p
=0,071). El SP fue significativamente mayor en sujetos con mutaciones negativas que en
sujetos con HFHe (Tabla complementaria 6). Cuando el grupo de mutaciones negativas se
dividié segun terciles de SP, los sujetos en el tercil mas alto tenian una tendencia no
significativa a concentraciones mas altas de cLDL y apoB. Sin embargo, la concentracion
de Lp(a) fue elevada homogéneamente en los tres grupos, sin diferencias entre ellos (Tabla
complementaria 7).

Cohorte de validacion

El grupo hipercolesterolémico del Registro de Dislipidemias de la SEA estuvo
compuesto por 707 HFHe con mutacion patogénica; 74 pacientes con una mutacion de
significado incierto; y 398 sujetos con mutaciones negativas (Tabla 3, grupos restringidos
a casos de variables completas). De manera similar a lo que ocurrié en el grupo de estudio
principal, los sujetos con mutaciones negativas tenian una concentracion de Lp(a)
significativamente mas alta que la HFHe, y ambas mas altas que el grupo de control (Tabla
3y Figura 1A complementaria). En este grupo de validacion habia 671 HFHe con una
mutacion patogénica en LDLR y 36 HFHe con mutacion en APOB, todos con la mutacion
p.(Arg3527GIn), generalmente denominada APOB-3500. Las medias geomeétricas



ajustadas de Lp(a) fueron 22,2 mg/dL (I1C del 95%: 19,2; 25,6) y 34,9 mg/dL (IC del 95%:
22,2; 55,0), respectivamente (p = 0,045) (Tabla complementaria 8 y Figura complementaria
1B). La asociacion entre cLDL y cLDL-noLp(a) con Lp(a) mostré un patrén similar al de

la cohorte principal (Figuras suplementarias 1C y 1D). En este grupo, no se mostraron
mutaciones patogénicas APOE o PCSKO.



Estudio 4 Cirugia de cataratas en ancianos con Hipercolesterolemia Familiar
Heterocigética en tratamiento prolongado con estatinas.

4.1 Antecedentes

Las cataratas causan un tercio de la ceguera en todo el mundo, junto con los errores
de refraccion no corregidos y el glaucoma (1) y cada afio se realizan entre 20 y 25 millones
de intervenciones quirdrgicas de cataratas en todo el mundo (2). Las cataratas se definen
como una degradacion de la calidad éptica del ojo debido a la opacidad del cristalino.
Varias propiedades del cristalino disminuyen gradualmente con la edad y, en consecuencia,
la vejez es el factor de riesgo méas importante en la formacion de cataratas. Otros factores
de riesgo habituales son la DM; uso prolongado de corticosteroides tdpicos, sistémicos,
intravitreos, inhalados u orales; cirugia intraocular previa; trauma; de fumar; y exposicion
a luz ultravioleta B (3, 4).

Las estatinas son inhibidores de la enzima HMGCOoA reductasa cominmente
utilizada como farmacos hipolipemiantes (5). Se utilizan para reducir el colesterol en
sangre, lo que ha demostrado ser una estrategia muy eficaz para prevenir enfermedades
cardiovasculares en sujetos de alto riesgo. Desde que se asocid una pérdida de vision por
cataratas irreversibles por triparanol, que fue el primer farmaco sintético reductor del
colesterol (6), algunos informes han asociado el uso de estatinas con el desarrollo de
cataratas, aunque con resultados contradictorios. Un metaanalisis reciente que incluye
estudios observacionales ha concluido que las estatinas aumentan ligeramente el riesgo de
cataratas (5, 7), mientras que en los ensayos clinicos aleatorizados las estatinas no
aumentan el riesgo de cataratas (8). Este tema se ha revisado recientemente por varios
consejos de la American Heart Association y su conclusion ha sido que las estatinas no
aumentan el riesgo de cataratas (9). Sin embargo, estos estudios observacionales y ensayos
clinicos se han realizado en poblaciones en las que la prevalencia de cataratas no es muy
prevalente, ya que se excluyeron a pacientes > 75 afios, y en las que el uso de estatinas se

limita a solo unos pocos afnos, habitualmente menos de 5 afios.



La HF es una enfermedad monogénica caracterizada por un aumento anormal de
los niveles de colesterol unido a cLDL desde el nacimiento y un consecuente riesgo elevado
de enfermedad coronaria. Solo los pacientes con HFHe alcanzan mayor edad. Ademas, los
sujetos con HFHe son un grupo de pacientes en los que se ha utilizado una alta dosis de
estatinas potentes durante décadas por esta mayor esperanza de vida respecto a los HFHo.
Por lo tanto, los sujetos de edad avanzada con HFHe sometidos a una potente terapia
hipolipemiante durante décadas pueden ser un modelo de poblacion atractivo para explorar
efectos secundarios inesperados (10, 11). Por el momento, no se ha estudiado el desarrollo
de cataratas en HFHe.

4.2 Obijetivos
Nuestro objetivo fue estudiar la asociacion del uso de cataratas y estatinas en un
grupo de ancianos con HFHe bajo tratamiento prolongado con estatinas y compararlos con

un grupo control.

4.3 Material y métodos
Caracteristicas del estudio

Este es un estudio observacional, multicéntrico, de casos y controles. Estudiamos
HFHe casos y controles de cinco Unidades de lipidos de Espafa. El protocolo habia sido
publicado previamente (12) y fue disefiado para explorar morbilidades no cardiovasculares
en ancianos con HFHe. Los criterios de inclusion de los sujetos reclutados fueron los
siguientes: pacientes con edades >65 afios; con una mutacion patogénica en un gen
candidato para HF (LDLR, APOB o PCSKJ9) en el sujeto o en un pariente de primer grado;
niveles de cLDL > 220 mg/dL sin tratamiento hipolipemiante; y tratamiento con estatinas
>5 afios. Los controles se seleccionaron de familiares de pacientes con HFHe en ausencia
de hipercolesterolemia (cLDL <190 mg/dL sin tratamiento hipolipemiante). Todos los
sujetos dieron su consentimiento informado para su inclusion antes de participar en el
estudio. El estudio se realizd de acuerdo con la Declaracion de Helsinki y el protocolo fue
aprobado por el Comité de Etica de C.I. P119 / 440.



Evaluaciones:

La entrevista clinica recogio datos de edad, sexo, habito tabaquico y antecedentes
personales de hipertension, DM, cirugia de cataratas y cardiopatia cardiovascular. La
cirugia de cataratas se confirmé mediante la revision de las historias médicas. Ademas, se
recogieron los tratamientos hipolipemiantes que estaban consumiendo, como estatinas,
ezetimiba e iPCSKO9. Se incluyeron el tipo de farmaco y la dosis prescrita como tratamiento
actual, el tratamiento mas comun utilizado de por vida, la dosis y el momento en que se
inicio el tratamiento hipolipemiante. EI IMC se calculé como el peso en kilogramos
dividido por el cuadrado de la altura en metros.

Andlisis estadistico

Analizamos la asociacion de cataratas con HFHe mediante GEE, utilizando
modelos logisticos con varios niveles de ajuste: no ajustado, ajustado por sexo y edad, y
ademas ajustado por concentracion de cLDL sin tratamiento. Los datos para los casos y
controles se muestran como media (desviacion estandar) o porcentaje. El estudio de la
influencia del cLDL vy el tratamiento con estatinas se analiz6 dentro de los estratos (casos
y controles por separado) con modelos lineales generalizados. Todos los andlisis se

realizaron con el software estadistico R version 3.4.4. y el paquete “gee” version 4.13.19.

4.4 Resultados

Se recopilaron datos de 205 sujetos (112 HFHe y 93 controles) de 71,8 (6,5) afios
y 70,0 (7,3) afios, respectivamente. No hubo diferencias en las caracteristicas clinicas entre
casos y controles, a excepcion de los datos sobre antecedentes de enfermedades
cardiovasculares, que fueron mas frecuentes en los familiares de los sujetos cosanguineos
HFHe (el 45,0 de HFHe frente al 25,8% familiares no-HFHe) y en entre casos y controles
(el 27,7 frente al 16,1%); p <0,05 en ambos casos. Asimismo, la concentracion de cLDL
fue mayor en los casos: 314 mg/dL vs 138 mg/dL (p <0,01). La duracién media del uso del
tratamiento con estatinas en HFHe fue de 22,5 (8,7) afios. Noventa y nueve de los 112
(88,4%) tomaban estatinas de alta potencia (atorvastatina 40-80 mg y rosuvastatina 20-40

mg). No observamos diferencias en tabaquismo, hipertension y DM entre casos y controles



(12). El antecedente de cirugia de cataratas estuvo presente en el 25,2% de los casos y en
el 16,1% de los controles. Esta diferencia no fue estadisticamente diferente sin ajustar, ni
después de ajustar por edad y sexo, ni adicionalmente por cLDL (Tabla 1). Cuando se
clasificaron los casos de acuerdo con la presencia o0 ausencia de cirugia de cataratas no
hubo diferencias en las variables clinicas, excepto la edad que fue mayor en el HFHe con
cirugia de cataratas (Tabla Suplementaria). También analizamos la asociacion de edad,
afios en tratamiento con estatinas y cLDL sin tratamiento hipolipemiante con cirugia de
cataratas. La edad se asocio fuertemente con un riesgo relativo de 2,06 (1C 1,09, 4,02) por
10 afos entre los casos y 2,57 (IC 1,13, 6,28) entre los controles. EI nimero de afios en
tratamiento con estatinas (estudiado entre los casos) y cLDL sin tratamiento hipolipemiante

no mostro asociacion con la cirugia de cataratas (tabla 2).



Estudio 5. Causas actuales de muerte en hipercolesterolemia familiar

5.1 Antecedentes

La Hipercolesterolemia Familiar (HF) es un trastorno autosémico codominante y
la enfermedad metabolica monogénica mas comun en la poblacion. La prevalencia de
HFHe es de aproximadamente 1 / 200-500 personas en la mayoria de los paises (1,2). La
HF estd causada por mutaciones en los genes que controlan la captacion celular del
colesterol plasmatico y que incluyen el LDLR, APOB, PCSK9 y APOE (1). Los pacientes
con HFHe muestran una concentracion plasmatica muy alta de cLDL, aproximadamente el
doble de los sujetos sin HF de la poblacién general, a menudo oscilando entre 250-400
mg/dL, depdsitos de colesterol en tejidos superficiales como el arco corneal y xantomas de
tendones y alto riesgo de enfermedad CV prematura en ausencia de un tratamiento
hipolipemiante adecuado (3,4). El riesgo de desarrollar enfermedad CV prematura aumenta
10 veces en estos pacientes con respecto a la poblacién general, especialmente la
enfermedad coronaria (EC) en pacientes jovenes (4,5). Los registros internacionales de
HFHe como el britdnico Simon Broome muestran un riesgo hasta 100 méas alto de
enfermedad CV en hombres HFHe menores de 40 afios con HFHe en la era anterior a las
estatinas, tratamiento que no estuvo disponible hasta finales de la década de 1980 (6). La
esperanza de vida de los sujetos HFHe se habia calculado entre 10-30 afios menor para
mujeres y hombres, respectivamente, en relacién con la poblacion no HF (7). En los tltimos
afios se ha producido una disminucion de la enfermedad CV en la HFHe, como hemos
podido comprobar recientemente en nuestro medio (4,8) probablemente debido a un
diagnostico precoz y un tratamiento hipolipemiante intensivo.

Dos hechos importantes han ocurrido en el analisis de morbilidad y mortalidad de
la HFHe en las ultimas décadas. En primer lugar, se han estudiado en profundidad las bases
genéticas de la HFHe y el estudio genético proporciona un diagnostico de certeza que obvia
el sesgo diagnostico basado en el riesgo de enfermedad CV como uno de los principales
criterios para el diagnostico de FHHe (9); y los farmacos hipolipemiantes de la segunda
corriente, que incluyen estatinas, ezetimiba e iPCSK9, han modificado sustancialmente el



fenotipo lipidico y, en consecuencia, el espectro clinico de la enfermedad (5,10). De esta
forma, si el tratamiento esta bien establecido durante las primeras décadas de vida, la HFHe
es una enfermedad mucho menos agresiva que antes. La complejidad del trasfondo
genético de la HF, el uso de multiples fa&rmacos durante décadas, una mayor esperanza de
vida asociada al tratamiento y cambios en los factores ambientales y sociales podrian
conducir a un fenotipo mucho mas heterogéneo que el descrito en el siglo pasado (5).
Ademas, otras comorbilidades podrian estar asociadas al fenotipo HFHe que estaban
ocultas por la enfermedad CV, o asociadas al tratamiento hipolipemiante, como la diabetes
favorecida por las estatinas (11). Conocer el efecto de los diferentes tipos genéticos de
HFHe a largo plazo y el impacto de un tratamiento hipolipemiante prolongado son

fundamentales para un manejo adecuado de esta enfermedad en los préximos afios.

5.2 Objetivos
El objetivo de este analisis fue estudiar las causas actuales de muerte cardiovascular

y no cardiovascular de la HFHe y las posibles diferencias con una poblacién control.

5.3 Material y métodos

Este es un estudio observacional de casos y controles disefiado para describir la
morbilidad y mortalidad actual en sujetos con HFHe. Los casos de HFHe fueron reclutados
en la Unidad de Lipidos del Hospital Universitario Miguel Servet, Zaragoza, Espafia, y sus
parejas no consanguineas fueron reclutadas como controles. Los datos sobre los familiares
de primer grado de los casos y controles, incluidos los familiares fallecidos, se recopilaron
a partir de un cuestionario de participantes y la revision de sus registros médicos. Se obtuvo
el consentimiento informado por escrito de cada caso y control incluidos en el estudio; el
protocolo del estudio se ajusta a las directrices éticas de la Declaracion de Helsinki de 1975;
y el protocolo de estudio fue previamente aprobado por el Comité Etico de Investigacion

Clinica de Aragdn de la Institucion.

Los criterios de inclusion para los casos consistieron en los siguientes requisitos:

edad > 30 y <60 afios en el momento de la inscripcion en el estudio; HFHe genéticamente



diagnosticado; e historia personal de hipercolesterolemia con niveles de cLDL> 220 mg/dL
sin tratamiento hipolipemiante. Los controles se seleccionaron entre familiares no
consanguineos de similar edad (+ 5 afios) de pacientes con HFHe (comparieros del caso
que convivian con ellos); edad > 30 y < 60 afos en el momento de la inclusion en el estudio;
y cumpliendo que ni ellos ni ningun familiar de primer grado tenian diagndstico clinico de

HFHe y que tenian cLDL <190 mg/dL sin farmacos hipolipemiantes.

Entrevista clinica

Los participantes fueron entrevistados para recopilar informacion personal sobre
antecedentes de enfermedad cardiovascular, factores de riesgo CV, comorbilidades, uso de
medicamentos, valores de lipidos y hospitalizaciones, y ademas, una historia familiar
detallada incluyendo estos datos de todos los familiares de primer grado (padres, hermanos
y descendencia), y también la edad y la causa de muerte de los fallecidos. La informacion
sobre los antecedentes de hipercolesterolemia, el uso de farmacos hipolipemiantes y la edad
y la causa de la muerte se confirmaron a partir de los registros médicos del paciente. Si un
familiar de primer grado de un caso presentaba cLDL> 220 mg/dL en al menos una ocasion
y/o cLDL>160 mg/dL bajo tratamiento con estatinas, se les etiquetaba como pertenecientes
al grupo HFHe. Asi, los grupos de analisis se denominaron “familiares HFHe”, “familiares
no HFHe” y “familiares control”. En este informe solo se presentan datos sobre muertes de

miembros de la familia mayores de 18 afios.

Estudio genético.

Todos los casos de HFHe entrevistados en este estudio tenian un diagnostico
genético de HFHe y eran portadores de una variante “patogénica” o "probablemente
patogénica” segun las directrices del American College of Medical Genetics and Genomics
(ACMG) (12) en LDLR (NM_000527 .4), genes APOB (NM_000384.2) o PCSK9
(NM_174936.3). El analisis del gen HF se estudié con las plataformas Progenika
Biopharma Grifols (Derio, Espafia) (13) o GEN inCode (Terrassa-Barcelona, Espafia) (14).



Andlisis estadistico

Los datos se expresan como desviacion estandar media para las variables numéricas
con distribucion normal y se analizaron con la prueba t de Student, mientras que las que no
tienen distribucion normal se expresan como mediana [rango intercuartilico] y se analizan
con la prueba U de Mann-Whitney. Las variables cualitativas se expresan en porcentaje y
se analizaron mediante la prueba X2. Para la comparacion de variables de categoria no
dicotomicas se utilizaron las pruebas ANOVA y Kruskal-Wallis. Las tasas de mortalidad
se calcularon utilizando la estimacion de Kaplan-Meier basada en la edad, y los grupos se
compararon mediante la prueba de rango logaritmico. La asociacion entre la HFHe y la
mortalidad CV y no CVD se calcul6 mediante la regresion de Cox multivariante. Se genero
un modelo que incluy6 la covariable de edad, y se calculé con técnicas apropiadas para
analizar muestras complejas para tener en cuenta que los datos estaban agrupados en

familias.

5.4 Resultados

Caracteristicas clinicas de casos y controles

Reclutamos 166 sujetos, 83 casos de HFHe y 83 controles. Las edades medias
fueron 54,3 afios y 54,5 afios, respectivamente, sin diferencias de edad y sexo entre los
grupos. EI IMC, la presion arterial sistolica y la presion arterial diastdlica fueron similares
en ambos grupos. La prevalencia de hipertension arterial y DM2 tampoco mostrd
diferencias. La enfermedad CV tendi6 a ser mas prevalente en los casos de HFHe que en
los controles 8,4% y 2,4% respectivamente (P = 0,08). El cLDL y el total no tratado fueron
mas altos en los casos que en los controles. El tratamiento con estatinas estuvo presente en
todos los casos y en el 22,9% de los controles. El inicio del tratamiento hipolipemiante fue
de 32,8 afios en los HFHe y de 51,3 afios en los controles (tabla 1).

Estudio familiar

Analizamos 813 familiares de primer grado de casos y controles dentro de familias de casos
211 miembros eran HFHe y 219 no HFHe. Descartamos 11 familiares de primer grado de
casos con fenotipo HFHe ambiguo (Figura 1). El grupo familiar de control estuvo
compuesto por 372 sujetos.



Mortalidad de Enfermedad CV vy no enfermedad CV entre casos y familiares de

primer grado de control

Identificamos 62 fallecidos entre familiares HFHe, 53 en no HFHe y 100 en
controles (Figura 1). El porcentaje de muertos y la edad media de fallecimiento fueron
similares en los tres grupos, siendo ligeramente superior en los familiares HFHe, 29,4%
frente al 24,2% en los familiares no HFHe y 26,9% en los familiares control. La edad
promedio de muerte fue de aproximadamente 4 afios menos en el grupo de HFHe. La
proporcién de muertes por enfermedad CV fue superior en el grupo de HFHe (59,7% en
HFHe frente a 37,7% en no HFHe y 37,4% en controles, P = 0,012). Otras causas de muerte,
incluida la muerte por cancer, no mostraron diferencias significativas entre los tres grupos
(Tabla 2). Ademas, estudiamos las diferencias de mortalidad entre hombres y mujeres. El
porcentaje de sujetos fallecidos no mostro diferencias entre los grupos, sin embargo, los
sujetos FHHe murieron aproximadamente 4 afios antes que los no HFHe y los controles,
aunque la diferencia no fue estadisticamente significativa. La causa de muerte segun la
enfermedad CV en los hombres fue del 69% en los HFHe, frente al 38,5% de los no HFHe
y el 37,0% de los controles, respectivamente (P = 0,01). Se observo el mismo patrdn en las
mujeres, aunque la edad de muerte fue de aproximadamente 7 afios més tarde entre las
mujeres que entre los hombres, y de manera similar en los 3 grupos. (Tabla 3 y Tabla 4).
La razdn de riesgo de muerte por enfermedad CV fue 2,85 veces superior (IC del 95%,
1.73-4.69) en HFHe con respecto a los otros dos grupos, y sin diferencias entre no HFHe
y controles. Esta razon de riesgo fue de 2,95 en hombres (IC del 95%, 1,52-5,75) y de 3,44
en las mujeres en HFHe (IC del 95%, 1,66-7,10) (Tabla 5). La separacién de las curvas
comenzo a los 50 afios en hombres, aumentando progresivamente con la edad (Figura 2).
En hombres HFHe, el mayor riesgo aparecié aproximadamente 5 afios antes que en las
mujeres HFHe (Figura suplementaria 1).

Mortalidad de CV 0 no CV entre los casos de los padres y los miembros de la

familia controles

Dado que la mayoria de las muertes correspondieron a los padres de los casos y
controles, analizamos la mortalidad en este grupo de sujetos. Hubo 116 muertes entre los
padres: 24 (72,7%) HFHe, 35 (72,9%) no HFHe y 57 (70,4%) controles; y 77 defunciones



entre madres: 33 (66,0%) HFHe, 13 (39,4%) no HFHe y 31 (37,8%) controles. Estas
diferencias se magnificaron en los padres. El porcentaje de muertes por enfermedad CV
fue superior entre HFHe respecto a los otros dos grupos, aunque la diferencia fue
significativa solo en hombres; y respecto a la edad de muerte por enfermedad CV, fueron
mas jovenes tanto los hombres como las mujeres HFHe. No encontramos diferencias
estadisticamente significativas entre las muertes por causas no CV (Figura 3), pero las
madres de los sujetos control, tenian una mayor tendencia a morir de cancer, en

comparacion con las madres de los sujetos HFHe (P = 0,092) (Tablas complementarias 1
y2).



DISCUSION y CONCLUSIONES
Discusiones y conclusiones estudiadas en el
compendio de publicaciones



Estudio 1 Enfermedad valvular adrtica en ancianos con Hipercolesterolemia

Familiar Heterocigotica. Impacto de la terapia hipolipemiante.

1.5 Discusion

En el presente estudio describimos la prevalencia de enfermedad aortica en
pacientes con HFHe > 65 afios tratados con farmacos hipolipemiantes de forma prolongada.
La afectacion de la valvula adrtica en la HFHe ha sido previamente explorada, pero de
acuerdo a la bibliografia analizada, este es el primer trabajo enfocado en ancianos, la
poblacion de mayor relevancia clinica debido a la estrecha relacién de la EA con la edad,
y el primero en describir la prevalencia de EA y evaluar el papel potencial del tratamiento

con estatinas en el desarrollo de enfermedad adrtica en HFHe.

Prevalencia de EA en HFHe

En nuestro estudio, la prevalencia de EA fue de méas de tres veces superior que la
reportada hasta ahora, para este grupo de edad en la poblacion general, 1.5-3%, y también
fue mayor que en nuestro grupo control [19-22]. En vista de esta prevalencia
sustancialmente elevada, la ecocardiografia transtoracica sistematica probablemente esté
justificada para el cribado de EA en ancianos con HFHe mayores de 65 afios.

Varios estudios han analizado previamente el engrosamiento o calcificacion de la
valvula aortica en la HFHe. Ten Kake y col. compararon una cohorte de los Paises Bajos
de 59 sujetos con HFHe con controles y demostraron, que los pacientes con HFHe,
especialmente aquellos con mutaciones patogénicas para LDLR, mostraban una mayor
prevalencia de AoVC (41% versus 21%, respectivamente, P <0,001) [16]. Esta relacion es
similar a la que observamos en nuestro estudio. Sin embargo, los autores probablemente
no informaron de la EA porque la muestra era mas pequefia que la nuestra e incluian
pacientes mas jovenes. En el Cardiovascular Health Study, la HF clinicamente definida, se
asocio con AoVC y esclerosis aortica, pero no se pudo demostrar una asociacion con EA

[23,24]. En nuestro estudio, ademas de incluir criterios clinicos lipidicos, todos los casos



se definieron por tener una mutacion genética en un gen causante de hipercolesterolemia
familiar, analizada directamente en el caso 0 en un pariente consanguineo. Esta bien
establecido que la definicion de HF basada exclusivamente en criterios clinicos incluye
otras formas de hipercolesterolemia genética [25,26], y los sujetos hipercolesterolémicos
con una mutacion genética, incluso con una concentracion similar de cLDL en el momento
del diagnostico, tienen fenotipos cardiovasculares mas graves. [27].

Factores de riesgo de enfermedad valvular adrtica

Nuestros resultados apoyan que los factores de riesgo de aterosclerosis, incluido el
cLDL elevado a lo largo de la vida, son factores de riesgo importantes para la EA [28]. La
EA probablemente se produce por una combinacion de estrés mecanico y dafio endotelial
de las valvulas aorticas, lo que conduce a la posterior inflamacion de la valvula, fibrosis,
calcificacion y estrechamiento progresivo de la valvula [8]. El estrés mecénico afecta la
funcion endotelial y facilita la infiltracion de lipidos y células inflamatorias (células T) en
la valvula. Todos estos mecanismos estan implicados en la actividad inflamatoria [29,30].
Como resultado, los fibroblastos se diferencian en miofibroblastos que, bajo la influencia
de la angiotensina, promueven el engrosamiento de la valvula [8]. El tratamiento de la
hipercolesterolemia no previene de la progresion de EA moderada a grave, una vez que la
EA ya esta establecida [31], esto sugiere que la hipercolesterolemia juega un papel en las
fases iniciales, pero con poco efecto una vez que la enfermedad esta ya avanzada [32].
Nuestro estudio respaldaria las directrices actuales que recomiendan el tratamiento
temprano e intensivo de la HFHe para prevenir en un futuro, no solo la enfermedad

coronaria, sino también la enfermedad valvular [4].

Estatinas y valvulopatias

El tratamiento hipolipemiante se asocia con un aumento de la calcificacion vascular
[33] debido, en parte, a la formacion de hueso en las células Gseas potenciada por las
estatinas, derivado de un aumento en la expresion del gen BMP-2 [34]. En consecuencia,
se ha especulado que el tratamiento hipolipemiante, especialmente el tratamiento
prolongado con estatinas, puede favorecer el desarrollo de AoVC y esclerosis aortica [35].

Sin embargo, otros estudios como Al Kindi et al. demostraron que la calcificacion vascular



asociada a las estatinas no se relaciona con la calcificacion valvular [36]. Actualmente, los
pacientes con HFHe son los pacientes a los que se prescriben farmacos hipolipemiantes de
forma mas temprana, intensa y prolongada. Por lo tanto, nuestra muestra de ancianos con
HFHe, expuestos a estatinas durante una media de 22,5 afios, es excelente para estudiar
esta asociacion potencial. Encontramos que el nimero de afios en tratamiento con estatinas
no es un factor de riesgo de EA, lo que indica que, si existe algin riesgo de EA con
estatinas, se ve altamente compensado por el efecto beneficioso sobre el cLDL, como se

sugirio previamente [19].

Limitaciones del estudio

Se trata de un proyecto multicéntrico en el que se han realizado estudios
ecocardiograficos por parte de diferentes investigadores y, por tanto, puede existir cierto
grado de variabilidad en las medidas. Sin embargo, todas las ecografias fueron realizadas
por cardiologos expertos en ecocardiografia, con alta experiencia en hospitales del Sistema
Nacional de Salud espafiol, y todas ellas certificadas a nivel nacional con criterios
homogéneos y estrictos. Ademas, los ecocardiografistas estaban cegados al diagnostico de
HFHe para evitar sesgos. Las mediciones de la funcionalidad de la valvula aértica pueden
variar en presencia de una funcion sistolica anormal [37]. Aunque no fue un criterio de
exclusion, ninguno de nuestros casos y controles presentd fraccién de eyeccion del
ventriculo izquierdo (FEVI) <40% o miocardiopatia hipertrofica, por lo que esta limitacion
no juega un papel importante en nuestro estudio y todas las medidas de la superficie
valvular se realizaron mediante ecuacién de continuidad, el mejor procedimiento
estandarizado. Por Gltimo, los participantes fueron quienes informaron de los datos sobre
su historia personal de uso de farmacos hipolipemiantes y sobre los antecedentes familiares
de enfermedad cardiovascular, que podrian haber sido sesgados por falta de exactitud en el
recuerdo. Sin embargo, el resultado principal y los criterios de inclusion y exclusion para
los grupos de casos y controles se basaron en datos objetivos, realizados o verificados por
el equipo de investigacion. Habria sido importante tener la exposicion al cLDL a lo largo
de la vida para estudiar el efecto del cLDL acumulativo en la EA. Teniendo en cuenta que

estamos tratando con pacientes ancianos, esto no ha sido factible. Sin embargo, hemos



considerado el cLDL en el momento del diagndstico y el nimero de afios que estuvieron
bajo tratamiento con estatinas, considerando que ambos datos son buenos subrogados de la

exposicion al cLDL de por vida.

1.6 Conclusiones

- Los sujetos >65 afios con HFHe en tratamiento prolongado con estatinas durante
un periodo medio de mas de 22 afios muestran mas enfermedad valvular adrtica y mayor
frecuencia de EA que los controles.

- Los factores de riesgo independientes para la enfermedad de la valvula aértica en
HFHe fueron la edad y el cLDL antes del tratamiento.

- La duracion del tratamiento con estatinas no se asocio con ninguna medicion de
la véalvula adrtica. Por lo tanto, la exposicion prolongada de cLDL en lugar del tiempo de
exposicion a las estatinas explicaria este riesgo mas alto.

- Estos resultados sugieren que los sujetos HFHe de edad avanzada debieran ser
explorados para detectar la presencia de enfermedad adrtica y enfatizan la importancia del
tratamiento hipolipemiante temprano en la poblacién con HFHe para prevenir no solo la
enfermedad coronaria sino también la enfermedad valvular aértica.

- Ademas, nuestro estudio proporciona apoyo adicional a los estudios sobre EA y

sobre el papel de la hipercolesterolemia en la EA.



Estudio 2. La hipercolesterolemia de herencia materna no modifica el fenotipo

cardiovascular en la hipercolesterolemia familiar

2.5 Discusioén

Varios estudios han sugerido que la hipercolesterolemia materna podria aumentar
la enfermedad CV del adulto en la descendencia (20). Por ello, estudiamos este tema en un
grupo de HFHe y observamos que no existen diferencias significativas en el fenotipo
incluyendo la enfermedad CV, la DM, la hipertension o los niveles plasmaticos de lipidos
segun el origen parental del defecto genético. La HF es un buen modelo para estudiar el
efecto de la hipercolesterolemia en la descendencia como consecuencia del gran aumento
de los niveles lipidicos que tienen las mujeres con HF durante el embarazo, normalmente
alcanzan hasta el doble de concentracién de CT que las de las madres sin HF y superiores
a 400 mg/dL. Nuestros hallazgos no apoyan que la hipercolesterolemia materna tenga un
efecto deletéreo en la descendencia.

Estos resultados estan en linea con otros estudios que no encontraron diferencias en
los niveles de lipidos y lipoproteinas entre los HFHe que habian heredado la HF de la madre
o del padre (24). Ademas, Tonstad et al., no observaron ninguna diferencia en el grosor de
la intima-media carotidea y la prevalencia de placa entre los nifios con HFHe a pesar del
origen de los padres (25). Sin embargo, Van der Graf et al. habian observado previamente
que los descendientes de madres con hipercolesterolemia, presentan un ligero aumento de
los niveles de CT, cLDL y Apo B en fases avanzadas de la vida (15); y ademas, la HF
heredada de las madres portadoras de la mutacion VV408M en el gen LDLR, se asoci6 con
un exceso de mortalidad significativamente mayor que la HF transmitida por los padres
(riesgo relativo 2,2; p = 0,048) (16). Probablemente los diferentes criterios de inclusion
entre estudios o el numero de sujetos estudiados podrian explicar las diferencias
encontradas.

Nuestro estudio también aporta informacion relevante sobre el papel de la
hipercolesterolemia durante el embarazo, y en el desarrollo posterior de complicaciones

cardiovasculares, independientemente de su causa. En estudios previos se sugeria que la



hipercolesterolemia materna aceleraba el desarrollo de arteriosclerosis en la descendencia
tanto en conejos (26) como en ratones (27), independientemente de si la
hipercolesterolemia en la madre era inducida por manipulacion genética, dieta o0 ambas, e
independientemente del cLDL posnatal (19). El efecto de la hipercolesterolemia durante el
embarazo en humanos apenas se ha estudiado. En un estudio post mortem, que analizaba
el arco adrtico y la aorta abdominal de 156 nifios normocolesterolémicos de 1 a 13 afios,
que fallecieron por traumatismo y otras causas (Fate of Early Lesions in Children Study),
mostrd una asociacion entre el colesterol materno y la presencia de lesiones iniciales de
arteriosclerosis en los nifios (20). Sin embargo, esto no se ha confirmado posteriormente.
Durante el embarazo, se produce un aumento fisioldgico de los niveles de colesterol
materno. Es un mecanismo adaptativo que responde a las mayores demandas de colesterol
durante el embarazo y se conoce como ‘“hipercolesterolemia fisioldgica materna” (28).
Ademas, algunas mujeres presentan una alteracion, denominada “hipercolesterolemia
suprafisioldgica materna”, que se asocia con modificaciones vasculares fetoplacentarias.
Sin embargo, la hipercolesterolemia materna no afecta los niveles de lipidos neonatales
(29, 30) porque la concentracion plasmatica de colesterol en el feto es un proceso altamente
regulado, mayormente independiente del colesterol plasmatico materno. El colesterol en el
feto proviene de la sintesis “de novo” o del transporte placentario. El colesterol se
transporta en la placenta humana de la madre al feto a través de la captacion de las
lipoproteinas maternas de colesterol por la placenta, atravesando el trofoblasto y el
endotelio y dando salida a los aceptores en el feto. En el lado apical del sincitiotrofoblasto
(STB), la captacion de colesterol de la circulacién materna proviene de las particulas LDL
y HDL, através de los LDLr y SR-BI respectivamente y se secretan en el lado basal hacia
el estroma velloso (12, 31, 32). Los mecanismos por los que el colesterol es transportado a
las celulas endoteliales para finalmente llegar a la circulacion fetal son en su mayoria
desconocidos (33, 34) pero dos proteinas altamente reguladas, ABCA1 y ABCGL1 son
responsables de transportar el colesterol de la placenta a las Apo Al libres de lipidos y
particulas HDL (35) sin la participacion del LDLr que se expresa pobremente en el lado

basal del sincitiotrofoblasto (30).



La principal implicacion clinica de nuestros resultados es que el manejo clinico de
los sujetos con HFHe no debe ser diferente, dependiendo de si la herencia es materna o
paterna, ya que el fenotipo lipidico y las complicaciones a largo plazo son similares en
ambos grupos. Existe una tendencia en la practica clinica a infrautilizar medicamentos
cardiacos efectivos entre las mujeres respecto a los hombres (36-38) y esto podria
acentuarse en la HF, ya que los antecedentes familiares de enfermedad cardiovascular
prematura son un factor potenciador del riesgo en la poblacion general (39), y la
enfermedad cardiovascular prematura es menos frecuente en las mujeres con HFHe (10).
Por tanto, el riesgo de tener antecedentes de enfermedad prematura es mayor si la herencia
es paterna.

Este sesgo potencial no se observa en nuestro estudio ya que el manejo clinico es
muy similar entre sujetos con herencia paterna o materna. Ni los afios de estatinas ni el
porcentaje de sujetos con tratamiento hipolipemiante de alta intensidad fueron diferentes
segun la herencia paterna. Lo probable es que se deba a que los pacientes de nuestro
estudio, proceden de unidades especializadas (23) donde las recomendaciones terapéuticas
se basan mayoritariamente en factores de riesgo individuales segun las guias vigentes (40).
Creemos que nuestros datos son sélidos respecto a la ausencia de un efecto clinico relevante
en la hipercolesterolemia de origen monogénico. Sin embargo, se debe explorar si otras
formas de hipercolesterolemia durante el embarazo juegan un papel relevante en el futuro.

Algunas limitaciones podrian surgir en nuestro estudio. La asignacion de los padres
ha sido “autoinformada”, aunque para evitar sesgos, esta informacion se comprobé en el
historial médico. Por este motivo, el 27% de los sujetos fueron excluidos del analisis ya
gue no se pudo verificar la asignacion. En segundo lugar, nos basamos en un diagnostico
de HFHe segun criterios clinicos y respecto a el diagndstico genético de los HFHe de origen
materno y paterno no estuvo disponible en el 10,1% y el 11,5%, respectivamente, aunque
tampoco encontramos diferencias al considerar solo a aquellos sujetos con diagnostico

genético positivo.



2.6 Conclusiones

- En la HF no existen diferencias en el fenotipo lipidico, en la prevalencia de
enfermedad cardiovascular, en la edad de inicio de enfermedad cardiovascular o en las
complicaciones cardiometabdlicas como DM e hipertension asociados al origen maternal
o0 paternal de la hipercolesterolemia.

- Estos hallazgos implican que la hipercolesterolemia materna no confiere un riesgo
adicional a la descendencia en etapas mas avanzadas de la vida y que un posible efecto

materno no es relevante en la HF.

Estudio 3. Lipoproteina (a) en hipercolesterolemia hereditaria. Influencia de

la causa genética, gen defectuoso y tipo de mutacién
3.5 Discusion

En nuestro estudio describimos las concentraciones de Lp(a) en diferentes tipos de
hipercolesterolemias hereditarias, incluyendo dos grandes cohortes independientes de
pacientes con HFHe monogénica y mutaciones negativas, algunos de ellos diagnosticados
de hipercolesterolemia poligénica. También analizamos el efecto del gen responsable de la
HF en la concentracion de Lp(a) y la posible implicacién de los diferentes dominios
proteicos afectados por el defecto genético. La concentracion mas alta de Lp(a) se observo
en sujetos con hipercolesterolemia hereditaria pero sin una mutacion patogénica en los
genes de HF, independientemente del score de la hipercolesterolemia poligénica. Los
sujetos con HFHe tenian una concentracion de Lp(a) mas alta que la poblacion general pero
mas baja que los sujetos con mutaciones negativas; y este aumento de Lp(a) en HFHe
estuvo relacionado con el gen involucrado, pero sus diferencias no se explicaron por el
namero de kringle 1V tipo 2 de LPA. La Lp(a) mas alta en HFHe no se explica por su
concentracion mas alta de cLDL y, en la HF dependiente de LDLR, los niveles de Lp(a) no
son diferentes dependiendo del dominio de la proteina del LDLr afectada. Varios estudios

han analizado la concentracion de Lp(a) en sujetos con HF obteniendo una amplia variacion



de resultados: desde presentar valores mas altos (28-32) hasta no presentar diferencias
respecto a una poblacion control (33-35). Kraft y col. estudiaron la concentracion de Lp(a)
en HFHo, HFHe y familiares sin HFHe, mostrando un efecto dependiente de la dosis sobre
la concentracion de Lp(a). La HFHo mostré mayor concentracion que los sujetos
heterocigotos y éstos, a su vez, mayor concentracion que los controles, sin diferencias en
el genotipo LPA (36). Sjouke et al (31) encontraron el mismo efecto de dosis. Nuestro
estudio concuerda con el hallazgo de una mayor concentracion de Lp(a) en HFHe. Sin
embargo, existen, al menos, dos sesgos potenciales importantes en la asociacion
previamente descrita de Lp(a) y FH. Primero, Lp(a) es un factor de riesgo independiente
de enfermedad CV. En estudios previos, los criterios de seleccion para el diagnostico de
HF incluian enfermedad coronaria (EC) y cardiopatia isquémica (8, 11), tal y como se
recoge en el Dutch Lipid Clinic Network Score o en los criterios de Simon Broome para HF
(28-30), esto implica un sesgo evidente de disponer de una mayor Lp(a), como se ha
sefialado recientemente (32). En nuestro estudio, hemos utilizado criterios de diagnéstico
para HF basados en cLDL, y no en enfermedad CV. En realidad, solo el 8% de nuestros
sujetos con HFHe tenian enfermedad CV, un porcentaje mucho méas bajo que el publicado
anteriormente (37). El segundo potencial sesgo es tomar de referencia el anélisis genético
para la definicion de HFHe, al tiempo que se incluyen variantes genéticas de significado
incierto (34, 38), mientras que otros estudios solo se basaron en criterios clinicos (28, 29,
39). El presente estudio incluye en todos los sujetos, las mutaciones en todos los genes
responsables reconocidos de HF, ademas de considerar su funcionalidad. Ademas, hemos
excluido a aquellos sujetos con un diagnostico genético incierto.

La concentracion de Lp(a) juega un papel importante en la determinacion de la
concentracion de cLDL y en aquellos sujetos con Lp(a) muy alta, se podrian estar
clasificando como HFHe (30). Debido al solapamiento entre HF e hipercolesterolemia que
es secundaria a niveles altos de Lp(a), es importante precisar el diagndstico genético de HF
para evaluar la concentracion de Lp(a) en estos pacientes. Por el mismo motivo, la
medicion de Lp(a) es muy recomendable en sujetos con diagndstico clinico de HFHe(6)

pero también en sujetos con sospecha de hipercolesterolemia poligénica.



Uno de los resultados mas destacables de nuestro estudio es la diferente
concentracion de Lp(a) en HF segun el gen responsable de HF. Los sujetos con mutaciones
en APOB tienen concentraciones mas altas de Lp(a) mientras que los sujetos con mutacion
en APOE tienen concentraciones mas bajas en comparacion con los portadores de
mutaciones en LDLR, sin mostrar diferencias segin el nimero de repeticiones de KIV tipo
2. Sjouke y col. estudiaron las concentraciones de Lp(a) en 13 heterocigotos y 2
homocigotos para mutaciones APOB, obteniendo valores medios de 50,3 mg/dL (IQR 18,7;
120,9) y 205,5 mg/dL, respectivamente, ambos valores superiores a los de los sujetos
control (31). En la misma linea, Van der Kooek et al. demostraron que el defecto de FDB
(defecto familiar de APOB) aumenta la concentracién y la variabilidad de Lp(a), y sugirio
que APOB puede ser un gen que afecte a la variabilidad de los niveles de Lp(a) en plasma
(40). Se desconoce el mecanismo que explica la elevacion de Lp(a) en la HFHe dependiente
de APOB. Knight y col. compararon la composicién de Apo B de las particulas de LDL y
Lp(a) en sujetos heterocigotos FDB. Demostraron que las proporciones de APOB mutante
y de tipo salvaje eran similares en las particulas de Lp(a), lo que indica que, en HFHe
causada por una mutacién en APOB, el mecanismo probablemente implicado en el aumento
de Lp(a), seria un aumento de la sintesis, y no de una disminucién del catabolismo (41).

Otro hallazgo importante fue que los portadores de la mutacion APOE
p.(Leul67del) tenian una Lp(a) mas baja que otras formas de HF. La variacion genética en
APOE esta involucrada en la concentracion de Lp(a): Moriarty et al. analizaron las
isoformas comunes de APOE y demostraron un aumento del 65% en Lp(a) en los sujetos
con e4/e4 en comparacion con los sujetos con €2/e2 (18). Recientemente, Croyal et al. han
demostrado la estrecha asociacion entre las particulas de VLDL-apo E y la produccién de
Lp(a) (42). Nuestro grupo ha descrito recientemente la mayor captacion hepatica de
particulas de VLDL que contienen p.(Leul67del) en APOE (23), por lo que especulamos
que los mecanismos probables que influyen en la reduccion de la concentracion de Lp(a)
asociados con una disminucion de la apo E normal que contiene VLDL, podrian ser una
disminucion de produccién y /o formacién de Lp(a).

Los resultados de nuestro estudio refuerzan el hecho de que el LDLr apenas juega

ningun papel en el catabolismo de Lp(a). Varios estudios en humanos, ratones y cultivos



celulares in vitro han descartado un papel significativo del LDLr en el catabolismo de Lp(a)
(1). Demostramos que la concentraciéon de Lp(a) en HFHe es independiente del tipo de
defecto del LDLr, lo que respalda que el receptor no esta involucrado en el catabolismo de
Lp(a). Se han demostrado varios receptores de particulas de Lp(a), distintos del LDLr, que
utilizan Apo B, Apo(a) o fosfolipidos oxidados (OxPL) como ligandos (1), por ello
tampoco se puede descartar si pudieran estar implicados en el aumento de la concentracion
de Lp(a) en HFHe.

Nuestro articulo tiene la relevancia de que todos los sujetos han sido analizados
genéticamente, solo se han incluido sujetos con mutaciones claramente patogénicas, se
analiza el efecto sobre la concentracion de Lp(a) de acuerdo al gen responsable y de LDLR
en el caso del dominio de la proteina afectada y finalmente la seleccion de la HF no se

realiz6 en base a la enfermedad cardiovascular.

Limitaciones del estudio

Se trata de un estudio observacional, retrospectivo, realizado en un solo centro, con
un namero limitado de pacientes con mutaciones distintas al LDLR, especialmente en
APOE. La poblacion de control fue principalmente masculina, y el genotipado de LPA se
limito al nimero de KIV tipo 2 y no estuvo disponible en todos los sujetos, pero éstos
fueron seleccionados al azar. No todos los sujetos del estudio se sometieron al analisis del
SP; sin embargo, se obtuvo en un subgrupo representativo sin llegar a mostrar relacion
entre la concentracion de Lp(a) y la Hipercolesterolemia Poligénica. Dos tercios de los
sujetos con mutaciones negativas tenian un SP superior a 0,93, lo que se ha utilizado como
criterio para el diagnostico de Hipercolesterolemia Poligénica, en ausencia de mutaciones
en los genes FH (43). La forma de seleccionar a los pacientes en funcion de un cLDL
elevado puede enriquecer a los sujetos con un Lp(a) elevado, lo que contribuyé al cLDL
calculado (33). No podemos excluir completamente este sesgo de seleccidn, aunque parece
poco probable debido a la pequefia contribucion del colesterol transportado en Lp(a) al
cLDL total en HFHe en nuestro estudio. Finalmente, nuestros resultados son

representativos de la poblacion espafiola de origen genético caucasico.



Afortunadamente, nuestro trabajo también tiene varios puntos fuertes. Los sujetos
fueron estudiados genéticamente, cubriendo todos los genes candnicos para FH (44) y
excluyendo aquellas mutaciones sin mutacion funcional, y todos los resultados se

comprobaron en una cohorte independiente.

3.6 Conclusiones

- La Lp(a) esta elevada en las hipercolesterolemias genéticas incluyendo, la HP y la
HFHe.

- La concentracion de Lp(a) en HFHe es variable dependiendo del gen responsable de
HF; y que sus diferencias no se explican por el nimero de kringle IV tipo 2 de LPA o por
el Score Poligénico.

- La Lp(a) més alta en HFHe no se explica por su cLDL mas alto, y en la HF
dependiente de LDLR, los niveles de Lp(a) no son diferentes seglin el dominio proteico

afectado.

Estudio 4 Cirugia de cataratas en ancianos con Hipercolesterolemia Familiar

Heterocigdtica en tratamiento prolongado con estatinas.
4.5 Discusion

Nuestro estudio muestra que la prevalencia de la cirugia de cataratas no aumenta
en personas mayores con HFHe sometidas a tratamiento hipolipemiante durante méas de 20
anos. Esto sugiere que ni la hipercolesterolemia grave, ni el uso prolongado de estatinas
son factores de riesgo relevantes en el desarrollo de cataratas. Hasta donde sabemos, este
es el primer estudio que explora la presencia de cataratas en esta poblacion, un subgrupo
paradigmatico de pacientes en los que el tratamiento con altas dosis de estatinas potentes

es la primera linea de tratamiento.



