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Resumen

Antecedentes y objetivos

Las enfermedades cardiovasculares (ECV) son una de las principales causas de mortalidad en todo el
mundo. El vasto conocimiento de sus causas, producto de una profusa investigaciéon, ha logrado que
la prevencidn primaria sea una estrategia clave para reducir su incidencia. En este sentido, los
farmacos hipolipemiantes, especialmente las estatinas, se han utilizado ampliamente en la prevencion

primaria de la ECV en pacientes con alto riesgo.

El estudio del uso de los hipolipemiantes en este contexto abarca no Unicamente el estudio de su
eficacia y efectividad, sino también el estudio de los factores que influyen en todo el proceso de uso
de un fdrmaco, partiendo de su indicacidon y continuando por su prescripcién y adherencia al

tratamiento, asi como el efecto que cada una de estas fases tiene sobre el estado de salud.

El objetivo de la linea de investigacion de la presente Tesis Doctoral es analizar el uso y la efectividad
de los farmacos hipolipemiantes en prevencién primaria de la ECV en una cohorte de trabajadores, a

través de distintos abordajes metodoldgicos.

Metodologia

Cada uno de los cuatro trabajos que conforman esta Tesis Doctoral utiliza distintas metodologias con
variadas estrategias de andlisis. Sin embargo, todos ellos comparten un marco témporo-espacial, una
poblacion de estudio, un grupo de farmacos de interés, unos eventos o resultados y unas fuentes de

informacién comunes.

En primer lugar, los trabajos de esta Tesis Doctoral utilizan la poblacién del estudio Aragon Workers
Health Study (AWHS) y la informacion que este aporta. El AWHS es un estudio de una cohorte,
prospectivo y longitudinal disefiado para analizar la evolucidn de factores de riesgo de ECV y su
asociacion con la prevalencia y progresion de la aterosclerosis subclinica. Como grupo de fdrmacos a
estudiar, esta Tesis Doctoral se focaliza en los farmacos hipolipemiantes, indicados como prevencién
primaria de la ECV. Para ello, todos los trabajos se basan en las mismas fuentes de informacién, como
son las bases de datos propias del estudio AWHS, el Sistema de Informacién de Consumo Farmacéutico
de Aragdn (Farmasalud), el Conjunto Minimo Basico de Datos del Sistema Nacional de Salud (CMBD),
el sistema de informacidn de urgencias de Aragdn, la base de datos de Atencidn Primaria del Servicio

Aragonés de Salud y el Registro Nacional de Mortalidad.
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En cuanto a las particularidades de cada uno de los cuatro estudios presentados, el primer estudio
utiliza modelos de regresién logistica explicativos y predictivos para evaluar la asociacién entre
variables sociodemograficas, laborales, clinicas y de estilo de vida y la probabilidad de recibir estatinas
de alta intensidad. En el segundo estudio se aplica un analisis de cluster para identificar perfiles de
pacientes segun su adherencia a las recomendaciones para la prevencion de la ECV. En el tercer
estudio se usan andlisis de redes y modelos de regresién logistica y de Cox para describir la
comorbilidad y medir resultados en salud, segun la persistencia en el tratamiento. Por ultimo, el cuarto
estudio utiliza la metodologia en emulacidn de un Ensayo Clinico Aleatorizado (ECA) hipotético para

medir la efectividad de las estatinas en prevencién primaria.

Conclusiones

En general, los resultados de esta Tesis Doctoral destacan que, para prevenir la ECV es importante una
prescripcidn adecuada y una correcta adherencia al tratamiento hipolipemiante. En concreto, se
evidencia una gran variabilidad en el proceso de prescripcion de estatinas, existiendo cierta
inadecuacion en cuanto a la intensidad segln lo recomendado en las guias de practica clinica; se
destaca la relacién entre la adherencia a las recomendaciones de prevencidn y la carga de morbilidad
y la necesidad de asistencia médica; se sugiere un efecto protector de la persistencia en el tratamiento
sobre la aparicién de eventos cardiovasculares adversos mayores, y se observa que aplicar el
tratamiento con estatinas a una poblacidén con riesgo de ECV bajo y medio seria ineficiente, aunque

esta eficiencia mejoraria con la adherencia y en sujetos con mayor riesgo cardiovascular.
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Abstract

Background and Objectives

Cardiovascular diseases (CVDs) are one of the leading causes of mortality worldwide. Extensive
research on their causes has made primary prevention a key strategy in reducing their incidence. In
this sense, lipid-lowering drugs, especially statins, have been widely used in primary prevention of

CVDs in high-risk patients.

The study of the use of lipid-lowering drugs in this context encompasses not only the study of their
efficacy and effectiveness but also the study of the factors that influence the entire process of using a
drug, starting from its indication and continuing through its prescription and adherence to treatment,

as well as the effect that each of these phases has on health status.

The aim of the research line of this Doctoral Thesis is to analyze the use and effectiveness of lipid-
lowering drugs in primary prevention of CVDs in a cohort of workers, through various methodological

approaches.

Methodology

Each of the four studies that make up this Doctoral Thesis uses different methodologies with varied
analysis strategies. However, they all share a temporal-spatial framework, a study population, a group

of drugs of interest, common events or outcomes, and common sources of information.

Firstly, the studies of this Doctoral Thesis use the study population of the Aragon Workers Health Study
(AWHS) and the information it provides. The AWHS is a prospective and longitudinal cohort study
designed to analyze the evolution of CVD risk factors and their association with the prevalence and
progression of subclinical atherosclerosis. As a group of drugs to study, this Doctoral Thesis focuses
on lipid-lowering drugs indicated for primary prevention of CVDs. To do so, all studies are based on
the same sources of information, such as the databases of the AWHS study, the Aragon
Pharmaceutical Consumption Information System (Farmasalud), the Basic Minimum Data Set of the
National Health System (CMBD), the Aragon Emergency Information System, the Primary Care

database of the Aragon Health Service, and the National Mortality Registry.

13



Regarding the specificities of each of the four studies presented, the first study uses explanatory and
predictive logistic regression models to evaluate the association between sociodemographic,
occupational, clinical, and lifestyle variables and the likelihood of receiving high-intensity statins. In
the second study, a cluster analysis is applied to identify patient profiles according to their adherence
to recommendations for the prevention of CVDs. In the third study, network analyses and logistic and
Cox regression models are used to describe comorbidity and measure health outcomes according to
treatment persistence. Finally, the fourth study uses a hypothetical randomized clinical trial (RCT)

emulation methodology to measure the effectiveness of statins in primary prevention.

Conclusions

In general, the results of this Doctoral Thesis highlight the importance of appropriate prescribing and
correct adherence to lipid-lowering treatment in preventing CVDs. Specifically, there is considerable
variability in the process of statin prescribing, with some inadequacy in terms of intensity according
to clinical practice guidelines. The relationship between adherence to prevention recommendations
and morbidity burden and the need for medical assistance is also highlighted. The persistence in
treatment has a protective effect on the occurrence of major adverse cardiovascular events, and the
application of statin treatment to a population with low and medium CVD risk would be inefficient,

although this efficiency would improve with adherence and in subjects with higher cardiovascular risk.
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1. Introduccion general

1.1 Conceptos generales

1.1.1 Epidemiologia de la enfermedad cardiovascular

Entendemos por enfermedades cardiovasculares (ECV) aquellas patologias que se producen por fallos
en el sistema cardiovascular, esto es, en el corazén o en los vasos sanguineos. Los ejemplos mas
caracteristicos de ECV son la enfermedad coronaria y los ictus. La enfermedad coronaria o cardiopatia
isquémica se produce por una interrupcion del flujo sanguineo en las arterias coronarias, lo que puede
dar lugar a la muerte celular del tejido miocardico (1). Cuando se produce esta muerte celular,
hablamos de Infarto Agudo de Miocardio (IAM). Los ictus, en cambio, constituyen un sindrome que
puede corresponder a diversas fisiopatologias, ya sea la interrupcidon del flujo sanguineo o la
hemorragia cerebral (2). Otro ejemplo de ECV es la insuficiencia cardiaca crénica, que comparte causas
con la enfermedad coronaria y los ictus, pero se presenta de forma crdnica y lenta en personas de

edad avanzada (3).

En Espafia, un 9,8% de la poblacién sufre o ha sufrido alguna ECV (4). Esta prevalencia es similar en
ambos sexos, aunque ligeramente superior en mujeres. Su incidencia anual es de 993 casos por cada
100.000 habitantes, siendo en este caso algo mds alta en hombres que en mujeres. Si hacemos
referencia a dos de las presentaciones mas graves, como son el ictus y el IAM, vemos que la incidencia
anual del ictus es de 133 casos por cada 100.000 habitantes y la del IAM es de 361 casos por cada
100.000 habitantes. Por sexo, la incidencia de ictus es superior en mujeres, mientras que la incidencia
de IAM es mayor en hombres. En comparacién con los paises de nuestro entorno, tanto la prevalencia
como la incidencia de ECV global, IAM e ictus en Espafia son inferiores a las del conjunto de los paises
de Europa Occidental. En cuanto a su evolucidn, se prevé que en los paises de la Unidn Europea
aumente la incidencia en los préximos afos, debido principalmente al envejecimiento de la poblacién,

pero que a su vez disminuyan la mortalidad y la discapacidad asociada (5).

Ademas de la elevada prevalencia e incidencia de las ECV, también es relevante la discapacidad y la
pérdida de calidad de vida que producen. La ECV constituye la primera causa de afios de vida ajustados
por discapacidad (DALY, por sus siglas en inglés) en todo el mundo y la segunda causa en nuestro pais,
por detrds de las neoplasias (4). De hecho, se estima que casi un 15% de los DALY en nuestro pais se
deben a ECV. En concreto, la ECV ocasiona 3.986 DALYs por cada 100.000 habitantes, la mayoria de
ellos como consecuencia del IAM (1.614 DALYs por 100.000 habitantes) y del ictus (1.113 DALYs por

100.000 habitantes). Los pacientes con ECV ven deteriorada su salud fisica, estando este deterioro
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relacionado con la gravedad de la enfermedad y la presencia de comorbilidades (6). También pueden
ver empeorada su salud mental, siendo con frecuencia necesario el uso de farmacos ansioliticos y
antidepresivos (7). Ademas, el distrés emocional, si es persistente, aumenta la probabilidad de muerte

en los meses posteriores al evento (8,9).

La ECV constituye la primera causa de muerte en el mundo. En concreto, segln los datos del estudio
Global Burden of Disease de 2019 (4), la cardiopatia isquémica y los ictus fueron las causas mas
frecuentes de muerte en este afo, suponiendo un 16% y un 12% de los fallecimientos,
respectivamente. Este patrdn se repite de forma similar en todo el mundo, a excepcién de los paises
con un indice de desarrollo mas bajo, en los que las enfermedades infecciosas son las que producen
una mayor carga de mortalidad. En Espana, el mismo informe estima que la cardiopatia isquémica y

los ictus son los causantes del 20% de las muertes en nuestro pais.

Dada su frecuencia y gravedad, la ECV supone un elevado gasto econdmico, aunque las estimaciones
de coste varian dependiendo de la metodologia seguida y del pais en el que se mida (10). Para tener
en cuenta todas las repercusiones que pueden tener el ictus, el IAM o la insuficiencia cardiaca se han
de tener en cuenta los gastos directos sanitarios (10—16), que suelen ser mas importantes durante el
primer afio tras el evento y se reducen en los afios posteriores (11,14,17), los costes directos sociales
(14), los costes indirectos por pérdida de productividad de los pacientes (7,13,14,17-19), que suelen
ser mayores en el ictus (18,19) y dependen en gran parte de la edad de los pacientes (13,14), y los
costes por cuidados informales (14,20). Como ejemplo, teniendo en cuenta Espafia, se estima que los
costes asociados a ictus son de aproximadamente 28.000 euros por cada paciente y afio, siendo casi
un 70% costes no relacionados con la asistencia sanitaria (13). También en Espafia, la pérdida de
productividad se estima mas alta en el sindrome coronario agudo que en el ictus (9.700 euros vs. 280

euros), posiblemente debido a la aparicion mas temprana del sindrome coronario agudo (7,13).

1.1.2 Factores de riesgo de la enfermedad cardiovascular

Dada esta importante morbimortalidad, la ECV ha sido ampliamente estudiada, habiéndose descrito
multiples factores de riesgo. Estos se pueden clasificar atendiendo a diferentes consideraciones, pero
una habitual es en cuanto a la posibilidad de modificarse o no a través de intervenciones. De esta

forma, se distinguen factores de riesgo no modificables y modificables.

1.1.2.1 Factores de riesgo no modificables
La edad, el sexo y la etnia son considerados como factores de riesgo no modificables. Sin embargo,

han de ser tenidos en cuenta para evaluar el riesgo de sujetos y poblaciones.
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La edad es el mayor condicionante del riesgo de ECV. De esta forma, las mujeres menores de 50 afios
y los hombres menores de 40 afios tienen casi siempre un riesgo bajo de desarrollar ECV, mientras
gue los hombres de mas de 65 afos y las mujeres de mds de 75 afios presentan, de manera habitual,

un riesgo alto (21).