El presente estudio tiene la fortaleza de ser realizado en un grupo de pacientes con
tres principales caracteristicas diferenciales de estudios previos: concentraciones muy
elevadas de cLDL desde el nacimiento, uso de estatinas a dosis elevadas durante > 20 afios,
y vejez, es decir, grupo con alta incidencia de cataratas. Nuestro estudio coincide en que la
edad es el principal factor asociado al desarrollo de cataratas. Es importante destacar que
nuestros datos confirman los resultados de un andlisis previo sobre la seguridad de las
estatinas de uso prolongado con respecto al desarrollo de cataratas y plantean dudas sobre
la supuesta asociacion de la concentracion de colesterol con las cataratas. Los estudios
preclinicos mostraron que el colesterol tiene un papel importante en la integridad de la
membrana y se suponia que la inhibicidn de la sintesis de colesterol causaba el desarrollo
de cataratas (7). Ademas, se debe tener en cuenta que las estatinas ejercen sus beneficios
en un amplio espectro de afecciones oftalmicas a través de sus efectos hipocolesterolémicos
y pleiotrdpicos, que pueden contribuir a hacerlas seguras con respecto a las cataratas (5).

4.6 Conclusiones

- La prevalencia de la cirugia de cataratas no fue significativamente diferente entre
HFHe y controles.

- La presencia de cataratas no se asocio ni con el cLDL ni con la duracion del
tratamiento con estatinas.

- En el presente estudio, la HFHe no fue un factor de riesgo de cataratas y el

tratamiento prolongado con estatinas no favorecio el desarrollo de cataratas.



Estudio 5. Causas actuales de muerte en hipercolesterolemia familiar

5.5 Discusioén

En el presente trabajo analizamos las posibles diferencias en la mortalidad en un
grupo de familias HFHe de una Unidad de Lipidos comparando familiares HFHe, no HFHe
y no consanguineos con el objetivo de actualizar la muerte por enfermedad CV y no
enfermedad CV en HFHe en la era del tratamiento hipolipemiante. HFHe es un buen
modelo para estudiar el efecto sobre la mortalidad de la hipercolesterolemia y su relacion
con los eventos de enfermedad CV (15). Ademas, los pacientes con HFHe suelen estar
sometidos a un tratamiento crénico hipolipemiante intensivo y nuestros resultados estan en
consonancia con el beneficio que se obtiene en la enfermedad CV con la reduccion de
cLDL en la poblacion general (16,17). Presumimos que la prevalencia de muerte por
enfermedad CV ha disminuido durante los ultimos afios en estos pacientes y nuestros
resultados parecen apoyarlo, debido a que se observé que la mortalidad por enfermedad
CV en este grupo de familias fue menor y aparecié mas tarde que las cohortes de HFHe
reportadas en las ultimas décadas del siglo pasado (7,17). Sin embargo, todavia
encontramos un aumento en la muerte por enfermedad CV con respecto a los pacientes no
HFHe, especialmente en los hombres HFHe, que fallecieron 6,8 afios mas jovenes en
comparacion con los otros grupos familiares. Tradicionalmente, se ha considerado que en
pacientes con HFHe y sin tratamiento hipolipemiante, aproximadamente el 50% de los
hombres y el 30% de las mujeres desarrollaran enfermedad CV antes de los 50 afios (18,19)
con una esperanza de vida estimada entre 20 y 30 afios menor (7). Sin embargo, la muerte
por enfermedad CV podria haber estado sesgada en esos estudios: histéricamente, ya que
la HFHe se ha diagnosticado clinicamente en funcion de las elevaciones de cLDL,
enfermedad CV prematura personal y familiar y la presencia de xantomas tendinosos o
arco corneal. Los criterios mas comunes para el diagndstico, incluidos los de Dutch Lipid
Clinic Network (20) y el registro Simon Broome (21) incluyen enfermedad CV o factores
de riesgo de enfermedad CV, como los xantomas tendinosos (18,22,23). De esta manera,

los sujetos con HFHe o sus familiares en los que predomind la enfermedad cardiaca,



tuvieron mas posibilidades de ser diagnosticados clinicamente de HF. La caracterizacion
genética de la HF en los ultimos afios ha demostrado que el fenotipo HFHe es mas
heterogéneo de lo que se creia anteriormente, incluida la presencia de enfermedad CV. En
una publicacion reciente de los Paises Bajos, la enfermedad cardiaca estaba presente en el
7,4% de 25.137 HFHe diagnosticados genéticamente, a pesar de que la edad media era de
38 afios y el 71,1% no tomaba farmacos hipolipemiantes (24). En consecuencia, una
proporcion significativa de HFHe podria haber pasado desapercibida al aplicar los criterios
diagndsticos tradicionales.

Nuestra cohorte se basa en niveles muy altos de cLDL (> 220 mg/dL sin tratamiento
hipolipemiante) y un diagndstico genético positivo para una mutacion causal en un gen
canonico para HF. Ademas, los pacientes fueron remitidos a la clinica por sus médicos de
atencion primaria, debido niveles altos de cLDL (25). Por ello, creemos que nuestra cohorte
ha superado el sesgo anterior. Existe evidencia sélida, mediante estudios observacionales
de HFHe, que ha demostrado una reduccion de los episodios de enfermedad CV
importantes en pacientes que estan tomando un tratamiento hipolipemiante, cuando se
inicia en etapas tempranas de la vida y se mantiene durante afos (26, 27). En consecuencia,
la supervivencia sin enfermedad CV, con un inicio temprano de estatinas en estos sujetos,
podria ser bastante similar a la del resto de la poblacion (28). En nuestro estudio, mostramos
a un grupo grande de HFHe que estaban en tratamiento hipolipemiante durante una medida
de 25 afios. Ademas, la mayoria de sus familiares HFHe han estado con tratamiento con
estatinas en algin momento de sus vidas. La prevalencia de ECV estimada en este estudio,
7% en HFHe, esta en linea con otros estudios de HFHe genéticamente definida (24,29).

También hemos analizado la mortalidad no CV en estas familias de HFHe
genéticamente definida, con un gran historial de tratamiento hipolipemiante con dos
propdsitos: primero, comprobar si la terapia hipolipemiante podria desempefiar un papel
en otras comorbilidades, y segundo, explorar si la propia mutacion causante de la HF podria
estar asociada a otras morbilidades distintas de la enfermedad CV una vez que los sujetos
con HFHe vivan lo suficiente sin enfermedad CV, algo que, hasta ahora, se habria ocultado
dada la mortalidad precoz. En este estudio, la mortalidad no CV no mostré diferencias

significativas entre HFHe y no HF ni entre ninguno de los grupos separados por sexo. Hubo



una tendencia en las mujeres HFHe a morir més tarde por causas no CV que las mujeres
sin HF, aunqgue la diferencia no alcanzo significacion estadistica. Planteamos la hipotesis
de que podria deberse a los estilos de vida mas saludables en sujetos con HFHe como
nuestro grupo habia mostrado anteriormente (8).

Nuestro estudio tiene algunas limitaciones. En su disefio retrospectivo solo se
seleccionan los HFHe que vivieron el tiempo suficiente para poder estudiarlos, por lo que
los sujetos HFHe que fallecieron antes del analisis no se pudieron estudiar. EI gran nimero
de sujetos estudiados, contando con la dificultad de encontrar grandes series de pacientes,
nos permite identificar diferencias entre la mortalidad de los grandes grupos de
enfermedades. Hasta ahora si alguna enfermedad pudiera estar asociada a la mutacion o al
tratamiento, podria haber pasado desapercibido. Para concluir, tenemos informacion del
momento de inicio del tratamiento hipolipemiante, pero solo se pudo corroborar
completamente, en los casos y los controles. Los puntos fuertes de nuestro articulo incluyen
que todos los casos de HFHe se han confirmado genéticamente y que el diagnéstico de

HFHe es independiente de la enfermedad CV.

5.6 Conclusiones

- La mortalidad actual por enfermedad CV en la HFHe es menor y se produce mas
tarde que la descrita en el siglo pasado, pero sigue siendo mayor que en los sujetos sin HF.
Probablemente, esto se deba a un mejor control de los factores de riesgo de enfermedad
CV, especialmente a el tratamiento hipolipemiante prolongado. Este mejor prondstico en

el riesgo de enfermedad CV no se asocia con cambios en la mortalidad no CV.



DISCUSION GLOBAL DEL COMPENDIO DE PUBLICACIONES

El trabajo de esta tesis, describe varias patologias que pudieran estar modificando
el fenotipo clasico de la HF. El estudio detallado de las mutaciones patogénicas, muy
especialmente en LDLR y el andlisis del tratamiento hipolipemiante prolongado que de
forma intensiva y precozmente llevan estos pacientes son los dos hechos fundamentales
estudiados en nuestro trabajo y que se encuentran fuertemente asociados con el cambio en
el fenotipo encontrado.

El fenotipo clasico de la HFHe se viene mostrando desde hace algunos afios, como
mucho mas heterogéneo y menos agresivo gue en afios anteriores cuando no se disponia de
un tratamiento hipolipemiante eficaz para estos sujetos y mostraban un riesgo de sufrir
enfermedad cardiovascular antes de los 55-60 afios en méas del 50% de los varones 'y en un
33% de las mujeres (67,140,229).

Para comenzar, hemos estudiado en profundidad una enfermedad que hasta ahora
estaba relacionada con sujetos HFHo. Los sujetos homocigotos presentan afectacion en los
pardmetros estructurales y hemodindmicos de la valvula adrtica, con calcificacion
progresiva y un alto riesgo de estenosis adrtica grave (257). En este sentido, una mayor
esperanza actual de los pacientes HFHe, que se calculada antes de la era de las estatinas
entre 10-30 afios menor para hombres y mujeres respectivamente (258,259), junto con la
concentracion elevada de Lp(a) que muestran muchos pacientes con HFHe parecen
explicar el aumento de EA encontrado en nuestro trabajo. El aumento de Lp(a) es un factor
de riesgo independiente de calcificacion tanto vascular como de la valvula adrtica en la
poblacién general (226,260) que parece estar influyendo en la prevalencia actual de la EA
en la HFHe. Los estudios previos sobre esta enfermedad han sido orientados en poblacion
general de edad avanzada (>75 afios), que son aquellos quienes muestran mayor
prevalencia de esta afectacion valvular(260). Sin embargo, se desconocia si los pacientes
HFHe con una mutacién patogénica en LDLR y con altas concentraciones de cLDL a lo
largo de la vida, tenian una mayor prevalencia de AoVC (227). Nuestro estudio demuestra
que la HFHe debe ser incluido como un factor de riesgo relevante para la EA junto con la
edad (261). Para evitar sesgos, basados en un diagndstico meramente clinico de HFHe,



nuestro estudio tiene la potencia de que todos los sujetos fueron reclutados y seleccionados
no solamente por criterios lipidicos, sino también definidos por una mutacion patogénica
en un gen candidato, es decir evitando sesgos de seleccion basados en los fenotipos
cardiovasculares mas graves (262).

La EA es un proceso que acaba desarrollandose por el dafio endotelial cronico que
sufre la zona de la valvula adrtica por la infiltracion lipidica, inflamacion y su consecuente
calcificacion y estrechamiento valvular. Entre los factores de riesgo de EA, y que se
reflejan en nuestro estudio, se incluyen la edad y la hipercolesterolemia. En este sentido,
las diferencias entre las véalvulas de HFHe y controles, mostraron una clara relacion con la
edad. Especificamente, entre los casos de HFHe, se asocié una mayor velocidad adrtica
méaxima y mayor calcificacion de las valvas de la valvula aortica, con la concentracion de
cLDL sin tratamiento hipolipemiante, sugiriendo que el cLDL elevado a lo largo de la vida,
jugaria un importante papel, considerado como factor de riesgo de arteriosclerosis.

En segundo lugar, hemos profundizado en el estudio de las potenciales diferencias
en el fenotipo que pudieran plantear el origen maternal o paternal de la mutacion
responsable de la HFHe. Se habia sugerido que la hipercolesterolemia materna podria
explicar algunas diferencias entre sujetos, de la misma manera que se explican en otras
enfermedades monogénicas mediante la impronta gendmica (263) o bien por los factores
ambientales que sufre la madre durante la gestacidn, como el tabaco y la dieta rica en grasas
saturadas (264). Todavia no se habia establecido si el aumento del colesterol durante el
embarazo pudiera repercutir en la descendencia, un efecto que en el caso de las madres
HFHe, muestran cifras de colesterol hasta dos veces superior que las madres sin
enfermedad. Se habia sugerido en algunos estudios un aumento del desarrollo de
arteriosclerosis asociado a la hipercolesterolemia de origen materno (265,266). Sin
embargo, nuestro estudio no mostro diferencias clinicas ni antropométricas dependiendo
del origen parental de la hipercolesterolemia, ni el desarrollo posterior de comorbilidades
como la enfermedad CV o DM. De esta manera, se hipotetiza que la concentracion
plasmatica de colesterol en el feto, se regula mediante un proceso bien establecido e
independiente del LDLr materno (267). EI LDLr quedaria limitado al lado basal del

sincitiotrofoblasto, de manera que apenas se expresaria en el feto. Probablemente si se ha



observado alguna asociacion entre la concentracion de colesterol y la memoria metabdlica
del feto, dependeria mas bien de los mecanismos asociados a la sobreproduccion de
hipercolesterolemia, como son el sindrome metabdlico, la obesidad o hiperglucemia. Los
factores de riesgo asociados a la madre afectardn de manera indirecta al feto, pero no a
consecuencia de las altas concentraciones de cLDL en la madre HFHe. Por ello, y de
acuerdo con lo que hemos observado, el manejo clinico de los sujetos con HFHe no debe
ser diferente dependiendo de la herencia parental porque su riesgo de comorbilidades es
independiente del origen.

Por otro lado, hemos descrito las concentraciones de Lp(a) en las distintas
hipercolesterolemias hereditarias, desde fenotipos mas heterogéneos como se describen en
mutaciones negativas, asi como un fenotipo mas severo, en el caso de las mutaciones
patogénicas en LDLR, APOB o APOE. Ademas, en este ultimo, analizamos el impacto del
gen responsable de la HFHe en la concentracion de Lp(a). Demostramos que el gen
involucrado en HFHe, esta relacionado con este aumento, aunque no se explica por el
numero de kringles 1V tipo 2. Hasta la fecha se habia observado un concentracion mayor
de Lp(a) en HFH0(268), pero no se habia establecido en HFHe, ni tampoco dependiendo
del gen responsable de la HF. Nuestro articulo en linea con otros estudios(269), demuestra
que el LDLr apenas juega ningun papel en el catabolismo de Lp(a), ya que se muestra
independiente del tipo del defecto del LDLr y que los sujetos con HFHe, analizados
genéticamente, tienen una concentracion de Lp(a) mas alta que la poblacion en general y
en mayor medida, aquellos con mutacion en el gen de APOB.

Nuestro estudio también sugirié que la hipercolesterolemia grave, con altas
concentraciones de cLDL muy elevadas desde el nacimiento, en pacientes >65 anos con
HFHe, no se asocié como un factor de riesgo principal al desarrollo de cataratas. Sin
embargo, coincidimos con estudios previos sobre cataratas, en que la edad es el principal
factor asociado al desarrollo de cataratas (270). El presente estudio tiene la fortaleza de ser
realizado en un gran grupo de pacientes que componian las tres caracteristicas diferenciales
previamente no estudiadas, es decir, un subgrupo paradigmatico de pacientes ancianos, en
los que el tratamiento con altas dosis de estatinas potentes es la primera linea de

tratamiento.



La segunda aproximacion ha sido analizar patologias que se han asociado de forma
no consistente con el tratamiento hipolipemiante.

En este sentido, en el analisis de los factores de riesgo asociados a la enfermedad
valvular adrtica, el tratamiento con estatinas no demostré diferencias significativas con
respecto al resto de HFHe. En aquellos pacientes en los que la enfermedad valvular ya se
habia establecido en sus fases iniciales, el tratamiento apenas previno la EA en fases méas
avanzadas de la enfermedad.

Tampoco el tratamiento hipolipemiante con estatinas a altas dosis, fue asociado al
desarrollo de cataratas, en estos sujetos con HFHe, sugiriendo de nuevo el factor de edad,
como factor de riesgo relevante para el desarrollo de cataratas.

Por Gltimo, y para tener una vision holistica de enfermedades que pudieran no haberse
descrito previamente, estudiamos un gran grupo numeroso de familias con HFHe y un
grupo de familias control, para demostrar las posibles diferencias en la mortalidad de los
dos grupos entre todos los familiares de primer grado. El objetivo de este trabajo fue
mostrar una actualizacion de las causas de muerte por enfermedad CV y no CV en HFHe
en la era del tratamiento hipolipemiante. Por un lado, identificar si nuestra hipétesis
apoyaba la idea de una menor prevalencia de muerte por enfermedad CV en sujetos HFHe.
En este sentido, nuestro trabajo sugiere que la prevalencia de muerte por enfermedad CV
ha disminuido durante estos afios, que se habia estimado anteriormente muy elevada con
una esperanza de vida estimada entre 20 y 30 afios menor que el resto de la poblacion (259).
Sin embargo, a pesar de una evidente mejoria, todavia nos encontramos que los varones
HFHe fallecieron 6,8 afios mas jévenes en comparacion con los otros grupos familiares sin
HF. Para evitar sesgos de seleccion, nuevamente seleccionamos a los sujetos mediante un
diagnostico genético positivo. Tradicionalmente los criterios para el diagnostico de HFHe
se basaban en criterios clinicos incluidos en los registros internacionales como el de
Simmon Bromme, de esta manera los pacientes HFHe o sus familiares con enfermedad CV,
eran mas facilmente diagnosticados de HFHe que aquellos en los que la enfermedad CV
no estuvo presente. Consecuentemente, un gran grupo de HFHe podrian haber pasado

desapercibidos al aplicar criterios meramente clinicos.



Nuestra cohorte tiene la potencia suficiente y apoya estudios previos observacionales
de HFHe, que sugerian una reduccién de los episodios CV en pacientes que comenzaron
con tratamiento hipolipemiante en edades tempranas de la vida y se mantuvieron de manera
cronica con el tiempo (148,271). Nuestro estudio trata de un grupo de personas HFHe con
un consumo medio de 25 afios de tratamiento con estatinas. De acuerdo con la prevalencia
estimada hasta la fecha, un 7% en HFHe mostraron enfermedad CV en aquellos definidos
genéticamente.

De manera adicional analizamos la mortalidad no CV no estudiada hasta el momento,
con el propésito por un lado de comprobar si el tratamiento hipolipemiante podia influir en
otras comorbilidades asociadas, y, por otro lado, explorar si la propia mutacion responsable
de la HFHe se relacionaba con otras causas de enfermedad, en el momento en que una
mayor esperanza de vida de estos pacientes pudiera permitir aflorar patologias que podrian
haber estado ocultas en presencia de una mortalidad cardiovascular precoz. Nuestro estudio
muestra que la mortalidad no CV no mostro diferencias entre los sujetos con y sin HF, sin
encontrar diferencias entre sexos.

Nuestro estudio presenta algunas limitaciones. Al tratarse de un disefio retrospectivo
solo se seleccionan los HeHF que vivieron un tiempo suficiente para poder estudiarlos, por
lo que los sujetos que presentaron una mortalidad precoz no pudieron ser representados.
En el caso del tratamiento hipolipemiante, y sobre los antecedentes familiares de
enfermedad CV, la asignacion podria haber sido sesgada por la inexactitud en el recuerdo,
aungue de manera minuciosa se comprobaron en los registros médicos.

Para el estudio de los diferentes fenotipos, hubiera sido de interés disponer de la
exposicion al cLDL de por vida para estudiar el efecto acumulativo en las distintas
patologias, sin embargo, al tratarse en algunos casos de una poblacion anciana, esto no ha
sido factible. Consideramos de esta manera el cLDL en el momento del diagnostico y el
numero de afios que mantuvieron el tratamiento hipolipemiante, como datos subrogados de
la exposicion al cLDL de por vida.

Finalmente, nuestros resultados son representativos de un fenotipo de la poblacién

espafola basado concretamente en el origen genético caucasico.



El conjunto de patologias estudiadas y el amplio grupo de pacientes HFHe presentado,
ha sido necesario para conocer en profundidad la repercusion de todo el conjunto de
factores que han influido en los sujetos HFHe en los Gltimos afios y que nos van a orientar
en la medida de lo posible hacia una mejora terapéutica y una supuesta mejora en la calidad

de vida, en vistas de una enfermedad menos agresiva en el futuro.



CONCLUSIONES
Conclusiones finales estudiadas en el
compendio de publicaciones



Conclusiones

- El fenotipo actual de la HFHe caracterizada genéticamente es substancialmente
diferente al descrito en el siglo pasado.

- Las diferencias fundamentales radican en una menor prevalencia de enfermedad
cardiovascular y una menor mortalidad cardiovascular.

- Otros fenotipos no previamente asociados con HFHe aparecen como relevantes,
y hemos demostrado que la enfermedad valvular adrtica es uno de ellos, en personas con
HFHe con supervivencia >65 afos.

- El aumento de riesgo de EA esta relacionado con la hipercolesterolemia pero no
con el tratamiento con estatinas.

- Una de las nuevas descripciones que aporta el presente trabajo es el aumento de
la concentracion de Lp(a) en HFHe.

- El aumento de Lp(a) no se relaciona con las mutaciones en el gen LDLR.

- La HFhe dependiente de mutaciones en APOB tienen concentraciones de Lp(a)
mas elevadas que las HFHe dependiente de mutaciones en el LDLR.

-El fenotipo clinico actual de la HFHe en relacion con la enfermedad
cardiovascular, DM y HTA no depende del origen parental de la mutacién responsable de
la HFHe.

- En nuestro estudio no hemos evidenciado en sujetos HFHe con mutacion en LDLR
y larga historia de tratamiento con estatinas un riesgo aumentado de cataratas.
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Abstract: Hypercholesterolemia and statins are risk factors for aortic stenosis (AS) and vascular
calcification, respectively. Whether heterozygous subjects with familial hypercholesterolemia (HeFH)
treated with statins are at risk of AS is unknown. We study the prevalence of AS, aortic valve
calcification (AoVC), and aortic sclerosis (ASc) in elderly subjects with HeFH in a prolonged statin
treatment. Case-control study, cases were adults >65 years of age with a genetic diagnosis of HeFH,
LDLc >220 mg/dl, and statin treatment >5 years. Controls were relatives of HeFH patients, with
LDLc <190 mg/dl. Participants underwent a cardiac ultrasound for aortic valve analysis. We studied
205 subjects, 112 HeFH and 93 controls, with mean age 71.8(6.5) years and 70.0(7.3) years, respectively.
HeHEF, with respect to controls, presented greater gradients of aortic transvalvular pressure, 7.4(7.3)
mmHg versus 5.0(2.8) mmHg, and maximum aortic velocity, 1.7(0.7) m/s versus 1.5(0.4) m/s, and
lower aortic valve opening area, 2.0(0.7) cm? versus 2.4(0.6) cm? (all p < 0.05). AoVC and ASc were
also more prevalent in HeFH (p < 0.05 between groups). Moderate/severe AS prevalence was higher
among HeFH: 7.1% versus 1.1% (age- and sex-adjusted odds ratio (OR) 8.33, p = 0.03). Independent
risk factors for aortic valve disease in HeFH were age and LDLc before treatment. The number
of years under statin treatment was not associated with any aortic valve measurement. Subjects
>65 years with HeFH in prolonged statin treatment show more aortic valvular disease and higher
frequency of AS than controls. Life-long elevated LDLc exposure, rather than time of exposure to
statins, explains this higher risk.

Keywords: aortic stenosis; aortic sclerosis; heterozygous familial hypercholesterolemia; statins; aortic
valve calcification; LDL cholesterol
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1. Introduction

Familial hypercholesterolemia is a common autosomal codominant disease mostly caused by
mutations in the LDLR gene. The prevalence of heterozygous familial hypercholesterolemia (HeFH)
is approximately of 1/200-500 in most countries [1]. Patients with HeFH show very high plasma
concentration of low-density lipoprotein cholesterol (LDLc) [1-3] and, without lipid-lowering treatment,
approximately 50% of HeFH men and 30% of HeFH women will develop coronary heart disease
by the age of 50 years [1,4,5]. Fortunately, lipid-lowering treatment has decreased coronary heart
disease in HeFH, and many patients now have almost a normal life expectancy [5]. Other diseases
related to hypercholesterolemia, or to defects in the LDL receptor pathway, that are not reversed
by statins or that may go unnoticed with shorter life-spans may appear nowadays thanks to the
greater survival rate. This surge of new phenotypes has already been described in homozygous
familial hypercholesterolemia. In the latter condition, these pediatric patients used to die from
extremely premature coronary atherosclerosis. Given that the risk of coronary heart disease has been
substantially reduced thanks to starting LDL apheresis from childhood [6-8], when homozygous
familial hypercholesterolemia patients get older, they often show calcification of the aortic annulus
and ascending aorta and an increased risk of severe aortic stenosis (AS) [7]. ASis an inflammatory and
degenerative process caused by endothelial damage. The disease involves lipid infiltration, progressive
fibrosis, and calcification, and ends up narrowing the aortic valve area [9]. Interestingly, AS prevalence
has increased steadily in recent years in most countries, including Spain [10]. Risk factors for AS
include age, hypercholesterolemia, diabetes mellitus, and hypertension, which are also traditional
risk factors for arteriosclerosis [11]. Unfortunately, treatment for hypercholesterolemia with statins
and ezetimibe has not proven to reduce AS progression in the long-term, although some benefit was
observed only in a subset of patients with mild AS and high pretreatment LDLc levels [12,13]. Several
factors may predispose HeFH patients to AS. They usually have very high LDLc concentration from
childhood, a known risk factor for AS. In addition, chronic treatment with statins favors vascular
calcification, which occurs when the lipidic and inflammatory components of the atheroma plaques
are reduced by these drugs [14]. Besides, many HeFH patients have elevated lipoprotein(a) (Lp(a))
concentration, another well-known independent risk factor for vascular and aortic valve calcification
(AoVC) [15,16]. Success of current treatment for HeFH may have allowed that these factors combine
with the effects of aging. Nearly half of the elderly general population (>75 years old) have AoVC
to some extent, and a fraction of them suffer AS [15]. Consequently, previous high early coronary
heart disease (CHD) mortality in HeFH [17] could have hidden AoVC and AS that tend to appear at
older ages. LDLR mutations strongly predict AoVC [18], but whether elderly HeFH patients are at
higher risk of AS is still unknown. We hypothesized that many subjects with HeFH under chronic
treatment with statins have not only AoVC, but also impaired hemodynamic parameters of the aortic
valve function, even reaching AS diagnostic criteria. We aimed to study these functional differences
by comparing HeFH patients with controls, to assess, in addition, the current prevalence of AS in
HeFH subjects >65 years in chronic treatment with statins, and to explore potential risk factors for the
development of AS in HeFH.

2. Methods

2.1. Study Characteristics

This is an observational, multicenter, case-control study. Five lipid clinics throughout Spain took
part in the study. Consecutive HeFH cases were recruited with the following criteria: Age >65 years; a
pathogenic mutation in a candidate gene for familial hypercholesterolemia (LDLR, APOB, or PCSK9) in
the subject or in a first-degree relative; historic LDLc levels >220 mg/dl without lipid-lowering therapy;
and statin treatment >5 years in all cases. Controls were selected from relatives of HeFH patients from
the lipid clinics, requiring: Absence of hypercholesterolemia (LDLc <190 mg/dl without lipid-lowering
treatment); age >55 years; and being either HeFH partners who cohabited >25 years or HeFH siblings.
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Additional HeFH cases were recruited from relatives of cases when they fulfilled the inclusion criteria.
Participants were excluded if they had a personal history of rheumatic heart disease.

The key data collection component of the study was a transthoracic echocardiogram. Laboratory
data were obtained from records in the lipid clinics from dates as close as possible (<1 year) to the
cardiac ultrasound, if they were on stable lipid-lowering treatment. When these were not available, a
blood sample was drawn during the visit. All procedures were carried out locally, at each lipid clinic.

All subjects gave a written informed consent to the protocol, which was approved by a central
ethical committee (Comité Etico de Investigacion Clinica de Aragon, CEICA).

2.2. Transthoracic Echocardiography

Transthoracic conventional echocardiograms were performed by cardiologists who were nationally
certified for echocardiography. Echocardiogram studies were focused on the aortic valve at the same
position for all patients. The following variables were measured: Mean aortic valve pressure gradient;
maximum aortic velocity (Vmax); aortic valve area; aortic valve area indexed to body surface area;
bicuspid or tricuspid aorta valve; valvular thickening >3 mm; and calcification of the aortic valve
leaflets. The cardiologists performing echocardiograms were blinded to the diagnosis of HeFH. Degree
of calcification of the aortic valve was scored as follows: 1, no calcification; 2, mildly calcified (small
isolated spots); 3, moderately calcified (multiple larger spots); and 4, heavily calcified (extensive
thickening and calcification of all cusps) [19]. AS was diagnosed as defined by the American College
of Cardiology/American Heart Association Task Force on Practice Guidelines [11]. AS is considered
present with any of the following findings: Mean aortic valve pressure gradient >20 mm; Vmax >2 m/s;
and aortic valve area <1 cm?. Identified AS stages were mild (Vmax 2-2.9 m/s, valve pressure gradient
<20 mm, and aortic valve area >1cm?); moderate (Vmax 3-3.9 m/s or valve pressure gradient 20-39 mm
and aortic valve area >1 cm?), and severe (Vmax >4 m/s, valve pressure gradient >40 mm, or aortic
valve area <1 cm?) [11]. Aortic valve sclerosis (ASc), a milder aortic condition, was defined in the
presence of thickening (>3 mm) and/or calcification of the aortic valve without significant obstruction
of flow (Vmax <2 m/s) or AS criteria [20].

2.3. Clinical Interview

Within clinical data information, we collected age, gender, level of education, history of smoking,
hypertension, diabetes, personal history of cardiovascular disease and familial history of cardiovascular
disease in first-degree relatives, age at which cardiovascular events occurred, lipid values without
treatment, and history of lipid-lowering treatment. Level of education was classified as primary school,
secondary school, and higher education. Current smoking was defined by smoking in the present or
having smoked in the last year. Former smokers were defined as subjects having smoked at least 50
cigarettes in their lifetime, but not having smoked in the last year. Smoking burden was recorded as
the number of daily packets smoked multiplied by the number of years smoked.

About the lipid-lowering treatment, we recorded age at which statin treatment began, statin most
commonly prescribed, statin dose, ezetimibe use, age at which ezetimibe treatment began, and which
statin and dose are prescribed as current treatment.

In participants with previous cardiovascular disease, age of first event and kind of event was
recorded: Myocardial infarction; acute coronary syndrome requiring hospitalization; ischemic stroke;
coronary, carotid, or peripheral revascularization; recovered sudden death; or aortic aneurysm.

2.4. Physical Exam

In the physical exam, we recorded height, weight, systolic and diastolic blood pressure, and
presence of tendon xanthomas. Body mass index (BMI) was calculated as weight in kilograms divided
by the square of height in meters.
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2.5. Laboratory Tests

When current lipid values (<1 year) were not available, then a blood sample was obtained to
determine cholesterol, triglycerides, HDLc, apolipoprotein B (apo B), Lp(a), glucose, and HbAlc.
Laboratory measurements and sample preservation were performed at each center.

2.6. Definitions

Arterial hypertension was defined as systolic blood pressure >140 mm Hg, diastolic blood pressure
>90 mm Hg, or current use of antihypertensive medication. Diabetes was defined as fasting plasma
glucose >126 mg/dl, HbAlc >6.5%, or current use of antidiabetic medication.

2.7. Statistical Analysis

Summary data are expressed as mean (standard deviation) or percentage. For comparisons
between cases and controls, aortic valve ultrasound variables and presence of aortic valve affectation
levels are modeled in linear and logistic regressions based on generalized estimating equations (GEE)
with exchangeable variance structure (to account for family links) with different levels of adjustment:
Unadjusted, adjusted for sex and age, and additionally adjusted for untreated LDLc concentration.
Analyses stratified by cases and controls and those restricted to cases were based on generalized
linear models, and they included, in order to estimate their influence, the variable untreated LDLc
concentration or years of life treated with lipid-lowering drugs. Influence of LDLc and lipid-lowering
treatment were studied separately in cases and controls strata. All of the analyses were performed
with the statistical software R version 3.4.4. and the package “gee” version 4.13.19.

3. Results

The research team recruited 205 subjects, 112 cases and 93 controls. Mean age was 71.8 years and
70.0 years in the case and control groups, respectively. Besides untreated total and LDLc, age, previous
cardiovascular disease prevalence, and family history of premature cardiovascular disease prevalence
were also higher in the HeFH group than in the control group. BMI was similar in both groups. There
were no differences in smoking, hypertension, or type 2 diabetes mellitus (Table 1). All cases were
on lipid-lowering treatment with a mean treatment time of 22.5 (8.7) years. No case or control had a
history of aortic valve replacement.

3.1. Aortic Valve Characterization

Mean aortic valve pressure gradient was higher in cases (7.4 mmHg) than in controls (5.0 mmHg),
after adjusting for age and sex (p = 0.002). HeFH patients, compared with controls, had greater
maximum aortic velocity (Vmax) (1.7 m/s and 1.5 m/s, respectively, p = 0.011), and lower aortic valve
area (2.0 cm? and 2.4 cm?, respectively, p < 0.001). Among HeFH patients, average valvular calcification
score of the aortic valve leaflets was higher and valvular thickening was more prevalent (p = 0.004). Left
ventricular ejection fraction tended to be lower in cases (65.7% vs. 67.2%, p = 0.056). All studied valves
were tricuspid. AS with moderate or severe criteria and ASc were more prevalent among HeFH (7%
vs. 1%, age- and sex-adjusted OR 8.33, 95% confidence interval (CI) 1.22, 57.10, p = 0.031; and 55% vs.
32%, age- and sex-adjusted OR 1.90, 95% CI1.04, 3.47, p = 0.061, respectively) (Table 2) and increased
with age (Figure 1). Additionally, adjusting these comparisons of aortic measurements and stenosis
prevalence for untreated LDLc concentrations rendered all differences non-significant. Thus, LDLc
could justify a considerable amount of the valve differences between HeFH and controls, but LDLc is
part of the definition of case and control, and stratified regressions were performed to clarify the issue.
They showed that age, but not LDLc, was significantly associated with all aortic valve variables among
controls, but Vmax and aortic valve calcification scores were also associated with untreated LDLc
concentration among HeFH cases (Supplementary Table S1). Mean aortic valve gradient increased
4.1 (2.1, 6.1) mmHg/10 year among cases, while it only increased 0.8 (0.0, 1.6) mmHg/10 year among
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controls across different age groups (Supplementary Table S1 and Figure 2). All clinical and laboratory
data were similar in all aortic valve stages except for the presence of tendon xanthomas (Supplementary
Table S2).

3.2. Risk Factors for Valvular Disease

In order to evaluateihowstetirriveatment could modify aortic valve parameter$ dri fHeFH patients,
we used model@}r}gmcjtp&l;%wqﬂg%i .and length of statin treatment among HeFH patients. Aortic
valve area decreasegl, and aoxtic.yalys algification ssorsingreased shanificantly;vithiage (v < 0.001),
independently of=sikatinse(dabledcd}ls hjectionstrack ondicagtindependentofagegritrid peteased with length

. THjc va d , i ificati ing; jgnificantly wit] <
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with hlgher lncrm&%'ﬂ]l J&t@timra@]gﬂ(ﬁ Igu‘l)el\zéan aortic valve gradient increased with age in cases and

controls, but with higher incremental rate in HeFH (Figure 2).
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Table 1. Baseline clinical and laboratory characteristics of cases and controls.

Mean (SD) / proportion (1 = count) Controls Cases

n Mean/% n Mean/% p-value

Age (years) 93 70.0 (7.3) 112 71.8 (6.5) 0.038

Sex, women % (n = count) 93 51.6 (n = 48) 112 66.1 (n =74) 0.050

Weight (Kg) 92 75.9 (14.3) 110 72.1 (13.5) 0.054

Height (cm) 92 161.7 (8.5) 110 159.4 (9.9) 0.075

Systolic blood pressure (mmHg) 922 136.7 (14.9) 110 134.1 (16.9) 0.199

Diastolic blood pressure (mmHg) 92 79.5 (9.7) 110 77.1(9.7) 0.089

Body mass index (Kg/mz) 92 29.0 (4.7) 110 28.3 (4.0) 0.265
Tendon xanthomas, % (n = count) 93 0.0(n=0) 102 39.2 (n = 40) <0.001

Hypertension, % (n = count) 93 55.9 (n = 52) 112 54.5 (n =61) 0.769

Type 2 diabetes, % (n = count) 93 14.0 (n = 13) 112 214 (n=24) 0.139

Previous cardiovascular disease, % (n = count) 93 16.1 (n = 15) 112 27.7 (n = 31) 0.036
Family histo.ry of piemature cardiovascular 89 25.8 (n = 23) 100 45.0 (n = 45) <0.001

disease, % (n = count)

Packages/day X number of years smoking 90 15.2 (25.3) 108 9.8 (21.6) 0.120
Lipid-lowering treatment, % (n = count) 93 51.6 (n = 48) 112 100.0 (n = 112) <0.001
Statin treatment (years) 48 8.3(7.2) 110 22.5(8.7) <0.001
Ezetimibe treatment, % (n = count) 68 8.8 (n=06) 112 83.0 (n =93) <0.001
Untreated total cholesterol (mg/dL) 93 223.8 (43.3) 111 395.9 (73.0) <0.001

Untreated triglycerides (mg/dL) 93 145.7 (119.0) 112 139.7 (76.3) 0.669

Untreated HDLc (mg/dL) 91 56.9 (15.3) 112 55.7 (13.6) 0.621
Untreated LDLc (mg/dL) 90 138.0 (31.7) 111 314.2 (71.4) <0.001

6 of 13

Continuous data are expressed as mean (standard deviation, SD); categorical data are expressed as percentages (1 = count). HDLc: High-density lipoprotein cholesterol; LDLc: Low-density

lipoprotein cholesterol. p-values from linear and logistic regressions based on generalized estimating equations (GEE) with exchangeable variance structure, unadjusted.



J. Clin. Med. 2019, 8, 2209 70f13

Table 2. Morphological and hemodynamic parameters of aortic valve in cases and controls.

Mean (SD)/proportion (n = count) Controls Cases
n mean/% n mean/% p-value * p-value ** p-value ***

Mean aortic valve pressure gradient (mm) 92 5.0 (2.8) 111 74 (7.3) 0.002 0.003 0.626
Maximum aortic velocity (Vmax) (m/s) 92 1.5(0.4) 111 1.7 (0.7) 0.004 0.011 0.959
Aortic valve area (cm?) 92 2.4 (0.6) 107 2.0(0.7) <0.001 <0.001 0.771
Left ventricular ejection fraction (%) 93 67.2 (7.0) 111 65.7 (9.5) 0.167 0.056 0.285
Aortic valve velocity ratio 61 0.73 (0.11) 61 0.70 (0.14) 0.244 0.138 0.321
Calcification of the aortic valve leaflets (score) 92 0.7 (0.9) 110 1.1 (1.0) 0.002 0.008 0.723
Valvular thickening >3 mm, % (n = count) 93 129 (n =12) 112 27.7 (n =31) 0.006 0.004 0.600
Aortic stenosis, % (n = count) 93 11.8 (n =11) 112 20.5 (n = 23) 0.107 0.171 0.842
Aortic stenosis moderate or severe, % (n = count) 93 11(n=1) 112 7.1 (n=28) 0.067 0.031 0.187
Aortic sclerosis, % (n = count) 92 34.8 (n =32) 111 49.5 (n = 55) 0.046 0.061 0.337

Continuous data are expressed as mean (SD); categorical data are expressed as percentages (1 = count). p-values from linear and logistic regressions based on generalized estimating
equations (GEE) with exchangeable variance structure. p- value *: Unadjusted; p -value **: Adjusted for sex and age; p-value ***: Adjusted for sex, age, and untreated LDLc concentration.
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Table 3. Influence of age and length of lipid-lowering treatment on aortic valve characteristics in HeFH.

Morphological and hemodynamic parameters Cases
Per each 10 year of age Per each 10 year of lipid-lowering
Difference/OR (95% CI) p-value use Difference/OR (95% CI) p-value
Mean aortic valve pressure gradient (mm) 4.623 (2.518, 6.728) <0.001 0.214 (—1.304, 1.732) 0.783
Maximum aortic velocity (Vmax) (m/s) 0.394 (0.185, 0.603) <0.001 0.012 (-0.139, 0.162) 0.881
Aortic valve area (cm?) —-0.373 (-0.562, —0.185) <0.001 0.001 (-0.133, 0.135) 0.990
Left ventricular ejection fraction (%) —1.924 (—4.634, 0.787) 0.167 —2.877 (—4.827, —0.927) 0.005
Calcification of the aortic valve leaflets (score) 0.698 (0.418, 0.979) <0.001 —0.034 (—0.233, 0.165) 0.737
Valvular thickening >3 mm, OR 1.36 (0.69, 2.63) 0.359 0.86 (0.52,1.41) 0.549
Aortic stenosis, OR 2.11(1.04, 4.37) 0.038 0.94 (0.52, 1.65) 0.817
Aortic stenosis moderate or severe, OR 2.95 (1.07, 8.26) 0.032 0.82(0.29, 2.15) 0.687
Aortic sclerosis, OR 1.23 (0.67,2.32) 0.510 1.03 (0.66, 1.62) 0.883

8 of 13

Linear and logistic regressions based on generalized linear models (GLM). HeFH: heterozygous familial hypercholesterolemia; OR: odds ratio; CI: Confidence Interval. p-value from a

single model, adjusted for sex.
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4. Discussion

In the present study, we described the prevalence of aortic disease in HeFH patients >65 years
under long-term treatment with lipid-lowering drugs. Aortic valve involvement in HeFH has been
previously explored, but, to our knowledge, this is the first work focused on elderly subjects, the most
clinically relevant population due to the close relationship of AS with age, and the first to describe the
prevalence of AS and to evaluate the potential role of statin treatment in development of aortic disease
in HeFH. Our results are in agreement with those recently published from a registry-based prospective
cohort study in Norway, in which a marked increased risk of AS in HeFH was found compared with
the general Norwegian population [21].

4.1. Prevalence of AS in HeFH

In our study, AS prevalence is more than three times higher than that reported for this group of age
in the general population, 1.5-3%, and also higher than in our related control sample [22-25]. In view
of this substantially elevated prevalence, a systematic transthoracic echocardiography is probably
justified for the screening of AS in elderly HeFH over 65 years.

Several studies have previously analyzed aortic valve thickening or calcification in HeFH. Ten
Kake et al. compared a cohort of 59 HeFH subjects from the Netherlands with controls and showed
that the patients with HeFH, especially those with LDLR-negative mutations, showed higher AoVC
prevalence (41% versus 21%, respectively, p < 0.001) [18]. This ratio is similar to the one observed in our
study. However, the authors did not report data on AS, probably because their sample was smaller than
ours and it included younger patients. In the Cardiovascular Health Study;, clinically defined familial
hypercholesterolemia was associated with AoVC and ASc, but an association with AS could not be
demonstrated [26,27]. In our study, in addition to fulfilling clinical lipidic criteria, all cases were defined
by having a genetic mutation in a gene that causes familial hypercholesterolemia, ascertained directly
in them or in a blood-relative. It is well established that familial hypercholesterolemia definition
based exclusively on clinical criteria includes other forms of genetic hypercholesteremia [28,29], and
hypercholesterolemic subjects with a genetic mutation have more severe cardiovascular phenotypes
than in the absence of mutation, even with a similar LDLc concentration at the moment of diagnosis [30].

4.2. Risk Factors for Aortic Valvular Disease

Our results support that atherosclerosis risks factors, including high LDLc throughout life, are
major risk factors for AS [31]. AS is probably produced by a combination of mechanical stress and
endothelial damage of the aortic valves, driving to subsequent valve inflammation, fibrosis, calcification,
and progressive valve narrowing [9]. Mechanical stress affects the endothelial function and facilitates
infiltration of lipids and inflammatory cells (T-cells) into the valve. All of these mechanisms are
involved in the inflammatory activity [32,33]. As a result, fibroblasts differentiate into myofibroblasts,
which, under the influence of angiotensin, promote thickening of the valve [9]. Hypercholesterolemia
treatment does not prevent progression from moderate to severe AS once AS is already established [34],
suggesting that hypercholesterolemia plays a role in the startup process but has little effect in the
advanced disease [35]. Our study would support current guidelines, which recommend early and
intensive treatment of HeFH to prevent not only coronary disease, but also valvular disease later in
life [5].

4.3. Statins and Valvular Disease

Lipid-lowering treatment is associated with increased vascular calcification [36] due, at least
in part, to statins-enhanced new bone formation in bone cells, via increased expression of gene
BMP-2 [37]. Furthermore, the reduction in inflammatory markers associated with statins is significantly
associated with the percentage of calcium volume within the coronary plaques [38]. Consequently;, it
has been speculated that lipid-lowering treatment, especially prolonged statin treatment, may favor
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development of AoVC and AS [39]. Although, other studies such as Al Kindi’s showed that vascular
calcification associated to statins is not related to valve calcification [40]. Currently, HeFH are the
patients to whom earlier, more intense, and more prolonged lipid-lowering drugs are prescribed.
Hence, our elderly HeFH sample, exposed to statins for a mean of 22.5 years, is excellent to study this
potential association. We found that the number of years under statin treatment is not a risk factor
for AS, indicating that if there is any risk of AS with statin, it is highly compensated by the beneficial
effect on LDLc, as it has been previously suggested [22]. These results are in full agreement with those
found in the Simvastatin and Ezetimibe in Aortic Stenosis (SEAS) study, where, in a non-prespecified
post-hoc analysis, lipid-lowering treatment impeded the progression of AS in patients with the highest
LDL cholesterol concentration ( >160 mg/dL) and mild AS at baseline [41]. Statin therapy was also
significantly associated with a lesser change in aortic valve area in SALTIRE and RAAVE trials [42].

4.4. Study Limitations

This was a multicenter project in which echocardiographic studies were performed by different
researchers, and thus a certain degree of variability may exist in the measurements. However, all
ultrasound scans were performed by cardiologists who were experts in echocardiography, with practice
within hospitals of the Spanish National Health System, and all of them certified at the national level
with homogeneous and strict criteria. In addition, echocardiographers were blinded to the diagnosis
of HeFH to avoid bias.

Measurements of aortic valve functionality may vary in the presence of abnormal systolic
function [43]. Although it was not an exclusion criterion, none of our cases and controls had left
ventricular ejection fraction (LVEF) <40% or hypertrophic cardiomyopathy, thus, this limitation does
not play an important role in our study, and all measurements of the valvular surface could be
performed by continuity equation, the best standardized procedure. Finally, some data on the personal
history of lipid-lowering drug use and family history of cardiovascular disease were self-reported by
the participants, and they may have been affected by some degree of recall inaccuracy. However, the
main outcome and the inclusion and exclusion criteria for the cases and controls groups were based on
objective data, collected or verified by the research team.

It would had been important to have the lifetime LDLc exposure to study the effect of cumulative
LDLc on AS. Considering that we are dealing with elderly patients, this is not feasible. However, we
considered LDLc at diagnosis and the number of years under statin treatment, and we believe that
both variables are good subrogates of lifetime LDLc exposure.

5. Conclusions.

Subjects >65 years with HeFH in prolonged statin treatment for a mean period of over 22 years
show more aortic valvular disease and higher frequency of AS than controls. Independent risk factors
for aortic valve disease in HeFH were age and LDLc before treatment. Duration of statin treatment
was not associated with any aortic valve measurement. Hence, cumulative LDLc exposure, rather than
time of exposure to statins, explains this higher risk. These results suggest that elderly HeFH should
be monitored for the presence of aortic disease, and emphasize the importance of early lipid-lowering
treatment in HeFH population to prevent not only coronary disease, but also aortic valvular disease.
Furthermore, our study provides additional support to the already established body of work on the
role of hypercholesterolemia on AS.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/8/12/2209/s1,
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ARTICLE INFO ABSTRACT
Keywords: Background and aims: Familial hypercholesterolemia (FH) is a codominant autosomal disease characterized by a
Heterozygous familial hypercholesterolemia high risk of cardiovascular disease when not in lipid-lowering treatment. However, there is a large variability in

Low-density lipoprotein receptor
HeFH phenotype
Mother-offspring

the clinical presentation in heterozygous subjects (HeFH). Maternal hypercholesterolemia has been proposed as a
cardiometabolic risk factor later in life. Whether this phenotype variability depends on the mother or father
origin of hypercholesterolemia is unknown.