En general, el riesgo de ECV es mayor en hombres a igualdad de edad (21). Sin embargo, la influencia
de los factores de riesgo es distinta segun el sexo, pudiendo ser considerado este, por tanto, un
modificador del efecto de otros factores. Asi, por ejemplo, en las mujeres, el riesgo de ECV aumenta
con umbrales mas bajos de presidn sanguinea (22-24), los efectos del habito tabaquico prolongado
son mas dafiinos (25), y el bajo nivel educativo se asocia especialmente a la muerte de origen cardiaco

(26).

La etnia también influye en el riesgo cardiovascular. Asi, comparadas con las europeas occidentales,
las personas procedentes de India o Bangladesh tienen un riesgo un 30% mayor, las procedentes de
Paquistan un 70% y el resto de los asiaticos un 10%. Por otra parte, las personas de raza negra
procedentes del Caribe tienen un 15% menos de riesgo y las personas de raza negra procedentes de
Africa o las personas de origen chino tienen un riesgo un 30% menor que los clasificados como

europeos occidentales (27).

1.1.2.2 Factores de riesgo modificables

Factores de riesgo tradicionales
Los principales factores de riesgo causales y modificables de ECV son el perfil lipidico adverso, o
dislipemia, la presidn arterial alta, el consumo de tabaco y la diabetes mellitus. Otro factor de riesgo

importante es la adiposidad, que incrementa el riesgo tanto de forma directa como indirecta.

Se entiende como perfil lipidico adverso la presencia de niveles elevados de colesterol en lipoproteinas
de baja densidad (LDL) y de otras lipoproteinas que contienen la apolipoproteina-B, asi como niveles
bajos de colesterol en lipoproteinas de alta densidad (HDL). Disminuir los niveles de colesterol no HDL
ha demostrado reducir el riesgo de ECV de forma proporcional, incluso con reducciones muy pequeias
o partiendo de niveles bajos de colesterol (28—-30). Los niveles de colesterol HDL elevados se asocian,
ademas, con un menor riesgo de ECV. Aunque no se ha demostrado que aumentar los niveles de
colesterol HDL reduzca el riesgo de ECV (31-34), si se ha visto que resulta util como biomarcador del
riesgo. En Espafia, se estima que un 42% de las muertes por cardiopatia isquémica y un 13% de las

muertes por ictus se deben a los niveles altos de colesterol LDL (4).

La presidn arterial constituye por si misma uno de los factores de riesgo de ECV mds importantes,

tanto de eventos agudos como la isquemia cardiaca o los ictus, como de enfermedades de progresién
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lenta como la insuficiencia cardiaca (4). El riesgo de morir por enfermedad coronaria o ictus aumenta
de forma lineal cuando se superan los 90mmHg de presion arterial sistélica y 75mmHg de presion
arterial diastélica (35,36). En Espafia, se estima que un 51% de la mortalidad por cardiopatia isquémica

y un 46% de la mortalidad por ictus se pueden atribuir una presién arterial sistélica alta (4).

El habito de fumar, tanto de manera activa como pasiva (37), es también un importante factor de
riesgo de ECV. Ademas, es un habito que generalmente comienza en gente joven y continta a lo largo
de la vida, aumentando el riesgo de ECV desde edades tempranas. Se calcula que las personas que
fuman durante toda su vida viven de media 10 afios menos que las que no fuman (38) y que el riesgo
de padecer ECV en fumadores menores de 50 afios es cinco veces mayor que en no fumadores (39).
Se estima que en Espafia el tabaco es el causante del 16% de las muertes por cardiopatia isquémica y

del 9% de las muertes por ictus (4).

La diabetes constituye por si misma una enfermedad, pero, ademas, es un importante factor de riesgo
para el desarrollo de cardiopatia isquémica e ictus, llegando a duplicar el riesgo en determinadas
poblaciones (40). De hecho, se estima que un 36% de las muertes en Espaia por cardiopatia isquémica
y un 28% de las muertes por ictus se encuentran asociadas a glucemias elevadas en ayunas (4).
Ademads, en los pacientes con diabetes mellitus tipo Il suelen coincidir multiples factores de riesgo de
ECV, como la dislipemia y la hipertensidn, que actian como mediadores e incrementan ain mas el

riesgo de ECV (21).

La adiposidad incrementa también el riesgo de ECV. Se ha visto que tanto el indice de Masa Corporal
(IMC) como la circunferencia de la cintura estan asociados de forma lineal con el riesgo de ictus e IAM
y con el desarrollo de diabetes mellitus tipo Il (41). Con respecto a la mortalidad por todas las causas,
se ha visto que esta es menor en individuos con niveles de IMC de 20-25 kg/m2, con una relacién con
forma de J o de U (42,43). En Espafia, se estima que un 18% de las muertes por cardiopatia isquémica

y un 12% de las muertes por ictus se deben a la obesidad.

Otros factores de riesgo

Ademas de los factores de riesgo convencionales, existen otros factores de riesgo que pueden tener
gran influencia en la aparicion de ECV, tanto de forma directa como indirecta, favoreciendo la
presencia, a su vez, de otros factores de riesgo. Entre estos se encuentran los factores psicosociales,
los determinantes socioecondmicos, la exposicién medioambiental, y factores conductuales de estilo

de vida como la actividad fisica, la alimentacion o el consumo de alcohol.

Los factores psicosociales pueden incrementar el riesgo de ECV. El estrés psicosocial, que incluye

desde sintomas de estrés o de enfermedad mental hasta estresores comunes como la soledad o
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momentos vitales criticos, puede aumentar el riesgo de ECV entre un 20% y un 100% (44,45). El estrés
afecta al riesgo de forma directa, dado que tiene efectos biolégicos, pero también de forma indirecta,
a través de factores conductuales como el consumo de tabaco (46). Ademas, las situaciones

estresantes pueden actuar como desencadenantes inmediatos de eventos agudos.

La estructura social, las desigualdades laborales, econdmicas y educativas también modifican el riesgo
de ECV. En concreto, se ha observado que el estatus socioeconémico bajo y el estrés en el trabajo se
asocian a un mayor riesgo de ictus e infarto, y también a un peor prondstico (47,48). En Espafia, se ha
visto que existe una correlaciéon inversa entre el Producto Interior Bruto per capita y la mortalidad por

ECV por comunidades auténomas (49), y entre el nivel educativo y la mortalidad por ECV (26).

Entre los factores medioambientales que pueden modificar el riesgo de ECV se encuentran la
contaminacion del aire y del suelo, asi como los niveles elevados de ruido (21). La contaminacidn del
aire incluye el material particulado (PM, por sus siglas en inglés), que se puede considerar grueso (2,5
a 10 micrémetros), fino (< 2,5micrémetros; PM2,5) y ultrafino (<0,1 micrémetros), y los gases
contaminantes como el ozono, el diéxido de nitrégeno, el mondéxido de carbono o el didxido de azufre.
Como contaminantes del suelo y del agua que pueden incrementar el riesgo de ECV se incluyen el
plomo, el arsénico y el cadmio (50). Se estima que la pérdida de esperanza de vida producida por la
contaminacidn del aire es similar a la ocasionada por el tabaco (51). En Espaia, se considera que la
contaminacién atmosférica es la causante del 5% de las muertes por cardiopatia isquémica e ictus, y

en el conjunto del planeta estos porcentajes aumentan hasta un 20% y 26%, respectivamente (4).

La inactividad fisica incrementa el riesgo de ECV. De hecho, hay una relacién inversamente
proporcional entre la cantidad de ejercicio fisico moderado-intenso realizado y la mortalidad por todas
las causas, la morbimortalidad cardiovascular y la incidencia de diabetes mellitus tipo Il (52-59). Esta
relacién se puede explicar por dos vias. La primera via es la del gasto energético, que, junto con la
dieta, condiciona el balance energético y la acumulacidn de tejido graso. La segunda via se refiere a la
preparacion y la condicién fisica general. La inactividad fisica condiciona una mala preparacién y
condicion fisica, que, a su vez, dificulta la adaptacién del organismo ante eventos adversos. En Espafia,
se estima que un 9% de las muertes por cardiopatia isquémica y un 4% de las muertes por ictus se

deben a la falta de ejercicio fisico (4).

Finalmente, seguir un patron dietético poco saludable, con un exceso o deficiencia de ciertos
componentes nutricionales, tiene un importante papel en la génesis de la ECV, especialmente a través
de otros factores de riesgo como los lipidos sanguineos, la presion arterial, la obesidad y la diabetes
mellitus (60). Asi, un exceso en el consumo de acidos grasos saturados (61,62), acidos grasos trans

(63), sodio (64,65), azucar (66), o una dieta pobre en acidos grasos no-saturados (67,68), fibra (69,70)
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o potasio (71) son factores de riesgo de la ECV. En Espafia, se estima que un 45% de las muertes por
cardiopatia isquémicay un 17% de las muertes por ictus se deben a dietas no saludables (4). En cuanto
al consumo de alcohol, cldsicamente ha existido controversia en el papel preventivo del consumo bajo
o moderado de alcohol. La evidencia mds reciente sugiere, sin embargo, que los menores riesgos de
ECV aparecen en sujetos abstemios, y que el incremento del riesgo de ECV aumenta de forma

uniforme con cualquier incremento del consumo de alcohol (72-74).

La mayoria de los factores anteriormente expuestos no se pueden entender como factores aislados.
Los factores no modificables como el sexo, la edad o la etnia pueden condicionar la apariciéon y la
intensidad del resto de factores. Ademas, los factores socioecondmicos, como el lugar en el que una
persona vive o el trabajo que desempefia, condicionan las exposiciones ambientales, asi como el
estrés psicosocial y la adopcién de conductas y estilos de vida del individuo. Estos ultimos, a su vez,
influyen en el desarrollo de los factores de riesgo convencionales, creando una red de factores de

riesgo o causas de la ECV sobre las que se puede actuar para lograr su prevencion.

1.1.3 Prevencion de la enfermedad cardiovascular

1.1.3.1 Medidas poblacionales

El amplio estudio de las causas de ECV ha favorecido la identificacién de multiples puntos o dreas de
accién para prevenirla. El abordaje considerando los determinantes estructurales de la enfermedad,
como la reduccién de las desigualdades socioecondmicas o la limitacidn de las exposiciones
medioambientales nocivas, supone evidentes ventajas, ya que se actua sobre el conjunto de la
poblacion, de forma previa a la aparicidon de otros factores de riesgo y previniendo la génesis de otros
tipos de enfermedades que comparten factores de riesgo con la ECV, como son las enfermedades
respiratorias o el cdncer. Sin embargo, aunque la investigacion actual en salud publica pone en
evidencia el origen social y medioambiental de muchas enfermedades (75), la competencia entre
intereses econdmicos, éticos y de salud dificulta la implementacién de intervenciones de este tipo.
Asi, por ejemplo, medidas que tienen como objetivo la disminucién de las desigualdades sociales
mediante el reparto de la riqueza pueden parecer poco éticas a determinados grupos poblacionales
(76). Asimismo, la limitacion de la actividad industrial y ganadera, dirigida a reducir la contaminacion,

asi como la transformacién energética, pueden verse como frenos al crecimiento econémico (77).

Ademas de estas medidas existen otros abordajes a nivel poblacional que, aunque potencialmente
sean menos efectivos, comparten ventajas con los anteriores, ya que actlan sobre toda una poblacién,
de forma previa a la aparicidon de la enfermedad y suelen ser Utiles para prevenir varios tipos de
enfermedades. Son las medidas de promocién de la salud que habitualmente implementan las

agencias de salud publica y otros organismos institucionales. Estas medidas estan dirigidas a la
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poblacién general con la intenciéon de mejorar su alimentacion, reducir el consumo de tabaco y alcohol
o potenciar la realizacidon de ejercicio fisico, asi como paliar los efectos de la contaminacion. Sin
embargo, y al igual que ocurre con otras acciones de salud publica, estas medidas tienen que competir
con los intereses econdmicos de determinados sectores sociales, dificultando su implementacion

(78,79).

Resulta importante destacar que a pesar de que, por lo general, el abordaje individual de la prevencién
de ECV sea el mas utilizado, un abordaje éptimo de la ECV deberia incluir, e incluso priorizar, las

acciones a nivel poblacional.

1.1.3.2 Medidas individuales

Son aquellas estrategias centradas en el abordaje individual de la prevencién cardiovascular. Estan
basadas, de manera general, en la identificacién de los factores de riesgo y el desarrollo de actuaciones
en pacientes con riesgo alto de padecer ECV. Estas acciones, que consisten basicamente en la
recomendacién de modificar conductas a nivel individual y de usar farmacos para tratar la
hipertension, la dislipemia y la diabetes mellitus, se suelen realizar en las consultas de Atencidn
Primaria, donde existe una gran variabilidad en la practica clinica. Por ejemplo, en el afio 2020 en
Aragon, la proporcién de pacientes con diabetes en los que se habian medido y registrado sus niveles
de hemoglobina glicosilada, un indicador de seguimiento de la enfermedad habitual, variaron entre
un 20 y un 80% segun la zona basica de salud a la que perteneciera el paciente. Algo similar ocurrié
con la medicién y registro de la tensién arterial, que varié entre un 4 y un 71% de los pacientes, segun

la zona, y la determinacidn de los niveles de colesterol, realizada a entre un 18 y un 78% (80).