The objective of this study was to analyze potential differences in anthropometry, superficial lipid deposits,
comorbidities, and lipid concentrations depending on the parental origin of hypercholesterolemia within a large
group of HeFH.

Methods: This is a cross-sectional observational, multicenter, nation-wide study in Spain. We recruited adults
with HeFH to study clinical differences according to the parental origin. Data on HeFH patients were obtained
from the Dyslipidemia Registry of the Spanish Atherosclerosis Society.

Results: HeFH patients were grouped in 1231 HeFH-mother-offspring aged 45.7 (16.3) years and 1174 HeFH-
father-offspring aged 44.8 (16.7) years. We did not find any difference in lipid parameters (total cholesterol,
triglycerides, LDLc, HDLc, and Lp(a)), nor in the comorbidities studied (cardiovascular disease prevalence, age of
onset of cardiovascular disease, obesity, diabetes, and hypertension) between groups. Lipid-lowering treatment
did not differ between groups. The prevalence of comorbidities did not show differences when they were studied
by age groups.

Conclusions: Our research with a large group of subjects with HeFH shows that a potential maternal effect is not
relevant in FH. However, due to the size of our sample, potential differences between genders cannot be
completely ruled out. This implies that severe maternal hypercholesterolemia during pregnancy is not associated
with additional risk in the FH affected offspring.

1. Introduction lipoprotein cholesterol (LDLc), superficial deposits of cholesterol in the
form of corneal arcus and tendon xanthomas, and high risk of premature

Familial hypercholesterolemia (FH) is a codominant autosomal dis- cardiovascular disease (CVD) in the absence of adequate lipid-lowering
ease characterized by very high concentrations of low-density treatment [1,2]. LDLc concentrations of heterozygous FH (HeFH) tend to
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be approximately twice those of subjects in the general population and
their CVD risk in the first decades of life, especially coronary disease, is
up to 100 times higher [3]. However, a characteristic of HeFH is the
great variability in clinical presentation, including LDLc concentrations,
and the presence of tendon xanthomas or coronary artery disease [4].
This variability is multifactorial and has been associated with the gene
responsible for FH, with a more severe phenotype in carriers of LDLR
mutations than in those with a mutation in APOB, PCSK9, or APOE [5,6];
the type of causal mutation, with worse phenotype in null-allele carriers
than in defective allele carriers [7]; the interaction with other genes,
such as ABCA1 or PSCK9 [8,9]; and the presence of CVD risk factors
common to the general population, such as smoking, diabetes, low
high-density lipoprotein cholesterol (HDLc), and high lipoprotein(a) (Lp
(a)) levels [10]. Despite all this, the origin of this clinical variation in
HeFH remains unknown [1,4].

One of the potential factors associated with the clinical variation of
HeFH subjects is the parental origin of the genetic defect. Some rela-
tively frequent phenomena in nature that could explain differences in
the phenotype in monogenic diseases are the so-called genomic
imprinting where the expression level of the alleles of a gene depends
upon their parental origin [11]; and a maternal effect, where the
phenotype of the offspring is determined not only by the postnatal
environment and genotype but also by the environment during gestation
[12]. These epigenetic phenomena are produced by modifications to
chromatin mainly DNA methylation, histone acetylation, or the inter-
action of non-coding RNAs with DNA. The induction of DNA methyl-
ation is highly influenced by the maternal environment [13]. Genomic
imprinting genes have not been associated with FH [11]. However, a
maternal effect in HeFH has been attributed to a possible effect of
maternal hypercholesterolemia during pregnancy that would condition
a metabolic memory during adulthood [14]. It has been reported that
maternally derived HeFH subjects may have higher LDLc levels [15] and
higher CVD mortality than paternally derived HeFH [16]. It would be
similar to what happens with the mother smoking or the diet rich in
saturated fat during pregnancy [17], or low birth weight, with the risk of
diabetes [18], arterial hypertension, or atheromatous cardiovascular
disease in adulthood [19].

The effect of hypercholesterolemia during pregnancy favours the
early development of arteriosclerosis lesions in newborns and an
increased risk of diabetes and arterial hypertension in adulthood in
different animal models [20,21]. Whether this effect exists in humans is
not known. Lipid-lowering treatment is contraindicated during preg-
nancy and, given that cholesterol levels physiologically rise during the
second and third trimesters of pregnancy, cholesterol rise is substantial
in pregnant women with HeFH [22]. Therefore, FH is a good model to
identify whether severe hypercholesterolemia during pregnancy in
HeFH women conditions the phenotype in the offspring and explains, at
least in part, the differences that we find among adult subjects with
HeFH.

The objective of this analysis was to identify potential differences in
anthropometry, superficial lipid deposits, comorbidities, and lipid con-
centrations between subjects with maternal or paternal origin of hy-
percholesterolemia within a large group of HeFH.

2. Patients and methods
2.1. Aim, design and participants

This cross-sectional observational multicenter nation-wide study in
Spain was designed to identify differences in HeFH according to the
parental origin of hypercholesterolemia. Data on HeFH patients were
obtained from the Dyslipidemia Registry of the Spanish Atherosclerosis
Society (SEA). The Dyslipidemia Registry of the SEA is an active online
registry, where 65 certified lipid clinics across all regions of Spain report
cases of various types of primary hyperlipidemias [23]. Inclusion
criteria and data collection were standardized among clinicians in 5
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training sessions before case recruitment. Written informed consent was
obtained from each patient included in the study; the study protocol
conforms to the ethical guidelines of the 1975 Declaration of Helsinki;
and the study protocol has been priorly approved by the Institution’s
ethics committee on research on humans (Comité Etico de Investigacion
Clinica de Aragén).

HeFH subjects were eligible for inclusion in this analysis if they had a
clinical or genetic diagnosis of HeFH. Clinical diagnosis was based on
the diagnostic criteria proposed by the Dutch Lipid Clinics Network: 6-8
points (probable) and >8 points (definitive). Genetic diagnosis was
based on tested carrier status of a known pathogenic mutation for FH.
Pathogenicity definition of mutations followed the American College of
Medical Genetics ACMG recommendations [1]. Homozygous FH sub-
jects were excluded for this study. Patients in whom the parental in-
heritance of FH was unknown were not included in the final analysis.

2.2. Study variables

2.2.1. Clinical interview

For HeFH, the registry includes, among other data, personal and
family health history, anthropometry, physical examination, laboratory
data, presence of CVD, age at which statin treatment began, history of
lipid-lowering treatment, and genetic data regarding mutations in LDLR,
APOB, or PCSK9 (positive, negative or unknown).

2.2.2. Family health history

Information about parental transmission of hypercholesterolemia
was self-reported and confirmed from the patient’s medical records.
CVD is defined as coronary (myocardial infarction, coronary revascu-
larization procedure, sudden death); cerebral (stroke with>24 h
neurological deficit without evidence of bleeding in brain imaging
tests); peripheral vascular disease (intermittent claudication with ankle
arm index <0.9, or arterial revascularization of lower limbs) or symp-
tomatic or asymptomatic abdominal aortic aneurysm.

2.2.3. Laboratory tests
Lipid and lipoprotein levels are included in fasting state not using
lipid-lowering medication for at least 6 weeks.

2.2.4. Definitions

Arterial hypertension was defined as systolic blood pressure >140
mmHg or diastolic blood pressure >90 mmHg or self-reported use of
antihypertensive medication. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in meters. Diabetes
mellitus (DM) was defined as the use of antidiabetic medications. Cur-
rent smoker was defined as being currently smoking or having smoked in
the last year. Former smoker was defined as a subject having smoked at
least 50 cigarettes in his lifetime, but not having smoked in the last year.

We conducted this study in accordance with the Declaration of
Helsinki for the protection of the rights and welfare of people partici-
pating in biomedical research.

2.3. Statistical analyses

Variables were summarized as mean (standard deviation) or per-
centage. Unadjusted differences between parental groups were tested
with the Student-t test or the Chi-squared test as appropriate. Linear and
logistic regression models adjusted for age and sex were used to model
the observed clinical characteristics, and to test the differences between
parental origins. Differences in prevalence of comorbidities were tested
with logistic regression models adjusted for age, sex, and BMI. A sensi-
tivity analysis was performed restricting the dataset to those subjects
with confirmed genetic mutation. All data analyses were performed with
SPSS version 22 and R version 3.6.0. A post -hoc power calculation was
performed to analyze for cardiovascular disease prevalence difference
according to the parental origin of FH. p < 0.05 is considered statistically
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significant.

3. Results

3.1. Clinical characteristics

HeFH patients were grouped into 1231 HeFH-mother-offspring and
1174 HeFH-father-offspring, aged 45.7 (16.3) years and 44.8 (16.7)
years, respectively. In the registry, the parental origin of the disease
could not be determined in 884 subjects. The main characteristics of the
three groups are presented in Table 1 and Supplemental Table 1. Sub-
jects without information on the parental origin were older than the
other two groups. No other differences were found between parental
origins in the rest of the studied variables including total cholesterol,
triglycerides, LDLc, HDLc, and Lp(a)), DLCN scores, or lipid-lowering
treatment intensity or duration. There were no differences between
HeFH with maternal or paternal origin in all these variables after age
and gender adjustment (Table 2), and when only HeFH subjects with
genetic confirmation were considered (Table 3). All variables were
analyzed stratifying by sex without statistical differences between men
and women. (Supplemental Tables 4-7).

3.2. Prevalence of cardiovascular disease, obesity, diabetes and
hypertension

The prevalence of these morbidities is presented in Tables 4 and 5.
They do not differ between groups even after adjustment for age, gender,
and BMI when appropriate (not adjusted for BMI in anthropometric
results). As expected, the prevalence of DM was low in both groups and
there were no hints of differences between groups in the studied dis-
eases. We estimate that our sample has 80% power to detect a relative
risk of 1.367 between two groups of 1202 subjects when the overall
prevalence is 12 cases per 100 with an alpha threshold of 0.05.

3.3. Prevalence of cardiovascular disease, obesity, diabetes and
hypertension by age group

To further identify potential differences in morbidity prevalence and
different evolution according to age, we studied all variables and mor-
bidities by age decades. None of the studied variables show differences

Table 1
Clinical and biochemical characteristics of the HeFH subjects according to the
FH parental origin.

FH parental origin Mother Father Unknown

N 1231 1174 884

Age (years) 45.7 (16.3) 44.8 (16.7) 54.7 (13.9)
Sex (women), N (%) 646 (52.5) 569 (48.5) 504 (57.0)
Tobacco (current smoker), N (%) 278 (23.0) 267 (23.2) 187 (21.8)
BMI (Kg/m?)* 25.5 (4.6) 25.7 (4.8) 26.9 (4.5)
Waist circumference (cm) 78.9 (61.7) 78.3 (56.8) 81.1 (45.4)
Systolic blood pressure (mmHg) 124.9 (17.2) 125.7 (16.5) 129.8 (17.2)
Diastolic blood pressure (mmHg)  76.0 (11.4) 76.0 (10.8) 79.0 (10.4)
Corneal arcus, N (%) 331 (28.8) 336 (30.5) 290 (34.6)
Tendon xanthoma, N (%) 109 (9.2) 110 (9.8) 88 (10.4)
Total cholesterol (mg/dL) 384.5(183.5) 381.8(176.9) 397.6(184.8)
Triglycerides (mg/dL) 126.2 (97.6) 124.6 (79.5) 144.2 (118.9)
LDL cholesterol (mg/dL)" 303.4 (180.5) 301.9(175.2) 313.4(182.7)
HDL cholesterol (mg/dL)" 55.8 (15.8) 55.0 (14.6) 55.4 (15.9)
Lipoprotein(a) (mg/dL) 46.6 (51.8) 47.2 (53.1) 55.6 (63.2)
DLCN score (points)d 14.0 (5.3) 13.7 (5.4) 12.8 (5.3)
Positive genetic diagnosis, N (%) 868 (70.5) 792 (67.5) 513 (58.0)
Statin treatment duration (years) 8.8 (7.9) 8.7 (7.9) 8.8 (7.5)

2 BMI, body mass index.

b 1DL, low-density lipoprotein.

¢ HDL, high-density lipoprotein.

4 DLCN, Dutch lipid clinics network. Data are summarized as mean (SD) or N
(percentage).
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Table 2
Sex and age adjusted comparison of clinical and biochemical characteristics of
the HeFH subjects according to the FH parental origin.

FH parental origin Mother Father P

N 1231 1174

Tobacco (smoker) N (%) 278 (23.0) 267 (23.2) 0.93
BMI (Kg/m?)" 25.4 25.6 0.34
Waist circumference (cm) 81.2 80.6 0.81
Systolic blood pressure (mmHg) 125.1 126.1 0.14
Diastolic blood pressure (mmHg) 75.5 75.6 0.85
Corneal arcus, N (%) 292 (25.4) 283 (27.5) 0.26
Tendon xanthoma, N (%) 106 [9] 109 (9.7) 0.59
Total cholesterol (mg/dL) 372.2 371.9 0.97
Triglycerides (mg/dL) 132.1 130.6 0.68
LDL cholesterol (mg/dL)h 295.0 295.4 0.95
HDL cholesterol (mg/dL)* 50.8 50.4 0.48
Lipoprotein(a) (mg/dL) 44.6 45.9 0.61
DLCN score (points)® 14.2 13.9 0.10
Positive genetic diagnosis, N (%) 868 (70.5) 792 (67.5) 0.256
LDLR mutation, N (%) 814 (93.8) 749 (94.6) 0.492
APOB mutation, N (%) 44 (5.1) 36 (4.5) 0.619
Statin treatment duration (years) 7.5 7.6 0.69
Age at first CVD event (years) 345 35.5 0.29
High-intensity statin N (%) 811 (65.9) 750 (63.9) 0.59
Ezetimibe use, N (%) 661 (53.7) 621 (52.9) 0.71

Data are summarized as mean (SD) or N (percentage).

@ BMI denotes body mass index.

b 1DL, low-density lipoprotein.

¢ HDL, high-density lipoprotein.

4 DLCN, Dutch lipid clinics network. Linear and logistic regression models
were used to calculate conditionally age and sex adjusted estimates for a 40
years old man (values in cells) and to test for differences.

Table 3
Sex and age adjusted comparison of clinical and biochemical characteristics of
the genetically confirmed HeFH subjects according to the FH parental origin.

FH parental origin Mother Father p

N 868 792

Tobacco (smoker), N (%) 207 (24.4) 171 (22.0) 0.28
BMI (Kg/m?)* 25.3 25.4 0.55
Waist circumference (cm) 83.0 82.4 0.85
Systolic blood pressure (mmHg) 125.1 126.1 0.19
Diastolic blood pressure (mmHg) 74.9 74.7 0.68
Corneal arcus, N (%) 202 (24.9) 192 (25.9) 0.68
Tendon xanthoma, N (%) 83 (10.0) 84 (11.0) 0.54
Total cholesterol (mg/dL) 373.6 372.7 0.92
Triglycerides (mg/dL) 123.1 124.2 0.77
LDL cholesterol (mg/dL)h 297.8 297.7 0.99
HDL cholesterol (mg/dL)* 51.2 50.1 0.15
Lipoprotein(a) (mg/dL) 42.6 43.8 0.64
DLCN score 16.4 16.4 0.74
Statin treatment duration (years) 8.0 8.6 0.10
Age at first CVD event (years) 33.9 34.6 0.61
High-intensity statin, N (%) 582 (67.1) 508 (64.2) 0.51
Ezetimibe use, N (%) 495 (57.0) 430 (54.3) 0.29

Data are summarized as mean (SD), median (interquartile range) or N
(percentage).

@ BMI denotes body mass index.

b 1DL, low-density lipoprotein.

¢ HDL, high-density lipoprotein.

4 DLCN, Dutch lipid clinics network. Linear and logistic regression models
were used to calculate conditionally age and sex adjusted estimates for a 40-
year-old man (values in cells) and to test for differences.

between groups of parental origin. The prevalence of DM, CVD, LDLc
concentration and blood pressure increased in a similar magnitude as
age increased (Fig. 1).

4. Discussion

Several studies had suggested that maternal hypercholesterolemia
might increase adult CVD in the offspring [20]. We studied this issue in a
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Table 4
Sex and age adjusted comparison of comorbidities of subjects according to the
FH parental origin.

FH parental origin Mother Father p (adj.)
N 1231 1174

Diabetes, N (%) 22 (1.8) 25 (2.2) 0.43
High blood pressure, N (%) 73(6.2) 59 (5.2) 0.19
Cardiovascular disease, N (%) 113 (9.2) 109 (9.3) 0.92
Overweight or obesity, N (%) 700 (57.1) 676 (57.9) 0.68
Obesity, N (%) 136 (11.1) 147 (12.7) 0.21

Conditionally age and sex adjusted estimates for a 40-year-old man. Test for raw
differences using Chi? test and regression tests (p (adj.)) from adjusted logistic
models.

Table 5
Sex and age adjusted comparison of comorbidities of the genetically confirmed
HeFH subjects according to the FH paternal origin.

FH parental origin Mother Father P

N 868 792

Diabetes 13 (1.6) 17 (2.2) 0.29
High blood pressure 43 (5.3) 37 (4.9) 0.68
Cardiovascular disease 77 (8.9) 67 (8.4) 0.75
Overweight or obesity 464 (53.8) 434 (55.3) 0.58
Obesity 80 (9.3) 85 (10.8) 0.28

Conditionally age and sex adjusted estimates for a 40-year-old man. Test for raw
differences using Chi? test and regression tests (p (adj.)) from adjusted logistic
models.

large group of HeFH and we did not find any significant differences in
the phenotype including CVD, DM, hypertension or plasma levels of
lipids according to the parental origin of the genetic defect. FH is a good
model to study the effect of hypercholesterolemia in the offspring due to
the large increase in lipid levels that women with FH have during
pregnancy, often with concentrations of total cholesterol twice those of
mothers without FH and higher than 400 mg/dL. Our findings do not
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support that maternal hypercholesterolemia has a deleterious effect on
the offspring.

These results are in line with other studies that did not find any
difference in lipids and lipoprotein levels between HeFH who had
inherited FH maternally or paternally [24]. In addition, Tonstad et al.
did not observe any difference in the carotid intima-media thickness and
prevalence of plaque between HeFH children in spite of the parental
origin [25]. However, Van der Graf et al. had previously observed that
maternal hereditary hypercholesterolemia slightly increases TC, LDLc
and apolipoprotein B levels in their offspring later in life [15]; and
maternally inherited FH was associated with a significantly higher
mortality than FH transmitted by fathers (relative risk 2.2; p = 0.048) in
HeFH carrying the V408 M mutation in the LDLR gene [16]. Probably
the different inclusion criteria between studies or the number of subjects
studied can explain the differences found.

Our study also provides relevant information regarding the role of
hypercholesterolemia during pregnancy, regardless of its cause, in the
subsequent development of cardiovascular complications. Previous in-
formation in models suggests that maternal hypercholesterolemia ac-
celerates the development of arteriosclerosis in offspring in both rabbits
[26] and mice [27], regardless of whether hypercholesterolemia in the
mother was induced by genetic manipulation, diet, or both, and inde-
pendent of postnatal LDLc concentration [19]. The effect of hypercho-
lesterolemia during pregnancy in humans has been much less studied. In
a postmortem study of the aortic arch and abdominal aorta of 156
normocholesterolaemic children aged 1-13 years, who died of trauma
and other causes, the Fate of Early Lesions in Children Study showed an
association between maternal cholesterol and the presence of initial
lesions of arteriosclerosis in children [20]. However, this has not been
subsequently confirmed.

During pregnancy, a physiological increase in maternal cholesterol
levels occurs. It is an adaptive mechanism responding to the higher
demands of cholesterol during prenancy and it is known as “maternal
physiological hypercholesterolemia” [28]. In addition, some women
have an alteration called “maternal supraphysiological hypercholester-
olemia” which is associated with fetoplacental vascular modifications.

Fig. 1. Prevalence of cardiovascular disease (A), and diabetes (B), LDL cholesterol concentration (C) and systolic blood pressure (D) according to age decades.
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Nevertheless, maternal hypercholesterolemia does not affect neonatal
lipid levels [29,30] because cholesterol plasma concentration in the
fetus is a highly regulated process mostly independent of maternal
plasma cholesterol. The cholesterol in the fetus comes from de novo
synthesis or placenta transport. Cholesterol is transported in the human
placenta from mother to fetus through cholesterol uptake by the
placenta from maternal lipoproteins, crossing trophoblast and endo-
thelium and via efflux from it to acceptors in the fetus. In the apical side
of the syncytiotrophoblast (STB), the cholesterol uptake from the
maternal circulation comes from LDL and HDL particles through the
low-density lipoprotein and SR-BI receptors, respectively. It is secreted
at the basal side facing the villous stroma [12,31,32]. The mechanisms
by which the cholesterol is transported to the endothelial cells to finally
reach the fetal circulation are mostly unknown [33,34] but two highly
regulated proteins, ABCA1 and ABCG1, are responsible for translocating
placenta cholesterol to lipid-free apolipoproteins A1 and HDL particles
[35] without the participation of the LDL receptor, which is poorly
expressed at the basal side of the syncytiotrophoblast [30].

The main clinical implication of our results is that the clinical
management of subjects with HeFH should not be different depending
on whether the inheritance is maternal or paternal, since the lipid
phenotype and long-term complications are similar in both groups.
There is a tendency in the clinical practice of cardiovascular diseases to
underuse effective cardiac medications among women than among men
[36-38] and this could be accentuated in FH since family history of
premature cardiovascular disease is a risk-enhancing factor in the gen-
eral population [39], and premature cardiovascular disease is less
common in HeFH women [10]. Therefore, the risk of having a history of
early disease is greater if the inheritance is paternal. This potential bias
is not observed in our study since clinical management is very similar
between subjects with paternal or maternal inheritance. Neither the
years of statin nor the percentage of subjects with high-intensity lip-
id-lowering treatment was different depending on paternal inheritance.
This is most likely due to the fact that the patients in our study come
from specialized units [23] where therapeutic recommendations are
mostly based on individual risk factors according to current guidelines
[1]. We think our data are solid about the absence of a relevant clinical
effect in hypercholesterolemia of monogenic origin. However, whether
other forms of hypercholesterolemia during pregnancy play a relevant
role later in life should be explored.

Some aspects of our study should be discussed. First, the parental
assignment has been self-reported, although it was rechecked in the
medical records. For this reason, 27% of the subjects were excluded from
the analysis since the allocation could not be verified. Second, the
diagnosis of HeFH was based on clinical criteria and genetic diagnosis
was not available in 10.1% and 11.5% of HeFH with maternal and
paternal origin, respectively, although we did not find any difference
when considering only those subjects with a positive genetic diagnosis.
Finally, our study is underpowered to see gender-associated differences
and might miss gender-associated differences in the phenotype.

In conclusion, our results from a large group of subjects with HeFH
do not support differences in the lipid phenotype, cardiovascular disease
prevalence, age of onset of cardiovascular disease or cardiometabolic
complications such as DM and hypertension in relation to the maternal
or paternal origin of hypercholesterolemia. These findings imply that
maternal hypercholesterolemia does not confer an additional risk to
offspring later in life, and that a potential maternal effect is not relevant
in FH.
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ARTICLE INFO ABSTRACT
Keywords: Background and aims: Lipoprotein(a) [Lp(a)] concentration in heterozygous familial hypercholesterolemia (heFH)
Lipoprotein(a) is not well established. Whether the genetic defect responsible for heFH plays a role in Lp(a) concentration is

Heterozygous familial hypercholesterolemia
Polygenic hypercholesterolemia
Low-density lipoprotein receptor

unknown.

We aimed to compare Lp(a) in controls from a healthy population, in genetically diagnosed heFH and mutation-
Apolipoprotein B negative hypercholesterolemia subjects, and to assess the influence on Lp(a) of the genetic defect responsible for
Polygenic heFH.

Score Methods: We conducted a cross-sectional study, performed in a lipid clinic in Spain. We studied adults with
suspected heFH and a genetic study of FH genes (LDLR, APOB, APOE and PCSK9) and controls from de Aragon
Workers’ Health Study. HeFH patients from the Dyslipidemia Registry of the Spanish Atherosclerosis Society
(SEA) were used as validation cohort.

Results: Adjusted geometric means (95% confidence interval) of Lp(a) in controls (n = 1059), heFH (n = 500),
and mutation-negative subjects (n = 860) were 14.9 mg/dL (13.6, 16.4), 21.9 mg/dL (18.1, 25.6) and 37.4 mg/
dL (33.3, 42.1), p < 0.001 in all comparisons. Among heFH subjects, APOB-dependent FH showed the highest Lp
(a), 36.5 mg/dL (22.0, 60.8), followed by LDLR-dependent FH, 21.7 mg/dL (17.9, 26.4).

These differences were also observed in heFH from the SEA cohort. The number of plasminogen-like kringle IV
type—2 repeats of LPA, the hypercholesterolemia polygenic score or LDLc concentration did not explain these
differences. In LDLR-dependent FH, Lp(a) levels were not different depending on the affected protein domain.
Conclusions: Lp(a) is elevated in mutation-negative subjects and in heFH. The concentration of Lp(a) in heFH
varies in relation to the responsible gene. Higher Lp(a) in heFH is not explained by their higher LDLc.

1. Introduction copy of kringle V and an inactive protease domain [4]. Apo(a) isoform
size varies, depending on the number of KIV type 2 copies (from 1 to 40)

Lipoprotein(a) [Lp(a)] is a variant of low-density lipoproteins (LDL) and it is inversely related to plasma Lp(a) concentration [5]. About 25%

[1] due to an additional glycoprotein, called apolipoprotein(a) [apo(a)], of subjects have Lp(a) concentration >50 mg/dL, a figure considered
covalently linked to apolipoprotein B100 (apoB) [2,3]. Apo(a) is enco- clinically relevant, increasing cardiovascular risk [5,6]. LPA gene de-
ded by the LPA gene, evolutionarily derived from the plasminogen gene. termines over 90% of variability in the Lp(a) plasma levels, which suffer
Apo(a) contains 10 different subtypes of plasminogen kringle IV (KIV), 1 little influence of environmental factors, including diet [7].A high Lp(a)
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concentration is an independent risk factor for cardiovascular disease
(CVD), including heterozygous familial hypercholesterolemia (heFH)
[6,8,9]. Epidemiological, Mendelian randomization, genome-wide as-
sociation and, very recently, intervention studies with PCSK9 inhibitors
have shown a linear and positive relationship between Lp(a) concen-
tration and the risk of myocardial infarction and ischemic stroke [2,
9-11]. In addition, aortic valve stenosis increases in subjects with high
Lp(a) concentrations [11,12]. However, the mechanism responsible for
the proatherogenic effect of Lp(a) is mostly unknown [2,13]. Actually,
many other aspects of the physiopathology of Lp(a) are poorly under-
stood, [1,2,14]. The LDL receptor is the main receptor responsible for
the LDL catabolism, but its involvement in Lp(a) catabolism is contro-
versial. Homozygous FH patients carrying two null LDLR alleles have a

Atherosclerosis xxx (xxxx) xxx

two-fold higher Lp(a) concentration than non-FH family members, with
a clear gene-dosage effect [15], while studies in heterozygous familial
hypercholesterolemia (heFH) subjects have shown inconclusive results.
However, other in vitro and in vivo studies have discarded the LDL re-
ceptor as a significant pathway for Lp(a) catabolism [16]. Clinical
studies are not entirely consistent, and they suffer from relevant limi-
tation biases, mainly heterogeneity in the criteria used for FH diagnosis,
the population studied, the genes responsible for the disease, or the
protein domain affected by the genetic defect.

The objective of the present study is to compare the Lp(a) concen-
tration in controls drawn from a healthy population with subjects with
different genetic hypercholesterolemias to explore whether the con-
centration of LDLc, the defective gene involved, and the domain of the
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Fig. 1. Study flow diagram detailing the number of participants who were screened, analyzed and classified according to the genetic analysis.

Multiple mutations are possible in the same subject. LDLc, low-density lipoprotein cholesterol; HDLc, high-density lipoprotein cholesterol; AWHS, Aragon Workers’
Health Study; heFH, heterozygous familial hypercholesterolemia; uncertain, patients with a mutation of uncertain functional significance. LDLR, APOB, APOE,
PCSK?9, genes responsible for FH. More than one mutation benign and/or of uncertain significance coincided in a single subject.
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protein where the defect occurs are associated with Lp(a) concentration.
2. Patients and methods

2.1. Subjects with hereditary hypercholesterolemia

Patients are referred to the Lipid Unit at Hospital Universitario
Miguel Servet, Zaragoza, for the study of their hypercholesterolemia by
their primary care physicians. All patients referred from January 2006 to
March 2020, >18 years, with the clinical diagnosis of primary hyper-
cholesterolemia, with suspected heFH, and with complete genetic study
of the responsible genes for FH, were included. The protocol for referral
to our Unit is based on previously agreed criteria and includes total
cholesterol concentrations >300 mg/dL once secondary causes have
been excluded.

Primary hypercholesterolemia was defined when LDLc >190 mg/dL
or non- HDLc >220 mg/dL or apoB >120 mg/dL and triglycerides <400
mg/dL in absence of secondary causes of hypercholesterolemia: body
mass index >35 kg/m?, thyroid-stimulating hormone >6 mU/L, creat-
inine >2.0 mg/dL, poorly controlled diabetes (HbAlc >7.5%), chole-
stasis (direct bilirubin >1 mg/dL)) or use of drugs that promote
disorders of lipid metabolism. Patients with suspicion of genetic hy-
percholesterolemia included all subjects with severe primary hyper-
cholesterolemia (LDLc >220 mg/dL if age <40 years or >230 mg/dL if
age >40 years), vertical transmission of hypercholesterolemia in the
family, and LDLc >95th percentile in at least one first-degree relative
(Fig. 1). The results of the genetic analysis (detailed below) allowed
classifying the patients in heFH (those with “pathogenic” and “likely
pathogenic” mutations in canonical FH genes (N = 511), patients with a
mutation of uncertain significance (N = 69), and patients mutation-
negative (those without functional mutation in genes with a known
role in FH) (N = 886) (Fig. 1).

2.2. Controls

Controls were selected from the Aragon Workers’ Health Study
(AWHS). The AWHS is a longitudinal cohort study of cardiovascular risk
factors and subclinical atherosclerosis in patients followed since 2009 to
March 2020 [17]. Lp(a) was determined at baseline in a random subset
of participants. All individuals >18 years from AWHS, with Lp(a)
determination were included as controls (N = 1221).

All participants signed an informed consent, approved by the Aragén
Clinical Research Ethics Committee before being included in the study.

2.3. Clinical data

Personal history of diabetes, hypertension, smoking, cardiovascular
disease, and drugs treatment, family history of hypercholesterolemia
and cardiovascular disease was collected in cases and controls. During
the same visit, a physical examination including height, weight, waist
circumference, and the presence of corneal arcus and tendon xanthomas
was completed.

2.3.1. Laboratory measurements

A blood sample was obtained after 10 h of fasting and after the
withdrawal of any lipid lowering treatment for at least 5 weeks except
for those subjects with a personal history of cardiovascular disease or
very high CVD risk. No patient was being treated with PCSK9 inhibitors,
a treatment that could decrease Lp(a) concentration.

Total cholesterol, triglycerides, HDL cholesterol (HDLc), Lp(a), apo
Al and B, glucose, uric acid, creatinine, and liver and muscle enzymes
levels were determined in cases and controls. Values of LDLc were
calculated with the Friedewald equation and LDLc corrected by Lp(a)
was calculated by subtracting 1/3 of the concentration of Lp(a) from the
LDLc value [18]. All biochemical measurements were performed in a
central laboratory as previously described [19]. Lipid values were
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adjusted according to statin therapy in those participants taking
lipid-lowering drugs [20].

Lp(a) concentration was measured in fresh plasma samples, during
the recruitment period, by rate nephelometry using LPAX reagent in
conjunction with IMMAGE Immunochemistry Systems following
manufacturer instructions. Samples were analyzed the same day of
sampling. Four quality control samples were used daily with a coeffi-
cient of variation <12% in all cases. Lp(a) results below the detection
threshold were imputed to 0.5 mg/dL, half of that threshold.

Samples from subjects included in this study were provided by the
Biobank of the Aragon Health System (PT17,/0015/0039) with the
appropriate approval of the Ethics and Scientific Committees.

2.3.2. Genetic study

In all subjects with a clinical suspicion of FH, LDLR (NM_000527.4),
APOB (NM_000384.2), and PCSK9 (NM_174936.3) genes were studied
with the Progenika Biopharma Grifols (Derio, Spain) [21] or GEN
inCode (Terrassa-Barcelona, Spain) [22] platforms, as previously
described. These platforms include point mutations, large rearrange-
ments and copy number variations. Besides, all subjects underwent
sequencing of exon 4 of APOE (NM_000041.4)), since it has been
described as a cause of FH [23]. The LPA (NM_005577.4) genetic
polymorphism responsible for the Lp(a) size variability was analyzed
with a real-time PCR-based methodology. Briefly, a multiplexed qPCR
was carried out using TagMan probes for LPA KIV2 (exon 4) and an
endogenous single-copy control gene, RNase P [24]. The result is the
mean LPA KIV2 of the two LPA alleles.

2.4. Functionality of the mutations

Genetic variants in LDLR, APOB and PSCK9 genes were classified as
“pathogenic”, “likely pathogenic”, “uncertain significance”, “likely
benign”, and “benign” according to the guidelines of the American
College of Medical Genetics and Genomics (ACMG) [25].

2.5. LDL receptor defective domains

Mutations were classified according to the affected domain and gene
location (exon, intron or UTR). Briefly, mutations on LDLR were divided
into exonic, intronic and UTR and additionally, the exonic mutations
were also classified in their corresponding protein domains: Signal
sequence, Ligand Binding Domain (LBD), Epidermal Growth Factor A-
precursor homology domain (EGF)-A, EGF-B, p-propeller, EGF-C, O-
linked domain, transmembrane domain and cytosolic domain. APOB
mutants were divided into exonic, intronic and UTR categories. PCSK9
mutants were divided in protein domains: Signal sequence, prodomain,
catalytic domain, and C-terminal domain.

2.6. Polygenic score

The polygenic score (PS) was based on 12 common single nucleotide
variations (SNVs) (Supplementary Table 1) identified as LDLc-raising
from genome wide association consortium studies from European-
Caucasian populations [26]

2.6.1. Validation cohort

All unrelated subjects from the Dyslipidemia Registry of the Spanish
Atherosclerosis Society (SEA), excluding those subjects from Hospital
Universitario Miguel Servet, with the same inclusion and exclusion
criteria that the main study group were analyzed as validation cohort.
The Dyslipidemia Registry of the SEA is an active online registry, in
which certified lipid clinics across all regions of Spain report cases of
various types of primary hyperlipidemias [27]. Subjects were defined
with the same criteria. Written informed consent was obtained from
each patient included in the registry.



V. Marco-Benedi et al.
2.7. Statistical analysis

Variables were summarized as mean (standard deviation), median
(interquartile range), or percentage. Unadjusted differences between
groups were tested with the Kruskal- Wallis Rank Sum Test or Chi-
squared Test as appropriate. Linear regression models adjusted for
age, sex, and BMI were used to model plasma lipids. Lp(a), kringle re-
peats, and triglycerides were logarithmically-transformed for the re-
gressions. These analyses were restricted to complete-variable cases for
the main variables and adjustment variables. Test for relevance of the
groups variables were performed with likelihood ratio tests (test for
heterogeneity among groups). For Lp(a) for which these tests were
highly significant, post-hoc pairwise tests were performed for appro-
priate line combinations of the regression coefficients. An additional
regression model was created to study interaction of LDLc and group
(controls vs FH) on Lp(a).

3. Results
3.1. Clinical characteristics of hypercholesterolemic patients and controls

The study included 1466 subjects with hereditary hypercholester-
olemia referred for genetic study to the lipid clinic and 1221 control
subjects from the AWHS study. After the genetic study, those subjects
with hypercholesterolemia were classified in three groups: heFH with a
pathogenic mutation (n = 511); subjects with a mutation, but with
functional implications of uncertain significance (n = 69); and subjects
without any identified mutation in any of the FH genes (n = 886)
(Fig. 1). As expected, hypercholesterolemia groups had higher concen-
trations of total cholesterol, LDLc, apoB, and HDLc, whereas BMI was
significantly lower than that of the control group, according to inclusion
criteria for primary hypercholesterolemia. The main clinical character-
istics of the different groups are presented in Supplementary Table 2 for
the whole group and including only probands in Supplementary Table 3.
The differences in lipid variables were statistically significant after
adjusting for age, sex, and BMI (Table 1, groups restricted to complete-
variable cases, see Supplementary Table 4). Regarding Lp(a) concen-
tration, mutation-negative subjects had a significantly higher concen-
tration than heFH, and both higher than the control group (Fig. 2A). The
percentage of subjects with Lp(a) concentration >50 mg/dL in heFH
with a pathogenic mutation, subjects with a mutation, but with func-
tional implications of uncertain significance, and in mutation-negative
subjects were 31.1%, 43.5%, and 52.3% respectively. These percent-
ages were all significantly higher than in controls (23.1%), (p < 0.01)
(Supplementary Table 5).

3.2. Lp(a) concentration in FH according to the responsible gene

The etiology of the 511 heFH, according to the responsible gene was:
LDLR 443 subjects, APOB 27 subjects, carriers of the p.(Leul67del)

Table 1
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mutation in APOE 37 subjects, and PCSK9 4 subjects. The complete list
of mutations is presented in Supplementary Table 6. Lipids differed
across gene groups after adjusting for age, sex, and BMI (Table 2, groups
restricted to complete-variable cases). Lp(a) differed among subjects
with LDLR, APOB and APOE mutation (p < 0.001). Age-, sex-, and BMI-
adjusted geometric mean Lp(a) concentration was greatest in APOB-
dependent FH, 36.5 mg/dL (95%CI 22.0, 60.8), intermediate in LDLR-
dependent FH, 21.7 mg/dL (95%CI 17.9, 26.4) and lowest in carriers of
the p.(Leul67del) mutation in APOE, 7.99 mg/dL (95%CI 4.9, 12.7). All
Lp(a) differences between groups with a reasonable number of cases (all
except mutations in PCSK9 gene, N = 4), were statistically significant
pairwise (Fig. 2B). The geometric mean of LPA KIV-2 repeats did not
differ among the FH gene subgroups and the estimations and differences
for Lp(a) remained unchanged after adjustment for the number of KIV-2
repeats.

3.3. Effect of the LDLR mutations on Lp(a) concentration according to the
protein domain affected in the LDL receptor

The location of LDLR mutations in the 443 subjects is showed in
Supplementary Table 6. There were no differences in Lp(a) concentra-
tion among groups, neither after grouping the mutations in 4 major
groups: null alleles, ligand binding domain, beta-propeller + EGF, and
splicing mutations; nor 2 groups: defective alleles vs null defects (Sup-
plementary Table 7).

3.4. Association of Lp(a) concentration with LDLc

There was a positive association between LDLc and Lp(a) concen-
tration (Fig. 2C). However, this association was more intense in the
control (AWHS) group than in heFH, with a highly significant difference
in slopes between groups (p = 0.006). At the same LDLc concentration
(e.g. 200 mg/dL), estimated Lp(a) was significantly lower in heHF than
in control subjects (p = 0.025). A similar pattern was observed for apoB,
although the slope did not reach statistical significance (p = 0.08)
(Fig. 2D).

3.5. Effect of the polygenic score

The PS was performed on a subset of 216 subjects corresponding to
all consecutive subjects studied from January 2018: 137 in the
mutation-negative group, 32 with a FH gene mutation of uncertain
significance and 47 subjects with heFH. The clinical and biochemical
characteristics were similar to those of the main group. (Supplementary
Table 8). The differences in Lp(a) remained around 15 mg/dL higher in
the mutation-negative group compared to heFH, 50.4 mg/dL (IQR 19.0,
119.0) vs 36.5 mg/dL (IQR 7.94, 58.4), respectively (p = 0.071). The PS
was significantly higher in mutation-negative subjects than in subjects
with heHF (Supplementary Table 8). When the mutation-negative group
was divided by tertiles of PS, the subjects in the highest tertile had a non-

Laboratory lipid characteristics of study groups adjusted for gender, age, and body mass index.

AWHS
N = 1059
N = 500

Heterozygous familial
hypercholesterolemia

Total cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Lp(a) (mg/dL)
Apolipoprotein B (mg/dL)

218 (215, 222)
122 (118, 126)
137 (134, 140)
54.1 (53.2, 55.0)
14.9 (13.6, 16.4)
101 (98, 104)

362 (357, 368)
131 (124, 139)
287 (282, 292)
46.1 (44.7, 47.6)
21.9 (18.7, 25.6)
186 (181, 190)

Uncertain significance Mutation-negative P

N = 66 N = 860

329 (317, 341) 309 (305, 313) <0.001
152 (134, 173) 151 (145, 158) <0.001
245 (234, 256) 224 (220, 227) <0.001
51.0 (47.7, 54.3) 50.7 (49.6, 51.8) <0.001
30.3 (21.2, 43.4) 37.4(33.3, 42.1) <0.001
176 (165, 186) 167 (163, 170) <0.001

Means and 95%CI for each group conditionally adjusted for men, 48.9 years with BMI 27.2. Lp(a) and triglycerides are geometric means (the logarithmically-
transformed variable was modeled in the regressions). Adjusted tests were performed to calculate p for heterogeneity between groups. All estimations and tests are
calculated from linear regression models adjusted for age, sex, and BMI, using LRTs and linear combination of coefficients as appropriate.

AWHS, Aragon worker’s health study; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Lp(a), lipoprotein(a).
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Fig. 2. (A) Adjusted Lp(a) geometric means (95% CI) across study groups. Logarithm of Lp(a) was modeled with linear regression and predictions are conditionally
adjusted for men, 48.9 years with BMI 27.2 kg/m?2. All estimations and tests are calculated from linear regression models adjusted for age, sex, and BMI, using LRTs
and linear combination of coefficients as appropriate. (B) Adjusted Lp(a) geometric means (95% CI) in heFH according to the responsible gene. Logarithm of Lp(a)
was modeled with linear regression and predictions are conditionally adjusted for men, 48.9 years with BMI 27.2 kg/m?. All estimations and tests are calculated from
linear regression models adjusted for age, sex, and BMI, using LRTs and linear combination of coefficients as appropriate. (C) Adjusted Lp(a) geometric mean as-
sociation with LDLc in AWHS and heFH. Logarithm of Lp(a) was modeled with linear regression with an interaction term between LDLc and group (AWHS or heFH)
and predictions are conditionally adjusted for men, 48.9 years with BMI 27.2 kg/m?. All estimations and tests are calculated from linear regression models adjusted
for age, sex, and BMI, using LRTs and linear combination of coefficients as appropriate. (D) Adjusted Lp(a) geometric mean association with apoB in AWHS and heFH.
Logarithm of Lp(a) was modeled with linear regression with an interaction term between apoB and group (AWHS or heFH) and predictions are conditionally adjusted
for men, 48.9 years with BMI 27.2 kg/m?>. All estimations and tests are calculated from linear regression models adjusted for age, sex, and BMI, using LRTs and linear
combination of coefficients as appropriate. LDLc denotes low-density lipoprotein cholesterol; HDLc, high-density lipoprotein cholesterol; AWHS, Aragon Workers’
Health Study; heFH, heterozygous familial hypercholesterolemia; Uncertain, patients with a mutation of uncertain functional significance. LDLR, APOB, APOE,

PCSK?9, genes responsible of FH.

significant tendency to higher concentrations of LDLc and apoB. How-
ever, the concentration of Lp(a) was homogeneously elevated in the
three groups, with no differences among them (Supplementary Table 9).

3.6. Validation cohort

The hypercholesterolemic group from the Dyslipidemia Registry of
the SEA was composed of 707 heFH with a pathogenic mutation; 74
patients with a mutation of uncertain significance; and 398 mutation-
negative subjects (Table 3, groups restricted to complete-variable
cases). Similar to what occurred in the main study group, mutation-
negative subjects had significantly higher Lp(a) concentration than
heFH, and both higher than the control group (Table 3 and Supple-
mentary Fig. 1A). In this validation group, there were 671 heFH with a
pathogenic mutation in LDLR, and 36 heFH with mutation in APOB, all
with the p.(Arg3527Gln) mutation, usually named as APOB-3500.
Adjusted Lp(a) geometric means were 22.2 mg/dL (95%CI 19.2, 25.6)
and 34.9 mg/dL (95%CI 22.2, 55.0), respectively (p = 0.045) (Supple-
mentary Table 10). and Supplementary Fig. 1B). The association be-
tween LDLc and with Lp(a) showed a similar pattern than the main
cohort (Supplementary Fig. 1C). In this group, no APOE or PCSK9
pathogenic mutations were reported.

4. Discussion

We describe Lp(a) concentrations in different types of hereditary
hypercholesterolemias, including two large independent cohorts of

patients with monogenic heFH and mutation-negative, some of them
with demonstrated polygenic hypercholesterolemia.

We have also analyzed the impact of the gene responsible for FH on
Lp(a) concentration, and the potential implication of the different pro-
tein domains affected by the gene defect. The highest Lp(a) concentra-
tion was observed in subjects with hereditary hypercholesterolemia but
without a pathogenic mutation in FH genes independently of the hy-
percholesterolemia PS. FH subjects had a higher Lp(a) concentration
than the general population but lower than mutation-negative subjects;
and this increase of Lp(a) in heFH was related to the gene involved, but
their differences are not explained by the number of plasminogen-like
kringle IV type-2 of LPA. Higher Lp(a) in heFH is not explained by
their higher LDLc and, in LDLR-dependent FH, Lp(a) levels are not
different depending on domain of the LDL receptor protein affected.

Several studies have analyzed Lp(a) concentration in subjects with
FH, obtaining a wide range of results: from higher values [28-32] to no
difference regarding a control population [33-35]. Kraft et al. compared
Lp(a) concentration in homozygous FH, heFH, and relatives without FH
finding a dose-dependent effect on the Lp(a) concentration. Homozy-
gous FH had higher concentration than heterozygote subjects and those,
in turn, higher concentration than controls, without differences in the
LPA genotype [36]. The same dose-effect was found by Sjouke et al.
[31]. Our study agrees with the finding of higher Lp(a) concentrations in
heFH. However, there are, at least, two important potential biases in the
previously described association of Lp(a) and FH.

First, Lp(a) is an independent risk factor for CVD. In previous studies,
the selection criteria for the diagnosis of FH included coronary heart
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Table 2

Laboratory lipid characteristics of HeFH according to the gene causing defect adjusted for gender, age, and body mass index.
LDLR APOB
N = 435 N =27

Total cholesterol (mg/dL)
Triglycerides (mg/dL)

LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Lp(a) (mg/dL)

LPA Kringle IV-2 repeats (N)*
Apolipoprotein B (mg/dL)

369 (360, 379)
128 (119, 137)
294 (285, 304)
46.2 (44.3, 48.1)
21.7 (17.9, 26.4)
22.8 (21.4, 24.3)
188 (182, 195)

359 (333, 385)
128 (107, 155)
275 (250, 300)
54.6 (49.7, 59.6)
36.5 (22.0, 60.8)
23.3 (20.3, 26.7)
187 (170, 204)

APOE PCSK9 P
N=34 N=4

344 (320, 368) 322 (255, 389) 0.079
192 (162, 228) 132 (82, 212) <0.001
260 (235, 285) 239 (175, 304) 0.007
53.8 (49.3, 58.4) 55.2 (42.6, 67.8) <0.001
7.9 (4.9,12.7) 39.3 (10.7, 144.1) <0.001
25.7 (22.6, 29.2) 22.8 (16.8, 31.1) 0.299
167 (151, 182) 160 (117, 204) 0.028

"Means and 95%CI for each group. Lipids parameters conditionally adjusted for men, 48.9 years with BMI 27.2. Lp(a), kringle repeats, and triglycerides are geometric
means (the logarithmically-transformed variable was modeled in the regressions). Adjusted tests were performed to calculate p for heterogeneity between groups. All
estimations and tests are calculated from linear regression models adjusted for age, sex, and BMI, using LRTs and linear combination of coefficients as appropriate.