Para ayudar en la toma de decisiones y ofrecer las mejores medidas de prevencién a todos los
pacientes, diversas sociedades cientificas han elaborado guias de practica clinica para la prevencion
de la ECV. Entre estas, destacan por su difusidn las guias europeas de prevencion de la ECV (21) y las
analogas americanas (81). Por lo general, estas guias de practica clinica recomiendan la evaluacién
inicial del riesgo de los pacientes segun distintos parametros. En concreto, las guias europeas clasifican
a los pacientes seguin tengan o no enfermedad renal crénica, hipercolesterolemia familiar o diabetes
mellitus. Una vez clasificados, a aquellos pacientes que no sufren ninguna de estas enfermedades se
les aplican unos indices o funciones para conocer su riesgo de padecer una ECV en los préximos 10
afios. Los indices mas utilizados son el SCORE2 (82) (segunda versiéon del SCORE, acronimo de
Systematic COronary Risk Evaluation) para pacientes menores de 70 afios y el SCORE2-Older Persons
(83) (version del anterior para personas mayores), para pacientes de 70 afios o mas. Segun los
resultados de la primera clasificacién y la aplicacion de los indices se clasifica a los pacientes entre

bajo y muy alto riesgo. Segln este riesgo, las guias recomiendan una serie de medidas a aplicar para
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reducirlo, tanto en cuanto a modificaciones del estilo de vida como a la recomendacion de tratamiento

farmacoldgico.

Estilo de vida

Como se ha descrito previamente, los factores de riesgo relacionados con los estilos de vida del
paciente son claves en el desarrollo de la ECV. De hecho, se estima que mediante la adopcidn de un
estilo de vida saludable se podrian evitar, aproximadamente, un 60% de las muertes por cardiopatia
isquémica y un 30% de las muertes por ictus (4). Las recomendaciones de realizar mas ejercicio fisico
(al menos 150 minutos de intensidad moderada semanal o 75 minutos de actividad intensa) (84), de
reducir el consumo de sal, de grasas saturadas y de azucar y de aumentar el consumo de frutas,
verduras, pescado y cereales integrales (85), de no fumar y de no consumir alcohol son aplicables a
toda la poblacién, independientemente de su riesgo. Sin embargo, la influencia de factores
ambientales, sociales o fisicos sobre la adopcién de conductas, hace que las recomendaciones

individuales a este nivel sean habitualmente insuficientes para evitar la ECV en la practica.

Farmacos

La dificultad para adoptar habitos saludables, unida a la insuficiente presencia de actuaciones politicas
que favorezcan esta adopcion, por parte de la poblacién, o la relativa facilidad del consumo de
farmacos, han provocado que la estrategia de prevencidon farmacolégica sea la mas habitual para
disminuir el riesgo de ECV, aunque potencialmente esta sea menos eficiente que los cambios en los

estilos de vida (86).

El uso de fdrmacos para prevenir la ECV estd ampliamente extendido en la poblacién espafola, con
una tendencia creciente en los Ultimos afios. En concreto, segun la Agencia Espafiola del Medicamento
(87), las dosis diarias definidas por cada 1.000 habitantes y dia (DHD) de farmacos hipolipemiantes se
han incrementado desde las 96,6 del afio 2012 hasta las 134,1 en el afio 2021 (87), lo que supone un
incremento de casi un 40% en 10 afios. Tendencia similar, aunque menos acusada, han seguido los
farmacos utilizados en la hipertensién, con un incremento del 9% en este mismo periodo (desde las

279,4 DHD en 2012 a las 303,7 en 2021) y los farmacos antitrombéticos, con un incremento del 13%.

Farmacos hipolipemiantes

Como se ha descrito previamente, el perfil lipidico adverso es uno de los principales factores de riesgo
en cuanto a mortalidad por ECV. Con el objetivo de mejorar el perfil lipidico, disminuyendo los niveles
sanguineos de colesterol LDL y de triglicéridos, se utilizan los farmacos hipolipemiantes. Los farmacos
modificadores de los lipidos se agrupan, segin su mecanismo de accidén, en inhibidores de la

Hidroximetilglutaril (HMG) -CoA reductasa, fibratos, secuestradores de acidos biliares, acido nicotinico
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y derivados, y otros agentes (88). De estos, el grupo de farmacos mas utilizado son los inhibidores de

la HMG-CoA reductasa, o estatinas (87).

La enzima HMG-CoA reductasa transforma el HMG-CoA en acido mevalénico y es la enzima que
modula la biosintesis del colesterol. Las estatinas, que estan estructuralmente relacionadas con el
HMG-CoA, inhiben de forma competitiva la HMG-CoA reductasa, reduciendo la biosintesis hepatica
del colesterol y la cantidad de colesterol disponible para ser incorporada en lipoproteinas de muy baja
densidad (VLDL). Esto conduce a un aumento compensatorio de los receptores hepdticos de LDL,
aumentando la captaciéon de colesterol LDL en el higado y disminuyendo los niveles de colesterol LDL
en sangre. En el grupo de las estatinas se incluyen los farmacos atorvastatina, fluvastatina, lovastatina,
pitavastatina, pravastatina, rosuvastatina y simvastatina, con distintas caracteristicas

farmacocinéticas y farmacodinamicas (89).

Aunque generalmente bien toleradas, las estatinas pueden causar efectos adversos. Los efectos
adversos mds frecuentes son problemas gastrointestinales como dolor abdominal, estrefiimiento,
diarrea o reflujo gastroesofagico, asi como la mialgia. Efectos adversos menos frecuentes son la
hepatitis y la toxicidad muscular o miopatia, que en su extremo mas grave puede progresar a
rabdomiolisis. También se ha descrito que el uso de estatinas aumenta ligeramente el riesgo de
desarrollar diabetes, especialmente en personas mayores (90). Ademas, la atorvastatina, lovastatina
y simvastatina son metabolizadas por el CYP3A4, y sus niveles en plasma aumentan cuando son
administradas con farmacos que inhiben esta enzima, como la eritromicina, el itraconazol o el
ritonavir. A su vez, las estatinas inhiben el metabolismo de otros farmacos, por ejemplo,

incrementando los niveles de warfarina en sangre.

Las estatinas han demostrado en varios ensayos clinicos aleatorizados (ECA) su eficacia, tanto en la
prevencion primaria como secundaria de la ECV (30). Es por ello que las guias de practica clinica emiten
distintas recomendaciones sobre el uso de estos farmacos, en funcién del riesgo basal de ECV. Asi,
seguln las ultimas guias europeas (21), el tratamiento con estatinas esta recomendado siempre que se
sobrepasen los niveles de colesterol LDL sanguineos recomendados. Estos niveles dependen del riesgo
de ECV del paciente. Asi, por ejemplo, en pacientes aparentemente sanos, de menos de 50 afios, con
un SCORE2 mayor o igual a 7,5%, el tratamiento estaria indicado si los niveles de colesterol LDL son
mayores de 100mg/dL. Por otra parte, en pacientes que ya han sufrido un evento cardiovascular, se

recomendaria tratamiento farmacolégico si los niveles superan los 55mg/dL (21).