LDL, low-density lipoprotein; HDL, high-density lipoprotein; Lp(a), lipoprotein(a).

*LPA Kringle IV-2 repeats available for LDLR = 180; APOB = 17; APOE = 22; PCKS9 = 3.

disease (CHD) and ischaemic heart disease [8,9], as it is set out in the
Dutch Lipid Clinic Network Score or the Simon Broome criteria for FH
[28-30], which implies an obvious bias towards higher Lp(a) that has
recently been pointed out [32]. We have used diagnostic criteria for FH
based on LDLc, and not on CHD. Actually, only 8% of our heFH subjects
had CHD, a much lower percentage than previously published [37]. The
second potential bias is the use of genetic analysis in the definition of
heFH in some studies, while including genetic variants of uncertain
significance [34,38], whereas other studies were only based on clinical
criteria [28,29,39]. The present report encompasses all mutations in all
recognized responsible genes of FH in all subjects, as well as considering
their functionality. Moreover, we have excluded those subjects with an
uncertain genetic diagnosis.

Lp(a) concentration plays an important role in determining LDLc
concentration in the general concentration and in subjects with very
high Lp(a) may be classified as heFH [30]. Due to the overlapping be-
tween FH and hypercholesterolemia that is secondary to high levels of
Lp(a), it is important to precise the genetic diagnosis of FH to evaluate
Lp(a) concentration in these patients. For the same reason, the mea-
surement of Lp(a) is highly recommended in subjects with the clinical
diagnosis of heFH [6] but also in subjects with the suspicion of polygenic
hypercholesterolemia. One of the most remarkable results of our study is
the different concentration of Lp(a) in FH according to the gene
responsible for FH. Subjects with APOB mutations have higher con-
centrations of Lp(a) whereas subjects with APOE mutation have lower
concentrations in comparison with LDLR mutant carriers, without dif-
ferences or confusion by the number of KIV type 2 repetitions. Sjouke
et al. studied Lp(a) concentrations in 13 heterozygous and 2 homozy-
gous for APOB mutations, yielding median values of 50.3 mg/dL(IQR
18.7; 120.9) and 205.5 mg/dL, respectively, both values higher than
those in control subjects [31]. In the same vein, Van der Kooek et al.
demonstrated that the FDB status increases Lp(a) level and variability,
and suggested that APOB may be a variability gene for Lp(a) levels in
plasma [40]. The mechanism explaining apoB elevation in APOB

Table 3

dependent heFH is unknown. Knight et al. compared the apoB compo-
sition of LDL and Lp(a) particles in FDB heterozygous subjects. They
showed that the proportions of the mutant and wild-type apoB were
similar in Lp(a) particles indicating that, in heFH due to mutation in
APOB, an increased synthesis is the probable mechanism involved in the
increased Lp(a) rather than a decreased catabolism [41].

Another important finding was that carriers of the p.(Leul67del)
APOE mutation had lower Lp(a) than other forms of FH. The genetic
variation in APOE is involved in Lp(a) concentration: Moriarty et al.
analyzed APOE common isoforms and demonstrated a 65% increase in
Lp(a) in €4/e4 compared to €2/€2 subjects [18]. Recently, Croyal et al.
have demonstrated the close association between VLDL-apoE particles
and Lp(a) production [42]. Our group has recently described the higher
hepatic uptake of VLDL particles containing p.(Leul67del) in APOE
[23], hence we speculate that the probable mechanisms for the reduc-
tion in Lp(a) concentration associated with a decreased normal apoE
containing VLDL may be a reduced Lp(a) production and/or assembly.
The results of our study reinforce the fact that LDL receptor plays hardly
any role in the catabolism of Lp(a). Several in vitro cell culture, mouse,
and human studies have discarded a significant role for the LDL receptor
in Lp(a) catabolism [1]. We demonstrate that Lp(a) concentration in
heFH is independent of the type of LDL receptor defect, supporting that
the receptor is not involved in Lp(a) catabolism. Several receptors for Lp
(a) particle, other than LDL receptor, using either apoB, apo(a), or
oxidized phospholipids (OxPL) as ligands have been demonstrated [1],
and whether they could be involved in the increased Lp(a) concentration
in heFH cannot be discarded.

4.1. Study limitations

It is an observational, retrospective study, carried out in a single
center, with a limited number of patients with mutations other than
LDLR, especially in APOE. The control population was mainly male, and
the LPA genotyping was limited to the number of KIV type 2 and it was

Laboratory lipid characteristics of the control group and the validation cohort from the Dyslipemia Registry of the Spanish Atherosclerosis Society adjusted for gender,

age, and body mass index.

AWHS Heterozygous familial
N =1059 hypercholesterolemia
N =707

Total cholesterol (mg/dL)
Triglycerides (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Lp(a) (mg/dL)

220 (216, 225)
126 (122, 130)
138 (133, 142)
54.0 (53.1, 54.8)
14.6 (13.4,16.1)

361 (355, 368)
124 (118, 129)
284 (277, 290)
49.4 (48.2, 50.6)
22.2(19.4, 25.3)

Uncertain significance Mutation-negative p

N =74 N =398

365 (349, 381) 355 (347, 363) <0.001
133 (118, 150) 150 (142, 158) <0.001
285 (270, 301) 270 (263, 277) <0.001
48.6 (45.6, 51.6) 50.6 (49.2, 52.0) <0.001
21.3 (15.3, 29.7) 27.8 (23.8, 32.6) <0.001

“Means and 95%CI for each group conditionally adjusted for men, 49.4 years with BMI 27.6. Lp(a) and triglycerides are geometric means (the logarithmically-
transformed variable was modeled in the regressions). Adjusted tests were performed to calculate p for heterogeneity between groups. All estimations and tests are
calculated from linear regression models adjusted for age, sex, and BMI, using LRTs and linear combination of coefficients as appropriate.

AWH, Aragon worker’s health study; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Lp(a), lipoprotein(a).
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not available in all subjects, although those with the measurement were
randomly selected. The quantification method of Lp(a) in our study is
not totally independent of apo(a) isoform size and could have influenced
the results. Not all study subjects underwent the PS analysis; neverthe-
less, it was obtained in a representative subgroup without showing any
relationship between the concentration of Lp(a) and the PS. Two thirds
of the mutation-negative subjects had a PS above 0.93, which has been
used as a criterion for the diagnosis of PH, in the absence of mutations in
the FH genes [43]. The manner of selecting patients based on elevated
LDLc may enrich for those subjects with high Lp(a), which contributed
to calculated LDLc [33]. We cannot fully exclude this selection bias
although seems unlikely because the minor contribution of cholesterol
transported in Lp(a) to total LDLc in heFH in our study. The method used
to analyze the number of LPA KIV-2 repeats averages the number of
repeats of the two alleles, but this average does not take into account
that the effect on Lp(a) concentration may be different between alleles.
Finally, our results are representative of the Spanish population with a
Caucasian genetic background.

Luckily, our work has also several strengths and main differences
with respect previous work. All subjects have been genetically analyzed,
only subjects with clearly pathogenic mutations have been included, the
effect on the Lp(a) concentration is analyzed according to the respon-
sible gene and in the case of LDLR the domain of the affected protein and
finally the selection of the HF is not carried out based on cardiovascular
disease. Furthermore, results have validated in an independent cohort.

In conclusion, our results show that Lp(a) is elevated in FH mutation-
negative hypercholesterolemia, PH and heFH; that the concentration of
Lp(a) in heFH is variable depending on the FH-responsible gene; and,
that their differences are not explained by the number of plasminogen-
like kringle IV type-2 of LPA or the hypercholesterolemia PS. Higher Lp
(a) in heFH is not explained by their higher LDLc, and in LDLR-depen-
dent FH, Lp(a) levels are not different depending on the affected protein
domain.
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Cataracts cause one third of blindness worldwide, sharing the leading position with
uncorrected refractive errors and glaucoma [1], and 20-25 million cataract surgical inter-
ventions are performed worldwide each year [2]. Cataracts are defined as a degradation of
the optical quality of the eye due to the clouding of the crystalline lens. Several properties
of the lens gradually decline with age, and accordingly, old age is the most important
risk factor in cataract formation. Other common risk factors include diabetes mellitus
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(DM); long-term use of topical, systemic, intravitreal, inhaled, or oral corticosteroids; prior
intraocular surgery; trauma; smoking; and exposition to ultraviolet-B light [3,4].

Statins are inhibitors of the enzyme HMG CoA reductase commonly used as lipid-
lowering drugs [5]. They are used to lower blood cholesterol, which has proved to be
a highly effective strategy to prevent cardiovascular disease in high-risk subjects. Since
the description of vision loss due to irreversible cataracts caused by triparanol, the first
synthetic cholesterol-lowering drug [6], some reports have associated the use of statins
with the development of cataracts, although with conflicting results. A recent meta-
analysis including observational studies concluded that statins slightly increase the risk
of cataracts [5,7], whereas in randomized clinical trials, statins did not increase the risk of
cataracts [8]. This topic was recently reviewed by several councils of the American Heart
Association, and their conclusion was that statins in clinical use do not increase the risk
of cataracts [9]. However, these observational studies and clinical trials were performed
in populations in which the prevalence of cataracts is not very high, since they excluded
patients >75 years of age, and in which the use of statins is limited to only a few years,
usually less than 5 years.

Familial hypercholesterolemia (FH) is a monogenic disease characterized by an abnor-
mal increase in low-density lipoprotein cholesterol (LDLc) levels from birth and subsequent
high-risk of coronary disease. Only heterozygous FH (HeFH) patients reach older age.
For this reason, HeFH is a group of patients in whom a high dose of potent statins has
been used for decades. Thus, elderly HeFH subjects, having undergone decades of potent
lipid-lowering therapy, may be an attractive population model to explore unexpected side
effects [10,11]. The development of cataracts in HeFH has not been studied. We aimed to
study the association between cataracts and statin use in a group of elderly HeFH under
prolonged statin treatment, and compare this with controls.

2. Methods
2.1. Study Characteristics

This is an observational, multicenter, case-control study. We studied HeFH cases and
controls from five lipid clinics in Spain. The protocol has been previously published [12]
and was designed to explore non-coronary morbidities in elder HeFH. In brief, we recruited
subjects with age >65 years; men and women, with a pathogenic mutation in a candidate
gene for FH (LDLR, APOB, or PCSK9) in the subject or in a first-degree relative; LDLc
levels >220 mg/dL without lipid-lowering therapy; and statin treatment for >5 years.
Controls were selected from relatives of HeFH patients, requiring the absence of hyperc-
holesterolemia (LDLc <190 mg/dL without lipid-lowering treatment). All subjects gave
their informed consent for inclusion before they participated in the study. The study was
conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Ethics Committee of Aragon (CEICA) #P119/440.

2.2. Assessments

In a clinical interview, we collected age, gender, ethnicity, smoking habit, and per-
sonal history of hypertension, diabetes mellitus, cataract surgery and cardiovascular heart
disease. Cataract surgery was confirmed through reviewing the medical records. In
addition, information of lipid-lowering treatment, such as statins, ezetimibe, and subtilisin-
convertase proprotein/kexin type 9 inhibitors (PCSK9i), was collected. The recorded data
included the type of drug and dose prescribed in the current treatment, the most common
treatment used during the subject’s lifetime, dose, and time when lipid-lowering treatment
started. Body mass index (BMI) was calculated as weight in kilograms divided by the
square of height in meters.
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2.3. Statistical Analyses

We analyzed the association of cataracts with HeFH using generalized estimating
equations (GEE), using logistic models with several levels of adjustment: unadjusted,
adjusted for sex and age, and additionally adjusted for untreated LDLc concentration. Data
for cases and controls are shown as mean (standard deviation) or percentage. The study of
the influence of LDLc and statin treatment was analyzed within strata (cases and controls
separately) with generalized linear models. All the analyses were performed with the
statistical software R version 3.4.4. and the package “gee” version 4.13.19 (R Foundation,
Auckland, New Zealand).

3. Results

Data were collected for 205 subjects (112 HeFH and 93 controls) aged 71.8 (6.5) and 70.0
(7.3) years, respectively. All cases and controls were Caucasian. The number (percentage)
of women and men was 74 (66.1%) and 38 (33.9%) in cases and 48 (51.6%) and 45 (48.4%) in
controls, respectively. There were no differences in clinical characteristics between cases
and controls, with the exception of data on history of cardiovascular diseases, which were
more frequent in HeFH subjects’ blood-relatives (45.0% vs. 25.8%) and in themselves
(27.7% vs. 16.1%); p < 0.05 in both cases. Similarly, the concentration of LDLc was higher
in HeFH cases: 314 vs. 138 mg/dL (p < 0.01). The mean duration of statin treatment use
in HeFH was 22.5 (8.7) years. Ninety-nine out of the 112 (88.4%) HeFH patients were
on high-potency statins (atorvastatin 40-80 mg and rosuvastatin 2040 mg). We did not
observe any differences in smoking, hypertension, and DM between cases and controls [12].
A history of cataract surgery was present in 25.2 % of cases and 16.1% of controls, without
difference in gender distribution. This difference was not statistically different either in
the unadjusted test or after adjusting for age and sex, or additionally for LDLc (Table 1).
When cases were classified according to the presence or absence of cataract surgery, there
were no differences in clinical variables, except for age, which was higher in HeFH with
cataract surgery (Table S1). We also analyzed the association of age, duration of statin
treatment, and LDLc without lipid-lowering treatment with cataract surgery. Age was
strongly associated with a relative risk of 2.06 (CI 1.09, 4.02) per 10 years among cases and
2.57 (CI 1.13, 6.28) among controls. The duration of statin treatment (studied among cases)
and LDLc without lipid-lowering treatment did not show any association with cataract
surgery (Table 2).

Table 1. Clinical and laboratory characteristics of controls and cases.

Controls Cases

N =93 N =112 p-Value
Age (years) 70.0 (7.3) 71.8 (6.5) 0.038
Sex, women % (1) 51.6 [48] 66.1 [74] 0.050
Body mass index (Kg/m?) 29.0 (4.7) 28.3 (4.0) 0.265
Untreated LDLc (mg/dL) 138.0 (31.7) 314.2 (71.4) <0.001
Cataract surgery % (1) 16.1 [15] 25.2 [28] 0.121

Continuous data expressed as mean (SD); categorical data are expressed as percentages [count]. LDLc: low-
density lipoprotein cholesterol. p-values from linear and logistic regressions based on generalized estimating
equations (GEE) with exchangeable variance structure, unadjusted.
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Table 2. Influence of age, LDL-cholesterol, and years under statin treatment on cataract surgery in
controls and in HeFH.

Controls Cases
OR (95% CI) p-Value OR (95% CI) p-Value

Model 1

Per each 10 year of age 2.49 (1.12,5.87) 0.028 2.03 (1.07,3.96) 0.031
Model 2

Per each 10 year of age 2.57 (1.13,6.28) 0.028 2.06 (1.09,4.02) 0.028

Per each 10 mg/dL of 0.89 (0.74,1.07) 0.228 1.00 (0.94,1.07) 0.905

cLDL

Model 3

Per each 10 year of age - - 1.83(0.92,3.69) 0.082

Per each 10 year of - - 1.01 (0.59,1.53) 0.967

lipid-lowering use

Linear and logistic regressions based on generalized linear models (GLM) adjusted for sex. CI: confidence interval.
p-values in each section obtained from a single model, adjusted for sex.

4. Discussion

Our study shows that the prevalence of cataract surgery is not increased in elderly
people with HeFH undergoing lipid-lowering treatment for more than 20 years. This
suggests that neither severe hypercholesterolemia nor prolonged use of statins are relevant
risk factors in the development of cataracts. To our knowledge, this is the first study that
explores the presence of cataracts in this population, a paradigmatic subgroup of patients
in whom treatment with a high dose of potent statins is the first line of treatment.

The present study has the strength of being carried out in a group of patients with
three main differential characteristics with respect to previous studies: the studied subjects
had very high concentrations of LDL-C from birth, they used high doses of statins for
>20 years, and they are all aged >65 years—that is, they are a group with a high incidence
of cataracts. Our study agrees that age is the main factor associated with the development
of cataracts. Importantly, our data confirm the results of a previous analysis on the safety
of prolonged used statins with respect to cataract development and they pose doubts on
the suggested association of cholesterol concentration with cataracts. Preclinical studies
showed that cholesterol has an important role in membrane integrity, and it was supposed
that the inhibition of cholesterol synthesis caused cataract development [7]. In addition,
it must be taken into account that statins exert their benefits across a wide spectrum of
ophthalmic conditions through its hypocholesterolemic and pleiotropic effects, that may
contribute to making them safe with respect to cataracts [5].

5. Conclusions

Cataract surgery prevalence was not significantly different between HeFH and con-
trols. The presence of cataracts was associated neither with LDLc nor with the length of the
statin therapy. In the present study, HeFH was not a risk factor for cataracts and prolonged
statin treatment did not favor cataract development.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/jem10163494 /51, Table S1: Clinical and laboratory characteristics of controls and cases
according to previous cataract surgery.
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ABSTRACT

Background: Familial hypercholesterolemia (FH) is a codominant autosomal disease
characterized by high low-density lipoprotein cholesterol (LDLc) and high risk of
premature cardiovascular disease (CVD). The molecular bases have been well defined
and effective lipid-lowering is possible. This analysis aimed to study the current major
causes of death of genetically defined heFH.

Methods: Case-control study designed to analyze life-long mortality in a group of
heFH and control families. Data of first-degree family members of cases and controls
(non-consanguineous cohabitants), including deceased relatives, were collected from a
questionnaire and review of medical records. Mortality was compared among heFH,
non-heFH, and non-consanguineous family members.

Results: We analyzed 813 family members, 26.4% of them, deceased. Among
deceased, mean age of death was 69.3 years in heFH, 73.5 years in non-heFH, and 73.2
years in non-consanguineous, differences that were not statistically significant. Among
them, CVD cause of death was 59.7% in heFH, 37.7.% in non-heFH, and 37.4% in non-
consanguineous (P=0.012). These differences were greater restricting the analyses to
parents’ mortality. The hazard ratio of dying from CVD was 3.02 times higher (95% CI,
1.90-4.79) in heFH members in comparison with the other two groups (non-FH and
non-consanguineous), who did not differ in their risk.

Conclusions: Current CVD mortality in heFH is lower and occurs later than that
described in the last century but still higher than in non-FH. This better prognosis in
CVD risk is not associated with changes in non-CVD mortality.

Keywords: heterozygous familial hypercholesterolemia phenotype, parental-offspring,
cardiovascular disease death.



Abbreviations:

BMI: body mass index

CHD: coronary heart disease

CVD: cardiovascular disease

DM: diabetes mellitus

FH: familial hypercholesterolemia

heFH: heterozygous familial hypercholesterolemia
HDLc: high-density lipoprotein cholesterol

LDLc: low-density lipoprotein cholesterol

LDLR: low-density lipoprotein receptor gene
Lp(a): lipoprotein(a)

PCSKO: pro-protein convertase subtilisin/kesin 9
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Introduction

Familial hypercholesterolemia (FH) is a codominant autosomal disorder and the most
common monogenic metabolic disease in the population. The prevalence of
heterozygous FH (heFH) is approximately 1/200-500 persons in most countries (1,2).
FH is caused by mutations in the genes that control the cellular uptake of plasma
cholesterol and that include the LDL receptor (LDLR), apolipoprotein B (APOB),pro-
protein convertase subtilisin/kesin 9 (PCSK9) and APOE (1). HeFH patients show very
high plasma concentration of low-density lipoprotein cholesterol (LDLc),
approximately twice of non-FH subjects of the general population, often ranging
between 250-400 mg/dL, deposits of cholesterol in superficial tissues such as corneal
arcus and tendon xanthomas, and high risk of premature cardiovascular disease (CVD)
in absence of adequate lipid-lowering treatment (3,4). The risk of developing premature
CVD is increased 10 times in these patients with respect to the general population,
especially coronary heart disease (CHD) in young patients (4,5). International heFH
registries such as the British Simon Broome show an up to 100 higher risk of CHD in
heFH men under 40 years of age with heFH in the pre-statin era, treatment that was not
available until the late 1980s (6). The life expectancy of the heFH subjects had been
calculated between 10-30 years lower for women and men, respectively, in relation to
the non-FH population (7). In recent years, there has been a decrease in CVD in heFH,
as we have recently been able to verify in our environment (4,8) probably due to earlier

diagnosis and intensive lipid-lowering treatment.

Two important facts have occurred in the morbidity and mortality analysis of the
heFH in the last decades. First, the genetic bases of heFH have been studied in depth
and the genetic study provides a certainty diagnosis that obviates the diagnostic bias

based on CVD risk as one of the major criteria for heFH diagnosis (9); and, second
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current lipid-lowering drugs including statins, ezetimibe and PCSK9 inhibitors have
substantially modified the lipid phenotype and consequently the clinical spectrum of the
disease (5,10). In this way, if the treatment is well established during the first decades of
life, heFH should be less aggressive disease than before. The complexity of the genetic
FH background, the use of multiple drugs for decades, a larger life-expectancy
associated with treatment and changes in environmental and social factors could lead to
a much more heterogeneous phenotype than that described in the past century (5). In
addition, other comorbidities could be associated to the heFH phenotype that were
hidden by CVD, or associated to the lipid-lowering treatment, such as diabetes favored
by statins (11). Knowing the effect of the different genetic types of heFH in the long
term and the impact of prolonged lipid-lowering treatment are essential for an adequate

management of this disease in the coming years.

The aim of this analysis was to study the current causes of cardiovascular and

non-cardiovascular death of heFH and potential differences with a control population.

Patients and Methods

Aim, design, and participants

This is an observational, case-control study designed to describe current morbidity and
mortality in heFH subjects. HeFH cases were recruited from the Lipid Unit at Hospital
Universitario Miguel Servet, Zaragoza, Spain, and their non-consanguineous partners
were recruited as controls. Data about first-degree family members of cases and
controls, including deceased relatives, were collected from a participant questionnaire
and review of their medical records. Written informed consent was obtained from each
case and control included in the study; the study protocol conforms to the ethical

guidelines of the 1975 Declaration of Helsinki; and the study protocol was previously
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approved by the Institution's ethics committee on research on humans (Comité Etico de
Investigacion Clinica de Aragon).

The inclusion criteria for cases consisted on the following requirements: age >
30 and < 60 years at the time of the enrollment in the study; genetically diagnosed
heFH; and personal history of hypercholesterolemia with LDLc levels >220 mg/dL
without lipid-lowering treatment. Controls were selected from non-consanguineous
relatives of similar age (x 5 years) of heFH patients (partners of the case who cohabited
with them); age > 30 and < 60 years at the time of inclusion in the study; and fulfilling
that neither them nor any first degree relative had a clinical diagnosis of heHF and that
they had LDLc <190 mg/dL without lipid-lowering drugs.

Clinical interview

Participants were interviewed to collect personal information about history of CVD
disease, CV risk factors, comorbidities, medication use, lipid values, and
hospitalizations, and besides, to perform a detailed family history including these data
of all first-degree relatives (parents, siblings, and offspring), and age and cause of death
of those deceased. Information about history of hypercholesterolemia, lipid-lowering
drug use, and age and cause of death were confirmed from the patient’s medical records.
If a first-degree family members of a case presented LDLc >220 mg/dL in at least one
occasion and/or LDLc >160 mg/dL while taking any statin they were tagged as
belonging to the heFH group. The analysis groups were thus coined “heFH family

members”, “non-heFH family members”, and “Control family members”. In this report

only data on family members deaths over the age of 18 years is presented.

Genetic study.

All heFH cases interviewed in this study had a genetic diagnosis of heFH and were

carriers of a "pathogenic” or "likely pathogenic” variant according to the guidelines of
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the American College of Medical Genetics and Genomics (ACMG) (12) in LDLR
(NM_000527.4), APOB (NM_000384.2) or PCSK9 (NM_174936.3) genes. FH gene
analysis were studied with the Progenika Biopharma Grifols (Derio, Spain) (13) or GEN

inCode (Terrassa-Barcelona, Spain) (14) platforms.

Statistical Analyses

Data are expressed as mean standard deviation for numerical variables with normal
distribution and were analyzed with the Student's t test, while those without normal
distribution are expressed as median [interquartile range] and are analyzed with the
Mann-Whitney U test. Qualitative variables are expressed as a percentage and were
analyzed using the X2 test. For the comparison of non-dichotomous category variables,
the ANOVA and Kruskal-Wallis tests were used. The mortality rates were calculated
using the Kaplan-Meier estimate based on age, and the groups were compared using log
rank test. The association between heFH and CV and non-CVD mortality was
calculated using multivariate Cox’s regression. A model was generated that included the
covariate age, and it was calculated with techniques appropriate for analyzing complex

samples to consider that data was clustered in families.

Results

Clinical characteristics of cases and controls

We recruited 166 subjects, 83 heFH cases and 83 controls. The mean ages were 54.3
years and 54.5 years, respectively, without differences in age and sex between the
groups. BMI, systolic blood pressure and diastolic blood pressure were similar in both

groups. Hypertension and diabetes (DM2) prevalence showed no differences either.
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CVD tended to be more prevalent in heFH cases than in controls 8.4% and 2.4%
respectively (P=0.08). Untreated total and LDLc were higher in cases than in controls.
Statin treatment was present in all cases and in 22.9% controls. The onset of the lipid-

lowering treatment was 32.8 years in the heFH and 51.3 years in controls (Table 1).
Family study

We analyzed 813 first-degree family members of cases and controls within families of
cases 211 members were heFH and 219 non-heFH. We discarded 11 first-degree family

members of cases with an ambiguous heFH phenotype (Figure 1). The control family

group was composed by 372 subjects.

CVD and non -CVD mortality among first-degree family members of cases and control

We identified 62 dead relatives in heFH family members, 53 in non-heFH and 100 in
controls (Figure 1). The percentage of dead subjects and the mean age of the death were
similar in the three groups, being slightly higher in the heFH family members, 29.4%
compared with 24.2% in the non-heFH family members and 26.9 % in the control
family members. Average death age was approximately 4 years less in the heFH group.
The proportion of deaths due to CVVD was higher among the heFH group (59.7% in
heFH vs 37.7% in non-heFH and 37.4% in controls, P=0.012). Other causes of death,
including cancer death, did not shown significant differences among the three groups
(Table 2). Additionally, we studied mortality differences between men and women. The
percentage of deceased subjects did not show differences between the groups, however,
HeFH subjects died approximately 4 years earlier than non-heFH and controls, although
the difference was not statistically significant. Death cause in men was CVD in 69% of
heFH deceased versus 38.5% of non-heFH and 37.0% of controls respectively (P=0.01).
The same pattern was observed in women although the age of death was about 7 years

later in women than in men similarly in the 3 groups. (Table 3 and Table 4). The hazard
5
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ratio of dying of CVD in heFH was 2.85 times higher (95% ClI, 1.73-4.69) in heFH with
respect to the control family group, and without differences between non-FH and
controls. This hazard ratio was 2.95 in men (95% ClI, 1.52-5.75) and 3.44 in females in
heFH (95% ClI, 1.66-7.10) (Table 5). The separation of the curves appeared at the age of
50, to continue increasing progressively with age (Figure 2). This higher risk appeared
approximately 5 years earlier in heFH men than in heFH women (Supplemental Figure

1).

CV or non - CVD mortality among parental family members of cases and controls.

Since most of the deaths corresponded to the parents of cases and controls, we analyzed
mortality in this group of subjects. There were 116 deaths among fathers: 24 (72.7%)
heFH, 35 (72.9%) non-heFH and 57 (70.4%) controls; and 77 deaths among mothers:
33 (66.0%) heFH, 13 (39.4%) non-heFH and 31 (37.8%) controls. The percentage of
deaths from CVD was higher in heFH than in the other two groups, although the
difference was significant only in men, and the age of death from CVD was younger in
both men and women for heFH subjects. We did not find statistically significant
differences in the non-CVD death (Figure 3), but the control family mothers had a trend
to higher cancer death compared to heFH mother family (P=0.092) (Supplemental

Tables 1 and 2).

Discussion

In the present work, we analyze the potential differences in mortality in a group of heFH
families from a Lipid Unit comparing heFH, non-heFH, and non-consanguineous family
members with the aim of update CVD and non-CVD death in heFH in the era of lipid-
lowering treatment. HeFH is a singular model to study the effect on mortality of

hypercholesterolemia due to an increase in LDLc levels and their relationship with CVD
6
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events (15). In addition, heFH are usually under intensive lipid-lowering chronic
treatment and our results are in line with the CVD benefit observed with the LDLc
lowering in the general population (16,17). We hypothesized that the prevalence of
CVD death has decreased during the last years in these patients and our results seem to
support the case because CVVD mortality in this group of families is lower and appeared
later than heFH cohorts reported in the last decades of last century (7,17). However, we
still find an increase in CVD death with respect to non-heFH, especially in the heFH
men, who died 6.8 years younger compared to the other family groups. Traditionally, it
has been considered that in heFH without lipid -lowering treatment, approximately 50%
of men and 30 % of women will develop CVD before 50 years (18,19) with the life
expectancy estimated to be 20 to 30 years lower (7). However, the CVD death could
have been biased in those studies: Historically, heFH has been diagnosed clinically
based on LDLc elevations, premature personal and familial CVD, and presence of
tendon xanthomas or arcus cornealis. The most common criteria for diagnosis including
those of the Dutch Lipid Clinic Network (20) and Simon Broome registry (21) include
CVD o risk factors for CVD such as tendon xanthomas (18,22,23). In this way, the
heFH subjects or their families in whom CHD prevailed, had more chances to get the
clinical diagnosis of FH. The genetic characterization of FH in recent years have
demonstrated that the heFH phenotype is more heterogeneous than previous belief
including the presence of CVD. In a recent publication from The Netherlands, CHD was
present in 7.4% of 25,137 genetically diagnosed heFH, in spite of the mean age was 38
and 71.1% were not on lipid-lowering drugs (24). Consequently, a significant
proportion of heFH may have gone unnoticed while applying traditional diagnostic

criteria.
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Our cohort is based on very high LDLc levels (>220 mg/dl without lipid-
lowering therapy) and a positive genetic test for a causative mutation in a canonical
gene for FH. Furthermore, patients were referred to the clinic by their general
practitioners because high LDLc (25). So, we think that our cohort has overcome
previous bias. Robust evidence, including heFH observational studies, has demonstrated
a reduction in major CVD events in patients who are taking lipid-lowering treatment
when initiated early in life and maintained for years (26,27). Accordingly, the survival
without CHD, with an early onset of statins in these subjects, could be quite similar to
the rest of the population (28). In our study, we showed a large group heFH who were
taking lipid-lowering treatment above 25 years on average. Furthermore, the majority of
their heFH family members have been taking statins at some point in their lives. In
addition, the prevalence of CVD estimated in this study, 7% in heFH, are in line with
other studies in genetically defined heFH (24,29).

We have also analyzed non-CVD mortality in these genetically defined heFH families
with a large history of lipid lowering drugs consumption with two purposes: First, to
check whether lipid-lowering therapy could play a role in other comorbidities, and
second, to explore whether the FH causing mutation itself might be associated to other
morbidities other than CVD once heFH subjects live long enough without CVD,
something that, until now, would have been hidden in the early mortality. In this study,
non-CVD mortality did not show significant differences between heFH and non-FH in
either sex group. There was a tendency in the heFH females to die later from non-CVD
causes than non-FH, even though the difference did not reach statically significance. We
hypothesized that it could be due to healthier lifestyles in heFH subject such as our

group showed previously (8).
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Our study has some limitations. Its retrospective design only heFH who lived
enough time are selected, so heFH subjects who died before the analysis, cannot be
studied. The number of subjects studied, imposed by the difficulty to find large series
of patients, allows us to identify differences in mortality in the large disease groups, if
some rare disease is associated with the mutation or the treatment, this could have gone
unnoticed. Finally, we have information about the time of treatment onset, but only in
cases and controls could be completely corroborated. The strengths of our article
include that all heFH cases have been genetically confirmed and that HeFH diagnosis
was independent of CVD.

In conclusion, our results show that current CVVD mortality in heFH is lower and
occurs later than that described in the last century but still higher than in non-FH.
Probably, this is due to better control of the risk of CVD risk factors, especially
prolonged lipid-lowering treatment. This better prognosis in CVD risk is not associated

with changes in non-CVVD mortality.
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Figure legends
Figure 1 Study Flowchart
Figure 2 Kaplan-Meier cumulative survival curves for cardiovascular death

Figure 3 Kaplan-Meier cumulative survival curves for non-cardiovascular death

Supplemental Figures

Supplemental figure 1. Pannel A) Kaplan-Meier cumulative survival curves for cardio-
vascular death in heFH men family members. B) Kaplan-Meier cumulative survival

curves for cardiovascular death in heFH women family members.






Table 1. Clinical and biochemical characteristics of heFH and control probands.

heFH Cases Controls P

N 83 83

Age (years) 54.3 (10.7) 54.5 (10.5) 0.884
Women, N (%) 45 (54.2) 44 (53.0) 0.876
Current smokers, N (%) 11(13.3) 22 (26.5) 0.098
BMI (Kg/m?)? 25.8 (3.94) 26.3 (4.17) 0.479
Systolic blood pressure (mmHg) 123.1 (12.7) 123.3 (14.0) 0.956
Diastolic blood pressure (mmHg) 74.6 (8.97) 75.3 (9.97) 0.628
Hypertension, N (%) 24 (28.9) 16 (19.8) 0.172
Type 2 diabetes mellitus, N (%) 7(8.4) 7 (8.4) 1.000
Cardiovascular disease, N (%) 7(8.4) 2(2.4) 0.087
Total cholesterol (mg/dL) 363 (412-306) 220 (198-252)  |<0.001
LDL cholesterol (mg/dL)® 283 (222-339) (130 (105-154)  |<0.001
HDL cholesterol (mg/dL) ¢ 56.2 (13.4) 62.0 (24.2) 0.079
Triglycerides (mg/dL) 114 (52.3) 141 (154) 0.209
Glucose (mg/dL) 89.5 (18.8) 91.3 (20.1) 0.626
Statin treatment, N (%) 83 (100) 19 (22.9) <0.001
Onset age of statin treatment (years) |32.8 (9.43) 51.3 (8.84) <0.001

“BMI denotes body mass index; "LDL, low-density lipoprotein; “HDL, high-density

lipoprotein; Data are summarized as mean (SD) or N (percentage).




Table 2. Mortality among heFH and control first-degree family members

heFH family Non-heFH family Control family P
members members members
N 211 219 372
Total death, N (%) 62 (29.4) 53 (24.2) 100 (26.9) 0.479
Age of death (years) 69.3 (13.9) 73.5 (16.2) 73.2 (13.8) 0.179
Age of Cardiovascular disease death (years) 65.9 (13) 77.5 (12) 77.5(13.2) 0.001
Age of Non-cardiovascular death (years) 73.9 (13.8) 71.4 (17.6) 71.72 (14.6) 0.792
Cardiovascular disease death, N (%) 37 (59.7) 20 (37.7) 37(37.4)
0.012
Non-cardiovascular death, N (%) 25 (40.3) 33(62.3) 62 (62.6)
Cancer death, N (%) 12 (48.0) 14 (42.0) 31 (50.0)
0.779
Other death, N (%) 13 (52.0) 19 (57.5) 31 (50.0)
Statin treatment, N (%) 107 (50.7) 29 (13.2) 53 (14,2) 0.001

Data are summarized as mean (SD) or N (percentage). Test for raw differences using Chi? test.




Table 3. Mortality among heFH and control first-degree male family members

heFH family Non-heFH family Control family P
members members members
N 100 115 187
Total death, N (%) 29 (29.0) 39 (34.2) 65 (34.8) 0.599
Age of death (years) 65.8 (13.0) 72.2 (16.1) 70.7 (14.4) 0.099
Age of Cardiovascular disease death (years) 62.2 (11.5) 78.7 (13) 71.2 (11.6) 0.001
Age of Non-cardiovascular death (years) 73.7 (13) 68.0 (17) 70.4 (15.8) 0.650
Cardiovascular disease death, N (%) 20 (69.0) 15 (38.5) 24 (37.0)
0.010
Non- cardiovascular death, N (%) 9@31) 24 (61.5) 41 (63.1)
Cancer death, N (%) 6 (66.7) 12 (50) 19 (46.3)
0.543
Other death, N (%) 3(33.3) 12 (50.0) 22 (53.6)

Data are summarized as mean (SD) or N (percentage). Test for raw differences using Chi? test.




Table 4. Mortality among heFH and control first-degree female family members

heFH family Non-heFH family Control family P
members members members

N 111 104 185
Total death, N (%) 33(29.7) 14 (13.5) 34 (18.4) 0.010
Age of death (years) 72.4 (14.1) 77.2 (16.6) 78.1 (11.5) 0.178
Age of Cardiovascular disease death (years) 70.2 (13.5) 74 (15.0) 82.6 (8.7) 0.032
Age of Non-cardiovascular death (years) 74.1 (14.6) 80.3 (17.6) 74.3 (11.7) 0.513
Cardiovascular disease, N (%) 17 (51.5) 5@35.7) 13 (38.2)

0.451
Non- cardiovascular death, N (%) 16 (48.5) 9 (64.3) 21 (61.8)
Cancer death, N (%) 6 (37.5) 2(22.2) 12 (57.1)

0.175
Other death, N (%) 10 (62.5) 7(77.7) 9 (42.8)

Data are summarized as mean (SD) or N (percentage). Test for raw differences using Chi? test.
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Table 5. Prospective multivariable Cox Regression Analysis of Predictive Factors for a

cardiovascular death in the families group

heFH family members CVD death HR CVD death HR
(95% CI) (95% CI) *

All 3.02 (1.90-4.79) 2.85(1.73-4.69)

Males 2.90 (1.59-5.29) 2.95(1.52-5.71)

Females 3.20 (1.55-6.63) 3.44 (1.66-7.10)

Non-FH family members

HR (95%CI)

HR (95%CI) *

All 0.81 (0.46-1.42) 0.98 (0.58-1.65)
Males 0.79 (0.49-1.57) 0.80 (0.41-1.53)
Females 0.95 (0.33-2.67) 1.02 (0.38-2.71)

95% CI, 95% confidence interval; HR, hazard ratio. HR (95%CI) *: confidence interval
estimations calculate taking into account family clusters.
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Cases:

- Age 30-60 years; genetically diagnosed heHF at
the time of the enrollment in the study

+

- Personal history of hypercholesterolemia with
LDLc levels >220 mg/dL without lipid-lowering

treatment

Cases

Figure 1

N=83

Family study
N=813

Controls:

- Non-consanguineous relatives of heFH patients, similar

age (+ 5 years) (partners of the case)
- Age > 30 and < 60 years at the time of inclusion

- Absence of personal or in any first degree relative of a

+

+

clinical diagnosis of heHF and LDLc <190 mg/dL without
lipid-lowering drugs

Controls
N=83

Consanguineous family members
of heFH cases (parents + siblings)

Consanguineous family members
of cases and controls (offspring)

A N=332 N=109
mbiguous Ambiguous
phenotype
N=> phe,{l]ggype
HeFH Non-heFH HeFH Non-heFH
N=158 N=172 N=53 N=47
Alive Alive Alive Alive
N=96 N=119 N=53 N=47
Death Death Death Death
N=62 N=53 N=0 N=0

Consanguineous family
members of controls

N=372
Controls
N=372
Alive
N=272
Death
N=100

12




Figure 2.

— heFH Family
=== Non- heFH Family

Control Family

. NETTTVRTT TR "'"."',,'._H_
*
+
h
] +HH
S .
N 1
© i
>
=
» ana
)
> s
E=R TS
xR
p—
: T
=
=
@)
: :|—
i I 1 I
b o &0 B0 00
Years
20 40 50 60 70 80 90 100
heFH family 194 154 125 87 50 25 1 0
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Survival analysis free of cardiovascular death among groups.
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heFH Family

Non- heFH Family

Control Family

Years
20 40 50 60 70 80 90 100

heFH family 194 154 125 87 50 25 1 0
members, N=207

N° cumulate death 0 0 1 5 9 14 24 25
Non-heFH family 206 158 133 104 68 36 29 0
members, N =215

N° cumulate death 0 3 5 8 15 21 8 33
Control family 351 325 279 202 125 68 14 0
members, N=355

N° cumulate death 0 3 7 9 25 39 59 61

Survival analysis free of non-cardiovascular death among groups
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PALABRAS CLAVE Resumen La intervencion terapéutica debe estar condicionada por el riesgo de aparicion de
Calculo de riesgo enfermedad cardiovascular ateromatosa. Cuanto mayor es el riesgo, mas intensa debe ser la
cardiovascular; accion. Por ello tenemos que estratificar el riesgo de los pacientes. En prevencion primaria,
Objetivos las dos directrices principales: American College of Cardiology y American Heart Association
terapéuticos; (ACC/AHA) utilizan las «pooled cohort equations» (PCE) y las guias de las sociedades europeas,
Prevencion; las tablas SCORE. Las PCE calculan riesgo de ECVA mortal y no mortal, y el SCORE calcula
SCORE Unicamente riesgo de ECVA mortal. En personas jovenes es Util considerar el calculo del riesgo

a lo largo de la vida. La Sociedad Espanola de Arteriosclerosis (SEA) recomienda el sistema
SCORE en nuestro pais. SCORE y PCE calculan para personas hasta los 70 y 75 anos. La prediccion
y los potenciales estan disponibles para personas de 80 afnos o mas, a partir de esa edad los
datos disponibles son mucho mas escasos. La estratificacion del riesgo en prevencion secundaria
puede ser (til para identificar al subgrupo de pacientes que pueden beneficiarse de tratamientos
mas intensivos. Las pruebas de imagen, especialmente el calcio coronario y ecografia vascular,
pueden ayudar a perfilar mejor el riesgo.

Las guias europeas sefialan al colesterol LDL como objetivo terapéutico. Recomiendan iniciar
tratamiento con estatinas y ascender en dosis y potencia hasta lograr los objetivos y luego el
tratamiento con estatinas potentes a dosis maxima tolerada, y dar ezetimiba en caso de no
alcanzar objetivos. Como tercer escalén indican los inhibidores de PCSK9 (iPCSK9). Establecen
objetivos muy ambiciosos que llegan a 40 mg/dL, en aquellos sujetos con recurrencias antes
de dos anos de ECVA, a pesar de tratamiento con estatinas de alta intensidad e inferiores a
55 mg/dL para todos los sujetos de muy alto riesgo.
© 2021 Sociedad Espanola de Arteriosclerosis. Publicado por Elsevier Espana, S.L.U. Todos los
derechos reservados.
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Burden of disease Calculation of cardiovascular risk and therapeutic objectives

Abstract Therapeutic intervention should be determined by the risk of developing atheroma-
tous cardiovascular disease (CVD). The higher the risk, the more intense the action should be.
This is the reason for the stratification of patient risk. In primary prevention, the two main guide-
lines used, the American Heart Association and the American College of Cardiology (ACC/AHA)
use the Pooled cohort equations (PCE) and the guidelines of the European societies use the
SCORE tables. The PCE calculates the risk of fatal and non-fatal CVD, and the SCORE calculates
risk of fatal CVD only. In young people, it is useful to consider the lifetime risk calculation. The
Spanish Society of Arteriosclerosis (SEA) recommends the SCORE system in Spain. SCORE and
PCE calculate the risk for people up to 70 and 75 years of age. Prediction and potentials are
available for 80 years of age and above, with the data available being much more scarce. Risk
stratification in secondary prevention may be useful to identify the subgroup of patients who
may benefit from more intensive treatment. Imaging tests, especially coronary calcium scans
and vascular ultrasound, can help to better the profile risk.

European guidelines identify LDL cholesterol as a therapeutic target. They recommend ini-
tiating treatment with statins, and increasing dose and potency until targets are achieved, and
then to treatment with potent statins at a maximum tolerated dose, and ezetimibe if targets
are not achieved. As a third step, PCSK9 inhibitors are indicated. They set very ambitious tar-
gets, as low as 40 mg/dL in those subjects with recurrences before two years of CVD despite
high-intensity statin therapy, and below 55 mg/dL for all very high-risk subjects.
© 2021 Sociedad Espanola de Arteriosclerosis. Published by Elsevier Espana, S.L.U. All rights

reserved.

Introduccién

Riesgo cardiovascular

Todas las guias actuales para la prevencion de las enfer-
medades cardiovasculares de origen en la arteriosclerosis
(ECVA) recomiendan la evaluacion del riesgo total de desa-
rrollar la enfermedad en un plazo de tiempo determinado.
La intervencion terapéutica debe estar condicionada por el
riesgo de aparicion de la ECVA: cuanto mayor es el riesgo,
mas intensa debe ser la accion'-?.

Dichas recomendaciones se fundamentan en que la indi-
cacion de cualquier tratamiento debe estar basada en tres
factores: beneficio obtenido por la intervencion, perjuicios
atribuidos a la intervencion y esfuerzo econémico, social
y personal de la intervencion, que son criterios especial-
mente relevantes al tratar factores de riesgo prevalentes,
orientados a la prevencion en muchos casos en sujetos asin-
tomaticos. De este modo, una intervenciéon como prescribir
estatinas de potencia intermedia de bajo precio, por ejem-
plo, la simvastatina, retne todos los requisitos: es eficaz,
con escasos efectos secundarios, es muy coste-efectiva por
el bajo precio de la medicacion, es facil de implementar
en la mayor parte de sistemas sanitarios con sus actuales
estructuras sin costes adicionales y de facil cumplimento
por parte de una poblacion bien informada. Pero no todos
los tratamientos eficaces tienen este perfil. Por precio, por
efectos secundarios o por un esfuerzo adicional no asumido
por el sistema o por el individuo, en ocasiones un trata-
miento eficaz, como puede ser un cambio de estilo de vida
en el tratamiento de la obesidad y la dislipemia, tiene un
éxito muy pobre para el esfuerzo terapéutico que requiere>.
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Por ello tenemos que estratificar las intervenciones de
acuerdo con criterios mucho mas pragmaticos, y movernos
con dos conceptos clave: el NNT (nimero de pacientes nece-
sarios a tratar para evitar un evento) y el ENA (esfuerzo
necesario para aplicar la intervencion).

Hay muchos sistemas de evaluacion de riesgo disponi-
bles. Idealmente, las tablas de riesgo deberian basarse
en datos de cohortes especificos de cada pais, pero no
estan disponibles para la mayoria de los paises. Las dos
directrices principales en el tratamiento de la hipercoles-
terolemia recomiendan ecuaciones diferentes. Las guias de
las sociedades americanas: American College of Cardiology
y American Heart Association (ACC/AHA)? utilizan las deno-
minadas «pooled cohort equations» (PCE), creadas en 2003
con el objetivo de estimar el riesgo a 10 anos de desa-
rrollar un primer evento de ECVA*. Utilizaron los datos de
cohortes americanas con criterios de valoracion adjudicados
para muerte por cardiopatia coronaria, infarto de miocardio
no mortal y accidente cerebrovascular mortal o no mortal.
Seleccionaron cohortes que incluian participantes afroame-
ricanos o blancos con al menos 12 anos de seguimiento: los
estudios de riesgo de aterosclerosis en comunidades (ARIC),
Cardiovascular Health Study, Coronary Artery Risk Develop-
ment in Young Adults (CARDIA) y Framingham original y su
descendencia (Framingham Offspring Study)>®. La ecuacion
PCE estima el riesgo a 10 anos en sujetos entre 40 y 75 anos,
sin evento ECVA previo. También puede estimar el riesgo a
largo plazo a partir de los 21 anos de edad.

Las recientes directrices de las sociedades europeas de
cardiologia y arteriosclerosis (ESC y EAS, respectivamente)
sobre el tratamiento de hipercolesterolemia en la preven-
cion de las ECVA recomiendan el uso de la Systematic
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Coronary Risk Estimation (SCORE) porque se basa en conjun-
tos de datos de grandes estudios de cohortes representativas
europeas y porque es relativamente sencillo recalibrarla
para paises individuales'”’. La ecuaciéon SCORE estima el
riesgo acumulado a 10 anos de un primer evento ate-
rosclerdtico fatal en prevencion primaria y excluye a las
personas con diabetes, enfermedad renal crénica o niveles
muy altos de un factor de riesgo concreto (como ocurre con
la concentracion de colesterol LDL en los sujetos con hiper-
colesterolemia familiar), ya que todas ellas ya se encuentran
generalmente en niveles altos o muy altos de riesgo de ECVA.
No se necesitan modelos de estimacion de riesgos para estas
personas; todos necesitan una gestion activa de todos los
factores de riesgo'. Ademas, el sistema SCORE incluye cal-
culos diferentes para los paises de Europa de alto riesgo y
de bajo riesgo de ECVA. Si bien cualquier punto de corte es
arbitrario, utilizando datos de la Organizacién Mundial de la
Salud (OMS), los paises se clasifican como de bajo riesgo si
su tasa de mortalidad por ECVA de 2016 ajustada por edad
fue de < 150/100.0008. Espafa esta incluida entre los paises
de riesgo bajo.

Las caracteristicas principales de estos sistemas de eva-
luacion de riesgo y sus diferencias mas notables se describen
en la tabla 1. Una de las diferencias principales entre los sis-
temas PCE y SCORE es que el primero, PCE, calcula riesgo
de ECVA mortal y no mortal, y el segundo, SCORE, calcula
Unicamente riesgo de ECVA mortal. La razén para recomen-
dar un sistema que estima solo eventos fatales en lugar de
fatales y no fatales es que estos Ultimos dependen de su
definicion, de la realizacion de pruebas de diagndstico no
siempre estandarizadas y de los métodos de verificacion de
eventos, todos los cuales pueden variar entre estudios, lo
que complica su utilizacion en la elaboracion de la ecuacion
y su posterior interpretacion. Para poder comparar ambos
sistemas, se conoce que el riesgo de eventos totales de
ECVA es aproximadamente tres veces mayor que el riesgo
de ECVA fatal para los hombres, 3,5 veces mayor en muje-
res y unas 2,5 veces mayor en personas mayores de 65 anos.
Es decir, en un varéon de 55 afos un riesgo de SCORE del
5% se traduce en un riesgo de ECVA mortal y no mortal
del 15%'.

Existen otras muchas ecuaciones de riesgo publicadas en
los ultimos afos, que incorporan pequefas variaciones en
los factores de riesgo a utilizar. Muchas de ellas son especi-
ficas de un pais determinado (tabla 2). En Espana ha sido muy
utilizado el sistema de prediccion basado en el estudio REGI-
COR, que calibra la ecuacion de Framingham para nuestra
poblacién’®. Sin embargo, en la actualidad tanto la Sociedad
Espafola de Arteriosclerosis (SEA)'® como la de Cardiologia
(SEC)"" recomiendan el sistema SCORE para «paises de bajo
riesgo» en nuestro medio.

Otros factores que modifican el riesgo de ECVA

Las ecuaciones de riesgo de PCE y SCORE reconocen que
con los factores de riesgo mayores que incluyen edad, sexo,
colesterol total, colesterol HDL, tabaco y tension arterial
se identifican muy bien con sujetos de riesgo muy elevado,
pero son un porcentaje pequeno de la poblacién, especial-
mente en edades medias de la vida, y que la mayor parte
de ECVA ocurre en personas de riesgo intermedio. Por ese
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motivo ambos sistemas recomiendan valorar otros factores
de riesgo peor establecidos, pero que pueden ayudar a recla-
sificar a sujetos de riesgo intermedio/moderado. Este grupo
de factores modificadores incluyen parametros lipidicos
como la lipoproteina(a), o la apolipoproteina B, marcado-
res inflamatorios como la proteina c reactiva, determinadas
enfermedades como las enfermedades inflamatorias croni-
cas o la enfermedad renal crénica, o factores psicosociales
como el estrés o la exclusion social®?. La utilizacion en la
practica clinica de estos marcadores no es sencilla, ya que
la definicion y puntos de corte son totalmente arbitrarios
en la mayor parte de los factores, por lo que su utilizacion
se deja al criterio clinico del médico. Muchos otros biomar-
cadores también se asocian con un mayor riesgo de ECVA,
aunque se ha demostrado que pocos de ellos se asocian con
una reclasificacién apreciable’.

Riesgo absoluto, riesgo relativo y riesgo a lo
largo de la vida

El riesgo absoluto corresponde a la prediccion de ECVA
para un periodo futuro determinado. Tanto en PCE como
en SCORE se recomienda considerar el riesgo a 10 afnos. El
riesgo relativo es la relacion entre un determinado riesgo
absoluto de ECVA y un riesgo determinado, habitualmente
un riesgo absoluto bajo o bien el riesgo medio de una pobla-
cion determinada. El grupo de comparacion de bajo riesgo
se caracteriza cominmente como el que corresponde con
presion arterial menor de 120/80 mmHg, colesterol total
entre 160 y 199 mg/dL, colesterol HDL > 45 mg/dL para
hombres y > 55 mg/dL para mujeres, en personas no fuma-
doras y sin diabetes'. Prestar atencion al riesgo relativo
se aconseja en las guias de las sociedades europeas para
las personas jovenes. Un problema particular que tiene la
prevencion en los jovenes con factores de riesgo extremos
o multiples factores es que tienen un riesgo absoluto a 10
anos muy bajo, pero un riesgo relativo muy alto, por lo que
el calculo de este ultimo nos ayuda a valorar mejor a efi-
cacia de las medidas preventivas. El principal problema es
que no existen recomendaciones basadas en la evidencia
del beneficio de la intervencion, segun el riesgo relativo
y, nuevamente, se deja al criterio clinico la actuacion en
aquellos casos de discrepancia entre el riesgo absoluto y
relativo’. Una forma sencilla de solucionar la discordancia
entre riesgo absoluto y relativo es la indicacion de trata-
miento a todas aquellas personas con un factor de riesgo
extremo con independencia de su riesgo absoluto calculado
con las ecuaciones e independientemente de su edad. Al
igual que ocurre en el tratamiento de la hipertension arte-
rial, donde todas las recomendaciones estan de acuerdo en
iniciar tratamiento farmacologico en aquellos pacientes con
hipertensién arterial grados 2 y 3 (> 159/99 mmHg)", las
guias americanas recomiendan iniciar tratamiento hipolipe-
miante con estatinas de alta potencia en sujetos > 20 afos
con cifras de colesterol LDL > 190 mg/dL. Una indicacion
semejante se establece en las guias europeas. Otra forma
de valorar el riesgo en personas jovenes, es considerar el
calculo del riesgo total a lo largo de la vida'®. El riesgo a
20 aios se puede calcular duplicando la puntuacion de riesgo
de Framingham a 10 anos. Pencina et al. han desarrollado
un algoritmo de funcion para predecir el riesgo a 30 afos,
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Tabla 1 Estratificacion del riesgo cardiovascular en las dos principales recomendaciones internaciones

AHA/ACC ESC/EAS
Prevencién primaria
Ecuacion para el calculo de Pooled cohort equations SCORE
riesgo
Tiempo prediccion 10 anos 10 anos
Eventos predichos Infartos e ictus mortales y no mortales Mortalidad cardiovascular
ateromatosa

Factores de riesgo

Grupos de riesgo

Factores adicionales que
modifican riesgo

Ateromatosis subclinica

Prevencion secundaria
Definicion

Grupos de riesgo

Factores adicionales que
modifican riesgo

Edad, raza, sexo, colesterol, HDLc, PAS,
diabetes, tabaco y tratamiento HTA
Alto > 20%

Intermedio > 7,5-20%

Limite > 5-< 7,5%

Bajo < 5%

Historia familiar

LDLc 160-189 mg/dL

Sindrome metabdlico

Enfermedad renal crénica

Proteina C reactiva

Inflamacion croénica

Lipoproteina(a)

Apolipoproteina B

indice tobillo/brazo < 0,9
Menopausia precoz

Preeclampsia

Calcio coronario en riesgo intermedio

Sindrome coronario agudo, IAM,

angina estable o inestable o revascularizacion
coronaria u otra arteria, ictus, ataque
isquémico transitorio (AIT) o enfermedad
arterial periférica), aneurisma aortico, todos
ateroscleroticos

Muy alto riesgo

Alto riesgo

Muy alto riesgo si:

Eventos cardiovasculares multiples

o

Evento cardiovascular + multiples condiciones
de riesgo: edad > 65 anos, hipercolesterolemia
familiar, historia previa de revascularizacion
coronaria, diabetes, HTA, enfermedad renal
cronica (FG 15-59 mL/min), tabaquismo, LDLc
> 100 mg/dL, a pesar de estatinas con
ezetimiba, insuficiencia cardiaca

Edad, sexo, colesterol, HDLc, PAS,
tabaco

Muy alto > 10%

Alto > 5-< 10%

Moderado > 1-< 5

Bajo < 1%

Historia familiar

Marginacion social

Obesidad

Sedentarismo

Enfermedad renal cronica (FG

< 30 mL/min)

Estrés psicosocial

Inflamacion cronica

Fibrilacion auricular

Sida

Apnea obstructiva sueno
Hipertrofia ventricular izquierda
Calcio coronario y/o

ecografia carotidea y femoral en
riesgo bajo o moderado

Todo evento arterioscleroso
documentado, bien sea clinico o
inequivoco en imagen: placa
significativa en la angiografia
coronaria o TAC (enfermedad
coronaria multivaso con dos
arterias epicardicas principales que
tienen > 50% de estenosis), o
en la ecografia carotidea.
Todos considerados de muy alto
riesgo

AHA/ACC: American Heart Association/American College of Cardiology; ESC/EAS: European Society of Cardiology/European Atheros-
clerosis Society; HDLc: colesterol transportado en las lipoproteinas de alta densidad; PAS: presion arterial sistolica; LDLc: colesterol
transportado en las lipoproteinas de baja densidad; HTA: hipertension arterial; FG: filtrado glomerular; IAM: infarto agudo de miocardio.

de acuerdo con los factores de riesgo convencionales que
siguen siendo los predictores mas sélidos'’. Tanto la AHA
como la ACC tienen calculadoras de riesgo a lo largo de la

Riesgo en ancianos

ome Las ecuaciones de SCORE y PCE estan disefadas para perso-
vida“. nas hasta los 70y 75 afos, respectivamente, y ambas tienden
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Tabla 2 Otras ecuaciones utilizadas en la estimacion de riesgo cardiovascular en sujetos sin enfermedad cardiovascular

ateromatosa

Ecuacion (region) Tiempo prediccion

Tipo enfermedad

Predictores

Framingham (EE. UU.) 10 anos
ASSIGN (Escocia) 10 anos
QRISK2 (Inglaterra y 10 anos
Gales)
PROCAM (Alemania) 10 anos
isquémico
REYNOLS (EE. UU.) 10 anos
coronaria
REGICOR (Espana) 10 anos
GLOBORISK (mundial) 10 anos

Eventos coronarios

Eventos cardiovasculares

Eventos cardiovasculares

Eventos coronarios e ictus

Eventos cardiovasculares,
incluyendo revascularizacion

Infarto miocardio mortal y no
mortal, infarto silente, angina
Mortalidad cardiovascular

Sexo, edad, colesterol total, HDLc,
PAS, tabaquismo, diabetes,
tratamiento hipertension

Sexo, edad, colesterol total, HDLc,
tabaquismo, diabetes, pobreza,
historia familiar

Sexo, edad, colesterol total/HDLc,
tabaquismo, diabetes, pobreza,
historia familiar, IMC, tratamiento
antihipertensivo, etnia, artritis
reumatoide, enfermedad renal
cronica (FG < 30 mL/min), fibrilacion
auricular

Sexo, edad, LDLc, HDLc, diabetes,
tabaquismo, PAS

Sexo, edad, PAS, tabaquismo, PCR,
colesterol total, HDLc, antecedentes
familiares de IAM (padres < 60 anos),
HbA1c

Edad, sexo, tabaquismo, diabetes,
colesterol total, HDLc, PAS, PAD
Sexo, edad, tabaco, PAS, diabetes,
colesterol total

HDLc: colesterol transportado en las lipoproteinas de alta densidad; PAS: presion arterial sistolica; IMC: indice de masa corporal; FG:
filtrado glomerular; LDLc: colesterol transportado en las lipoproteinas de baja densidad; PCR: proteina C reactiva; IAM: infarto agudo

de miocardio; PAD: presion arterial diastolica.

a sobrevalorar el riesgo en los extremos de edad avanzada,
como hemos senalado anteriormente. Los diferentes ensa-
yos clinicos de forma relativamente consistente demuestran
beneficio clinico en adultos hasta los 80 afos'®, a partir de
esa edad, los datos disponibles son mucho mas escasos y
las necesidades de tratamiento hipolipemiante mas discuti-
bles y, por tanto, la necesidad de una prediccion de riesgo
es menos importante. A medida que los adultos envejecen,
son mas susceptibles a los efectos secundarios y algunos ries-
gos pueden superar al beneficio esperado'®. Lo razonable es
mantener tratamientos instaurados previamente si la cali-
dad y esperanza de vida del sujeto son buenos, y en caso
de plantear el inicio de un tratamiento hipolipemiante a
partir de los 80 anos hacer un proceso de toma de decisio-
nes compartido entre médicos y pacientes donde se valore
comorbilidad, polifarmacia, esperanza de vida, asi como las
preocupaciones y expectativas del enfermo.

Riesgo en prevencion secundaria

El documento de recomendaciones de las sociedades euro-
peas califica de muy alto riesgo a un grupo importante de
pacientes, entre los que incluye a toda la poblacion con ECVA
clinica, o subclinica, cualquier sujeto con hipercolestero-
lemia familiar junto con un factor de riesgo, sujetos con
riesgo SCORE > 10% a 10 anos y pacientes con filtrado glo-
merular < 30 mL/min’. Esta aproximacion es discutible. Hay
que considerar que el riesgo en prevencion secundaria es

extraordinariamente variable entre sujetos y que conoce-
mos los factores asociados con recurrencias (tabla 3)%. La
estratificacion del riesgo en prevencion secundaria puede
ser (til para identificar al subgrupo de pacientes que pueden
beneficiarse de tratamiento con iPCSK9, como reciente-
mente ha recomendado la SEA y que incluye a sujetos con
ECVA, pero con algin factor de riesgo adicional como dia-
betes, enfermedad polivascular, enfermedad renal cronica o
lipoproteina (a) > 50 mg/dL?'. También las recomendaciones
de las sociedades ACC y AHA clasifican a los pacientes con
ECVA en dos grupos: alto y muy alto riesgo. Muy alto riesgo
en caso de eventos cardiovasculares multiples, o bien evento
cardiovascular asociado con mUltiples condiciones de riesgo
como edad > 65 anos, hipercolesterolemia familiar, historia
previa de revascularizacion coronaria, diabetes, HTA, enfer-
medad renal crénica (filtrado glomerular 15-59 mL/min),
tabaquismo, LDLc > 100 mg/dL, a pesar de estatinas con
ezetimiba e insuficiencia cardiaca (tabla 1).

Papel de las técnicas de imagen cardiovascular
no invasivas en la evaluacién del riesgo total
de enfermedad cardiovascular

Las técnicas de imagen no invasivas pueden detectar la pre-
sencia, estimar la extension y evaluar las consecuencias
clinicas del dano vascular aterosclerdtico. La deteccion de
la calcificacion de las arterias coronarias con tomografia
computarizada (TC), sin contraste, proporciona una buena
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Tabla 3

Factores de riesgo de recurrencia de enfermedad cardiovascular ateromatosa*

Factores de riesgo

NUm. de factores

Riesgo a 7 anos (%)

- Insuficiencia cardiaca
- Hipertension
- Edad > 75 anos
- Diabetes
- Enfermedad polivascular
- Antecedente de bypass coronario
- Enfermedad renal cronica (FG < 60
mL/min)
- Tabaquismo

IV A WwN = O

8,6

14,7
21,5
33,1
48,7
68,4

* Datos obtenidos de Bohula EA, et al. J Am Coll Cardiol 2017;69:911-21.

estimacion de la carga aterosclerotica y esta fuertemente
asociada con el riesgo de desarrollar ECVA?2. El calcio coro-
nario, aunque no se dispone de estudios aleatorizados para
conocer el verdadero valor de su uso clinico, mejora tanto
la discriminacion como la reclasificacion. Por ello, tanto las
recomendaciones europeas como las americanas sefialan su
valor en sujetos con riesgo intermedio/moderado, aunque
sin hacer una recomendacion explicita de su utilizacién en
la practica clinica. En general, se debe considerar la eva-
luacion del calcio coronario con TC en individuos con riesgo
moderado en quienes el objetivo de colesterol LDL no se
logra con medidas higiénico-dietéticas, y la terapia farmaco-
logica es una opcion viable. La mayoria de los pacientes con
puntuaciones de calcio coronario > 100 unidades de Agats-
ton tienen un riesgo suficientemente elevado a 10 afos para

empezar tratamiento hipolipemiante?’. Las guias europeas
también consideran la deteccion de placa por ultrasonidos
en arterias carotidas y femorales en la estratificacion del
riesgo en dos aspectos: Al igual que el calcio coronario,
la presencia de placa en cualquiera de los dos territorios
estaria indicada en sujetos de riesgo moderado para esta-
blecer la indicacion de estatinas; y en aquellos sujetos que
la ecografia demuestre estenosis ateromatosa > 50% serian
considerados directamente como sujetos de muy alto riesgo.
Dada la alta prevalencia de placas en la poblacion general,
incluida la poblacidn espafola?*, muy superior a la prevalen-
cia de calcio coronario > 100 unidades Agatston, el primer
supuesto seria mas discutible en ausencia de ensayos cli-
nicos aleatorizados que avalen la modificacion terapéutica
con base en hallazgos de placa femoral o carotidea.

Tabla4 Objetivos terapéuticos en las dos principales recomendaciones internaciones de tratamiento de la hipercolesterolemia

AHA/ACC

ESC/EAS

Prevencion primaria

Grupos de riesgo

LDLc > 190 mg/dL

Diabetes 40-75 anos

Diabetes 40-75 anos + factor de
riesgo

Diabetes 20-39 anos +
afectacion organo diana

Riesgo muy alto

Riesgo alto
Riego intermedio

Riesgo bajo
Ezetimiba

Estatina alta potencia
Estatina potencia intermedia
Estatina alta potencia

Estatina alta potencia
Estatina potencia intermedia

Diabetes 40-75 anos + riesgo > 20%, si

reduccion LDLc < 50%
LDLc > 190 mg/dL si reduccion LDLc <

50%
Prevencion secundaria
Riesgo muy alto
Riesgo alto
Farmacos no estatinas

> 50% reduccion
Basado en el riesgo

> 50% reduccion + LDLc < 70 mg/dL

Estatina potencia intermedia

LDLc < 55 mg/dL + > 50%
reduccion

LDLc < 70 mg/dL + > 50%
reduccion

LDLc < 100 mg/dL

LDLc < 116 mg/dL

Fuera de objetivos con estatinas

LDLc < 55 mg/dL

Basado en la cifra de LDLc

* No establece criterio de edad.

AHA/ACC: American Heart Association/American College of Cardiology; ESC/EAS: European Society of Cardiology/European Atheroscle-
rosis Society; LDLc: colesterol transportado en las lipoproteinas de baja densidad.
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Objetivos terapéuticos

Una vez establecido el riesgo, los sujetos se clasifican en
diferentes grupos de riesgo que son relativamente semejan-
tes para las dos recomendaciones que venimos comentando
(tabla 1). Si comparamos las guias americanas y europeas,
estas Ultimas tienden a clasificar a mayor nUmero de suje-
tos como de riesgo moderado, alto y muy alto, por lo que
resultan mas intervencionistas que las americanas.

Con respecto a los objetivos basados en el riesgo, ambas
recomendaciones siguen patrones de intervencion muy dife-
rentes. Las guias europeas sehalan al colesterol LDL como
objetivo terapéutico (tabla 4). Sefalan objetivos de reduc-
cion porcentual y objetivos de colesterol LDL a lograr en
términos absolutos. Desde el punto de vista farmacoldgico,
recomiendan iniciar tratamiento con estatinas y ascender
en dosis y potencia hasta lograr objetivos y luego los trata-
mientos con estatinas potentes a dosis maxima tolerada, y
dar ezetimiba en caso de no lograr objetivos. Como tercer
escalon indican los iPCSK9 en todos los sujetos en pre-
vencion secundaria fuera de objetivos y en aquellos en
prevencion primaria de muy alto riesgo, especialmente si
tienen hipercolesterolemia familiar. Establecen objetivos
muy ambiciosos que llegan a 40 mg/dL en aquellos suje-
tos con recurrencias antes de dos anos de ECVA, a pesar de
tratamiento con estatinas de alta intensidad, e inferiores a
55 mg/dL para todos los sujetos de muy alto riesgo’. Estas
indicaciones tan ambiciosas son un tema complicado porque
no existe evidencia solida de la eficiencia de dichas reco-
mendaciones. Todos los ensayos clinicos aleatorizados con
hipolipemiantes nos indican que cuanto mas bajo el coles-
terol LDL, mayor beneficio?, por lo que, a coste cero, todos
los pacientes de alto riesgo deberian llevar triple terapia
(estatina potente + ezetimiba + iPCSK9), sin importar sus
cifras de colesterol LDL. Pero este no es el escenario real.
Una mujer joven con hipercolesterolemia familiar, sin facto-
res de riesgo mayores con una concentracion de colesterol
LDL > 200 mg/dL requeria la triple terapia de por vida para
llevarla a 70 mg/dL y esto supone un esfuerzo terapético no
asumible.

A diferencia de las guias europeas, las guias de la
ACC/AHA siguen fundamentandose en un tipo de farmaco,
basicamente estatinas de potencia intermedia o alta, para
cada nivel de riesgo?. Reservando la ezetimiba solamente
en determinados sujetos con hipercolesterolemia familiar
o diabetes, y en sujetos de muy alto riesgo, con indi-
caciones todavia mas restrictivas para los iPCSK9 (tabla
4).

En resumen, el tratamiento hipolipemiante tiene como
objetivo fundamental reducir el riesgo de ECVA y todas las
intervenciones terapéuticas deben ajustarse al riesgo basal
del sujeto a tratar. Esto nos obliga a una cuantificacion apro-
ximada del riesgo absoluto y relativo del paciente a tratar.
La ecuacion de riesgo SCORE para paises de bajo riesgo
es el sistema recomendado en nuestro medio para cuan-
tificar el riesgo de ECVA a 10 afos, y las intervenciones
deben modularse con base en dicho riesgo calculado. Las
pruebas de imagen, especialmente el calcio coronario y la
ecografia vascular, pueden ayudar a perfilar mejor el riesgo
y establecer un tratamiento mas adecuado en sujetos con
riesgo moderado. Los estudios de intervencion nos indican
que el colesterol LDL cuanto mas bajo mejor, pero debemos
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conocer la eficiencia de cada intervencion para seleccionar
de forma correcta los pacientes a tratar?.
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Introduction

Heterozygous familial hypercholesterolaemia (HeFH), the
most frequent monogenic disorder of human metabolism
caused by mutations in the genes encoding for the low-
density lipoprotein (LDL) receptor [1], apolipoprotein (Apo)
B [2], proprotein convertase subtilisin/kexin-type 9 (PCSK9)
[3] or apo E [4], entails high LDL cholesterol concentrations.
Natural history studies in HeFH revealed that approxi-
mately 50% and 30% of men and women, respectively,
would develop coronary heart disease by the age of 50
[5—7]. The introduction and widespread use of statins in
recent years has markedly improved the prognosis for
these patients [8—11]. However, the sad reality is that HeFH
patients are undertreated and the achievement rate of
therapeutic goals is unacceptably low [12—15]. Therefore,
the 2019 European Society of Cardiology (ESC)/European
Atherosclerosis Society [16] (EAS) guidelines for the man-
agement of dyslipidaemias advocate starting cholesterol-
lowering treatment with high-intensity statins, in most
cases combined with ezetimibe, as soon as possible after
HeFH diagnosis and recommend a more aggressive LDL
cholesterol therapeutic target in this specific population.

It has been assumed that the relative reduction in LDL
cholesterol with statins in HeFH patients is roughly the same
as in the general population regardless of the genetic defect
[17,18], although absolute reductions often exceed those re-
ported in the general population owing to higher baseline
LDL cholesterol in HeFH patients. Similarly, the established
dose-dependent LDL cholesterol reduction with statins and
their different potency in terms of LDL-lowering effect also
applies to HeFH. Furthermore, the response to the same
statin dose revealed a considerable individual variation in
patients without HeFH [19,20] and although the exact
mechanism remains a matter of debate, high LDL cholesterol
levels appear to play a role in this variability [21].

Cardiovascular risk in HeFH is largely driven by LDL
cholesterol levels, with the efficacy of lipid-lowering
therapy being based on mean LDL cholesterol reductions
among randomised trials and among statins performing
head-to-head. The present study aimed to compare mean
LDL and non-high-density lipoprotein (HDL) cholesterol
reductions and their variability achieved with different
doses of the 3 most frequently prescribed statins in
monotherapy or combined with ezetimibe, using individ-
ual data of clinically-defined HeFH subjects of the Spanish
Atherosclerosis Society (SEA) Dyslipidaemia Registry. The
percentage changes in LDL and non-HDL cholesterol with
statins alone in HeFH subjects with a confirmed genetic
mutation together with factors associated with a subop-
timal response in LDL cholesterol levels were also
evaluated.

Methods
Study protocol

The SEA Dyslipidaemia Registry was created on 2013 as an
active on-line registry in which 65 certified lipid clinics

across Spain report cases of various types of primary
hyperlipidaemias [22]. Anonymous clinical data collection
in this registry was approved by a central ethics committee
(Comité Etico de Investigacion Clinica de Aragén, Zaragoza,
Spain) in accordance with the 1975 Declaration of Helsinki
and participants gave their written informed consent.
Minimum data for the inclusion of cases in the registry
are: age, sex, smoking status, history of type 2 diabetes
mellitus (T2DM), hypertension and cardiovascular disease
(CVD) and age at diagnosis, body mass index, waist
circumference, complete lipid profile including total
cholesterol, LDL cholesterol, triglycerides and HDL
cholesterol levels without lipid-lowering treatment at
diagnosis.

The registry is designed so that at least once a year the
data of the clinical evolution of the included patients is
updated, with new anthropometric data, changes in risk
factors or medications, and the appearance of new car-
diovascular events. This provides an excellent framework
to evaluate the impact of lipid-lowering therapies in a real
clinical scenario.

CVD is defined as coronary heart disease (myocardial
infarction, acute coronary syndrome with stenosis >50% of
a main coronary artery and coronary revascularization),
stroke (ischaemic and haemorrhagic), aortic aneurysm and
lower limb ischaemia (intermittent claudication with
ankle/brachial index < 0.9 or revascularization of lower
limb arteries). Arterial hypertension is defined as systolic
blood pressure >140 mm Hg or diastolic blood pressure
>90 mm Hg or self-reported use of antihypertensive
medication. T2DM is defined as fasting blood glucose
>125 mg/dL, HbAlc > 6.5% or taking blood glucose-
lowering drug therapy. Current smoking is defined as
current smoking or having smoked in the last year. Former
smoker is defined as a subject having smoked at least 50
cigarettes in his lifetime, but not having smoked in the last
year.

Finally, a suboptimal LDL cholesterol improvement is
defined as a <15% reduction in LDL cholesterol levels
compared to baseline values for patients on low-to mod-
erate-intensity statin treatment (atorvastatin 10—20 mg,
rosuvastatin 5—10 mg and simvastatin 10—40 mg). This
definition is based on clinical experience and previous
studies since no standard criteria have been established
[23]. Moreover, based on the results of the VOYAGER meta-
analysis [23], this cut-of level was upgraded to a <30%
reduction for subjects receiving high-intensity statins
(atorvastatin 40—80 mg and rosuvastatin 20—40 mg).

In the present study, all patients from the registry >18
years of age with probable or definite HeFH according to the
Dutch Lipid Clinic Network criteria (DLCN) [ 7] with complete
information on their lipid-lowering therapy and lipid profile
before and after receiving specific treatment were included.
The last lipid-lowering drug treatment followed by the pa-
tient for at least 3 months without changes was collected.
Exclusion criteria were lack of data on lipid-lowering therapy
or on complete lipid profile, DLCN <6 points and homozy-
gous familial hypercholesterolaemia. Patients who had
received statin therapy other than atorvastatin, rosuvastatin
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or simvastatin were also excluded. Of the 5620 cases with
primary hypercholesterolaemia listed in the SEA registry,
2894 with DLCN >6 points were finally included.

Statistical analysis

Data were expressed as mean + standard deviation for
continuous variables. Categorical variables were expressed
as percentages and frequencies. The percentage change
from baseline in LDL cholesterol and non-HDL was calcu-
lated for each patient regarding the different types of
statin and dose. A multiple regression logistic model was
applied and odds ratios (OR) with 95% confidence intervals
(CI) were calculated to assess factors related to a subop-
timal LDL cholesterol improvement. A two-sided p
value < 0.05 was considered statistically significant. Ana-
lyses were performed with SPSS (version 19.0 for Win-
dows; SPSS, Chicago, IL).

Results

Of the 2894 included patients, 540 presented probable and
2354 definite HeFH (Fig. 1). The main clinical characteris-
tics of the patients together with family and personal
history and baseline lipid profile are described in Table 1:
1907 (65.9%) presented definite HeFH with a confirmed
genetic mutation, 447 (15.4%) definite HeFH with no ge-
netic mutation and 540 (18.7%) probable HeFH. Mean
follow-up time of the subjects was 5.2 & 3.1 years.

5 S0 mbgects > IR yoan
Wl primary
vt b bewtstihianTiin

LDL cholesterol change

Statins in monotherapy

Atorvastatin was the most frequently prescribed treatment in
the 1155 HeFH patients who received statin alone (39.9% of
the total included patients), with 40 mg being the most used
dosage. The lowest mean percentage LDL cholesterol reduc-
tion was observed with 10 mg of simvastatin (30.2 + 17.0%)
while the highest was obtained with rosuvastatin 40 mg
(48.2 + 14.7%). Atorvastatin 10—80 mg reduced LDL choles-
terol levels by a mean of 32.5 + 23.3%, to 48.1 + 21.8%. As for
rosuvastatin, doses of 5—40 mg lowered LDL cholesterol
levels by a mean of 35.5 4+ 19.6% to 48.2 4 14.7%. Finally,
simvastatin 10—40 mg lowered LDL cholesterol levels by a
mean of 30.2 + 17.0% to 36.1 + 21.8% (Fig. 2).

Statins combined with ezetimibe

One thousand, seven hundred and thirty-nine HeFH pa-
tients were treated with a statin plus ezetimibe (60% of the
total included patients), with atorvastatin being the most
frequently combined statin; regarding dosage, 40 mg was
the most used. Again, the lowest and highest mean per-
centage LDL cholesterol reduction was obtained with
ezetimibe plus simvastatin 10 mg (41.6 & 22.6%) and plus
rosuvastatin 40 mg (59.7 + 15.5%), respectively. Atorvas-
tatin 10—80 mg with ezetimibe lowered LDL cholesterol by
a mean of 45.6 + 17.2% to 54.9 + 16.5%. As for rosuvastatin,
doses 5—40 mg combined with ezetimibe reduced LDL
cholesterol levels by a mean of 44.7 + 23.4% to
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Figure 1 Study flow diagram of the patients included in the database. DLCN: Dutch Lipid Clinic Network; HeFH: heterozygous familial hyper-
cholesterolaemia; HoFH: homozygous familial hypercholesterolaemia; PCSK9: proprotein convertase subtilisin/kexin type 9.
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Table 1 Baseline characteristics of the 2894 patients with heterozygous familial hypercholesterolaemia.

VARIABLE

Definite HeFH with mutation

Definite HeFH without mutation

Probable HeFH

DEMOGRAPHIC CHARACTERISTICS
Total subjects, n (%)

Male sex, n (%)

Age (years), mean =+ SD

BMI (kg/m?), mean + SD

GENETIC INFORMATION

Affected gene, n (%)

Phenotype, n (%)

FAMILY HISTORY

Paternal hypercholesterolaemia, n (%)
Maternal hypercholesterolaemia, n (%)
Paternal CVD, n (%)

Maternal CVD, n (%)

Premature CVD in a first-degree relative, n (%)
PERSONAL HISTORY

CVD, n (%)

T2DM, n (%)

Hypertension, n (%)

Systolic BP (mmHg), mean + SD
Diastolic BP (mmHg), mean + SD
Tendinous xanthomata, n (%)

Arcus cornealis before age 45 years, n (%)
Smoking, n (%)

LIPID PROFILE

Total cholesterol (mg/dL), mean + SD
HDL cholesterol (mg/dL), mean + SD
Non-HDL cholesterol (mg/dL), mean + SD
LDL cholesterol (mg/dL), mean + SD
Triglycerides (mg/dL), mean + SD

1907 (65.9)
903 (47.4)
494 +17.2
255 + 4.7

447 (15.4)
209 (46.8)
56.1 + 12.7
274+ 47

LDLR: 1808 (94.8) APOB/APOE:

82 (4.3) PCSK9: 17 (0.9)

Simple heterozygous: 1770 (92.8)
Combined heterozygous: 82 (4.3)

780 (40.9)
868 (45.5)
313 (16.4)
153 (8.0)

583 (30.6)

265 (13.9)
101 (5.3)
302 (15.8)
120.8 + 35.1
743 + 394
514 (27.0)
494 (25.9)
390 (20.5)

347.1 £ 87.3
55.0 £ 15.8

292.0 + 88.4
268.8 + 85.6
117.5 + 82.6

196 (43.8)
185 (41.4)
117 (26.2)
51 (11.4)

189 (42.3)

70 (15.7)

35 (7.8)

113 (25.3)
125.5 + 29.2
763 + 17.8
289 (64.7)
207 (46.3)
121 (27.1)

375.5 £ 81.3
55.8 + 14.6

319.7 £ 82.5
290.7 + 81.2
145.1 + 73.8

540 (18.7)
289 (53.5)
54.8 + 12.7
26.8 + 43

193 (35.7)
204 (37.8)
137 (25.4)
41 (7.6)

172 (31.9)

137 (25.4)
62 (11.4)
146 (27.0)
125.7 + 28.6
76.0 + 18.0
85 (15.7)
210 (38.9)
146 (27.0)

342.1 + 84.8
54.0 + 14.7
288.1 £ 85.3
2532 +£ 744
163.8 + 142.9

BMI: body mass index; BP: blood pressure; CVD: cardiovascular disease; HDL: high-density lipoprotein; LDL: low-density lipoprotein; non-HDL:
non-high-density lipoprotein; SD: standard deviation; T2DM: type 2 diabetes mellitus.
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Figure 2 Mean percentage change in LDL cholesterol with statin treatment alone and combined with ezetimibe. ATV: atorvastatin; LDL: low-
density lipoprotein; RSV: rosuvastatin; SIM: simvastatin.
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59.7 4 15.5%, and simvastatin 10—40 mg with ezetimibe by
a mean of 41.6 + 22.6% to 52.4 + 15.1% (Fig. 2).

One hundred and sixty-seven patients (6% of the sub-
jects with monotherapy) achieved an LDL cholesterol
level < 100 mg/dL with statins alone (27.5% on atorvastatin
80 mg and 16.8% on rosuvastatin 40 mg) and 329 (28.1%)
with combined treatment (24.3% with atorvastatin 80 mg
and 21.3% with rosuvastatin 40 mg).

Regarding LDL cholesterol <70 mg/dL, 31 (2.8% of sub-
jects with monotherapy; 25.8% on atorvastatin 80 mg and
25.8% on rosuvastatin 40 mg) and 56 (4.8% of subjects with
combined treatment; 21.4% with atorvastatin 80 mg and
21.4% with rosuvastatin 40 mg) reached this specific LDL
goal with statin monotherapy and combined treatment,
respectively.

Non-HDL cholesterol change

Statins in monotherapy

The lowest mean percentage of non-HDL cholesterol
reduction with statins in monotherapy was observed with
simvastatin 10 mg (27.9 + 16.7%) while the highest was
attained with atorvastatin 80 mg (46.4 & 19.5%). Atorvas-
tatin 10—80 mg reduced non-HDL cholesterol levels by a
mean of 30.5 + 22.3% to 46.4 + 19.5%. As for rosuvastatin,
doses 5—40 mg reduced non-HDL cholesterol levels by a
mean of 32.6 & 18.8% to 45.5 & 14.2%. Finally, simvastatin
10—40 mg obtained a reduction in non-HDL cholesterol
levels by a mean of 27.9 + 16.7% to 35.3 + 21.7% (Fig. 3).
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Statins combined with ezetimibe

The lowest mean percentage change in non-HDL
cholesterol was achieved with simvastatin 10 mg and
ezetimibe (38.8 + 22.0%) while the greatest mean per-
centage reduction was observed with rosuvastatin
40 mg and ezetimibe (56.2 4+ 15.3%). Atorvastatin
10—80 mg plus ezetimibe reduced non-HDL cholesterol
by a mean of 43.5 &+ 17.5% to 51.3 + 18.5%. Rosuvastatin
5—40 mg with ezetimibe lowered non-HDL cholesterol
levels by a mean of 414 4+ 23.5% to 56.2 + 15.3%.
Finally, simvastatin 10—40 mg and ezetimibe produced a
drop in non-HDL cholesterol levels by a mean of
38.8 + 22.0% to 49.7 + 15.2%. All these results are
summarised in Fig. 3.

LDL and non-HDL cholesterol percentage change in HeFH
patients with and without a confirmed genetic mutation

After the effect of statins in monotherapy on LDL and non-
HDL cholesterol concentrations had been evaluated, sub-
jects were stratifyied the in 3 groups (definite HeFH with a
confirmed genetic mutation, definite HeFH with no genetic
mutation, and probable HeFH). In the first group, rosu-
vastatin 40 mg was superior to the two other statin types
and doses regarding LDL cholesterol percentage reduction
(47.8 £ 3.9%). With respect to non-HDL cholesterol, ator-
vastatin 80 mg was better than the other treatment types
(45.4 4 28.1%).

In subjects with DLCN score >8 points but with no
genetic mutation, rosuvastatin 40 mg was superior to the
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Figure 3 Mean percentage change in non-HDL cholesterol with statin treatment alone and combined with ezetimibe. ATV: atorvastatin; non-HDL:

non-high-density lipoprotein; RSV: rosuvastatin; SIM: simvastatin.
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Table 2 Mean percentage change in LDL and non-HDL cholesterol with statin treatment in HeFH subjects, stratified as definite HeFH with

mutation, definite HeFH without mutation, and probable HeFH.

Statin type Definite HeFH with mutation

Definite HeFH without mutation

Probable HeFH

el Goss ey LDL Non-HDL N (%) LDL Non-HDL N (%) LDL cholesterol Non-HDL
cholesterol  cholesterol cholesterol  cholesterol reduction (%)  cholesterol
reduction (%) reduction (%) reduction (%) reduction (%) (mean + SD)  reduction (%)
(mean + SD) (mean + SD) (mean + SD) (mean =+ SD) (mean =+ SD)

General 1907 (65.9) 43.1 £25.1 41.0+243 447 (154) 482 264 45.6+23.6 540(18.7) 43.6 +27.3 41.0 + 25.7

results

Atorvastatin

10 mg 198 (104) 336 +23.1 284+ 11.1 25(5.6) 36.1+£154 33.6+19.2 52 (9.6) 344 + 154 29.1 + 16.6

20 mg 262 (13.7) 372 +£253 347 4+20.1 42(94) 39.1+213 375+171 60(11.1) 37.6 +17.1 36.2 + 15.2

40 mg 282 (14.8) 414 +21.0 3814192 49(11.0) 412+ 31.6 399+241 82(15.2) 40.2 +255 38.5 + 31.1

80 mg 123 (6.4) 452 +£232 4544281 30(6.7) 494 4+ 251 4594+ 11.0 46 (8.5) 473 + 111 46.5 + 19.0

Rosuvastatin

5 mg 84 (4.4) 371 +£19.1 348 +£24.7 32(7.2) 383 +£19.1 3524222 62(11.5) 388 +9.23 35.6 + 16.6

10 mg 144 (7.6) 432 +200 39.0+ 185 51(114) 435+23.7 395+41.8 48(8.9) 39.7 £ 151 373 £ 23.7

20 mg 178 (9.3) 463 +16.8 432 +21.1 48(10.7) 476 £253 457 +203 32(59) 452 +253 423 + 153

40 mg 78 (4.1) 478 £393 444+ 121 47(10.5) 51.0+213 4864193 36(6.7) 49.2+13.8 45.5 4+ 45.7

Simvastatin

10 mg 91 (4.8) 31.1£199 275+13.1 43(9.6) 32.0 £30.1 28.1+154 43(8.0) 31.7 £ 17.2 253 +12.2

20 mg 312 (164) 328 +434 303 +359 35(7.8) 355 +213 303 +£17.2 41(7.6) 34.2 + 20.0 273 + 14.8

40 mg 155 (8.1) 35.7 £13.8 32.7+21.2 45(10.1) 39.0+19.2 3454546 38(7.0) 389 + 16.5 31.8 £ 544

HeFH: heterozygous familial hypercholesterolaemia; LDL: low-density lipoprotein; non-HDL: non-high-density lipoprotein; SD: standard de-

viation.

other statins both for LDL (51.0 + 21.3%) and non-HDL
cholesterol (48.6 + 19.3%) normalisation.

Finally, in subjects with probable HeFH, rosuvastatin
40 mg was more effective than the other lipid-lowering
treatments for reducing LDL cholesterol (49.2 + 13.8%),
whereas atorvastatin 80 mg was superior for lowering
non-HDL cholesterol (46.5 + 19.0%). These results are
further detailed in Table 2.

Factors associated with suboptimal LDL cholesterol level
improvement

Finally, 18.1% (atorvastatin 10—20 mg), 13.5% (rosuvastatin
5—10 mg) and 20% (simvastatin 10—40 mg) of subjects had
suboptimal response, defined as a <15% reduction in LDL
cholesterol levels. As for high-intensity statin therapy,
20.3% and 174% of patients receiving atorvastatin
40—80 mg and rosuvastatin 20—40 mg, respectively, pre-
sented a <30% reduction in LDL cholesterol levels.

A multiple logistic regression model to assess factors
related to a suboptimal response in LDL cholesterol to
statin therapy was applied. In this respect, when subop-
timal response was considered to be a <15% reduction in
LDL cholesterol levels, male sex was independently asso-
ciated with a greater probability of being a hypo-
responder. Moreover, as age or baseline LDL cholesterol
levels were higher, the possibility of presenting a poor
response to statins was lower. When suboptimal response
as a <30% reduction in LDL cholesterol levels (patients
being treated with atorvastatin 40—80 mg or rosuvastatin
20—40 mg) was taken into account, only low baseline LDL
cholesterol concentrations were found to be an associated
factor. A positive genetic diagnosis was not associated with

a suboptimal response when both <15% and <30%
reduction criteria were considered (Table 3).

Table 3 Logistic regression analysis evaluating factors associated
with suboptimal response in LDL cholesterol improvement.

Odds ratio 95% CI p

Suboptimal response ( < 15% reduction in LDL

cholesterol levels)”
Sex (male) 1.488 1.177-1.881 0.001
Age” 0.978 0.970—-0.987 < 0.001
BMI 1.008 0.925-1.099 0.851
CVD 0.716 0.141-3.647 0.688
T2DM 1.057 0.548—2.039 0.935
Hypertension 1.153 0.762—-1.747  0.202
Baseline LDL cholesterol® 0.980 0.974-0.987 < 0.001
Genetic mutation 1.949 0.967-3.929 0.062
Suboptimal response ( < 30% reduction in LDL

cholesterol levels)!
Sex (male) 1.362 0.828—2.242 0.224
Age” 0.996 0.969—1.023 0.789
BMI 0.969 0.913—-1.028 0.296
CVD 2.317 0.845—-6.353  0.102
T2DM 2.370 0.457—12.302 0.305
Hypertension 0.752 0.341-1.660 0.481
Baseline LDL cholesterol® 0.981 0.976-0.986 < 0.001
Genetic mutation 1.610 0.347—-1.075 0.08

BMI: body mass index; CI: confidence interval; CVD: cardiovascular
disease; LDL: low-density lipoprotein; T2DM: type 2 diabetes
mellitus.
Values in bold indicate results with statistical significance.

¢ Only in heterozygous familial hypercholesterolaemia patients
treated with atorvastatin 10-20 mg, rosuvastatin 5—10 mg and
simvastatin 10—40 mg.

b For every 5-year increase in age.

¢ For every 10 mg/dL increase in LDL cholesterol.

4 Only in heterozygous familial hypercholesterolaemia patients
treated with atorvastatin 40—80 mg or rosuvastatin 20—40 mg.
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Figure 4 Patients receiving high-intensity statin treatment combined with ezetimibe and achieving LDL cholesterol targets. ATV: atorvastatin;
HeFH: heterozygous familial hypercholesterolaemia; LDL: low-density lipoprotein; RSV: rosuvastatin.

Percentage of patients achieving LDL cholesterol targets
with high-intensity combined treatment

High-intensity combined treatment includes atorvastatin
40—80 mg or rosuvastatin 20—40 mg, both combined with
ezetimibe 10 mg. The numbers of subjects receiving either
combination and those achieving LDL cholesterol targets
are shown in Fig. 4. The combined treatment with ator-
vastatin 20 mg yielded the lowest percentage of subjects
reaching LDL cholesterol targets (60.1%), while the rosu-
vastatin 40 mg combination had more favourable results
regarding the number of subjects achieving LDL choles-
terol goals (77.3%).

Discussion

The present study evaluated LDL and non-HDL reductions
in HeFH patients with different types and doses of statins
alone or combined with ezetimibe in a real clinical setting.
Rosuvastatin 40 mg and atorvastatin 80 mg in mono-
therapy were superior to the other statins type and doses
regarding LDL and non-HDL cholesterol level improve-
ment. As to combined treatment, rosuvastatin 40 mg was
superior to the other types of statin regarding LDL and
non-HDL cholesterol normalisation, and was also superior
in HeFH patients with a positive genetic mutation. A
suboptimal response was observed in 13.5—20.3% of sub-
jects, with male sex, younger age and low baseline LDL
cholesterol levels being the factors associated with a
suboptimal response.

The CURVES study [24], the first to compare the
lipid-lowering efficacy of diverse HMG-CoA reductase
inhibitors, reported that atorvastatin 10, 20 and 40 mg
produced greater LDL cholesterol reductions than the
milligram equivalent doses of simvastatin, pravastatin,
lovastatin and fluvastatin (rosuvastatin was not avail-
able at that time). Furthermore, atorvastatin 10—80 mg
showed a mean percentage reduction in LDL choles-
terol levels from 38 + 10% to 54 4+ 9%, which was
slightly greater than the results obtained in the present
study (32.5 + 23.3% to 48.1 + 21.8%), and probably due
to the present study having focused on the HeFH
population.

Furthermore, it has been reported that doubling the
statin dose generates on average a further 6% reduction in
LDL cholesterol levels [25]. In the present study, however,
a higher percentage was achieved, with an extra 15, 18 and
19% decline in LDL cholesterol levels being observed when
the lower dose of each statin was doubled. By contrast,
doubling the higher doses of atorvastatin, rosuvastatin and
simvastatin resulted in more modest results, achieving an
extra reduction of 3—13% in LDL cholesterol levels.