Segln su capacidad para reducir los niveles de colesterol LDL, las estatinas se pueden clasificar en
estatinas de baja, moderada o alta intensidad. Asi, las estatinas con capacidad para reducir los niveles

de colesterol LDL entre un 20% y un 30% (fluvastatina en dosis de 20 0 40mg/dia, pravastatina en dosis
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de 10, 20 o 40mg/dia y simvastatina en dosis de 10mg/dia) se consideran de baja intensidad, las
estatinas con capacidad para reducir los niveles entre un 30% y un 40% (fluvastatina en dosis de
80mg/dia, simvastatina en dosis de 20 y 40 mg/dia, atorvastatina en dosis de 10mg/dia y rosuvastatina
en dosis de 5mg/dia) se consideran de intensidad moderada, y las estatinas con capacidad de
reduccidon de mas del 40% (simvastatina en dosis de 80g/dia, atorvastatina en dosis de 20mg o mas al

dia y rosuvastatina en dosis de 10mg o mas al dia) se consideran de alta intensidad (91,92).

En 2021 en Espafia las estatinas, solas o en combinacion, supusieron un 91% del consumo de
hipolipemiantes medido en DHD. Durante este afio, el principio activo con mayor consumo fue la
atorvastatina (63,5 DHD), seguida por la simvastatina (26,7 DHD) y la rosuvastatina (13,4 DHD). En
cuanto a las tendencias de consumo, la atorvastatina muestra un patrén de crecimiento en el
consumo, siendo este un 20% mayor que en 2016. Tendencia similar es la de la rosuvastatina, con un
incremento del 42,6% en los ultimos 5 afios. Aunque menos consumida, también sigue una tendencia
creciente la pitavastatina, con un incremento del 40%. Por otra parte, el resto de principios activos, es
decir, simvastatina, lovastatina, pravastatina y fluvastatina, siguen una tendencia decreciente,
habiendo disminuido su consumo en los ultimos 5 afios en un 10%, 50%, 31% y 50%, respectivamente.
Ademas, ha aumentado el consumo de estatinas en combinacién con otros farmacos, pasando de 4,6

DHD en 2016 a 11,3 DHD en 2021 (87).

Adherencia terapéutica

El hecho de que un farmaco se prescriba no es sinébnimo de que se consuma. Esta circunstancia, comun
a todas las terapias farmacoldgicas, es especialmente relevante en la prevencion primaria de la ECV.
Ello se debe a la baja percepcidon de riesgo de enfermar por parte del paciente, al tratarse de factores
de riesgo que no provocan sintomas, en la mayor parte de los casos, y de eventos que aparecen de
forma subita. Por ello, y de manera general, cuanto menor es el riesgo, mas baja es la adherencia
terapéutica. En concreto, se ha estimado que Unicamente alrededor de la mitad de los pacientes
tratados con estatinas tienen una adherencia mayor del 80%, es decir, que consumen el farmaco al

menos un 80% de las ocasiones en que lo tienen que tomar (93).

Una adherencia subéptima compromete la efectividad del tratamiento. Asi, en los pacientes con un
alto riesgo cardiovascular, la baja adherencia puede disminuir los beneficios que aporta el
tratamiento. Por otra parte, en los grupos de pacientes con bajo riesgo cardiovascular, en los que el
beneficio absoluto es bajo, la no adherencia puede ocasionar que este beneficio sea todavia menor.
De esta forma, una terapia potencialmente beneficiosa en condiciones dptimas puede perder su

efecto al aplicarse en poblaciones con baja adherencia.
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1.2 El estudio del uso de hipolipemiantes en prevencion primaria de la

enfermedad cardiovascular

La frecuencia e importancia de la ECV ha dado lugar, durante las ultimas décadas, a una importante
produccién cientifica sobre el tema. En este sentido, conocer las caracteristicas de la utilizacién de
farmacos hipolipemiantes en la prevencién de ECV, asi como su efecto en diferentes condiciones, son
temas de especial interés. Teniendo en cuenta el objetivo de los estudios realizados con estos
propdsitos, estos se pueden clasificar en estudios con finalidad descriptiva y estudios con finalidad
analitica. A continuacién, se exponen los distintos disefios de estudios que se pueden utilizar para
incrementar el conocimiento sobre la prevencion primaria de la ECV, junto con sus ventajas e
inconvenientes, asi como cuales se consideran los mas apropiados para alcanzar determinados

objetivos.

En este apartado, en primer lugar, se habla de los estudios descriptivos y de cobmo permiten estimar
la frecuencia de la ECV, describir su presentacién en la poblacién, la utilizacion de farmacos
hipolipemiantes para prevenirla y las reacciones adversas que producen. En segundo lugar, se trata
sobre los estudios analiticos y los disefios mds apropiados para medir la eficacia y efectividad de los

farmacos hipolipemiantes.

1.2.1 Estudios descriptivos

1.2.1.1 Estudio de la frecuencia de la enfermedad

Para medir la prevalencia de la ECV se pueden utilizar encuestas aplicadas a una poblacién o a una
muestra de la misma (94). La prevalencia estad influida por el nimero de nuevos casos y por su
supervivencia, y puede hacer referencia tanto a los eventos cardiovasculares como a sus factores de
riesgo. Este indicador de frecuencia permite, por tanto, estimar la frecuencia y el riesgo de

enfermedad en la poblacion.

Para medir laincidencia es necesario el seguimiento de una poblacién. Principalmente esta se obtiene,
de manera habitual, de registros de enfermedades o de estudios de cohortes. Sin embargo, el
mantenimiento de estas fuentes de informaciéon supone un gran esfuerzo, por lo que suelen ser
limitadas en el tiempo y restringirse a poblaciones locales, en el caso de los registros (95,96), o

acotadas, en el caso de los estudios de cohortes (97).

Como alternativas mds accesibles y de menor coste, se puede aproximar la frecuencia y la evolucidn
de la ECV mediante la medicién de ingresos hospitalarios (98) o muertes (99). Sin embargo, estas
fuentes de informacion pueden ser inexactas. Para medir ingresos hospitalarios se utilizan fuentes de

informacién disefiadas con objetivos de gestidn, las cuales pueden sufrir cambios en su codificacidn,
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cumplimentacidn, fiabilidad o poblacion cubierta, distorsionando la estimacién de la incidencia. En
cuanto al uso de datos de mortalidad para estimar la incidencia, existen otros factores que la
modifican ademdas de la propia incidencia, como son la supervivencia inmediata a los eventos

cardiovasculares y la mejora de los cuidados posteriores.