The inter-individual variability in the response to statin
therapy was also evaluated in the VOYAGER meta-analysis
[23]. That study included 32,258 subjects where the mean
LDL cholesterol reduction ranged from 28.4 to 55.5% after
lipid-lowering treatment with atorvastatin 10—80 mg,
rosuvastatin 5—40 mg or simvastatin 10—80 mg, with
rosuvastatin being superior to other statins. Hence, as
described in previous publications [23,24], in the present
study which focused on a real clinical setting with HeFH
patients, mg to mg, rosuvastatin was more potent than
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atorvastatin and the latter more than simvastatin. How-
ever, the maximum doses of atorvastatin and rosuvastatin,
80 and 40 mg, respectively, were nearly equivalent
regarding lipid profile normalisation.

Different algorithms for improving LDL cholesterol
goals in different clinical settings have been reported
[26,27]. However, the variability in statin response in HeFH
patients should be taken into account, since it may
translate into a significant number of patients never
achieving LDL cholesterol therapeutic targets even though
receiving high-intensity statins. In this respect, Karlson
et al. [23] observed that 2.7—12.7% of subjects experienced
a suboptimal response (<15% reduction in LDL cholesterol
levels). In the present study, 18.1% (atorvastatin
10—20 mg), 13.5% (rosuvastatin 5—10 mg) and 20% (sim-
vastatin 10—40 mg) of the subjects had a suboptimal
response, defined as a <15% reduction in LDL cholesterol
levels. This percentage was higher than those reported in
previously mentioned studies, suggesting that the LDL-
cholesterol-lowering effect of statins is lesser in HeFH
subjects than in those with non-FH [28]. These results are
in accordance with the significantly lower LDL cholesterol
percentage decrease for the HeFH population with a
confirmed genetic mutation observed in the present study,
in comparison to the rest of the cohort.

Since high-intensity statins are recommended in HeFH
subjects owing to their superior efficacy, a suboptimal
response was considered in these cases when a <30%
reduction in LDL cholesterol concentration from baseline
was achieved. Using this cut-off, nearly 1 in 5 patients on
high-intensity statin therapy had a suboptimal response,
which may indicate the need to initiate combined treat-
ment before changing the statin type or doubling the
statin dosage.

Regarding on combined statin plus ezetimibe treatment
in the present study, the percentage decline in LDL
cholesterol levels was almost 24% higher when ezetimibe
was combined with rosuvastatin 40 mg than when the
statin was used alone, with a significant increase also
being observed after ezetimibe was added to atorvastatin
80 mg and simvastatin 40 mg, respectively. On the same
lines, a recent meta-analysis [29] including 12 studies
found the addition of ezetimibe to statin therapy to pro-
duce a greater absolute LDL cholesterol reduction than
statin monotherapy (mean difference: 21.86 mg/dL; 95% CI
26.56 to 17.17; p < 0.0001) after 6 months of treatment.
These results, concurring with those of the present study,
were consistent with the 19—23% LDL cholesterol reduc-
tion previously described for ezetimibe when added to
statin therapy [30,31]. Moreover, the addition of ezetimibe
to statin treatment appears to minimise the variability in
LDL cholesterol response, rendering the results more ho-
mogeneous. Regarding non-HDL cholesterol, although the
mean percentage decline was more discrete than for LDL
cholesterol, 39—56% reductions were observed, with these
results being superior to those observed with statins in
monotherapy.

It would be useful in clinical practice to understand the
factors involved in individual variability in statin

treatment response and thus identify patients with a
greater likelihood of never achieving therapeutic goals.
This variability seems to be due to genetic and non-genetic
factors. In the present study, male sex, younger age and
low baseline LDL cholesterol levels were associated with a
suboptimal LDL cholesterol improvement when a <15%
reduction was considered. When a <30% reduction was
considered a poor response, only baseline LDL cholesterol
concentration was found to be an associated factor. On the
same lines, the VOYAGER database [23] also found low
baseline LDL cholesterol and younger age to be strong
predictive factors. Furthermore, Masson et al. [32]
described male sex, younger age and low baseline LDL
cholesterol values as predictive factors of a suboptimal LDL
cholesterol response. Similarly, a Cochrane systematic re-
view [29] in a subgroup analysis found the LDL
cholesterol-lowering effect of atorvastatin to be greater in
females than in males, and lesser in subjects with FH than
in non-FH. A significantly lower percentage decrease in
LDL and non-HDL cholesterol was observed in the present
cohort in patients with a confirmed genetic mutation.
However, a pathogenic mutation did not modify the lipid-
lowering response, even though the patients were
receiving similar lipid-lowering treatment. When LDL
cholesterol targets are not achieved with high-intensity
statins combined with ezetimibe in clinical practice,
PCSK9 inhibitors are the next therapeutic option. In this
regard, recent reports [33,34] obtained favourable results
in HeFH subjects, besides LDL cholesterol reduction, with
this new lipid-lowering therapy. In this respect, Man-
draffino et al. [33] compared the addition of ezetimibe or
PCSK9 inhibitors in HeFH subjects who had failed to meet
LDL cholesterol targets despite high-intensity statin
treatment. The PCSK9 inhibitor group achieved both
greater LDL cholesterol and pulse wave velocity reductions
than the ezetimibe group (—51% vs —22.8%, p < 0.001 and
—15% vs —8.5%, p < 0.01, respectively).

The present study had some limitations. First, it was an
observational study and lipid-lowering treatment was
assigned to each patient following clinical criteria.
Furthermore, all subjects included were extracted from the
SEA Dyslipidaemia Registry, and thus the findings cannot
be generalised. Genetic analysis had not been performed in
most of the subjects in the group “with no genetic muta-
tion”, and only 9% had had a genetic test that did not
reveal a genetic mutation. As the study was conducted in
the real world, lipid profile determination was not per-
formed at a centralised laboratory. This also explains the
lack of availability of lipoprotein (a) concentrations in all
cases, which could account for the lack of therapeutic ef-
ficacy of statins in some HeFH subjects. This study focused
on most frequently used statins and did not include results
on others.

Conclusions

In our real clinical setting, in HeFH patients, rosuvastatin
mg to mg was more potent than atorvastatin and this in
turn more than simvastatin. However, the maximum doses
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of atorvastatin and rosuvastatin, 80 and 40 mg, respec-
tively, were nearly equivalent regarding lipid profile nor-
malisation. HeFH subjects with a confirmed genetic
mutation appeared to have a slightly lower lipid-lowering
response than other subjects. This suggests that the LDL
cholesterol-lowering effect of statins is lesser in in-
dividuals with HeFH than in the non-FH population. A
great variability was observed in the response to statins
and seemed to be minimised when statins were combined
with ezetimibe. We believe this updated information will
be useful for making clinical decisions to select the most
appropriate lipid-lowering therapy for each HeFH patient.
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ANGPTL3 gene variants
in subjects with familial combined
hyperlipidemia
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Angiopoietin-like 3 (ANGPTL3) plays an important role in lipid metabolism in humans. Loss-of-
function variants in ANGPTL3 cause a monogenic disease named familial combined hypolipidemia.
However, the potential contribution of ANGPTL3 gene in subjects with familial combined
hyperlipidemia (FCHL) has not been studied. For that reason, the aim of this work was to investigate
the potential contribution of ANGPTL3 in the aetiology of FCHL by identifying gain-of-function

(GOF) genetic variants in the ANGPTL3 gene in FCHL subjects. ANGPTL3 gene was sequenced in

162 unrelated subjects with severe FCHL and 165 normolipemic controls. Pathogenicity of genetic
variants was predicted with PredictSNP2 and FruitFly. Frequency of identified variants in FCHL was
compared with that of normolipemic controls and that described in the 1000 Genomes Project. No
GOF mutations in ANGPTL3 were present in subjects with FCHL. Four variants were identified in FCHL
subjects, showing a different frequency from that observed in normolipemic controls: c.607-109T>C,
€.607-47_607-46delGT, c.835+41C>A and c.*52_%*60del. This last variant, c.*52_*60del, is a microRNA
associated sequence in the 3'UTR of ANGPTL3, and it was present 2.7 times more frequently in
normolipemic controls than in FCHL subjects. Our research shows that no GOF mutations in ANGPTL3
were found in a large group of unrelated subjects with FCHL.

Angiopoietin-like 3 (ANGPTL3) is a 70 kDa-secreted (54 kDa before glycosylation) protein, mainly expressed
in the liver, discovered by Conklin et al. in 1999'. ANGPTL3 is an endogenous inhibitor of lipoprotein lipase
(LPL) and endothelial lipase (EL)**. Different studies in families with hypolipemia and in general population
have reported that loss-of-function (LOF) variants in ANGPTL3 gene are associated with decreased plasma
levels of triglycerides (TG), low-density lipoprotein cholesterol (LDLc) and high-density lipoprotein choles-
terol (HDLc)*. The N-terminal domain of ANGPTL3 containing residues from 17 to 207 is responsible for the
increased plasma TG levels in mice. Loss of this region prevents the inhibition of LPL® and EL? by ANGPTL3.
Recently, the inhibition of ANGPTL3 with a human monoclonal antibody against ANGPTL3 (evinacumab) in
dyslipidemic mice and in healthy volunteers caused a dose-dependent placebo-adjusted reduction in fasting TG
levels of up to 76% and LDLc levels of up to 23%*. Therefore, ANGPTL3 has been considered a potent modulator
of TG? and supports an important role of ANGPTLS3 in lipid metabolism in humans.

In addition, new evidence sustains a possible role of ANGPTL3 in the progression of atherosclerosis through
a lipid-independent mechanism®. Carriers of LOF mutations in ANGPTL3 associated a 34% decrease in cardio-
vascular events” and ANGPTL3 plasma concentration was associated with arterial wall thickness in humans®.
Moreover, a decreased expression of ANGPTL3 in apolipoprotein E null (apoE-/-) mice was protective in the
development of atherosclerosis®.

Familial combined hyperlipidemia (FCHL) is a common and complex inherited disorder of lipid metabo-
lism with important environmental influences'®. FCHL is characterized by elevated very low-density lipopro-
tein (VLDL) and/or LDL concentrations, low HDLc levels', and frequently, reduced LPL activity'2. The FCHL
genetic background is mostly polygenic and associated with the variation in at least 35 different genes, including
genes related to metabolic disorders such as obesity, peripheral insulin resistance, type 2 diabetes, hyperten-
sion and metabolic syndrome'>!*. However, FCHL is a genetically heterogeneous syndrome and monogenic
and oligogenic cases have been also described'>"". Subjects with FCHL have high predisposition to develop
premature cardiovascular disease (CVD). Actually, FCHL is the most common genetic lipid abnormality found
in subjects with premature coronary heart disease'®. The FCHL phenotype is quite similar to that observed after

!Unidad de Lipidos, IS Aragén, CIBERCV, Hospital Universitario Miguel Servet, Avda. Isabel La Catdlica 1-3,
50009 Zaragoza, Spain. 2Universidad de Zaragoza, Zaragoza, Spain. Instituto Aragonés de Ciencias de la Salud
(IACS), Zaragoza, Spain. *“email: ana.cenarro@gmail.com
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Unrelated mixed hyperlipidemia
Triglycerides (TG) > 150 mg/dL
Apolipoprotein B (apoB) > 120 mg/dL

n= 1487

Exclusion secondary causes:

Secondary causes of hypercholesterolemia

Overweight or obesity (BMI > 27.5 Kg/m?)

Poorly controlled type 2 diabetes (HbAlc >8%)
Hemochromatosis

Renal disease with glomerular filtration rate < 30 mL/min and/or macroalbuminuria
Liver disease (alanine transaminase > 3 times upper normal limit)
Hypothyroidism (thyroid-stimulating hormone > 6 mIU/L)
Pregnancy or estrogen treatment

Autoimmune diseases

Treatment with protease inhibitors

Alcohol consumption >30 grams per day

Primary mixed hyperlipidemia

n= 826
1 Absence of first degree relatives with hyperlipidemia
FCHL
n=624
1 Absence of mutations in LDLR (n=55) or APOB (n=18) genes

Severe FCHL
Apolipoprotein B (apoB) > 150 mg/dL
BMI < 27.5 Kg/m?

n=162

Figure 1. Flow chart of subject selection process.

ANGPTL3 administration in mice. However, the potential involvement of the ANGPTL3 gene in FCHL has
not been previously analysed in contrast with the major role of a loss-of-function mutation in ANGPTL3 in the
opposite situation, familial combined hypolipidemia'>*. Therefore, the aim of this study was to identify gain-of-
function (GOF) genetic variants in ANGPTL3 gene in FCHL subjects and to establish the potential contribution
of ANGPTLS3 in the aetiology of FCHL.

Material and methods

Subjects. Cases. A total of 162 unrelated subjects, aged 23 to 82, with the clinical diagnosis of severe FCHL
from Lipid Unit at Hospital Universitario Miguel Servet, Zaragoza, Spain, were selected for this study. Severe
FCHL included: LDLc and TG > 90th percentile adjusted for age and sex, apolipoprotein B (apoB) > 150 mg/dL,
body mass index (BMI) <27.5 kg/m? and at least one first-degree family member with mixed hyperlipidemia.
Clinical exclusion criteria were: secondary causes of hypercholesterolemia including significant overweight or
obesity (BMI>27.5 kg/m?), poorly controlled type 2 diabetes (HbAlc>8%), hemochromatosis, renal disease
with glomerular filtration rate <30 mL/min and/or macroalbuminuria, liver disease (alanine transaminase >3
times upper normal limit), hypothyroidism (thyroid-stimulating hormone >6 mIU/L), pregnancy or estrogen
treatment, autoimmune diseases, treatment with protease inhibitors and alcohol consumption>30 g per day
(Fig. 1).

Most of the subjects included in this work had been studied previously to discard severe genetic defects in
the genes regulating the LPL pathway?®!. Subjects with LDLR, APOB or PCSK9 functional mutations causing
familial hypercholesterolemia (FH) and subjects with dysbetalipoproteinemia and the APOE2/2 genotype were
excluded from the study. The lipid phenotype of FH and dysbetalipoproteinemia may overlap with FCHL and
with this approach both genetic hyperlipidemias were ruled out to avoid confusion with FCHL.
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ANGPTL3 Primer sequence 5'— 3’ Annealing temperature (°C) | Product size (bp)

F: CCTTACCTTTTCTGGGCAA
Fragment 1 51.5 821
R: AAATGCAAATTTTCAGTGTTTTCA

F: GCTGGGCTTTTTCTTTTAATTG
Fragment 2 51 496
R: CTTCAGAGCCTGCAATTTT

F: CCGACCAATGTCTGCTTTTT
Fragment 3 51 555
R: TCAAGTCCATATTTGTATTTCTCTG

F: TCCAGACTGGTGATAGAACAAG
Fragment 4 53.5 597
R: GGCAATTAATGAATTTTGGCATAGT

F: TCTCCTTTTCCTCTAAAATAATCTGAA
Fragment 5 52.5 596
R: TGATCATTGTAAGCCGTGG

F: ATGCATTATAGAAAGGATAATCAGACT
Fragment 6 52.5 700
R: GAGGAAGATTAGAGGTAAAATACCTG

F: ACCTCTAATCTTCCTCAGATTTTC
Fragment 7 51 599
R: TTTTGATTGAGAAATGTAAACGGTA

Table 1. Primers and conditions used for ANGPTL3 amplification and sequencing. Each amplified fragment
comprises the corresponding exon and its 5’ and 3’ flanking sequences, including intron-exon boundaries. F
forward, R reverse.

Controls.  We selected 165 consecutive normolipemic, unrelated subjects, aged 20-79, who underwent a medi-
cal visit at our hospital as control group. Exclusion criteria for control subjects were personal or parental history
of premature cardiovascular disease (before 55 years in men and 65 years in women) or personal or parental
dyslipidaemia, current acute illness, or use of drugs that might influence glucose or lipid metabolism.

In all subjects, clinical and analytical variables were registered, including personal and familial risk factors,
history of cardiovascular disease and intake of drugs affecting intestinal or lipid metabolism.

All experimental protocols were approved by our local ethical committee (Comité Etico de Investigacién
Clinica de Aragon, CEICA, Zaragoza, Spain). Informed consent was obtained from all subjects before participat-
ing in the protocol. Samples from patients included in this study were provided by the Biobank of the Aragon
Health System (PT17/0015/0039), integrated in the Spanish National Biobanks Network, and they were processed
following standard operating procedures with the appropriate approval of the Ethics and Scientific Committees.

Biochemical analysis. Ethylenediaminetetraacetic acid (EDTA) plasma and serum samples were collected
from all participants after at least 10 h fasting, without lipid-lowering drugs for >5 weeks, to obtain baseline
biochemical characteristics. Total cholesterol (TC) and TG measurements were performed with commercially
available diagnostic kits (Boehringer Mannheim, Germany), in a laboratory participating in a lipid standardi-
sation programme. HDLc was measured directly by an enzymatic reaction using cholesterol oxidase (UniCel
DxC 800; Beckman Coulter Inc., Brea, California, USA). ApoA1, apoB and lipoprotein(a)* were determined by
IMMAGE kinetic immunonephelometry (Beckman Coulter Inc., Brea, California, USA). LDLc was calculated
using the Friedewald’s formula®. All methods were carried out in accordance with guidelines and regulations of
Spanish Society of Clinical Biochemistry.

Genetic analysis. DNA was isolated from EDTA blood samples using the KingFisher Duo Prime System
(Thermo Fisher Scientific). A previously described protocol for sequencing the exon 4 of APOE gene** was used
for disclosing APOE2/2 genotype or functional mutations in exon 4 of the APOE gene in order to rule out car-
rier subjects. Moreover, LDLR, APOB and PCSK9 genes were analysed for functional mutations with Lipochip
platform (Progenika Grifols, Spain)?® in order to rule out subjects with any pathogenic mutation in these genes.

ANGPTL3 gene (NM_014495.4) was amplified in 7 fragments by polymerase chain reaction with prim-
ers showed in Table 1. Each amplified fragment comprised the corresponding exon and its 5’ and 3’ flanking
sequences, including intron-exon boundaries. After purification with ExoSap-IT (USB), amplified fragments
were sequenced by the Sanger method? using the BigDye 3.1 sequencing kit (Applied Biosystems) in an auto-
mated ABI 3500xL sequencer (Applied Biosystems). DNA sequences were analysed using Variant Reporter
software (Applied Biosystems).

To evaluate the pathogenicity of new identified genetic variants, we used PredictSNP2?’. The effect of variants
in potential splicing sites was predicted with FruitFly*®. To compare the frequency of identified variants with
that of the general population, we compiled the allele frequencies of identified variants from the 1000 Genomes
Project” and genome aggregation data base (gnomAD)*. ClinVar database was used for additional informa-
tion about genomic variation and its relationship to human health®'. Finally, information about microRNAs
was obtained from PolymiRTS Database 3.0%2. All methods were carried out in accordance with guidelines and
regulations of Spanish Society of Human Genetics.

Statistical analysis. Analyses were performed using statistical computing software R version 3.5.0%. The
level of significance was set at P<0.05. The distribution of the variables was analysed by the Shapiro test. Quan-
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FCHL subjects n=162 | Normolipemic controls n=165 | p
Men, n (%) 98 (60.5) 78 (47.3) 0.022
Age (years) 504+11.4 38.5+14.7 <0.001
Body Mass Index (kg/m?) 25.6 (24.2-26.5) 23.6 (21.4-26.6) <0.001
Total Cholesterol (mg/dL) 312+36.1 170+21.0 <0.001
Triglycerides (mg/dL) 277 (232-373) 64.0 (49.0-93.0) <0.001
LDL cholesterol (mg/dL) 204 (183-230) 108 (91.8-117) <0.001
HDL cholesterol (mg/dL) 48.5+£12.0 55.7+11.4 0.015
Apolipoprotein Al (mg/dL) 147 +25.0 147 +27.4 0.930
Apolipoprotein B (mg/dL) 167 (165-190) 83.0 (72.0-91.0 <0.001
Lipoprotein(a), (mg/dL) 39.1(10.3-80.8) 16.2 (7.79-44.5) 0.003
Glucose (mg/dL) 93.0 (86.0-103) 85.0 (80.0-92.0) <0.001
HbAlc (%) 5.50 (5.30-5.80) 5.20 (5.00-5.40) <0.001
Type 2 diabetes, n (%) 13 (8.02) 2(1.21) 0.009
Hypertension, n (%) 30 (18.5) 10 (6.06) 0.001
Cardiovascular disease, n (%) 7 (4.32) 0 0.016
Tobacco, n (%)
Non smoker 51 (31.5) 96 (58.1)
Smoker 70 (43.2) 31(18.8) <0.001
Former smoker 40 (24.7) 28 (16.7)
Apolipoprotein E genotype, n (%)
E3/3 113 (69.8) 109 (66.1)
E3/2 9 (5.56) 25(15.2)
E2/2 0 0
E3/4 31(19.1) 25(15.2) 0033
E4/4 6 (3.70) 2(1.21)
E2/4 3 4

Table 2. Clinical and biochemical characteristics in FCHL subjects and normolipemic controls. Quantitative
continuous variables are expressed as mean + standard deviation or median [percentile 25-75]. Student’s t or
Mann-Whitney tests were used to assess differences between two groups. Quantitative categorical variables are
expressed as n (%) and statistical differences were assessed by Chi-squared.

titative variables with a normal distribution were expressed as mean * standard deviation and were analysed by
the Student ¢ test. Variables with a skewed distribution were expressed as medians and interquartile ranges and
were analysed with the Mann-Whitney U test. Qualitative variables were expressed as percentages and were
analysed by the Chi squared test.

Results

Study subjects. The main clinical and biochemical characteristics of both studied groups (162 FCHL sub-
jects and 165 normolipemic controls) are presented in Table 2. FCHL subjects showed higher predominance of
males (60.5%) and were significantly older than normolipemic subjects (P=0.022 and P<0.001, respectively).
Compared with normolipemic controls, FCHL subjects had significantly higher values of BMI, TC, TG, LDLc,
apoB and lipoprotein(a) (P<0.001, P<0.001, P<0.001, P<0.001, P<0.001 and P=0.003, respectively). FCHL
subjects presented higher prevalence of hypertension, type 2 diabetes and CVD than normolipemic subjects
(P=0.009, P=0.001 and P=0.016, respectively). The APOE genotype distribution was homogenous between
both cohorts, being E3/3 genotype the most frequent in both groups, although E3/2 genotype had a lower fre-
quency in FCHL subjects (5.56%) in contrast to normolipemic subjects (15.2%).

ANGPTL3 genetic variants. Table 3 shows all variants in the ANGPTL3 gene identified in both groups.
A total of 16 genetic variants, four of them not previously described, were identified by sequencing analysis.
Only four of them (c.607-109T>C, ¢.607-47_607-46delGT, ¢.835+41C>A and c.*52_%*60del) presented signifi-
cantly different allele frequency in normolipemic group than in FCHL subjects (P=0.020, P=0.031, P=0.043
and P <0.001, respectively). Out of the 16 variants, seven variants were located in the coding region (c.379C>T,
¢.565T>C, c.961T>A, c.1003T>C, c.1028A>G, c.1089T>G and c.1122G>A), and three of them were missense
variants: p. (Leul27Phe), p.(Tyr321Asn) and p.(His343Arg), but only p.(Leul27Phe) was described as deleterious
by bioinformatics analysis. The other four variants located in the coding region, p.(Leul89Leu), p.(Leu335Leu),
p.(Val363Val) and p.(Pro374Pro) were synonymous variants. Seven variants were located in the intronic region,
c.496-88T>G, c.607-120A>G, ¢.607-109T>C, c.607-47_607-46delGT, c.835+41C>A, c.1198+111G>A and
¢.1198+140T>C. All of them were described as benign or not splicing change affected by the bioinformatics
analysis. Nevertheless, three of them, ¢.607-109T>C, c.607-47_607-46delGT and c.835+41C>A, presented sig-
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Allele frequency in the
Bioinformatics analysis | general population Allele frequency in our study
1000
Nucleotide Protein PredictSNP2* Genomes | Normolipemic FCHL ACMG
Variant Location| change change (probability) | FruitFly® | GnomAD* | Project! | subjects subjects | p classification® | MicroRNAs!
p- Deleterious .
rs72649573 | Exonl |c379C>T (Leu127Phe) | (82%) NA 0.00711  |0.0020 | 0.000 0.003 0313 | Benign® NR
Not
- Intron 1 | c.496-88T>G NA Neutral (88%) | splicing - - 0.000 0.003 0313 | - -
change
Not
rs111414963 | Exon2 | ¢.565T>C &eulS9Leu) Neutral (88%) il}all;;igneg 0.00025 0.0008 0.003 0.000 0.313 | Likely benign | NR
Not
rs531071581 | Intron 2 | c.607-120A>G | NA Neutral (88%) | splicing | 0.00013 | 0.0006 | 0.000 0.003 0313 | - NR
change
Not
1572649576 | Intron 2 | c.607-109T>C | NA Neutral (88%) | splicing | 0.01079 | 0.0042 | 0.024 0.003 0.020 | - NR
change
172649577 | Intron 2 | $S07-47_607- | \jy Neutral (88%) | NA 0.02222  |0.0136  |0.022 0.003 0.031 | - NR
46delGT
Not
15185472483 | Intron 3 | c.835+41C>A | NA - splicing | 0.00032 | 0.0006 | 0.000 0.012 0.043 | - NR
change
15747725081 | Exon 6 | c.961T>A {)".Fyr321 Acn) | Neutral (88%) | NA NR NR 0.000 0.003 0313 | - NR
1512563308 | Exon6 | c.1003T>C b Neutral (88%) | NA 0.03550 | 0.0559  |0.003 0.003 0.989 | VUSE NR
(Leu335Leu)
rs199555921 | Exon 6 | c.1028A>G Fﬁm 43Arg) | Neutral (89%) | NA 0.00016 | NR 0.003 0.000 0321 | - NR
rs763259225 | Exon 6 | c.1089T>G p.(Val363Val) | Neutral (96%) | NA NR NR 0.003 0.000 0321 | - NR
15145086916 | Exon 6 | c.1122G>A 5"7(}:;;’(;) Neutral (96%) | NA 0.00077 | 0.0006 | 0.003 0.000 0321 | - NR
Not
rs72651034 | Intron 6 | c.1198+111G>A | NA - splicing NR NR 0.003 0.003 0.989 | - NR
change
Not
1s908541128 | Intron 6 | ¢.1198+140T>C | NA - splicing | 0.000 0.000 0.003 0.000 0321 | - NR
change
hsa-miR-
1534483103 | 3'UTR | c.*52_*60del | NA - NA 033531  |0.3484  |0.276 0.102 | <0.001 | - 151a-3p
hsa-miR-7702
- 3UTR | c*76T>G NA - NA - - 0.000 0.003 0313 | - -
Table 3. Frequency and bioinformatics analysis of identified variants in ANGPTL3 in FCHL cases and
controls. NR not reported, NA not applicable, VUS variant of uncertain significance. *PredictSNP2 uses CADD,
DANN, FATHMM and Funseq? as predictors. *FruitFly. New prediction score 0.87 (wild type score 0.89).
‘GnomAD. https://gnomad.broadinstitute.org/ 41000 Genomes Project Consortium, Abecasis GR, Auton A,
Books LD et al. An integrated map of genetic variation from 1092 human genomes. Nature 2012;491:56-65.
Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster ], Grody WW, Hegde M, Lyon E, Spector E,
Voelkerding K, Rehm HL; ACMG Laboratory Quality Assurance Committee. Standards and guidelines for the
interpretation of sequence variants: a joint consensus recommendation of the American College of Medical
Genetics and Genomics and the Association for Molecular Pathology. Genet Med. 2015 May;17(5):405-24.
https://doi.org/10.1038/gim.2015.30. Epub 2015 Mar 5. PMID: 25741868; PMCID: PMC4544753. {PolymiRTS
Database 3.0: http://compbio.uthsc.edu/miRSNP/ 8Tikka A, Metso J, Jauhiainen M. ANGPTL3 serum
concentration and rare genetic variants in Finnish population. Scand J Clin Lab Invest. 2017;77:601-609.
nificantly higher allele frequency in FCHL subjects than in the normolipemic group. Finally, two variants were
located in the 3'UTR, c.*52_*60del and c.*76 T>G. One of them, ¢.*52_*60del, showed significantly higher allele
frequency in the normolipemic group than in FCHL subjects.
Discussion
We have studied the possible contribution of the gene encoding ANGPTL3 in the aetiology of FCHL. Our
hypothesis was that some rare gain-of-function variants could have a major effect on the disease or, on the
contrary, that common variants with minor effect on ANGPTL3 function could be in different frequency with
respect to the general population. The results of our study do not support the first possibility, since the identi-
fied variants are not predictive of relevant functional changes in the protein. There are no previous ANGPTL3
sequencing studies looking for GOF mutations in subjects with FCHL. At least 5 different loci have been associ-
ated with rare cases of monogenic FCHL: LDLR'®Y, LPL'®, APOE*, PCSK9* and APOA5***, but ANGPTL3
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does not appear to be associated with this form of FCHL nor familial hypercholesterolemia (FH). Although FH
and FCHL are different phenotypes, there is some degree of overlap between the two entities since they share
many clinical aspects. Studies in subjects with genetic hypercholesterolemia of unknown origin suggestive of
FH have also failed to detect causal mutations in ANGPTL3. We have not found any severe mutation neither in
cases nor in controls in the total of 654 alleles investigated. This leads us to think about how well preserved is
this gene probably related to the importance of this gene in human metabolism.

These results contrast with the role of ANGPTL3 in the lipid phenotype called familial combined hypolipi-
demia (FHBL2, OMIM #605019)%, in which LOF mutations in ANGPTL3 are responsible of reduced plasma
levels of TC, TG, VLDL cholesterol, LDLc, apoB, and free fatty acids, just the opposite lipid profile found in
FCHL. Furthermore, FCHL and familial combined hypolipidemia share abnormal hepatic VLDL secretion
rates as the main mechanism of the lipid abnormalities, being increased in FCHL**?° and decreased in familial
combined hypolipidemia®.

Most cases of FCHL are considered as a complex disease with interaction of polygenes or multiple allele
relationships with effect on TC, TG and environmental factors, mainly obesity and diets rich in saturated fat.
ANGPTL3 genetic variation has not been associated with FCHL or mixed hyperlipidemia in genome-wide asso-
ciation studies (GWAS)"*#!. Similar conclusions can be drawn from large-scale deep-coverage whole-genome
sequencing®. Our study cannot rule out that the genetic variation in ANGPTL3 participates in the final pheno-
type of polygenic forms of FCHL. We found four variants with different allele frequency in FCHL subjects and
in normolipemic controls: ¢.607-109T>C, ¢.607-47_607-46delGT, c.835+41C>A and c.*52_*60del. The first
three are located in intron regions and the in silico analysis does not predict any splicing change with clinical
significance, so their contribution to FCHL seems unlikely. The variant c¢.*52_*60del, located in 3'UTR, presented
statistically significant differences in allelic frequencies between FCHL subjects and normolipemic controls: 0.276
and 0.102, respectively (P <0.001). This variant has been previously associated with two microRNAs, hsa-miR-
151a-3p and hsa-miR-7702, modulators of gene expression®. However, this is a very frequent genetic variant in
the general population and this variation has not been previously associated with cholesterol and triglyceride
concentrations*>*, so its implication in the FCHL pathogenesis is unlikely, although it should be confirmed in
future studies.

In summary, no GOF mutations in ANGPTL3 were present in a large group of unrelated subjects with FCHL.
Our results do not support a substantial role of ANGPTL3 in FCHL.
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ARTICLE INFO SUMMARY
Article history: Background & aims: It has not been elucidated if an energy-restricted diet with high protein content
Received 19 November 2018 could induce a benefit in insulin resistance in subjects with type 2 diabetes (T2DM); and if an adipose

Accepted 7 June 2019 tissue functionality improvement could mediate this effect. We aimed to assess the effect of energy-

restricted diets with standard (18% from total calories; SP) vs high (35%) protein (HP), mainly coming
K‘?J’W"Tds-' from lean animal source, composition on glucose metabolism and adipokine concentration in overweight
Diabetes and obese subjects with T2DM. HOMA-IR change was the primary outcome.

wg?gll:tr?;‘;lsn diet Methods: Six-month weight-loss intervention including 73 subjects (43.8% men, 55.6 + 8.37 aged and
Adipokines 32.8 + 3.67 of BMI) with T2DM that were randomized to follow one of two calorie-restricted diets with
Insulin resistance the following distribution of calories: 18% (0.75 [95%Cl: 0.71—0.78] g/kg/day) protein, 52% carbohydrates
Obesity and 30% fat, or 35% (1.34 [95%CI: 1.27—1.41] g/kg/day) protein, 35% carbohydrates, and 30% fat.

Anthropometric, clinical, biochemical (involving leptin, RBP4 and adiponectin) and lifestyle assessments
were performed.
Results: Sixty-seven participants completed the study. Weight loss homogenously decreased among
diets. HOMA-IR in HP diminished 2-fold than in SP diet (P = 0.023 and P = 0.004 at 3 and 6-months
between diets). Participants following HP diet showed higher decrease in insulin, in glucose at 6-
months (P = 0.004) and in HbA1c at 3-months (P = 0.003). RBP4 and leptin significantly decreased in
both diets although no differences were found between diets. Adiponectin increased by 6.05% and 29.9%
at 3-months in SP and HP diets, respectively (P = 0.167), and 23.7% and 53.5% at 6-months in SP and HP
diets (P = 0.219). Adiponectin variation was inversely correlated with HbA1c, insulin and HOMA-IR
changes at 6-months.
Conclusions: An energy-restricted diet containing 35% of total calories coming from protein lead to a
greater improvement in glucose homeostasis, indicated by HOMA-IR and fasting plasma insulin con-
centrations, irrespective of weight loss in subjects with prediabetes or early stages of T2DM. This effect
cannot be explained by changes in plasma concentration of adipokines.
Clinical trial registration: The clinical trial has been registered in ClinicalTrials.gov (Identifier:
NCT02559479).

© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; GGT,

gamma glutamil transferase; HbA1lc, glycated hemoglobin; HOMA-IR, homeostasis Introduction
model assessment of insulin resistance; HP, high-protein; IFG, impaired fasting
glucose; RBP4, retinol Binding Protein 4; T2DM, type 2 diabetes mellitus. Weight loss via lifestyle changes is the first-line therapy for type
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components of T2DM [3]. Weight loss—induced improvements in
glucose metabolism are most likely to occur early in the natural
history of T2DM when obesity associated insulin resistance has
produced reversible B-cell dysfunction, but insulin secretory ca-
pacity remains fairly preserved [4]. In fact, studies of weight loss in
subjects with long-standing diabetes have not demonstrated long-
term clinical benefits in morbidity and mortality [5].

In recent years, energy-restricted protein-rich diets resulted in
greater weight loss than more conventional high-carbohydrate,
low-fat diets [6,7]. Beyond the weight-loss enhancing ability, it
has been demonstrated that high-protein (HP) diets improve car-
diometabolic parameters regardless of weight loss [8,9]. Individuals
on a HP diet demonstrated lower insulin resistance and triglyceride
levels than those on a diet with a standard protein (SP) content [10].
The American Diabetes Association has recently encouraged
increased protein consumption as part of a healthy lifestyle inter-
vention [11]. However, research on the ideal amount of dietary
protein to optimize glycemic control or cardiovascular risk is
inconclusive, so further research is encouraged to fully establish
dietary goals.

Evidence of the potential benefit comes from very different
studies regarding the design, percentage of proteins in diet, dura-
tion of diabetes, concomitant treatments, and their duration. A
meta-analysis including nine trials exploring HP diet's effect on
cardiometabolic parameters in subjects with T2DM, pointed out a
benefit in glycated hemoglobin (HbA1c) but glucose findings were
inconclusive [12]. Heterogeneous results could be due to differ-
ences in quantity and protein sources. Thus, the purpose of this
study was to demonstrate the effect of a energy-restricted diet with
35% of total calories coming from protein (considered as HP diet) on
glucose metabolism in subjects with early-diagnosed impaired
fasting glucose (IFG) or T2DM and overweight or obesity,
comparing to a diet with an 18% of total energy coming from pro-
tein diet (considered as SP diet). We have previously shown that a
diet with 35% of total calories from protein is well-tolerated and is
associated with a better metabolic profile than other HP diets [10].
Primary outcome of this study was HOMA-IR while secondary
outcomes included insulin, glucose and HbA1c.

Subjects and methods
Subjects

Eligible volunteers were women and men aged 18—70, with a
body mass index (BMI) ranging from 27.5 to 40 kg/m? and steady
weight (+4 Kg) in the previous 2 months. We included those sub-
jects: a) with the diagnosis of IFG or T2DM according to interna-
tional guidelines by including fasting glucose concentration over
100 mg/dL and/or HbA1c over 5.7% [13], and not taking antidiabetic
drugs; b) with the diagnosis of IGF or T2DM as previously defined
and taking a stable dose of metformin for 2 months, regardless of
glucose and/or HbAlc levels. We excluded those subjects with
HbAlc concentration over 7% at baseline. Exclusion criteria
involved: lipid-lowering drugs and/or sterols supplements, omega-
3 fatty acids, weight loss medications, kidney disease (glomerular
filtration rate < 45 mL/min), active liver disease, uncontrolled hy-
pothyroidism and any other disease or condition that could limit
the study's compliance. Volunteers were recruited by public ad-
vertisements on local television and newspapers and were invited
to an informative session where objectives, and inclusion and
exclusion criteria were explained in detail. Participants willing to
participate completed a questionnaire that included: body weight,
height, medical history, common medications and availability to
participate. Those volunteers who completed the study question-
naire and were eligible according to the inclusion and exclusion

criteria were scheduled for a pre-screening visit. Informed consent
was obtained at the pre-screening visit along with clinical and
biochemical parameters, to confirm eligibility, before proceeding to
randomization if applicable.

The study protocol was approved by the local ethical committee
institution (Comité de Etica e Investigacion Clinica de Aragén); all
procedures were in accordance with the ethical standards of that
committee. This clinical trial was registered in ClinicalTrials.gov
under identifier NCT02559479.

Study design

This study consisted of a 6-month weight-loss intervention and
was carried out between September 2015 and May 2017. Those
individuals selected at the screening visit, were randomized 1:1 to a
diet containing 18% of daily calories from protein (SP diet group) or
to a diet with 35% of daily calories from protein (HP diet group). The
two prescribed diets had the following distribution of calories: 18%
protein, 52% carbohydrates, 30% fat; and 35% protein, 35% carbo-
hydrates, 30% fat. Estimated quantity of protein that was prescribed
was 0.75 (95% CI: 0.71-0.78) g/kg/day in SP diet group and 1.34
(95% CI: 1.27—1.41) g/kg/day in HP group. A SP diet was considered
when 18% of calories coming from protein (around 0.80 g/kg/day
within an energy-restricted diet) in agreement with WHO recom-
mendations [14]. The rationale that a HP diet involved a 35% of
energy intake from protein was based on our previous findings that
revealed that this amount lead to greater cardiometabolic
improvement (including glucose homeostasis) when compared to
other HP quantity [10]. Randomization was performed by using an
online software and participants and the staff, except for the nu-
tritionists, were blinded to the type of diet individuals were
assigned. The total number of calories was calculated using the
Harris—Benedict equation by applying an activity factor (energy
expenditure for various activities established by the WHO [14])
according to personal physical activity habits and a daily 600 kcal
(2510 KkJ)-deficit. In general, the prescribed energy intake was
1200—2000 kcal (5020—8370 kJ)/day. Diets included a wide variety
of foods typical of the Mediterranean diet and participants were
provided with daily menus (Supplemental Table 1). Around 80% of
total proteins came from lean animal sources like lean meat (leg
and shoulder of rasa aragonesa lamb, chicken or turkey), low-fat
dairy or fish. Dieticians performed individual consultations every
2 weeks to reinforce the intervention and to motivate weight loss. If
the subject had achieved a significant weight loss, a 100—200 kcal
further restriction was added to the prescribed diet to compensate
basal metabolic rate change. We did not prescribe diets containing
less than 1200 kcal (5020 kJ)/day since nutritional requirements
could be not reached.

Despite dietary intervention was the main target of the inter-
vention, all participants were provided with general physical-
activity advice that was in accordance with their physical status.
Patients were counseled to increase exercise in each monitoring
visit based on the training reported in each visit to promote weight
loss. Physical activity advice was quite heterogeneous due to the
different fitness conditions of subjects (i.e.: walk 1 h a day or
running 30 min three times a week).

Main study outcomes were assessed at 3-time points: baseline,
after 3 and 6 months of dietary intervention. They included
anthropometric, clinical and biochemical parameters and dietary
and exercise evaluation. Participants were asked to complete a 3-
day weighed food record before each visit to focus their dietary
intervention, to monitor dietary changes, and to check compliance
with the diet during the study. Dietary analysis was performed by
EasyDiet® (Biocentury, S.L.U, Barcelona, Spain) which is based on
Spanish food-composition tables [15]. The International Physical
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Activity Questionnaire (IPAQ) — a brief validated exercise ques-
tionnaire — was administered at baseline and after 3 and 6 months
to monitor activity changes [16].

Anthropometric and clinical parameters

Body weight was measured in subjects without shoes to the
nearest 0.1 kg with a calibrated scale (Seca 813, Seca Deutschland®,
Hamburg, Deutschland). Height was assessed to the nearest 0.1 cm
with a wall-mounted stadiometer (Seca 217, Seca Deutschland®,
Hamburg, Deutschland). BMI was calculated as weight in kilograms
divided by the square of height in meters. Waist circumference was
measured with anthropometric tape midway between the lowest
rib and the iliac crest. Body composition was assessed via bioelec-
trical impedance through the bipolar foot-to-foot technique (Tanita
TBF 410 GS, Omron Corporation®, Tokyo, Japan) [17]. Visceral fat
depots were analyzed by means of bioelectrical impedance (“Tanita
ViScan” AB-140, Omron Corporation®, Tokyo, Japan). As established
by the manufacturer, visceral measurement is expressed on a scale
of 1-35 levels and the interpretation of the results would be: a)
average (when visceral fat level ranges from 1.0 to 12.5); b) high
(when visceral level ranges from 13.0 to 17.5); c) very high (when
visceral fat level is over 18.0). Based on manufacturer's validation
studies, a level of 13.0 generally correlates to a visceral fat area of
130 cm? as measured by computerized tomography and X-ray. All
measurements were taken in accordance with the recommended
guidelines: no food or drink 3 h prior to measurements, no
exhausting exercise 12 h prior to measurements, and no alcohol or
caffeine consumption 24 h prior to measurements. Blood pressure
was measured in triplicate with a validated semiautomatic oscill-
ometer (Omron M3, Omron Cop; Hoofddorp, the Netherlands).

Biochemical parameters

Blood samples were drawn by venipuncture after 12 h fasting.
The levels of total cholesterol, triglycerides, and HDL cholesterol,
uric acid, gamma-glutamyl transpeptidase (GGT) and glutamic-
pyruvic transaminase (GPT) were measured in serum with stan-
dard enzymatic methods, all of them on a Beckman Coulter AU
analyser (Beckman Coulter, USA). Total cholesterol was quantified
by the esterase-oxidase-4-aminoantipyrine method. Triglycerides
were determined by the lipase-peroxidase method. HDL choles-
terol was determined by direct method (non-apoB lipoproteins).
Uric acid was quantified by the uricase method.The kinetic deter-
mination of gamma-glutamyl transpeptidase activity was
measured by the change in absorbance at 410/480 nm, according to
the methodology recommended by the International Federation of
Clinical Chemistry (IFCC). The kinetic determination of glutamic
pyruvic transaminase was measured by the decrease in absorbance
due to the consumption of NADH at 340 nm, according to IFCC. LDL
cholesterol levels were estimated with the Friedewald formula
when serum triglycerides were <400 mg/dL. The levels of non-HDL
cholesterol were calculated as the levels of total cholesterol minus
the levels of HDL cholesterol. Blood glucose levels were measured
in serum with the glucose hexokinase G-6-PDH method on a
Beckman Coulter AU analyser (Beckman Coulter, USA). Insulin
levels were determined in serum by a chemiluminescent micro-
particle immunoassay (CMIA, Abbott Architect, USA). We used
homeostasis model assessment of insulin resistance (HOMA-IR) as
a marker for insulin resistance. HOMA-IR was estimated as fasting
glucose (mg/dL) x insulin (uWU/mL)/405. HbA1c levels were deter-
mined in plasma by high-performance liquid chromatography
(HPLC). C-reactive protein (CRP) was determined in serum by
nephelometry using IMMAGE-Immunochemistry System (Beck-
man Coulter, USA). Subjects also collected a spot urine sample in

which urea nitrogen concentrations were determined by the
urease-GLDH method on a Beckman Coulter AU analyser (Beckman
Coulter, USA). This parameter was used as surrogate marker of
protein intake to assess dietary compliance [18].

We determined leptin, adiponectin and Retinol Binding Protein
4 (RBP4) as relevant adipokines related to weight loss according to
previous studies [19,20]. Adipokine profiles were determined in
plasma using the Human Adipokine Magnetic Bead Panel 1 (Adi-
ponectin), Human Adipokine Magnetic Bead Panel 2 (Leptin) and
Human Kidney Injury Magnetic Bead Panel 6 (RBP4) protocols from
the MILLIPLEX® MAP Kits (Cat. #. HADK1MAG-61K, HADK2MAG-
61K, HKIGMAG-99K, Millipore) according to manufacturer's in-
structions. Analyses were performed by duplicate and plasma
sample dilutions were done according to the detection range of
each panel. Assay sensitivities were 0.013 ng/mL for RBP4, 19 pg/mL
for leptin and 11 pg/mL for adiponectin. Intra-assay precision
(mean of % CV) was <10% for RBP4, 5 for leptin and 4 for adipo-
nectin while inter-assay precision (mean of % CV) was <10% for
RBP4, 13 for leptin and 10 for adiponectin. Accuracy was 104% of
recovery in plasma samples for RBP4, 96% of recovery in plasma
samples for leptin and 89% of recovery in plasma samples for
adiponectin.

Statistical analyses

HOMA-IR was established as the main outcome and its vari-
ability was estimated as 2 units. We expected a difference of
HOMA-IR change after dietary intervention of 25% among diet
groups according to previous findings [ 10]. A total sample size of 41
subjects per group was obtained by considering 80% power (Z
unilateral = 0.842) to detect a difference between treatment groups
and a confidence interval (1 — o) of 90% (Za. unilateral = 1.645). All
subjects who completed the study were included in the data
analysis, independent of reported dietary compliance, as indicated
by food records, or weight loss according to intention-to-treat
analysis. Thus, we included all subjects who attended to 3 and 6-
month visits regardless of study intervention compliance. Contin-
uous variables are expressed as mean + SD or mean (95% confi-
dence interval) when normally distributed or as median [25th
percentile—75th percentile] or mean =+ interquartile range other-
wise. Categorical variables are reported as percentages. Differences
in continuous variables were calculated by t-test or
Mann—Whitney test, as appropriate, while categorical variables
were compared using the chi-square test. Pearson or Spearman
tests were used to analyze correlation between changes in adipo-
kines concentration and other clinical and biochemical variables.
Differences across dietary intervention within diet group were
calculated by repeated measures ANOVA or Friedman tests as
applicable. We used multiple linear regressions to evaluate the
impact of: a) the type of diet on glucose metabolism parameters
and adipokine concentration by adjusting weight loss and other
confounding factors (gender, baseline visceral fat, weight loss,
metformin use (yes/no), baseline concentrations of glucose and
HbA1c in fully-adjusted model); b) weight loss and type of diet on
the relation between adipokine and cardiometabolic changes. All
statistical analyses were performed with SPSS version 20.0 (SPSS
Inc., Chicago, IL, USA) and significance was set at P < 0.05.

Results
Participants
Among 100 subjects that performed randomization visit, 80

were finally randomized to one of two reduced-calorie diets of
whom 67 completed the whole study intervention. Seven

doi.org/10.1016/j.cInu.2019.06.005

Please cite this article as: Marco-Benedi V et al., High-protein energy-restricted diets induce greater improvement in glucose homeostasis but
not in adipokines comparing to standard-protein diets in early-onset diabetic adults with overweight or obesity, Clinical Nutrition, https://




4 V. Marco-Benedi et al. / Clinical Nutrition Xxx (XXxX) XXX

participants (8.75% of all participants, 5 and 2 from SP and HP
groups respectively) withdrew from the study during the first 3
months and six subjects (7.50% of all participants, 3 from each diet
group) withdrew during the next three months. Withdrawal rea-
sons included: personal issues (N = 6), change of place of residence
(N = 1) and unknown reasons (N = 6). Subjects who withdrew from
the study did not differ from the remaining participants in terms of
any clinical characteristics at baseline according to sensitivity
analysis. The complete study flow chart is shown in Fig. 1.

Both diet groups did not differ in terms of clinical and
biochemical characteristics (P > 0.05 for all variables among diet
groups) except for visceral fat. Those subjects randomized to the HP
group had higher visceral fat level than those following the SP diet.
Distribution of gender was homogeneous (P = 0.185) by including
43 women (58.9%) and 30 men (41.1%). Participants were mostly
middle-aged (55.6 + 8.37) with a mean BMI of 32.8 kg/m?
(P = 0.288 between groups) who showed high fat mass, visceral fat
and other clinical and biochemical characteristics expected ac-
cording to inclusion and exclusion criteria. Metformin use did not
differ between groups at the beginning of the study and it was
maintained stable across the study. Baseline characteristics are
included in Table 1.

Weight loss and body composition

Mean weight loss was —6.81 + 3.82% at 3-month visit
and —8.79 + 5.15% at 6-month visit by including statistically sig-
nificant differences across the study in both diets. However, there
was not significant difference between diets. Differences in weight
loss between diets were similar than those reported in previous
studies comparing SP and HP diets. Lack of statistical significance
could be due to the small sample size that was calculated to explore
changes in glucose homeostasis not in body weight variation.
Similar trends were observed in fat-free mass and fat mass change
after dietary intervention between diet groups. Visceral fat showed
a greater decrease in subjects following HP diet comparing to those

randomized to HP diet which was especially relevant in 3-month
visit (P = 0.069). These differences remained after adjusting by
baseline visceral fat levels.

Glucose metabolism parameters

Glycemic control showed a greater improvement in subjects
consuming a HP diet which was especially remarkable in insulin,
HOMA-IR index and HbA1c (Table 2 and Supplemental Table 2). The
decrease in fasting plasma glucose concentration was markedly
greater in those subjects following HP diet than in those following
SP diet although it was just statistically significant after 6-months
of dietary intervention (weight loss adjusted-P = 0.013, Fig. 2).
Statistical significance disappeared after adjusting by metformin
treatment, gender, baseline visceral fat, baseline concentration of
glucose, baseline concentration of HbAlc, and weight loss (full
model adjustment P = 0.053). Those participants following HP diet
showed higher insulin decrease that those in SP group both at 3 and
6-months (weight loss adjusted-P = 0.014 and P = 0.007 respec-
tively). Statistical difference kept after fully-adjusted at 6-month
visit (B [95% Cl]: 19.4 [6.21—32.5], P = 0.005, corrected R? = 0.38)
but disappeared at 3-month visit (P = 0.054). Participants following
HP diet had higher reduction of HOMA-IR than those following SP
diet after 3-month intervention (weight loss adjusted-P = 0.016)
and after 6-month intervention (weight loss adjusted-P = 0.001).
Fully-adjusted model showed statistical impact of diet on HOMA-IR
variation after 6 months (B [95% CI]: 21.6 [7.82—35.4], P = 0.003,
corrected R?> = 0.40) but not at 3-month visit (P = 0.099). HbA1c
diminished more in those subjects following HP diet after 3-
months of weight loss intervention while statistical differences
disappeared at 6-months visit. However, statistical differences
disappeared after adjusting by body weight reduction (P = 0.051)
and in fully-adjusted model (P = 0.115). The effect of type of diet on
glucose metabolism did not significantly differ according to base-
line concentration of each parameter (glucose, HbAlc, insulin and
HOMA-IR) and the use of metformin (data not shown).
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Fig. 1. Schematic representation of randomization and study course. BMI denotes body mass index and HbA1c denotes glycated hemoglobin.
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Table 1
Baseline clinical and biochemical characteristics according to diet group.®
SP diet HP diet P
n=35 n=38
Age, years 54.6 + 8.11 56.5 + 8.59 0.322
Gender (men), n (%) 12 (34.3) 20 (47.4) 0.185
Weight, kg 86.3 +11.8 914 + 12.7 0.082
BMI, kg/m? 323 +3.70 332 +3.63 0.288
Waist circumference, cm 109 + 8.98 110 +9.37 0.565
Fat mass, kg 326 £7.39 359 +9.32 0.097
Fat free mass, kg 51.2 +15.7 53.0 + 15.2 0.415
Visceral fat, level 12.2 + 349 149 +5.23 0.019
Systolic blood pressure, mmHg 134 +13.9 134 + 145 0.984
Diastolic blood pressure, mmHg 82.9 + 6.97 86.9 + 9.86 0.069
Metformin, n (%) 12 (36.4) 13 (35.1) 0.915
Total cholesterol, mg/dL 215 +38.8 224 + 474 0.382
HDL cholesterol, mg/dL 50.7 + 9.81 543 +11.9 0.168
Triglycerides, mg/dL 184 + 88 164 + 108 0.899
LDL cholesterol, mg/dL 132 £ 294 136 + 37.9 0.635
Apolipoprotein B, mg/dL 115 £ 28.9 124 + 38.6 0.261
Glucose, mg/dL 113 + 18.0 116 = 17.1 0.409
Insulin, pUI/mL 149 + 11 156+ 10 0.851
HOMA-IR 4.37 + 347 4.52 +2.82 0.622
HbA1c, % 6.11 + 1.00 6.38 + 1.00 0319
GGT, U/L 41.9 + 33.0 44.0 + 36.0 0.592
ALT, U/L 299 + 18.0 325+ 18.0 0.404
Uric acid, mg/dL 6.05 + 1.43 6.07 + 1.22 0.956
Blood urea, mg/dL 379+ 16.0 357 +£13.0 0.436
Urine urea, g/L 24.0 + 20.9 17.3 +9.08 0.105
Urine albumin-to-creatinine ratio, mg/g creatinine 6.53 (4.46—8.60) 6.10 (4.92—12.3) 0.070
Glomerular filtration rate, mL/min/1.73 m? 92.0 + 15.6 93.2 + 183 0.773
CRP, g/L 4.04 + 3.00 5.75 + 5.00 0.962
RBP4, mg/L 259+ 794 25.6 = 10.1 0.885
Adiponectin, pg/uL 13,094 + 7,086 13,059 + 9,198 0.554
Leptin, pg/uL 23.1+21.1 27.8 +248 0.404
Physical activity level, METs/min 712 + 1040 1112 + 1856 0.046

2 Values are mean + SD or median (25th percentile—75th percentile) as applicable. ALT, alanine aminotransferase; BMI; Body mass index; CRP; C-reactive protein; GGT,
gamma glutamil transferase; HbA1c, glycated hemoglobin; HOMA-IR, Homeostasis model assessment of insulin resistance; HP, High protein; RBP4, Retinol Binding Protein 4;
SP, Standard protein. All biochemical variables refer to fasting serum concentrations except for adipokines, which were determined in plasma, and those specifically indicated

that were measured in urine.

b p refers to differences calculated by t-test, U-Mann—Whitney or chi-squared test, as appropiate.

In a sensitive analysis, we assessed by multiple regression
analysis the effect of total protein consumption reported by
participants (mean across intervention) on glucose metabolism
parameters in weight loss and fully-adjusted models. We found
that total protein consumption (mean of protein reported along
the study, expressed as g/day) directly and significantly influ-
enced HOMA-IR variation both at 3 and 6-months (P = 0.036
and P = 0.019, respectively, in the fully adjusted model) and
insulin variation both at 3 and 6-months (P = 0.029 and
P = 0.017, respectively, in the fully adjusted model). We did not
observe significant association of carbohydrates consumption
along the study and variation in any parameter of glucose
homeostasis.

Other cardiometabolic parameters

The lipid profile homogenously improved in both diet condi-
tions, mainly due to an improvement in the triglyceride levels.
Subjects consuming HP diet showed a higher decrease in apolipo-
protein B concentration after 3-months of weight loss intervention
(P = 0.047 after adjusting by weight loss). CRP and liver enzymes
significantly decreased in both diets although we did not find sta-
tistical differences between diets.

Systolic and diastolic blood pressure significantly decreased
across intervention only in subjects in HP diet, although we just
observed statistical differences between diets for diastolic blood
pressure at 3-months assessment (P = 0.049 after adjusting by
weight loss).

Adipokine concentration

RBP4 significantly decreased after dietary intervention both in
SP and HP groups although no significant differences between diet
groups were found (Table 3). Adiponectin increased more than
double in HP group with respect to SP group although no statisti-
cally significant differences were denoted between diets. We
neither found statistical differences after adjusting by weight loss.
Leptin homogeneously decreased in both diets (P < 0.001 in both
diet groups across intervention).

Leptin reduction showed the highest correlation with weight
loss (r = 0.59 and r = 0.76 at 3 and 6-months) (Supplemental
Table 3). Adiponectin inversely and moderately correlated with
weight loss, while RBP4 only positively correlated with body
weight change after 6-months of dietary intervention. Quite similar
results were observed for body composition change correlation
with adipokine concentrations change. Correlations between adi-
pokines concentration and cardiometabolic and other biochemical
parameters (although some of them did not significantly change
across the study) are also shown in Supplemental Table 3. Adipo-
nectin change inversely correlated with glucose, HbAlc and
HOMA-IR changes while leptin reduction directly correlated with
all glucose metabolism parameter reductions. RBP4 reduction
directly correlated with total cholesterol and LDL cholesterol
changes. Adiponectin concentration change was directly correlated
with HDL cholesterol and CRP after 6-months of intervention
although it was not observed at 3-month visit. Leptin was positively
associated to triglycerides, apolipoprotein B, GGT and CRP changes

doi.org/10.1016/j.cInu.2019.06.005
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Table 2
Changes in clinical and biochemical characteristics after 3 and 6 months of dietary intervention according to diet group.®
SP diet HP diet P P
% Change from % Change from P-trend across % Change from % Change from P-trend across A% SPvs HP(dlets A% SP vs HPddIEtS
A . A . A A . . . b at 3 months at 6 months

randomization to randomization to dietary randomization to randomization to dietary intervention

3 months n = 35 6 months n = 32 intervention” 3 months n = 38 6 months n = 35
Weight —6.48 +3.93 —8.36 + 5.03 <0.001 -7.12 +3.75 —9.20 + 5.31 <0.001 0.485 0.519
BMI —6.14 + 4.36 —7.95 +5.32 <0.001 —-7.08 +3.77 -9.15 +5.32 <0.001 0.327 0.362
Waist circumference —4.96 + 3.98 —7.06 + 5.58 <0.001 —4.95 +4.72 —6.28 +5.28 <0.001 0.996 0.581
Fat mass -10.1 £ 135 —-134 +283 0.010 —14.5 + 14.2 -169 + 189 <0.001 0217 0.559
Fat free mass —3.11 + 3.58 —3.92 +4.82 <0.001 —3.37 + 3.69 —2.90 + 4.07 <0.001 0.788 0.383
Visceral fat -8.71+125 -11.1 £ 211 <0.001 -12.5 + 10.6 -125+13.6 <0.001 0.069 0.885
Systolic blood pressure -295+ 113 —-422 +11.6 0.099 -4.94 + 10.2 —5.71 + 9.06 0.005 0.380 0.597
Diastolic blood pressure -1.64+ 116 -254+ 121 0.488 -7.57 + 10.6 —6.62 + 10.5 <0.001 0.043 0.187
Total cholesterol -4.32 + 10.6 -1.23 + 148 0.010 —-7.39 + 10.6 -3.35+10.8 <0.001 0.227 0.488
HDL cholesterol -130+ 119 423 + 144 0.066 -1.20+11.0 3.89 + 14.1 0.104 0.971 0.924
Triglycerides -18.9 + 37.1 —15.0 +42.7 0.001 —-21.8 £26.3 —19.0 = 30.0 0.001 0.705 0.668
LDL cholesterol 0.56 + 13.6 2.68 +20.9 0.927 -431+11.1 —0.84 + 15.2 0.081 0.123 0.462
Apolipoprotein B —6.56 + 15.3 —13.6 £ 26.3 <0.001 -142 £ 122 -13.8+133 <0.001 0.025 0.966
Glucose —6.45 + 12.6 -1.24 +19.8 0.021 -10.6 + 12.0 -129+11.0 <0.001 0.159 0.004
Insulin —234 +27.7 —20.6 + 34.6 <0.001 -37.7+213 —41.7 + 18.1 <0.001 0.021 0.004
HOMA-IR -27.1+319 —20.5 +43.8 <0.001 —43.5 + 24.8 —49.5 + 16.9 <0.001 0.023 0.001
HbA1lc —3.20 + 5.86 —4.88 + 5.60 <0.001 —5.50 + 6.02 —6.25 + 8.46 <0.001 0.003 0.235
GGT —13.1 +42.2 —14.5 + 448 <0.001 —-229+221 —18.7 +29.9 <0.001 0.220 0.658
ALT —12.3 + 388 —15.0 + 38.1 0.001 —225+ 276 -21.6 £315 <0.001 0.203 0.443
Uric acid -2.01 £12.0 —4.47 £ 17.0 0.015 —4.02 + 10.4 —6.07 £ 10.9 0.001 0.453 0.651
Blood urea 0.04 + 15.1 4,67 +23.0 0.631 14.8 + 27.6 17.9 + 24.7 <0.001 0.007 0.029
Urine urea —25.7 +90.7 -123 +61.8 0.496 6.09 + 93.0 14.6 + 63.5 0.714 0.294 0.147
Urine albumin-to-creatinine —28.2+93.1 -7.74 £ 674 0.056 —42.3 + 84.2 —-17.5+954 0.120 0.510 0.993

ratio creatinine

Glomerular filtration rate 4.83 +7.58 323 +£105 0.051 1.52 + 153 098 + 125 0.891 0.279 0.448
CRP —20.8 +50.3 —43.5 + 88.8 0.004 —15.0 + 34.1 —28.6 +40.7 <0.001 0.348 0.304
Physical activity level 404 + 127 773 + 191 0.001 14.1 + 103 40.0 + 152 0.010 0.636 0.383

¢ Values are mean + SD or median + interquartile range as applicable. ALT, alanine aminotransferase; CRP; C-reactive protein; GGT, gamma glutamil transferase HbA1c, glycated hemoglobin; HOMA-IR, Homeostasis model
assessment of insulin resistance; HP, High protein; SP, Standard protein. All biochemical variables refer to fasting serum concentrations except for those specifically indicated that were measured in urine.

b p refers to differences across dietary intervention within diet group what was calculated by repeated measures ANOVA or Friedman tests as applicable.

¢ P refers to differences (% change with respect to baseline) between diet groups what was calculated by t-test or U-Mann—Whitney test as applicable.

d P refers to differences (% change with respect to baseline) between diet groups what was calculated by t-test or U-Mann—Whitney test as applicable.
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Table 3

Plasma adipokines concentration change after 3 and 6 months of dietary intervention according to diet group.”

HP diet

SP diet

6 months
n=235

3 months
n =38

6 months
n=32

3 months
n=35

P-trend across

pe

Mean (CI)

Pe

Mean (CI)

P-trend across

Mean (CI)

Mean (CI)

dietary intervention”

0.024

dietary intervention”

0.031

0.75 (~9.10, 10.6)

~8.89 (~16.8, 0.35)

~3.06 (—14.7, 8.56)

~832(-17.0, 0.35)

Average change
from baseline
Dif. vs SP

Dif. vs SP

RBP4

0.591

0.591

0.521

~3.40 (13.9, 7.12)
~3.20 (13.8, 7.44)

Ref.
Ref.

Ref.

Model 1: raw

0.285

0.285

0.550

Ref.

Model 2: adjusted
for weight loss

<0.001

53.5(19.1, 88.0)

29.9 (0.07, 58.1)

<0.001

23.7 (10.6, 36.7)

6.05 (-4.01, 16.1)

Average change
from baseline
Dif. vs SP

Dif. vs SP

Adiponectin

0.114
0.184

0.114
0.184

0.167
0.219

19.8 (—8.50, 48.0)
17.5 (~10.6, 45.6)

Ref.
Ref.

Ref.

Model 1: raw

Ref.

Model 2: adjusted
for weight loss

<0.001

~33.1 (-43.5, —22.6)

~36.0 (—45.3, —26.8)

<0.001

335 (—42.7, —24.3)

~37.6 (—45.6, —29.6)

Average change
from baseline
Dif. vs SP

Dif. vs SP

Leptin

V. Marco-Benedi et al. / Clinical Nutrition Xxx (XXxX) XXX

0.927

0.927

0.872

0.99 (112, 13.2)
419 (=5.51, 13.9)

Ref.
Ref.

Ref.

Model 1: raw

0.136

0.136

0.392

Ref.

Model 2: adjusted
for weight loss

@ Values are percentage with respect to baseline and are expressed as means (95% confidence interval). Dif. denotes difference and refers to the difference HP vs SP. HP, High protein; RBP4, Retinol Binding Protein 4; SP,

Standard protein.

b p refers to significance of adipokine change across intervention within dietary group. It is calculated by repeated measures ANOVA or Friedman tests as appropriate.

¢ P refers to significance of adipokine change comparing to SP diet which was calculated by multiple linear regression.

although these relationships disappeared after adjusting by weight
loss. Linear regression models showed that: a) all these significant
associations disappeared after adjusting by weight loss except for
the relation between adiponectin with HbA1c changes; b) the type
of diet did not show any significant impact on the association be-
tween adipokine and cardiometabolic changes.

Study intervention adherence

Urine urea concentration decreased during intervention in SP
diet while it increased in those subjects randomized to HP diet
(Table 2). We calculated a urine urea/weight (kg) ratio to normalize
this variable for body weight. A decrease in the urine urea/body
weight ratio (—23.6 + 104% and —6.99 + 66.7% after 3 and 6-months
respectively) was observed in SP group while it increased
(10.2 +£99.6% and 33.3 + 71.9% after 3 and 6-months respectively) in
HP group (P = 0.327 and P = 0.090 comparing SP and HP diets at 3
and 6-month visits). Blood urea increased more across intervention
in subjects in HP group (P = 0.007 and P = 0.029 at 3 and 6-
months). These data showed a quite different consumption of
protein in both groups by suggesting a correct adherence to pre-
scribed diets.

Physical activity significantly increased during intervention in
both diet groups. Exercise homogenously increased across the
study without showing statistically significance between groups.

Discussion

The main finding of this study is that an energy-restricted diet
containing 35% of total calories coming from protein, mainly from
animal source, leads to a greater glucose metabolism improvement,
especially observed in HOMA-IR, irrespective of weight loss in
subjects with prediabetes or early stages or T2DM comparing to a
diet with an 18% of total energy from protein energy-restricted diet.
Adipokine concentration significantly and homogeneously
decreased after dietary intervention in both diets, so the effect of
the energy-restricted HP diet probably cannot be explained by
changes in the adipose tissue functionality.

The results of our study are in agreement with a meta-analysis
aimed to explore the effect of a HP diet (25—32% of total calories
coming from protein) or a SP diet (15—20% of total calories coming
from protein) on glucose and HbA1c in subjects with T2DM [12].
Results showed that HP diets resulted in more HbAlc decrease
(—0.52%; 95% CI: —0.90, —0.14) although they did not find statistical
significance in fasting blood glucose levels. We also observed
higher HbAlc concentration decreases in those participants
following HP diet (—6.25% vs —4.88% in HP and SP diets respec-
tively) although we neither found statistical differences between
diets after weight loss adjustment. Our results did show a glucose
reduction enhance-ability of a HP diet compared to an SP diet even
after adjusting by weight loss. Some important factors differ our
study from previous studies included in the meta-analysis which
could determine our findings. First, HP diet in our study involved a
35%-energy coming from protein while HP diets included in pre-
vious studies were up to 32% of total calories coming from protein.
Higher protein consumption could lead to superior effects since a
dose-dependent metabolic effect of proteins has previously been
described [6,21,22]. Second, the majority of the studies included in
the meta-analysis had a short duration which could be insufficient
to detect significant differences in glucose metabolism outcomes.
Third, participants from our study had prediabetes or new-onset
diabetes, which are early stages of T2DM with certain insulin
secretory capacity preservation. It has been established that those
patients with short duration of T2DM may benefit from more
aggressive targets and better glycemic control lead to higher rates
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of diabetes remission and/or lower risk of recidivism within these
subjects. Several studies have demonstrated that weight loss im-
proves cardiometabolic parameters especially in early stages of the
disease [5]. Our findings confirm that HP diets lead to significant
benefit on glucose metabolism in prediabetic and early diagnosed
T2DM subjects who would benefit from a high intensity target.
However, further research is needed to confirm it glycemic control
enhance ability of HP diets would also be observed in subjects with
T2DM of long duration.

The mechanism responsible for glucose metabolism-induced
improvements of HP diets is not yet known. Our findings show
that a HP diet lead to the largest reductions in HOMA-IR and insulin
concentrations by pointing out the improvement in insulin resis-
tance as a key factor in physiological effects of protein intake. Few
other small-sample studies have explored the effect of energy-
restricted HP diets on these outcomes in T2DM with divergent re-
sults [23—26]. Gannon et al. compared the effect of a HP diet (30% of
total calories coming from protein) with a SP diet (15% of total
calories coming from protein) for 5 weeks [23]. Authors observed
significant differences between both diets in HbA1c concentrations
but not in HOMA-IR. However, another study found a 75%-insulin
sensitivity improvement in 10 obese subjects with TD2M following
a 14-day diet with a low percentage of carbohydrates but HP con-
tent [24]. Other studies carried out in non-diabetic subjects also
reported opposing findings on the effect of HP diets on insulin and
HOMA-IR [7,10,27].

Elucidating the mechanisms mediating insulin resistance
improvement deserves special attention. Many studies have
focused on the effect of HP diets on incretins secretion, like GLP-1
or GIP, which have an important impact in glucose metabolism
regulation and satiety [28]. Recently, some studies have proposed
reductions of pro-inflammatory adipokine concentrations while
increments in anti-inflammatory adipokine concentrations after
weight loss through HP diets [ 19]. Thus, HP content diets could lead
to an adipose tissue functionality improvement, which may
mediate the cardiometabolic profile improvement. Our study is the
first one to compare the effect of different protein content in an
energy-restricted diet on adipokine concentration in subjects with
IFG or T2DM. The results showed that both HP and SP diets
homogenously improved adipokine concentration which was
directly related to weight loss. Despite we found no statistically
significant differences between diets, we observed a tendency in
adiponectin variation after weight loss since those subjects
consuming the HP diet had more than double increase in adipo-
nectin concentration than those randomized to SP diet. Adipo-
nectin exhibits anti-atherogenic, insulin-sensitizing and anti-
inflammatory properties [29,30]. Some authors have described an
increase in its concentration after weight loss in non-diabetic
subjects while others have not found any significant change [19].
Our data do not support adipokine profile change as the key
mechanism mediating glucose metabolism-enhance ability of HP
diets. However, further research is needed to confirm adiponectin
findings and other less common adipokines by taking other
possible confounder factors like study duration or protein sources.

Total calories of a diet directly impact the absolute protein
amount of protein that is consumed [31]. Thus, a 35%-protein
within a 1800 kcal (7530 K]) diet involves 158 g of protein per day
while the same diet would imply 105 g of protein per day in a
1200 kcal (5020 kJ) diet. Thus, it is essential to state the absolute
protein quantity regardless of calorie content of diet and protein
sources determining its quality. Protein source could also play an
essential role in its physiological effect. When consumed in excess
of postprandial protein synthesis, amino acids can readily be used
as substrate for oxidation [31]. If protein oxidation provides more

ATP than the liver could use, amino acids could lead to hepatic
gluconeogenesis or they can be converted into ketone bodies
through ketogenesis. Threonine or isoleucine can be converted into
either glucose or ketone bodies, whereas lysine and leucine are
strictly ketogenic and therefore not used as a substrate for gluco-
neogenesis. Thus, differential impact on glucose metabolism of
different protein foods is clear. Few studies have described the
differential effect of vegetal and animal proteins in metabolic effect
of proteins and it has not been previously explored in subjects with
IFG or T2DM [32,33]. Prescribed diets in our study include >150 g/
day of protein coming mainly from animal sources which could be a
key element in the insulin resistance improvement we found in
those subjects consuming the HP diet.

Considering that the diets of this trial had the same amount of
fat and they just differed in protein and carbohydrates, the impact
of each macronutrient in the results deserves special attention. If
the low content in carbohydrate in the diet has a role in the car-
diometabolic beneficial effect within HP diets cannot be discarded.
However, the studies exploring the potential benefits of low-
carbohydrate diets on glucose metabolism in absence of HP do
not shown consistent results [34,35], in contrast with HP trials
[7,9,12]. Furthermore, in our study the protein content in the diet
was an independent factor associated to insulin resistance
improvement but carbohydrate content was not. Further long-term
studies exploring the independent effect of each macronutrient
should be carried out to elucidate this issue.

Our study has some limitations worth mentioning. The mid-
term intervention design could have influenced findings,
although most interventional studies that have explored the ef-
fect of HP diets on glucose metabolism in diabetic subjects have a
shorter time frame. The relatively small sample size could have
limited the significance of the effect of HP in some outcomes. We
have not assessed incretins and other glucose-related metabolites
which are also proposed as potential mediators for glucose
metabolism improvement effect of protein consumption. We have
studied a limited number of adipokines, though we selected those
accumulating more evidence on glucose metabolism. Diet
compliance and physical activity were assessed by self-reported
questionnaires which is a limitation. We assessed urine nitrogen
in a spot sample which is established as a good surrogate
biomarker of protein consumption [18]; however, the determi-
nation of 24 h urinary nitrogen would have provided a more
reliable measurement of protein intake and patient's nitrogen
balance. Accelerometry would have also provided a more accurate
physical activity assessment. It is also difficult to discern if our
findings could be entirely due to high protein consumption or
lower carbohydrates intake which is inherent due to the stable fat
content. Finally, to analyze the total years of prediabetes or T2DM
duration would have been useful to explore if this factor, deter-
mining the pancreatic insulin reserve, could directly impact the
effect of HP diets effect on glucose metabolism, as previously
stated.

In conclusion, an energy-restricted diet containing 35% of total
calories coming from protein (mean of 1.34 g/kg/day), mainly from
animal source, and low in carbohydrates, leads to a greater glucose
metabolism improvement, especially observed in HOMA-IR, irre-
spective of weight loss in subjects with IFG or early stages of T2DM
comparing to a diet with an 18% of total energy from protein (mean
of 0.75 glkg/day) energy-restricted diet. This effect was not
explained by changes in plasma concentrations of adipokines.
Further research is crucial to confirm the mechanisms responsible
for the beneficial effect of HP diets on glucose metabolism by
elucidating the role of protein source and the exact and absolute
protein amount leading to this improvement.

doi.org/10.1016/j.cInu.2019.06.005
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HIGHLIGHTS

® Statins have changed the natural history of cardiovascular disease (CVD) in heterozygous familial hypercholesterolemia (HeFH).

® We report the current CVD prevalence in HeFH after an average of 9.7 years of statins.

® 10% of HeFH suffered a CVD event after more than 12 years of statin treatment.

® HeFH at high risk with high-intensity statins are those with > 3 risk factors.

® This study identifies HeFH patients susceptible for more intensive treatment.
ARTICLE INFO ABSTRACT
Keywords: Background and aims: The impact on heterozygous familial hypercholesterolemia (HeFH) health led by high-
Familial hypercholesterolemia intensity lipid-lowering therapy (HILLT) is unknown, and the question remains if there is still an unacceptably
Cardiovascular disease high residual risk to justify treatment with new lipid-lowering drugs.
Lipid-lowering

Statins

Methods: This observational, retrospective, multicenter, national study in Spain, whose information was ob-
tained from a national dyslipemia registry, was designed to establish the current prevalence of cardiovascular

disease (CVD) in HeFH and to define the impact of HILLT on CVD in this population. Odds were estimated using

several logistic regression models with progressive adjustment.

Results: 1958 HeFH, mean age 49.3 *+ 14.3 years, were included in the analysis. At inclusion in the registry, 295
patients (15.1%) had suffered CVD and 164 (55.6%) had suffered the first event before the onset lipid-lowering
treatment. Exposition to treatment associated more than ten times lower odds for CVD than in subjects naive to
treatment (OR 0.085, 95% CI 0.063-0.114, p < 0.001). A first CVD event after a mean treatment period of
9.1 + 7.2 years occurred in 131 out of 1615 (8.1%) HeFH subjects, and 115 (87.8%) of them were on HILLT.
Conclusions: Current prevalence of CVD among HeFH is one third of that reported before the statins era. Early
initiation and prolonged lipid-lowering treatment was associated with a reduction in CVD. New cases of CVD, in
spite of HILLT, appeared mostly among patients accumulating risk factors and probably they may be considered

for further lipid-lowering drugs.
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1. Introduction

Familial hypercholesterolemia (FH) is one of the most common
genetic diseases in the world [1]. The estimated prevalence of hetero-
zygotes FH (HeFH) is one in every 200-250 persons [2,3] and it is even
higher in areas with some genetic isolation [4]. FH subjects are char-
acterized by very high plasma concentration of low-density lipoprotein
(LDL) cholesterol with autosomal co-dominant pattern of transmission,
tendon xanthomas and high risk of premature coronary heart disease
(CHD) [5]. Most cases of FH are caused by loss-of-function mutations in
the genes encoding the LDL particle receptor (LDLR) [6], or apolipo-
protein B (APOB) [7], but also by gain-of-function mutations in the
genes encoding for proprotein convertase subtilisin/kexin type 9
(PCSK9) [8] or apolipoprotein E (APOE) [9].

Untreated affected subjects have a markedly elevated long-term
CHD risk, with hazard ratios up to 5.0 with respect to the general po-
pulation [10,11], and early mortality with up to 100-fold increase from
CHD in young adults. This high CHD risk reduces life expectancy of 20
years for men and 12 years for women [10]. Consequently, interna-
tional clinical guidelines classified HeFH as a high-risk condition, which
deserves early diagnosis and treatment [1,5,12].

The advent of potent lipid-lowering drugs, especially 3-hydroxy-3-
methyl-glutaryl-CoA reductase inhibitors or statins, has been a land-
mark for people suffering from FH. Since the late 1980s, this pharma-
cological therapy, sometimes in association with ezetimibe, has sub-
stantially reduced or even normalized LDL cholesterol concentrations in
HeFH, and the natural history of the disease has been importantly
modified [5]. Different reports from United Kingdom [13], Norway
[14], Denmark [15] and The Netherlands [16] indicate that, although
cardiovascular disease (CVD) remains significantly higher in treated
heterozygous FH than in subjects from the general population, CVD has
substantially improved in HeFH in recent years. However, the impact
on HeFH health led by high-intensity lipid lowering therapy is basically
unknown, as well as the question whether this treatment is sufficient or
still the residual risk is unacceptably high to justify treatment with new
lipid-lowering drugs, such as PCSK9 inhibitors.

Most diagnosed cases of HeFH in Spain, especially those with ge-
netic diagnosis, are controlled in specialized lipid units distributed
throughout the country, organized in a network within the Spanish
Atherosclerosis Society (SEA). SEA created a National Registry in 2013
that includes primary dyslipidemias using homogeneous clinical diag-
nostic criteria [17,18]. We hypothesized that lipid-lowering therapy has
improved HeFH cardiovascular prognosis in recent years. Thus, the
objective of this analysis was to establish the current prevalence of CVD
in HeFH adults, and to assess the impact of high intensity lipid lowering
treatment of CVD in this population.

2. Materials and methods
2.1. Study characteristics

This observational, retrospective, multicenter, national study in
Spain was designed to determine current prevalence of CVD in patients
with HeFH in the era of statin treatment. The impact of lipid lowering
treatment was studied with a case-control approach. The information
was obtained from the Dyslipidemia Registry of the SEA. This is an
active online registry, where 50 certified lipid clinics distributed
throughout all regions of Spain report cases of various types of primary
hyperlipidemias [17]. The anonymous clinical data collection in this
registry was approved by a central ethical committee (Comité Etico de
Investigacién Clinica de Aragén, CEICA). Inclusion criteria were stan-
dardized in 5 training sessions before case recruitment. For HeFH, the
registry includes personal and family health history, anthropometry,
physical examination, laboratory data, presence of CVD, age at which
CVD events occurred, age at which statin treatment began, history of
lipid-lowering treatment, and genetic data regarding mutations in
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LDLR, APOB or PCSK9 (positive, negative or unknown). Patients were
eligible for inclusion in this study if they were 18 years of age or older,
with clinical or genetic diagnosis of HeFH. Clinical diagnosis was based
on the diagnostic criteria proposed by the Dutch Lipid Clinics Network
(DLCN): 6-8 points (probable), and > 8 points (definite) [1]. Genetic
diagnosis was based on tested carrier status of a known pathogenic
mutation for FH. Pathogenicity definition of mutations followed the
American College of Medical Genetics ACMG recommendations [18].
Only pathogenic and likely pathogenic mutations were considered as
causal in this analysis. Additional written informed consent was re-
quired for genetic analysis. Homozygous FH were not included in this
study. CVD is defined as: coronary (myocardial infarction, coronary
revascularization procedure, sudden death); cerebral (stroke with >
24 h neurological deficit without evidence of bleeding in brain imaging
tests); peripheral vascular disease (intermittent claudication with ankle
arm index < 0.9, or arterial revascularization of lower limbs) or
symptomatic or asymptomatic abdominal aortic aneurysm. Arterial
hypertension was defined as systolic blood pressure =140 mmHg or
diastolic blood pressure =90mmHg or self-reported use of anti-
hypertensive medication. Diabetes was defined as fasting plasma glu-
cose =126 mg/dl, HbAlc = 6.5% or self-reported treatment with an-
tidiabetic medications. Current smoking was defined as current
smoking or having smoked in the last year. Former smoker was defined
as a subject having smoked at least 50 cigarettes in his lifetime, but not
having smoked in the last year. Severe high LDL cholesterol was con-
sidered when > 250 mg/dl in the absence on lipid-lowering drugs [12].

Lipid-lowering treatment was classified into three categories according
to the type of drug and the daily dose: low intensity treatment (ezetimibe
5-10mg, simvastatin 5-10mg, lovastatin 20 mg, pravastatin 10-20 mg,
fluvastatin 20-40 mg or pitavastatin 1 mg), moderate intensity treatment
(atorvastatin 10-20mg, rosuvastatin 5-10mg, simvastatin 20-40mg,
fluvastatin 80 mg, lovastatin 40 mg, pravastatin 40 mg or pitavastatin
2-4 mg) and high intensity treatment (rosuvastatin 20-40 mg, atorvastatin
40-80 mg, or any daily statin doses plus ezetimibe) [19]. Only extended
lipid-lowering (> 6 months) at entry was considered.

We conducted this study in accordance with the Declaration of
Helsinki for the protection of the rights and welfare of people partici-
pating in biomedical research.

2.2. Statistical analysis

Prevalence and HeFH description used the information at the time of
data collection. Cases were participants who had suffered a first CVD event
and controls were the remainder participants. Lipid-lowering treatment
use defined the exposure variable. A participant was deemed exposed to
lipid-lowering treatment if the recorded treatment start age predated the
first CVD event in cases, and in all cases of treatment in controls. Duration
of exposure was used for a dose-effect analysis. Years of lipid-lowering
therapy were calculated by subtracting age of treatment to age of event
among cases, and age of treatment to age at the time of data collection
among controls. This variable was categorized in non-exposed, and tertiles
of duration among those exposed (resulting in cutoff values at 5 and 12
years of treatment). Case-control age, for adjustment, was that of the first
CVD event for cases and that at the time of data collection for controls.
Other clinical variables used as potential determinants of CVD were values
present at the time of data collection for both cases and controls.

Odds ratios (OR) were estimated using several logistic regression
models with progressive adjustment: Model 1 was unadjusted, model 2
was adjusted for gender and age, model 3 was further adjusted for
hypertension, diabetes, tobacco, HDL cholesterol (mg/dl), LDL choles-
terol (mg/dl), and body mass index (BMI) (kg/mz), and model 4 ad-
ditionally for lipoprotein (a) [Lp(a) mg/dl].

A second logistic regression analysis with the same progressive
adjustments was performed restricted to those exposed to high intensity
treatment (as defined above) to study factors that influence CVD among
those under such treatment.
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Fig. 1. Prevalence of cardiovascular disease according to age at the entry in the registry stratified by gender.
CVD, cardiovascular disease.
Table 1
Anthropometric, clinical and biochemical characteristic of HeFH subjects at registry inclusion.
Variables Total (n = 1958) Non-CVD (n = 1663) CVD (n = 295) p¢
Age at registry, years 49.3 = (14.3) 47.8 = (14.3) 58.0 = (10.2) < 0.001
Case-control age b years 47.7 £ (13.7) 47.8 = (14.3) 47.6 = (9.9) 0.267
Gender (male) 48.1 (942) 44.4 (738) 69.2 (204) < 0.001
Body mass index, (Kg/m?) 26.2 = (4.4) 25.9 = (4.4) 28.1 + (4.3) < 0.001
Xanthomas, % (n) 32.0 (626) 31.9 (530) 32.5 (96) 0.545
Tobacco consumption 0.001
Never smoke, % (n) 53.9 (1056) 56.0 (932) 42.0 (124)
Ever smoke, % (n) 46.1 (902) 44.0 (731) 58.0 (171)
Hypertension, % (n) 19.6 (383) 15.5 (258) 42.4 (125) < 0.001
Diabetes, % (n) 6.5 (128) 4.4 (73) 18.6 (55) < 0.001
Lipids without treatment
Total cholesterol, mg/dl 348 = (76.2) 345 = (72.0) 2 + (95.0) < 0.001
HDL cholesterol, mg/dl 54.8 = (15.7) 5 .8 + (15.5) 9.2 + (15.8) < 0.001
LDL cholesterol, mg/dl 269 = (74.7) 267 *+ (69.9) 5 + (96.3) < 0.001
Triglycerides, mg/dl 132 = (118) 128 + (120) 157 + (98.2) < 0.001
Lipoprotein (a), mg/dl (n = 1360) 49.4 + (56.9) 47.8 = (57.0) 59.0 = (55.6) 0.004
Clinical HeFH diagnosis 0.101
Probable (6-8 DLCN points), % (n) 18.1 (354) 17.4 (290) 21.7 (64)
Definite (> 8 DLCN points), % (n) 81.9 (1604) 82.6 (1373) 78.3 (231)
Genetic test < 0.001
Unknown, % (n) 24.4 (478) 22.9 (381) 32.9 (97)
Negative, % (n) 10.6 (207) 11.3 (188) 6.4 (19)
Positive, % (n) 65.0 (1273) 65.8 (1094) 60.7 (179)

Values are numbers (%), mean =+ (SD), as applicable.

CVD, cardiovascular disease; HDL, high-density lipoprotein; HeFH, heterozygous familial hypercholesterolemia; LDL, low-density lipoprotein; DLCN, Dutch Lipid

Clinic Network.

@ p values refer to differences calculated after adjusting gender and case-control age, as appropriate.
b Case-control age refers to the age of controls at their inclusion in the registry, and the age of the first CVD event in the group of cases.

3. Results
3.1. Study population

A total of 1958 HeFH patients, 1016 women and 942 men, with a
mean age of 49.3 years fulfilled the inclusion criteria. Probable (6-8
DLCN points) and definite HeFH (> 8 DLCN points) was diagnosed in
354 (18.12%) and 1604 (81.98%) subjects, respectively. A positive
genetic diagnosis was present in 1273 (65.0%) subjects. At inclusion in

the registry, 295 patients (15.1%) had suffered CVD. Prevalence of CVD
among HeFH increased with age and male gender (Fig. 1). Subjects with
CVD were older, more frequently men, had higher BMI, tobacco con-
sumption, and had more frequently hypertension and diabetes than
those HeFH without CVD. In addition, HeFH patients with CVD had
lower HDL cholesterol and higher LDL cholesterol, triglycerides and Lp
(a) concentrations without lipid-lowering treatment (Table 1).
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Fig. 2. Distribution of a first cardiovascular event in relation to the onset of lipid-lowering treatment stratified by age and gender.

CVD, cardiovascular disease.

3.2. Effect of exposure to lipid-lowering treatment on CVD

Among HeFH patients with CVD, the first event occurred before the
onset lipid-lowering treatment in 164 (55.6%) of the subjects. This
percentage was slightly higher for men (56.9%) than for women
(52.7%) and had a tendency to decrease with age in both genders
(Fig. 2).

The mean exposure time to lipid-lowering treatment was 9.7 years,
being lower in subjects with CVD, although without reaching statistical
significance (Table 2).

To better establish the impact of lipid-lowering treatment on CVD,
we calculated the risk of presenting a first CVD event according to
previous exposure to lipid-lowering treatment and its duration.
Treatment exposure was associated with more than ten times, gender
and age adjusted, lower odds of CVD than in treatment naive patients
(OR 0.085, 95% CI 0.063 to 0.114, p < 0.001) (Supplemental Fig.1).
This CVD protection was also analyzed as lipid-lowering treatment
exposure increased. According to tertiles of years of exposure to statins,
with respect to those not exposed to statins, the OR for those subjects
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with exposure < 5 years, between 5 and 12 years and > 12 years was
0.095 (95% CI 0.065 to 0.139), 0.086 (95% CI 0.058 to 0.128) and
0.071 (95% CI 0.047 to 0.108), respectively, with significant differ-
ences versus non-exposed (p < 0.001 in all cases) (Table 3). There was
a trend for a greater protection among longer exposures but, due to the
small number of events among those exposed, the differences did not
reach statistical significance. These ORs remained similar after further
adjustment for sex, age, BMI, hypertension, diabetes, tobacco, HDL
cholesterol and LDL cholesterol levels without treatment. Adjustment
for Lp(a) concentration did not modify ORs in the regression (Table 3).

3.3. Risk factors for CVD in subjects with lipid-lowering treatment

A first CVD event occurred in 131 out of 1615 (8.1%) HeFH subjects
already in extended lipid-lowering (> 6 months) treatment. Among
them, 115 (84.6%) were on high intensity therapy, including 75
(65.2%) combining ezetimibe, and 93 (71.0%) had a positive genetic
diagnosis. Clinical characteristics of these groups are shown in Table 2.
There were more men and they were older, with higher BMI, more
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Table 2
Anthropometric, clinical and biochemical characteristics of HeFH subjects with and without CVD after lipid-lowering treatment.
Variables No CVD n = 1484 CVDn =131 P
Control-cases age, years 48.3 = (14.1) 50.0 = (10.8) 0.022
Gender (male), % (n) 45.3% (672) 67.2% (88) < 0.001
Body Mass Index, Kg/m2 259 + (4.3) 28.3 + (4.5) < 0.001
Xanthomas, % (n) 33.7% (484) 37.3% (47) 0.660
Tobacco consumption 0.848
Never smoker, % (n) 55.3% (821) 51.1% (67)
Ever smoker, % (n) 44.7% (663) 48.9% (64)
Hypertension, % (n) 15.5% (230) 38.9% (51) < 0.001
Diabetes, % (n) 4.2% (63) 20.6% (27) < 0.001
Pre-treatment LDL-cholesterol, mg/dl 268 * (69.0) 295 + (102) < 0.001
Post-treatment LDL-cholesterol, mg/dL 140.1 + (49.9) 126.7 = (49.1) 0.016
Lp(a), mg/dl (n = 1169) 47.7 = (57.4) 55.8 + (50.8) 0.152
Treatment intensity 0.014
Unknown, % (n) 8.5 (126) 7.6 (10)
Low intensity, % (n) 1.9% (28) 0.8% (1)
Moderate intensity, % (n) 20.8% (309) 3.8% (5)
High intensity, % (n) 68.8% (1021) 87.8 (115)
Time with lipid-lowering treatment, years 9.8 = (7.4 9.1 = (7.2) 0.085
Probable FH, % (n) 17.0% (253) 16.0% (21) 0.540
Definite FH, % (n) 83.0% (1231) 84.0% (110)
Genetic test 0.324
Positive test genetic, % (n) 67.0% (994) 71.0% (93)
Negative test genetic, % (n) 11.8% (175) 7.6% (10)
Unknown, % (n) 21.2% (315) 8.2% (28)

Values are numbers (%), mean * (SD), as applicable. p values refer to differences calculated after adjusting by gender and age, as appropriate.
CVD denotes cardiovascular disease; HeFH, heterozygous familial hypercholesterolemia; LDL, low-density lipoprotein; Lp(a), lipoprotein (a).

prevalence of hypertension and diabetes, more often confirmed ge-
netically, and with higher LDL cholesterol levels without lipid-lowering
treatment among HeFH with CVD event than among HeFH without it.
There were nodifferences in the presence of xanthomas, tobacco con-
sumption, Lp(a) concentration and years of exposure to lipid-lowering
treatment.

Two regression analyses calculating OR for CVD after lipid-lowering
treatment are shown (Supplemental Table 1). The first analysis in-
cluded all HeFH subjects exposed to treatment while the second, only
those subjects treated with high intensity therapy. Independent risk
factors were male gender, BMI, LDL cholesterol without treatment,
history of hypertension or diabetes, less than 5 years of lipid-lowering
treatment, onset of lipid-lowering at age > 30 years, and a positive
genetic test for FH. In subjects with high intensity treatment, the in-
tensity of association of these factors with CVD was similar to that in
the whole group.

In subjects treated with high intensity therapy, the mean dose of
atorvastatin or rosuvastatin was 41.8 + 0.61 or 24.8 = 0.44 mg/day,

respectively, and 738 (64.9%) subjects were also taking ezetimibe. We
calculated the proportion of subjects who developed CVD according to
the count of independent risk factors found in the previous logistic
regression analysis. CVD prevalence increases as the number of risk
factors increases (Fig. 3). Among our HeFH population with statin
treatment previous to CVD, and treated with high intensity therapy,
56.2% showed < 3 risk factors, but still 34 (5.3%) had developed CHD
in spite of having undergone an average of 9.7 years of previous lipid
lowering treatment.

4. Discussion

In the present study, we describe the prevalence of CVD in a registry
of HeFH patients treated in specialized lipid units and the effect on CVD
of prolonged treatment with lipid-lowering drugs. This is the first work
where we can describe the characteristics of HeFH that suffered CVD in
spite of lipid-lowering treatment, even with some of them on high in-
tensity treatment, and provide information to assess the potential role

Table 3
Odds ratio (OR) for cardiovascular disease according to lipid-lowering treatment in subjects with heterozygous familial hypercholesterolemia.
OR (CI 95%) P Lipid-lowering treatment P
Exposure Yes vs. No Non-exposure < 5 years 5.12 years > 12 years
n/N % subjects with CHD 131/1615 vs 164/343 164/343 48/575 42/499 41/541
8.1% vs 47.8% < 0.001 47.8% 8.3% 8.4% 7.6% < 0.001
Model 1N = 1958 0.096 (0.073-0.121) < 0.001 REF 0.099 (0.069-0.143) 0.100 (0.069-0.147) 0.090 (0.061-0.131) < 0.001
Model 2N = 1958 0.085 (0.063-0.114) < 0.001 REF 0.095 (0.065-0.139) 0.086 (0.058-0.128) 0.071 (0.047-0.108) < 0.001
Model 3N = 1958 0.092 (0.067-0.126) < 0.001 REF 0.115 (0.077-0.171) 0.089 (0.058-0.136) 0.070 (0.045-0.110) < 0.001
Model 4 n = 1360 0.082 (0.054-0.123) < 0.001 REF 0.096 (0.058-0.160) 0.076 (0.045-0.130) 0.070 (0.040-0.121) < 0.001

n/N, number with CVD/number in the exposure group.