1.2.1.2 Estudio del perfil de pacientes con ECV

Otro aspecto importante, ademads de la frecuencia de la enfermedad, es conocer el perfil de los
pacientes con ECV. Conocer cdmo son los pacientes permite identificar potenciales factores de riesgo
o poblaciones diana sobre las que es necesario priorizar la prevencién. El estudio de las enfermedades
gue se presentan de forma concomitante también facilita el reconocimiento de posibles causas,

consecuencias o sinergias en la presentacion de la ECV.

1.2.1.3 Estudios sobre el uso de hipolipemiantes

Ademas de describir la presentacion de la enfermedad en |la poblacidn, se puede estudiar la estrategia
o intervencién aplicada para prevenirla. Los estudios de utilizacion de medicamentos (EUM) son
estudios de farmacoepidemiologia con los que se pretende determinar cuales son los perfiles, la
prescripcion, la dispensacidn, el consumo y la adherencia terapéutica en una poblacidn determinada
(100). En el ambito de los farmacos hipolipemiantes tienen como objetivo, entre otros, describir los
patrones de prescripcion de hipolipemiantes, la adecuacién de la prescripcion a las recomendaciones
y los patrones de consumo, asi como los factores asociados. También persiguen, de manera habitual,
relacionar la utilizacion de un farmaco o grupo de farmacos con un resultado en salud, valorando asi

su efectividad, o con la utilizacién de otros recursos sanitarios.

El estudio de los patrones de prescripcidn de hipolipemiantes permite conocer a qué pacientes y en
qué circunstancias los facultativos prescriben estos farmacos. Siguiendo esta linea, estos estudios se
pueden complementar con el estudio de la adecuacidn del tratamiento, es decir, si los farmacos se
prescriben segun las recomendaciones de las guias de practica clinica. En este caso se estaria
evaluando la actuacién médica de prevencion de la ECV. Para ello, segln el objetivo del estudio, se
pueden utilizar distintos tipos de estudios observacionales, con o sin seguimiento. En general, para
describir los factores que pueden estar relacionados con la prescripcidén de farmacos es recomendable
gue se realicen estudios de seguimiento. De esta forma, es posible diferenciar entre los factores que
se presentaban antes de la prescripcion y los que se presentaron después, ya que solo los que se

presentaban antes pueden haber influido en la decision de prescribir el farmaco.

Por otra parte, en los EUM es habitual la estimacién de la adherencia al tratamiento. Podemos
entender la adherencia a la medicacién como el proceso mediante el cual los pacientes toman su

medicacién tal y como ha sido prescrita. Este proceso tiene tres componentes: iniciacion,
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implementacion y discontinuacion. El proceso de la adherencia comienza con la iniciacidon del
tratamiento, que es cuando el paciente toma la primera dosis de un farmaco prescrito. Se continda
con la implementacion del régimen de dosificacidn, definido como la medida en la que la pauta de
dosificacién que toma el paciente se corresponde con la prescrita. La discontinuacion del tratamiento
indica el final de la terapia, cuando se omite una dosis y no se toman mas dosis sucesivas. Se entiende
como persistencia en el tratamiento al tiempo transcurrido entre la iniciacidn y la toma de la dltima
dosis, inmediatamente previa a la discontinuacion (101). Asi, en los EUM se pueden medir todos estos
componentes, y también investigar qué factores clinicos, fisicos, psicosociales o del sistema sanitario
pueden influir en esta adherencia terapéutica, asi como su efecto sobre los resultados en salud. Estos
estudios permiten identificar qué poblaciones tienen una adherencia subdptima, sus determinantes y
efecto, ya sea para implementar actuaciones para mejorarla, o incluso para reconsiderar la

prescripcidon de un tratamiento.

1.2.1.4 Estudio descriptivo de eventos adversos de los hipolipemiantes

Finalmente, otro objetivo de los estudios descriptivos sobre farmacos hipolipemiantes puede ser
describir, en una poblacidn concreta, los eventos adversos que podrian estar asociados al uso de estos
(102). Aunque la determinacidon de la asociacion de un evento adverso a un farmaco requiere de un
estudio analitico, los estudios descriptivos pueden ayudar a plantear hipdtesis sobre reacciones

adversas no investigadas, o estudiar los grupos de pacientes en los que aparecen con mas frecuencia.

Clasicamente, en este tipo de estudios se utilizan técnicas estadisticas simples, como el célculo y la
inferencia de medidas de tendencia central y de dispersidn para las variables cuantitativas continuas
(medias, medianas, desviaciones estandar, cuantiles, etc.), o proporciones para las variables
cualitativas. Sin embargo, existen otras técnicas analiticas de agrupacién y clasificaciéon que pueden
ser especialmente Utiles a la hora de describir poblaciones, eventos o patrones de consumo (103—
106). Estas permiten clasificar a los sujetos en grupos o clusteres con caracteristicas similares, o
representar relaciones entre variables, eventos o caracteristicas que se suelen presentar agrupadas,
mediante el analisis de redes o la elaboracién de modelos predictivos, que no pretenden hallar

asociaciones causales sino mostrar las asociaciones encontradas naturalmente.

1.2.2 Estudios analiticos del uso de hipolipemiantes

El estudio de las causas de la enfermedad es el fin dltimo de la investigacion en el dmbito de la
prevencion de la ECV, especialmente si estas causas son modificables. Si existe la capacidad de mejorar
nuestro conocimiento de la cadena o estructura causal de la ECV y, ademas, modificarla, serd posible
prevenir la enfermedad. Para ello serdn necesarios otro tipo de estudios que vayan mas alld de la mera

descripcién de un fenémeno.
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En el caso concreto de la prevencion de la ECV con hipolipemiantes, la estructura causal ya conocida

seria la siguiente:
Perfil lipidico > ECV

Esto es, que el perfil lipidico alterado es el causante de la aparicidon de la ECV. De esta estructura causal
surge una nueva hipétesis: la modificacién del perfil lipidico mediante farmacos previene la ECV. Esta

hipdtesis la podriamos representar de la siguiente forma:
Hipolipemiantes = Perfil lipidico > ECV

Esto es, que los hipolipemiantes son capaces de modificar el perfil lipidico alterado y a su vez esto

previene la ECV.