Model 1: Univariate analysis.

Model 2: After adjustment for gender and age.
Model 3: After adjustment for gender, age, hypertension, diabetes, tobacco consumption, HDL cholesterol (mg/dl), LDL cholesterol (mg/dl), and body mass index

(Kg/m?).

Model 4: After adjustment for gender, age, hypertension, diabetes, tobacco consumption, HDL cholesterol (mg/dl), LDL cholesterol (mg/dl), body mass index (Kg/
m?), and lipoprotein (a) (mg/dl).
F-test p are those for the lipid-lowering treatment variables.
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Fig. 3. Prevalence of cardiovascular disease among HeFH in high-intensity lipid-lowering treatment stratified by the count of cardiovascular risk factors.

CVD, cardiovascular disease.

The risk factors considered were those that were statistically significant in regression 1 described in Supplemental Table 1.

of new drugs in the treatment of this disease.

In our opinion, three important conclusions can be drawn from our
work. First, current CVD prevalence in HeFH is much lower in the statin
era than reported several decades ago; second, CVD in HeFH patients is
highly dependent on the moment when lipid-lowering is started; and
third, new cases of CVD under prolonged statin treatment are un-
common and concentrated in subjects with certain risk factors.
Altogether, our results would indicate that when lipid-lowering treat-
ment is started early in life, HeFH is no longer a high-risk CVD condi-
tion.

CVD prevalence estimated from this study is similar to that reported
in other current registries from specialized lipid centers and, as ex-
pected, is highly dependent on the mean age of the cohort. The HeFH
cohort from The Netherlands with a mean age of 38.3 years showed a
CVD prevalence of 9.2% among 14,283 HeFH [20]; in a cohort from
Canada with a mean age of 43.9 years, it was 12.1% [21]; in our cohort
with a mean age of 49.3 years, it was 15.1%; and in Norway, with a
mean age of 58 years, it increased to 24% [22]. These prevalences are
clearly much lower than those reported years ago [23], and could
probably be related to multiple factors, including reduction of smoking
habit that has been reduced near 50% in males in Spain in the last 20
years [24,25]; better medical cardiovascular risk factor control, espe-
cially hypertension [26]; and changes in the diagnosis of HeFH from
clinical diagnosis, where the weight of the family and personal history
of coronary disease is very strong and favors the selection of more
serious cases, versus diagnosis based on the genetic diagnosis that
eliminates these potential biases. In addition, early initiation of statin
therapy seems to play a major role [16]. In fact, in our sample, in over
50% of HeFH subjects CVD developed before initiating lipid-lowering
treatment, while among all the patients that initiated treatment while
free from CVD, only 8% had a subsequent CVD event.

We quantified the impact of lipid-lowering drugs, mainly statins, on
CVD prevention in HeFH. In the absence of randomized clinical trials
with clinical events as main end-point, observational studies contribute
to analyze this effect. Considering that the mean reduction of LDL
cholesterol in our cohort was approximately 50%, which corresponds
approximately to 135mg/dl (3.5 mmol/L), the Cholesterol Treatment
Trialists’ (CTT) Collaboration [27] and epidemiological prospective
studies [28] would predict a reduction of approximately 59% in CVD

incidence in 5 years, because in mathematical terms, the decrease in
CVD risk should be 0.78 to the power of the LDL cholesterol reduction
in mmol/L [29]. Applying the formula relative risk = OR/[1 — absolute
risk + (absolute risk - OR)], an OR = 0.10, that we find in our study,
projecting from, as an example, and an untreated absolute risk of 50%
in HeFH, our OR would correspond to a relative risk of 19%, which
corresponds to an 81% reduction. The impressing magnitude of the
protection found in our work may be explained because the mean
treatment duration in our study is almost 10 years. The estimation
obtained in the present study overcomes that figure probably because
the mean treatment duration in our study was almost 10 years, LDL
cholesterol is the major, if not the only, risk factor in many HeFH pa-
tients, and the treatment was started in most cases in primary preven-
tion to avoid the development of atherosclerosis, which is probably
more effective than in subjects with advanced disease [29]. This result
is in agreement with the large CVD benefit observed with LDL choles-
terol lowering effect of a certain genetic variation that reduced LDL
cholesterol early in life [28,30]. Our results emphasize the importance
of an early-in-life diagnosis and intense treatment of HeFH [1,31].

Although CVD is drastically reduced with high intensity lipid-low-
ering treatment in our study, approximately 10% of HeFH patients that
started treatment free of CVD events still had one event in spite of
treatment, some of them even after more than 12 years of treatment.
Probably, this group of patients are good candidates for more potent
lipid-lowering treatments such as inhibition of PCSK9 with monoclonal
antibodies. The analysis of our cohort would indicate that HeFH sub-
jects with 4 or more risk factors including male gender, statin treatment
duration less than 5 years, obesity, diabetes, hypertension, LDL cho-
lesterol > 250 mg/dl without treatment, the presence of a causative
mutation in candidate genes, or late-in-life initiation of statin treatment
would be probably the best candidates for such approach. These con-
ditions are well-recognized risk factors in the general population and
HeFH [32]. In contrast, the CVD risk for HeFH subjects, with early-in-
life initiation, more than 5 years of treatment, and free from other risk
factor, is reasonably good.

In conclusion, current prevalence of CVD among treated HeFH in
specialized lipid clinics for long periods of time is one third of that
reported before statins were available. Early initiation and prolonged
lipid-lowering treatment are associated with most of this benefit.
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However, new cases of CVD appear in spite of high-intensity statin but
these episodes occur among high risk patients that should be considered
for further lipid-lowering drugs such as PCSK9 inhibitors.

4.1. Limitations

The design of our registry does not reliably allow calculating the
cumulative LDL cholesterol of the subjects. This calculation has been
related to the risk of cardiovascular disease [1]. However, the fact that
CVD decreases so significantly with treatment suggests that cumulative
LDL cholesterol above a certain threshold that many HeFH get with
high-intensity lipid-lowering treatment is even more important than the
total cumulative LDL cholesterol. During the period of registered
treatment (approximately 10 years in average), it may not remain
constant. We have information about the time of treatment onset but
covariates are collected at the time of inclusion in the registry. How-
ever, these patients are usually treated with potent therapies from the
very beginning. Although all lipids clinics in the network follow
homogeneous recommendations for the treatment of HeFH, some dif-
ferences may be present. In addition, HeFH patients in our registry are
followed at specialized lipid clinics, and perhaps, their phenotype or
their management does not fully represent the whole spectrum of HeFH
in the population. Finally, the retrospective study design implies that
only HeFH who lived enough time to be registered in our sites are in-
cluded, and thus most severe phenotypes leading to premature death, as
well as mortal CVD episodes, have not been considered, although car-
diovascular death has been reported very low in HeFH under high in-
tensity treatment [33].
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Abstract

Background: There is no randomized clinical trials with recurrence of atherosclerotic cardiovascular disease
(ASCVD) as a major outcome with rosuvastatin. In order to analyze potential differences in the clinical response to
atorvastatin and rosuvastatin in secondary ASCVD prevention, we have analyzed the clinical evolution of those
subjects of the Dyslipemia Registry of the Spanish Society of Arteriosclerosis (SEA) who at the time of inclusion in
the Registry had already suffered an ASCVD.

Methods: This observational, retrospective, multicenter, national study was designed to determine potential
differences between the use of atorvastatin and rosuvastatin in the ASCVD recurrence. Three different follow-up
start-times were performed: time of inclusion in the registry; time of first event if this occurred after 2005, and time
of first event without date restriction.

Results: Baseline characteristics were similar between treatment groups. Among atorvastatin or rosuvastatin users,
89 recurrences of ASCVD were recorded (21.9%), of which 85.4% were coronary. At the inclusion of the subject in
the registry, 345 participants had not suffered a recurrence yet. These 345 subjects accumulated 1050 person-years
in a mean follow-up of 3 years. Event rates were 2.73 (95% Cl: 1.63, 4.25) cases/100 person-years and 2.34 (95% Cl:

1.17,4.10) cases/100 person-years in the atorvastatin and rosuvastatin groups, respectively. There were no
statistically significant differences between the two groups independently of the follow-up start-time.

Conclusions: This study does not find differences between high doses of rosuvastatin and atorvastatin in the
recurrence of ASCVD, and supports their use as clinically equivalent in secondary prevention of ASCVD.

Keywords: Rosuvastatin, Atorvastatin, Secondary prevention, High-potent statin

Background
Reduction of cholesterol transported in low-density lipo-
proteins (LDLc) is one of the mainstays of atheroscler-
otic cardiovascular disease (ASCVD) prevention, since
multiple studies have demonstrated the causal role of
LDLc in the pathogenesis of atherosclerosis, and the
benefit of LDLc reduction in blood [1].

One central idea in ASCVD prevention is that the type
and intensity of any preventive measure should be
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conditioned by the risk of developing ASCVD over time,
especially in the short and medium term [2]. For LDLc
reduction, the main international scientific societies rec-
ommend undertaking hygienic-dietary measures as the
first step of lipid-lowering treatment in all patients, but
also concomitantly initiating hypolipidemic treatment
with potent statins in high-risk groups: subjects with
very high concentrations of LDLc, subjects affected by
severe genetic form of hypercholesterolemia, and pa-
tients who have already suffered an ASCVD event [3, 4].
In all of these cases, these guidelines recommend aiming
to LDLc reduction >50% with the use of high potency
statins at high doses. The American College of Cardi-
ology/American Heart Association guideline on the

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
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treatment of blood cholesterol to reduce ASCVD risk in
adults, after analyzing the hypolipidemic efficacy of dif-
ferent statins in multiple clinical trials and performing
head-to-head comparison among statins, classify them
according to their hypolipidemic effect in statins of low,
medium, and high potency. The latter group encom-
passes rosuvastatin at doses of 20 mg/day and 40 mg/
day, and atorvastatin at doses of 40 mg/day and 80 mg/
day. High potency statins allow LDLc reduction > 50%
and for that intensity, a similar clinical benefit is as-
sumed [3].

However, there are few observational reports and no
randomized clinical trials in secondary prevention with re-
currence of ASCVD as a major outcome with rosuvastatin,
in contrast to atorvastatin [5-8]. So, the assumption of
equivalent clinical benefit is based on their lipid-lowering
capacity and the clinical benefit of rosuvastatin demon-
strated in subjects in primary prevention. Given that sub-
jects in secondary prevention have different clinical
characteristics, such as the currently high prevalences of
diabetes [9] and vascular revascularization [10] among
them, and different concomitant medications, from sub-
jects in primary prevention, it would be good to know
whether the benefit of both statins is similar in secondary
prevention in real life.

In order to analyze potential differences in the clinical
response to atorvastatin and rosuvastatin in subjects in
secondary ASCVD prevention, we have analyzed the
clinical evolution of those subjects of the Dyslipemia
Registry of the Spanish Society of Arteriosclerosis (SEA)
who at the time of inclusion in the Registry had already
suffered an ASCVD.

Material and methods

This observational, retrospective, multicenter, national
study in Spain was designed to determine potential dif-
ferences between the use of atorvastatin and rosuvastatin
in the ASCVD recurrence. The information was ob-
tained from the Dyslipidemia Registry of the SEA [11].
This is an active online registry, where 50 certified lipid
clinics distributed throughout all regions of Spain report
cases of various types of primary hyperlipidemias. An-
onymous clinical data collection in this registry was ap-
proved by a central ethical committee (Comité Etico de
Investigacion Clinica de Aragén, CEICA) and partici-
pants gave their written informed consent. Inclusion cri-
teria were standardized in 5 training sessions before case
recruitment. For patients in secondary prevention, the
registry collects personal and family health history, an-
thropometry, physical examination, laboratory data, type
of ASCVD, age at which the ASCVD event occurred, age
at which statin treatment began, and history of lipid-
lowering treatment [12]. Patients were eligible for inclu-
sion in this study if they were 18 years of age or older
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with previous ASCVD at inclusion in the registry.
ASCVD was defined as: coronary (myocardial infarction,
coronary revascularization procedure, sudden death);
cerebral (ischemic stroke with > 24-h neurological deficit
without evidence of bleeding in brain imaging tests);
peripheral vascular disease (PAD) (intermittent claudica-
tion with ankle arm index< 0.9, or arterial revasculariza-
tion of lower limbs) or symptomatic or asymptomatic
abdominal aortic aneurysm. Arterial hypertension was
defined as systolic blood pressure > 140 mmHg or dia-
stolic blood pressure > 90 mmHg or self-reported use of
antihypertensive medication. Diabetes was defined as
fasting plasma glucose =126 mg/dl, HbAlc 26.5%, or
self-reported treatment with antidiabetic medications.
Current smoking was defined as current smoking or
having smoked in the last year. Former smoker was de-
fined as a subject having smoked at least 50 cigarettes in
his lifetime, but not having smoked in the last year.

Follow up

The registry is designed so that at least once a year the data
on the clinical evolution of the included patients are updated,
with new anthropometric data, changes in risk factors or
medication, and the appearance of new ASCVD events.

The main endpoint was defined as the occurrence of a
new major ASCVD event composed of coronary heart dis-
ease (coronary death, acute coronary syndrome requiring
hospitalization, or coronary revascularization due to an-
gina), cerebrovascular (fatal and non-fatal stroke, or ca-
rotid revascularization), and peripheral arterial disease
(arterial revascularization of the lower extremities).

Participants were divided according to the type of statins
recorded at the time of inclusion in the registry. The statin
documented in the registry represented the treatment for
the follow-up years prior to the recurrence or censoring.
Recurrent ASCVD event dates were collected and, in their
absence, participants were censored at the date the follow-
up data was obtained from the registry. Three different
follow-up start-times were performed: starting from the
time of inclusion in the registry (all participants had a pre-
vious event), starting from the time of first event if this oc-
curred after 2005, and starting from the time of first event
without date restriction.

Statistical analysis

Data are expressed as mean and standard deviation for
continuous variables with normal distribution and they
were analyzed with the Student’s t test. Categorical vari-
ables are expressed as a percentage and analyzed by the
x 2 test. The rates of adverse events up to the end of the
follow-up were calculated by considering observed
person-time and survival curves were created by Kaplan-
Meier estimation, and the groups were compared by log
rank test. The association between type of statin and
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ASCVD events was calculated using Poisson regression.
Multivariable Poisson regression models were fitted in-
cluding the covariates: age and sex (model 1), diabetes,
hypertension, smoking status, body mass index (BMI),
non-high-density lipoprotein (non-HDL) cholesterol,
HDL cholesterol and ezetimibe use.

We conducted this study in accordance with the Dec-
laration of Helsinki for the protection of the rights and
welfare of people participating in biomedical research.

Results

Patient characteristics

In the registry, 985 subjects had had an ASCVD event at
the time of their inclusion. On March 31st, 2019, follow-
up data were evaluated and 475 subjects were excluded
due to incomplete data, changes in the lipid-lowering
drugs, follow-up less than 1year, or loss to follow-up.
There were no relevant clinical differences at registry be-
tween those included and excluded for the analysis
(Additional file 3: Table S1). Only those subjects under
continuous treatment with atorvastatin (n =243) or
rosuvastatin (n =164) were included in this analysis
(Fig. 1). Clinical characteristics at the moment of inclu-
sion in the registry only differed in the gender propor-
tion between both treatment groups (Table 1). In the
atorvastatin group men were more frequent. At inclu-
sion, the mean age in both groups was 61 years, there
were no differences in body mass index, the prevalence
of hypertension, diabetes, or smoking history between
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those patients on atorvastatin and rosuvastatin. The age
of the first ASCVD and the type of ASCVD were also
similar between the groups (Table 1).

Total cholesterol and non-HDLc were higher before
treatment in those subjects to whom rosuvastatin was
prescribed. After treatment, HDLc has higher in the
rosuvastatin group, and the differences in total choles-
terol and non-HDLc were reduced to a level at which
they did not reach statistical significance any more
(Table 1). The mean dose of atorvastatin and rosuvasta-
tin were 50.8 (24.7) mg/day and 21.4 (9.6) mg/day, re-
spectively, corresponding to a medium dose of a high
potency statin and they were equivalent with respect to
their lipid-lowering efficacy. At the highest doses mar-
keted in Spain (rosuvastatin 20 mg and atorvastatin 80
mg), there were no significant differences in the reduc-
tion of LDLc. The concomitant use of ezetimibe was
very high among patients on atorvastatin, but higher in
those patients on rosuvastatin, 57.9 and 69.5%, respect-
ively (p = 0.023) (Table 1).

Recurrences

In the registry, among atorvastatin and rosuvastatin users,
89 recurrences of ASCVD after a first event were recorded
(21.9%), of which 85.4% were coronary, 11.2% ischemic
stroke, and 3.4% PAD; there were no hemorrhagic strokes
or abdominal aortic aneurism surgery during evolution. At
the inclusion of the subject in the registry, 345 participants
had not suffered a recurrence yet. Thus 62 recurrences

6532 subjects on

March 31st, 2019

|
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l
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\\
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Table 1 Clinical characteristic of subjects with CVD at inclusion in the Registry according to statin prescribed, and lipid values at
diagnosis of dyslipidemia in the Lipid Clinic without lipid-lowering treatment and after lipid-lowering treatment recorded at

inclusion in the Registry

Variables Atorvastatin (n = 243) Rosuvastatin (n = 164) P
Gender (Male), % (n) 78.2 [190] 689 [113] 0.046
Age at inclusion, years 609 (11.1) 60.6 (9.9) 0.743
Body mass index, (Kg/m?) 289 (4.1) 286 (4.3) 0.595
ASCVD type (CHD/Stroke/PAD), % 77.3/14.5/7.0 79.3/12.2/5.5 0.460
Age first ASCVD event 517 (114) 51.1 (10.5) 0.561
Tobacco consumption, % (n) 18.9 [45] 15.5 [25] 0461
Hypertension, % (n) 486 [118] 56.1 [92] 0.164
Diabetes, % (n) 309 [75] 31.7 [52] 0.943
Glucose, mg/dL 113.6 (335) 1084 (324) 0.130
Age statin onset 484 (12.3) 494 (11.2) 0477
Total cholesterol, mg/d|

Pre-treatment 296.8 (102.6) 3221 (111.1) 0.020

Post-treatment 172.9 (55.6) 182.6 (49.8) 0.065
HDL cholesterol, mg/dl

Pre-treatment 452 (14.3) 466 (12.8) 0.285

Post-treatment 471 (13.8) 496 (11.6) 0.048
Non-HDL cholesterol, mg/dl

Pre-treatment 251.6 (100.8) 275.5 (109.9) 0.027

Post-treatment 1106 (39.9) 119.0 (49.5) 0.072
Triglycerides, mg/dl

Pre-treatment 2415 (291.3) 209.2 (229.4) 0.213

Post-treatment 161.5 (175.2) 160.2 (153.8) 0938
Statin daily dose, mg/day 50.8 (24.7) 214 (96) -
Ezetimibe use, % (n) 57.9 [140] 69.5 [114] 0.023

Values are percentage [count], mean (SD), as applicable. ASCVD Denotes arteriosclerotic cardiovascular disease, CHD Coronary heart disease, PAD Peripheral artery

disease, HDL High-density lipoprotein

occurred before and 27 after inclusion on the registry.
These 345 subjects accumulated 1050 person-years in a mean
follow-up of 3years. Event rates were 2.73 (95% CIL: 1.63,
4.25) cases/100 person-years and 2.34 (95% CI: 1.17, 4.10)
cases/100 person-years in the atorvastatin and rosuvastatin
groups respectively (Fig. 2). There were no statistically signifi-
cant differences between the two groups (crude, adjusted for
age and sex, and for major cardiovascular risk factors Poisson
models as described in methods). Subjects with recurrent
ASCVD presented higher pre-treatment concentration of
non-HDLc than those subjects without recurrences during
the follow-up. All other clinical and biochemical variables did
not differ between those who suffered recurrence and those
who did not (Additional file 4: Table S2).

Among the patients in the registry with ASCVD (n =
407), 287 had their first episode in the last 15 years (year
2004 or later). Among them, 176 took atorvastatin at the
time of inclusion in the registry and 111 subjects rosu-
vastatin. The Kaplan—Meier survival estimates for the

end-point from the moment of the first event are shown
in Additional file 1: Figure S1. Within an average follow-
up of 7.5years, 47 (16.4%) patients (28 in the atorva-
statin group and 19 in the rosuvastatin group) suffered a
second episode of ASCVD. Crude rates for this follow-
up of 2154 person-years were 2.2 (95% CI 1.5, 3.1) and
2.2 (95% CI 1.3, 3.3) episodes per 100 person-years for
the atorvastatin and rosuvastatin groups respectively,
without finding statistically significant differences between
the two groups (crude models, adjusted for age and sex,
and for major cardiovascular risk factors as described in
methods). Results did not differ when subjects with first
events prior to 2004 (10.8 years mean follow-up) were in-
cluded in the model (Additional file 2: Figure S2).

Discussion

The present work shows that the recurrence of ASCVD
events in the Registry of Dyslipemias of the SEA does
not reveal relevant differences between those subjects in
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Fig. 2 Cumulative incidence of the composite primary end point after inclusion in the registry

treatment with rosuvastatin or atorvastatin at the begin-
ning of the follow-up. These results support the recom-
mendation to use them as clinically equivalent in the
secondary prevention of ASCVD when used at appropri-
ate dose.

There are very limited studies that have analyzed the
differences in clinical ASCVD events between statins.
The Pravastatin or Atorvastatin Evaluation and Infection
Trial (PROVE IT) analyzed the efficacy of atorvastatin
80 mg/day and pravastatin 40 mg/day in the prevention
of cardiovascular recurrence after acute coronary syn-
drome. Atorvastatin provided greater protection against
death or major cardiovascular events than pravastatin
did. However, they used different doses, not equivalent
with respect to their lipid-lowering potency, so their re-
sults support the use of powerful statins at high doses
compared to statins of intermediate potency [12]. The
Treating to New Targets (TNT) demonstrated that in-
tensive lipid-lowering therapy with 80 mg of atorvastatin
per day in patients with stable coronary disease provides
benefit when compared with 10 mg of atorvastatin per
day. Again, they used different doses, although with
identical conclusions [5]. The IDEAL study, enrolled pa-
tients with a history of acute MI and were randomly
assigned to receive a high dose of atorvastatin (80 mg/
day) or simvastatin (20 mg/day). The intensive lowering
of LDLc did not result in a significant reduction in the
primary outcome of major coronary events, but did re-
duce the risk of other composite secondary end points
and nonfatal acute MI [6]. Hence, there is high quality
evidence that intensive lipid-lowering treatment with
further reductions in LDLc produce further reductions

in ASCVD [13], but there is no evidence of clinically
meaningful differences between statins with the same
lipid-lowering potency. In this study, we show that when
using similarly powered statins in a high-risk population,
rates of second events are similar, no matter the statin
used.

An added value to our data is the high use of com-
bined treatment in our registry. It must be kept in mind
that these are specialized units and that many patients in
the registry have severe primary dyslipidemias, many of
them familial hypercholesterolemia. The fact that the re-
sults are similar in those subjects after adjusting for eze-
timibe in the treatment gives more information about
the clinical equivalence of both statins at equipotent
doses.

Our study has several limitations. The main one is that
it is an observational study and therefore subject to
biases in the use of one or another statin. However, the
data have been adjusted with the different potentially
confounding variables without modifying the results.
The follow-up of the subjects is also variable and it is
not possible to analyze the therapeutic compliance dur-
ing the follow-up. However, no differences in compli-
ance between drugs have been described, so it does not
seem to be a major problem. Finally, changes in treat-
ment have not been covered during the period of follow-
up previous to inclusion in the registry and some
subjects have been able to change from atorvastatin to
rosuvastatin and vice versa. This extreme is exceptional
in the registry since the usual is the addition of ezeti-
mibe in case of not achieving therapeutic goals, and the
use of ezetimibe in both groups is well balanced [14].
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Conclusion

This observational and retrospective analysis of ASCVD
recurrences does not find appreciable clinical differences
between high doses of rosuvastatin and atorvastatin, and
supports their use as clinically equivalent in secondary
prevention of ASCVD.
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KEYWORDS Abstract A 60-year-old male with familial combined hyperlipidemia, ischaemic heart disease
McArdle’s disease; and type 2 diabetes. Since childhood, intolerance to intense exercise. The patient was diagnosed
Rhabdomyolysis; of McArdle’s disease after an episode of rhabdomyolysis associated with statins as treatment
Statin intolerance; after a myocardial infarction. Since then, he had been treated with diet, fibrates and ezetimibe
PCSK9 inhibitors with good tolerance, despite this, LDL cholesterol (cLDL) remained >180 mg/dl. He started to

be treated with alirocumab 150 mg/sc every 14 days, with excellent clinical response and a
decrease in cLDL to 15mg/dl. Our case shows that PCSK9 inhibitors are effective and safe in
patients with muscle diseases who have statin contraindication, and they are a good therapeutic
tool for these patients.
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PALABRAS CLAVE Tratamiento de un varén con enfermedad de McArdle y muy alto riesgo

Enfermedad de cardiovascular con inhibidores de PCSK9

McArdle;

Rabdomidlisis; Resumen Varén de 60 aios con hiperlipidemia familiar combinada, cardiopatia isquémica y
Intolerancia a diabetes tipo 2. Desde la infancia, intolerancia al esfuerzo intenso. Se le diagnostico enfer-
estatinas; medad de McArdle a raiz de rabdomiélisis asociada a estatinas tras un infarto de miocardio.
Inhibidores de PCSK9 Desde entonces habia seguido tratamiento con dieta, fibratos y ezetimiba con buena tolerancia,
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pero a pesar de ello las concentraciones de colesterol LDL (cLDL) eran >180mg/dl. Se asocio
al tratamiento alirocumab 150 mg subcutaneos cada 14 dias, con excelente respuesta clinica 'y
descenso de cLDL a 15mg/dl, manteniéndose estable desde entonces. Nuestro caso demuestra
que los inhibidores de PCSK9 son eficaces y seguros en pacientes con enfermedades musculares
que contraindican las estatinas y que son una alternativa terapéutica ideal para este tipo de

pacientes.

© 2019 Publicado por Elsevier Espana, S.L.U. en nombre de Sociedad Espafnola de Arterioscle-

rosis.

Introduction

McArdle’s disease, also known as glycogenosis type V, glyco-
gen storage disease type V or myophosphorylase deficiency,
is a rare disease that causes muscle pain on minimal
exertion.? McArdle’s disease is an autosomal recessive
disease and affected patients present mutations in both
alleles of the PYGM gene, which encodes myophosphory-
lase. To date, over 65 mutations of the PYGM gene have
been identified to cause McArdle’s disease.>* Myophospho-
rylase initiates the breakdown of glycogen in the muscles,
as a result of a deficiency in this enzyme’s activity. Those
who suffer from the condition find it difficult to obtain
energy from their glycogen stores.”? Consuming complex
carbohydrates (vegetables, fruit, grains, bread, pasta and
rice) before exercise and a total daily calorie intake of fat
of 20% seems to improve tolerance.? At present, there is
no known definitive cure, and for patients diagnosed with
dyslipidaemia who also have coronary artery disease, new
treatments are proposed which may achieve therapeutic
objectives in these high-risk patients. Consequently, anti-
PCSK9 monoclonal antibodies may be used as a therapeutic
alternative in these patients.

Material and methods

We present the case of a 60-year-old male with a very high
cardiovascular risk and a history of rhabdomyolysis from
statins, who first attended our clinic at the Lipid Unit of
the Hospital Universitario Miguel Servet in Zaragoza approx-
imately 16 years ago. He was referred by his primary care
physician for the investigation of his dyslipidaemia, with
fasting total cholesterol levels of around 300 mg/dl and
triglycerides of 534 mg/dl. The patient had been diagnosed
with type 2 diabetes around 6 years prior.

Since childhood, he has reported myalgia and exercise
intolerance. On several occasions, he presented elevated
resting levels of creatine kinase (CK) and episodes of myo-
globinuria. At 52 years of age he suffered a myocardial
infarction. A few weeks later, he had symptoms of rhab-
domyolysis with haematuria, intense myalgia and CK levels
of >10,0001U/l, which appeared two weeks after he began
treatment with atorvastatin 20 mg/day.

When the patient first attended our clinic, he presented
with severe asthenia which had been ongoing for several

months. His physical examination was normal and he
weighed 81.7 kg, with a body mass index (BMI) of 27.2 kg/m?.
He had no corneal arcus or xanthomas. He did, however,
exhibit telangiectases on the cheeks. He had been follow-
ing a strict diet low in saturated fat and high in complex
carbohydrates, and undergoing pharmacological treatment
with colestipol 5g per day for four years. Nevertheless,
his lipid profile revealed the following: total cholesterol
267 mg/dl, triglycerides 189 mg/dl, HDL cholesterol (HDL-C)
36 mg/dl, LDL cholesterol (LDL-C) 193.2mg/dl, apolipopro-
tein B (apoB) 186 mg/dl. His liver enzymes were also raised:
GGT 82U/L, GPT 82U/L, GOT 53 U/l, and he also presented
elevated CK levels of 4505U/l and lactate dehydrogenase
(LDH) of 523 U/l. His other biochemical parameters, includ-
ing thyroid hormones, glucose and creatinine, were within
the normal ranges. In light of suspected primary muscle dis-
ease, a muscle biopsy confirmed the diagnosis of McArdle’s
disease or glycogen storage disease type V.

It was recommended that he begin treatment with fenofi-
brate 145 mg per day and his colestipol dose was doubled to
10g per day. He was also told to limit his physical activ-
ity. The nutritionist reinforced the importance of following
a diet high in complex carbohydrates, limiting the intake
of saturated fats, simple sugars and alcohol, and consum-
ing oily fish at least once a week as well as nuts (at least
three units) every day. At the next visit a year later, the
patient had lost 5kg, but still felt tired and suffered from
muscle pain. His CK levels were still raised, at 3000 U/L,
while his LDL-C was measured at 212 mg/dl and glycosylated
haemoglobin (HbA1c) 6.3%. At this stage, treatment with
ezetimibe 10 mg was also introduced. The patient was peri-
odically reviewed by our unit, with no substantial changes
in the physical examination or lipid profile.

Results

Since the patient was far off his LDL-C targets, which are
below 70 mg/dl due to him being very high risk, and given
the possibility of prescribing proprotein convertase subtil-
isin/kexin type 9 (PCSK9) inhibitors, in early 2017 the patient
began treatment with alirocumab 150 mg administered sub-
cutaneously every 14 days, while continuing on ezetimibe
10mg per day and fenofibrate 145mg per day. Colestipol
was voluntarily withdrawn due to digestive discomfort. He
presented no clinical changes and remained angina-free,
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ments.
LDL-C: low-density lipoprotein-bound cholesterol.

Evolution of lipid profile with the different treat-

leading a normal life and tolerating light exercise on a daily
basis. His CK levels have stayed between 1212 and 6000 U/,
his liver enzymes have remained normal and there has been
a marked decrease in his LDL-C, with levels of 15mg/dl. His
latest blood work revealed the following: total cholesterol
100mg/dl, triglycerides 175mg/dl, HDL-C 50mg/dl, LDL-
C 15mg/dl, apoB 41.4mg/dl, HbA1c 6.6%. Enzymes: GGT
28U/1, GPT 51U/1, GOT 47 U/l, CK1212U/l, LDH 222 U/l. He
is currently on the same treatment as stated above (Fig. 1).

Discussion

This case report depicts a patient with McArdle’s disease
whose LDL-C levels improved on PCSK9 inhibitors, with
excellent clinical tolerance.

McArdle’s disease is a hereditary autosomal recessive
disease caused by a deficiency in myophosphorylase, the
enzyme in charge of skeletal muscle glycogen breakdown.*
It is characterised by asthenia, muscle weakness, cramp-
ing, myalgia and exercise intolerance, as well as high resting
CK levels and episodes of myoglobinuria, particularly after
exertion."?

This is the first case described in the literature with a
favourable evolution of dyslipidaemia in the context of this
disease. It also shows that PCSK9 inhibitors may be used as a
treatment in these patients. Statins tend to aggravate mus-
cular symptoms in patients with myopathies. It is therefore
recommended that they be avoided or, where applicable,
that low doses be used and strict follow-up performed.’>
Our patient had episodes of myalgia and malaise when he
performed exercise, which worsened while receiving statin
therapy. He even developed an episode of severe rhabdomy-
olysis. However, on treatment with PCSK9 inhibitors, his lipid
and enzyme profiles improved favourably, with no effects on
his muscles. In spite of the very low LDL-C levels achieved
in the patient, his doses of lipid-lowering agents were main-
tained in light of the excellent tolerance results and the
clinical benefit of low LDL-C levels with PCSK9 inhibitors.®

The LDL receptor concentration on the surface of the
liver is controlled by the PCSK9 protein.” This protein
reduces the uptake of LDL particles, which leads to an
increase in plasma LDL-C levels. Monoclonal antibodies act
by inhibiting PCSK9 binding to the LDL receptor. They have
shown dose-dependent reductions of LDL-C (44-65%), apoB
(48-59%) and lipoprotein(a) (27-50%), with no significant
adverse effects, including in patients who are intolerant

to statins.® In the Odyssey Alternative study, 314 statin-
intolerant patients were randomised to receive alirocumab
75mg every two weeks, ezetimibe 10 mg/day or atorvas-
tatin 20 mg/day. If the LDL-C targets were not achieved, the
alirocumab dose was increased to 150 mg every two weeks.
Muscular side effects were less prevalent with alirocumab
than with atorvastatin.’

These findings suggest that PCSK9 inhibitors could be a
promising alternative to reduce LDL-C in patients with con-
traindications for statins.”

Conclusions

McArdle’s disease is a myopathy caused by myophosphory-
lase deficiency. Affected patients experience acute muscle
crises after intense exercise. There is currently no treat-
ment, but a diet high in complex carbohydrates and limiting
intense exercise are recommended. Statin therapy is con-
traindicated, so in the presence of high vascular risk and
raised LDL-C levels, PCSK9 inhibitors represent a therapeutic
alternative, as shown in our case.
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Abstract:

Background and aims. Recurrent pancreatitis is a severe complication of Familial
Chylomicronemia Syndrome (FCS) mainly secondary to lipoprotein lipase deficiency.
The mechanism and interindividual variability of pancreatitis in FCS is not fully
understood, but abnormalities in the drainage system of pancreatic veins could be
involved.

Methods and results: Two cases of typical FCS are described with a past history of
recurrent pancreatitis that dramatically improved after splenectomy performed in both
cases for reasons non-related to FCS.

Conclusion: These are the first reports of the disappearance of pancreatitis after
splenectomy in FCS and they should be considered of anecdotal nature at this time. The
disappearance of pancreatitis following splenectomy could be in part due to subsequent
improvements in pancreatic drainage. Extrahepatic portal hypertension induced by
hypertriglyceridemic splenomegaly leading to pancreatic congestion could also be a
contributing factor.

Keywords:
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Introduction

Familial Chylomicronemia Syndrome (FCS) deficiency is a rare autosomal
recessive disorder characterized by the absence or the severe reduction of lipoprotein
lipase (LPL) activity and a massive accumulation of chylomicrons in plasma leading to
a large increase of plasma triglyceride concentration, usually greater than 22.5 mmol/L
(2000 mg/dl) in the fasting state (1). FCS is clinically characterized by repeated
abdominal pain episodes, recurrent acute pancreatitis, eruptive cutaneous
xanthomatosis, lipemia retinaliand hepatosplenomegaly. FCS is mostly identified in
childhood due to recurrent episodes of pancreatitis and high fasting triglycerides (2).
Pancreatitis is the most serious complication of LPL deficiency. The underlying
pathophysiological mechanisms are not fully understood (3). FCS is a very rare disease
with a frequency at about one per million in the general population, although it may be
higher in some populations due to a founder effect (4).

The degree of hyperchylomicronemia in FCS depends, at least in part, on dietary
fat intake, but genetic heterogeneity can play a role (5). It has been observed that a
severe restriction of dietary fat to less than 20 g/day is enough to control the symptoms
in some cases (6). In contrast, FCS is usually not responsive to conventional lipid-
lowering therapy.Acute pancreatitis characterizes early stages of the disease while
some patients may develop recurrent abdominal pain and chronic pancreatitis as the
disease progresses. Hepatomegaly and splenomegaly could appear over time when the
chylomicronemia becomes chronic. Splenomegaly is less frequently observed than
hepatomegaly and can be notably hard. The organomegaly occurs as result of
triglyceride uptake by macrophages. These individuals might show anemia and/or

thrombocytopenia due to secondary hypersplenism (1,7).



In this study we describe two unrelated cases of typical FCS with a past history
of recurrent pancreatitis controlled in two different lipid clinics in Spain. Both cases
have shown a dramatic improvement in pancreatitis after a splenectomy was performed

due to reasons non-related to FCS.

Material and methods

Lipoprotein Activity. The LPL activity assay was done on post-heparin samples on an

Intralipid 10% emulsion as previously described (8). Each sample for LPL activity was
assayed in triplicate and two standard samples were analyzed in each assay.

Genetic analysis. DNA was extracted by standard methods. Promoters, coding regions

and intron-exon boundaries of LPAPOAS5, APOC2, and GPIHBP1were amplified by
PCRand purified by ExoSap-IT (USB) using primers previously described (9).
Amplified fragments were sequenced by Sanger method using the BigDye 3.1
sequencing kit (Applied Biosystems) in an automated ABI 3500xL sequencer (Applied

Biosystems).

Results

The first case is a 68-year-old man who first visited our Lipid Unit at the
Hospital Universitario Miguel Servet, Zaragoza, Spain, approximately 20 years ago. He
was referred by his physician for the study of severe hypertriglyceridemia (HTG) with
fasting plasma concentrations between 22.5-45 mmol/l (2000-4000 mg/dI from, at least,
the age of 30 years old. At his first visit the patient was asymptomatic and the physical
exam was normal except for low weight and body mass index (61.4 Kg and 18 kg/m?,
respectively). He was following a low-fat diet and his fasting lipid profile showed

triglycerides 39.2 mmol/l (3473 mg/dl); total cholesterol 7.8 mmol/l (303 mg/dl); HDL



cholesterol 0.62 mmol/l (24 mg/dl), apolipoprotein B (apoB) 90 mg/dl, and plasma
Lp(a) 3.56 mg/dl. Other biochemical parameters including thyroid hormones, glucose,
liver enzymes, and creatinine were in the normal range. His post-heparin lipoprotein
lipase activity was undetectable in two occasions (<10 pU/ml, normal values 22-47.6
nU/ml). Years later, the sequencing analysisRif, APOC2, APOA5, LMF1 and

GPIHBP1 showed that the patient was double heterozygous with a pathogenic mutation
in LPL gene (p.Pro234Leu) and two different pathogenic mutations in LMF1
(p.Arg354Trp) and (p.Arg364GIn) (9). He was diagnosed of FCS secondary to LPL
deficiency. He has been reviewed periodically in our unit, remaining asymptomatic and
without substantial changes in his physical exam or lipid phenotype.

He began at the age of 22 with recurrent episodes of abdominal pain. These
episodes repeated once or twice a year, lasting 4-12 hours, ceasing after prolonged
fasting. At the age of 28, the patient was admitted to our hospital because of another
episode of diffuse abdominal pain, more intense and prolonged than previous, with
maximal pain in the upper left quadrant of the abdomen. His physical exam was normal
except for mild splenomegaly. He was treated with fasting, analgesia and intravenous
fluids and the pain resolved within a few hours. Triglycerides and pancreatic enzymes
were not analyzed during his hospital stay. However, mild leukocytosis and lipemic
plasma was observed at admission. He was discharged with the diagnosis of abdominal
pain secondary to splenomegaly.

At the age of 31 years and following a parachuting accident, he began to
experience severe abdominal pain and underwent emergency splenectomy in another
center under the suspicion of a spleen rupture. The pathological study of the spleen was

not performed. After the splenectomy, the pain disappeared and he has remained



asymptomatic ever since. His current lipid profile shows: triglycerides 31.0 mmol/I|

(2748 mg/dl); total cholesterol 10.9 mmol/l (423 mg/dl); and apo B 82.6 mg/dlI.

Second case presentation

A 43 year old woman was reviewed at the Lipid Unit, Hospital Universitario
Gregorio Marafion in Madrid, Spain, where she was diagnosed with FCS due to severe
HTG from birth, recurrent episodes of acute pancreatitis and very low post-heparin LPL
activity: 5.2 pU/ml. Sequencing analysis of tlfel. gene showed that the patient was
homozygous for a functional LRutation (G188E/G188E). Her parents had a pattern
of mild combined hyperlipidemia and were heterozygous to G188E mutation in LPL

The patient started suffering from abdominal pain at 2 months of age, with
triglycerides above 22.5 mmol/l (2000 mg/dl) in several controls. Breast-feeding was
stopped and she started receiving an artificial milk formula.

Along her infancy she experienced several episodes of abdominal pain. No
registries of clear pancreatitis were reported up to the age of 13 years. In analytical
controls she always had chylomicronemia with values of triglycerides higher than 22.5
mmol/l (2000 mg/dl). In two reports at the age of 12 and 13 she presented eruptive
xanthomas in the shoulders, neck and thorax. At least six cases of acute pancreatitis
were documented between the ages of 13-26. Additionally, she reported frequent
episodes of mild to moderate abdominal pain.

She became pregnant at 26 years old and suffered a mild pancreatitis after 4
months of pregnancy. During heéf Bonth of pregnancy she reported severe
pancreatitis and developed a pseudocyst and later a pancreatic abscess. An elective
cesarean was performed during helf @#&ek of pregnancy. The child who is nowadays

alive and healthy (no lipids data are available). Image studies following the caesarean



showed multiple gallstones. Part of the body and tail of the pancreas had disappeared
due to autodigestion following the last severe pancreatic episode. Ten months after the
caesarean, an elective surgery was done due to mechanical small bowel obstruction
secondary to abdominal adhesions. Y Roux gastro-jejunostomy, cholecystectomy and
splenectomy were performed. Splenectomy was due to suspected spleen vein
thrombosis in presence of splenomegaly and spleen congestion. The spleen was well
encapsulated, 15 cm long and 500 g weight. Histopathologically, the capsule was
thickened; red pulp was predominant, there was endothelial hyperplasia, enlargement of
the splenic sinuses, and fibrosis of intersinusal spaces. Penicilliary arterioles showed
marked sclerosis. Lipid-laded macrophages were not observed. The pathological
diagnosis was chronic congestive splenomegaly (Figure). Few months later she was
admitted in the hospital due to mild episodes of pancreatitis twice (the last one not
clearly confirmed). Since then, 11 years later, the patient has had no further pancreatitis
episodes in spite of chylomicronemia with high triglycerides values 29.6 mmol/l (2629

mg/dl) found on Oct 29th, 2015 and 37.4 mmol/l (3316 mg/dl) on Dec 18th, 2015).

Discussion

The two cases presented in this report illustrates the disappearance of abdominal
pain after performing a splenectomy in patients with FCS. It is the first description in
the literature of this favorable evolution in this disease and thus generates hypotheses
that can help to identify some of the mechanisms associated with the onset of
pancreatitis and chronic pain in these patients.

Abdominal pain is very common in FCS and is due in most cases to episodes of
recurrent acute pancreatitis or subsequent complications (10). Approximately 50% of

subjects with FCS have at least one episode of severe pancreatitis (11). Alcohol



consumption, pregnancy and poor compliance with a low-fat diet are risk factors for the
development of pancreatitis in FCS; however, even in absence of these factors,
pancreatitis may develop with large differences among subjects, even those sharing the
same pathogenic mutation (11). Recently, two loci: the chymotrypsinogen C (CTRC)
and serine protease inhibitor Kazal-typel (SPINK1) have been associated with a risk of
recurrent hospitalization for acute pancreatitis in severe HTG due to FCS (17).
However, these genes are poorly studied and their plausible association with
pancreatitis is not related to pancreatic secretion or drainage, or to spleen function.
Furthermore, the improvement of pancreatic episodes after splenectomy in our cases
does not support a genetic predisposition to pancreatitis in our patients (12).

In the two cases reported here, episodes of recurrent pancreatitis seem evident
given the characteristics of the episodes of pain and the confirmation of LPL deficiency.
However, because the first case happened 40 years ago, it is difficult to verify at present
time regardless of the episodes very suggestive nature.

The mechanism by which very severe HTG leads to pancreatitis has not been
fully elucidated, but it is likely related to the liberation by pancreatic lipase of free fatty
acids (FFA) from triglycerides and lysophosphatidylcholine from phosphatidycholine,
when the pancreas is exposed to severe hyperchylomicronemia in the pancreatic
capillaries (7). High local concentrations of FFA overwhelm the binding capacity of
albumin with resultant aggregation into micellar structures with detergent properties
(13).

The association of chronic pancreatitis with splenomegaly has been well-
documented for some time (14). On the one hand, splenomegaly and pancreatitis are
more frequent in the presence of very high triglyceride levels, so they could be

concomitant manifestations in nature without having a causal association between them.



Splenomegaly can also be the result of complications from pancreatitis such as
pseudocysts, abscesses, infarcts, hemorrhages or vascular lesions causing splenic portal
hypertension (15). However, the association between splenomegaly and pancreatitis
appears even in the absence of HTG and sometimes precedes the development of
pancreatitis in the presence of splenic venous thrombosis, and so other mechanisms may
be involved. As pointed out by Francesco and cols (16), it is difficult to establish which
came first, the pancreatitis or the splenomegaly, what they call the chicken or the egg
causality dilemma.

The most plausible explanation for the disappearance of episodes of pancreatitis
in the exposed cases would be a hemodynamic mechanism. The pancreatic veins drain
into the splenic vein and the latter into the vena cava. Splenomegaly frequently
associates extrahepatic portal hypertension that hinders pancreatic drainage (17). In a
retrospective analysis, Ramesh et al reported the effect of different surgical techniques
to get pain relief in patients with chronic pancreatitis and signs of portal hypertension.

In their work, 15 out of 57 patients had chronic pancreatitis with extrahepatic portal
hypertension secondary to thrombosis of the splenic vein, and in these cases,
splenectomy was performed along with pancreatic drainage. The authors observed that
the surgery significantly improved the symptoms of these patients (18). It would be
possible that in the presence of defective pancreatic venous drainage increased FFA
accumulation and pancreatic aggression may occur. Splenectomy improves pancreatic
venous drainage and could favor the decrease of pancreatitis in certain cases of
hypertriglyceridemic pancreatitis associated with extra hepatic portal hypertension. It
would be interesting to know if there are more cases of hypertriglyceridemic

pancreatitis and splenectomy worldwide, in order to further confirm our observation.



These two observations cannot induce one to perform splenectomy in FCS
patients with recurrent pancreatitis. They should be considered of anecdotal nature and
without cause-and-effect relationship between splenectomy and recurrent pancreatitis.
This association would require a definite demonstration of the deleterious effect of
elevated extrahepatic portal pressure in FCS subjects. Furthermore, the effect of
splenectomy in FCS animal models (19,20) should be profoundly studied before any

human intervention study should commence.
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Figurelegend

Histopathological findings of the spleen of the case 2 stained with hematoxylin and
eosin. A (x 100) and B (x 400). Red pulp is predominant. Endothelial hyperplasia,
enlargement of the splenic sinuses, and brown areas indicating hemosiderin deposits

(arrows) are present. The pathological diagnosis was chronic congestive splenomegaly.
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Pancreatitisis afrequent and serious complication in familial
chylomicronemia

We present two cases in which recurrent pancreatitis disappeared after
splenectomy

Extrahepatic portal hypertension favors the development of pancrestitis

Improvement of portal drainage could explain this favorable evolution
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