El primer paso para conocer la utilidad de un farmaco para prevenir una enfermedad es medir su
eficacia, es decir, determinar si se cumple la cadena causal que hemos propuesto (el fdirmaco mejora
el perfil lipidico, o disminuye los niveles de colesterol LDL, y a su vez disminuye el riesgo de ECV). Para
evaluar esta eficacia, se ha de crear un ambiente ideal y altamente controlado, lo mds parecido a un
experimento natural. Para ello se recurre a los ECA, que utilizan la aleatorizacién para obtener grupos
comparables entre si, administran placebos a la rama no tratada y aplican técnicas para asegurar la
toma del farmaco segun lo esperado (107). Los ECA, aunque metodolégicamente robustos, tienen
como inconveniente que no miden el efecto que puede tener la intervencidon fuera del ambiente

controlado, es decir, son buenos para medir la eficacia, pero no tanto para medir la efectividad.

La diferencia entre la eficacia que muestran los ECA y la efectividad se puede explicar por diversos
factores. Uno de los mas importantes estd relacionado con la adherencia y la persistencia al
tratamiento. Para medir la eficacia es importante que los pacientes se cifian al tratamiento asignado
y, por tanto, se considera una virtud de los ECA la alta adherencia al tratamiento que suele presentarse
en ellos. Es habitual que en los ECA se obtengan unas adherencias superiores al 95% (108). Sin
embargo, en la practica clinica habitual no se aplican de manera rutinaria los mecanismos de control
de la adherencia terapéutica que se aplican en los ECA, siendo esta adherencia mucho menor (93). En
la practica médica, los pacientes no estdn seleccionados para maximizar la adherencia y el efecto del
tratamiento, pues suele ser una poblacién menos homogénea en cuanto a edad, riesgo de enfermedad
y motivacién. Esta aplicacién del farmaco sobre una poblacidn con distinto perfil de riesgo, distintas

creencias y estilos de vida condiciona que la efectividad sea distinta a la eficacia.

Para medir la efectividad del tratamiento es preferible recurrir a otro tipo de estudios, como son los
ensayos clinicos pragmaticos (ECP) (109). Los ECP tienen las mismas fortalezas que los ECA cldsicos

junto con la ventaja de aplicarse en condiciones clinicas habituales, por lo que su validez externa es

30



mayor. Sin embargo, al igual que ocurre con los ECA, este tipo de estudios son muy costosos
econdmicamente. Debido a ello, tanto los ECA como los ECP suelen depender de la financiacion de
empresas privadas, las cuales tienen como obijetivo final recuperar su inversién y obtener beneficios.
No obstante, ocurre que cuando un farmaco ha demostrado su eficacia en uno o varios ECA y ha sido
posteriormente aprobado para su comercializacidn, existen pocos incentivos econdmicos para invertir
en la realizacién de un ECP. Por ello es poco frecuente el estudio de la efectividad de un fdrmaco en

condiciones reales una vez que ya se ha demostrado su eficacia.

Como alternativa, podemos medir la efectividad de un farmaco mediante estudios observacionales.
Sin embargo, estos estudios observacionales son altamente susceptibles a la presencia de sesgos.
Existen ejemplos histdricos en los que, al abordar una misma pregunta de investigacién mediante ECA
y mediante estudios observacionales, se han obtenido resultados distintos e incluso contradictorios,
lo que ha dado lugar a que exista cierta desconfianza hacia los resultados obtenidos en estos udltimos

(110,111).

Clasicamente, los investigadores han considerado que la principal fuente de sesgo de los estudios
observacionales, en comparacién con los ECA, era la presencia de confusion no controlada y de origen
desconocido (112). Aunque el control de la confusion es posible en los estudios observacionales
mediante técnicas como la estratificacidn, no es posible el control de la confusidn debida a una
variable que no se conoce vy, por tanto, no se ha medido. Sin embargo, estudios recientes han
demostrado que muchos de los resultados contradictorios entre estudios observacionales y ECA se
pueden atribuir a sesgos de seleccion (113,114). Estos sesgos serian subsanables en la fase de analisis

del estudio.

Asi, imitando el disefio de seleccién y analisis de un ECA y controlando por los confusores conocidos
podemos obtener resultados muy similares a los obtenidos en un ECA, aunque estemos analizando
datos observacionales. Si utilizamos una base de datos en la que la préctica clinica no ha sido
controlada, sino que los datos reflejan la practica clinica habitual, nuestros estimadores se

aproximaran, en gran medida, a la verdadera efectividad del farmaco.

Tanto en estudios disefiados para medir la eficacia como en aquellos cuyo objetivo es medir la
efectividad, se utilizan medidas de asociacién relativas y medidas de asociacidon absolutas. Aunque
ambos tipos de medidas son necesarios para el estudio de eficacia y efectividad, las medidas de
asociacion relativas (p. ej. razones de riesgos, razones de odds, hazard ratios) son una aproximacién
del efecto intrinseco del farmaco, suelen ser mas homogéneas en distintas poblaciones y, por tanto,
estarian mas cercanas a la evaluacion de la eficacia. Sin embargo, las medidas de asociacién absoluta

(p. ej. diferencia de riesgos, nimero necesario de sujetos a tratar) dan una mayor informacion del
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efecto practico del farmaco, son mas sensibles a la poblacidn sobre la que se realiza el estudio, porque

dependen mas del riesgo basal de los pacientes, y estarian mas cerca de la evaluacidn de la efectividad.

Finalmente, para confirmar la idoneidad del uso de un farmaco a nivel poblacional son necesarios
estudios de eficiencia. Estos estudios comparan el beneficio que produce una intervencion frente al
coste que supone (115). En estos estudios, para medir el beneficio, es preferible utilizar medidas
similares a las aplicadas al valorar la efectividad, en vez de medidas de eficacia. También es importante
utilizar medidas de asociacion, tanto absolutas como relativas y relacionarlas con los costes que

supone la intervencién.

Teniendo en cuenta todo lo mencionado, aun cuando un farmaco haya demostrado su eficacia en
varios ECA, sigue siendo necesaria la realizacién de ECP o estudios observacionales para medir la
efectividad en determinadas poblaciones. Para poder realizar estos estudios observacionales, cada
vez es mas habitual recurrir a grandes cohortes de poblacién y a la utilizaciéon de bases de datos
administrativas (116). La informatizacidon de bases de datos que hasta ahora se recogian en papel,
como la historia clinica, la posibilidad de interconectar distintas bases de datos y la capacidad de
analisis cada vez mayor que permiten los nuevos sistemas informaticos hacen que estas bases de
datos, pese a que tengan sus limitaciones, puedan ser utilizadas para aplicar técnicas de andlisis
longitudinal complejas y hacer nuevos descubrimientos que hace unos ainos hubieran sido imposibles,

debido a su elevado coste.

A nivel histérico e internacional, el Estudio Framingham del Corazéon (117) es uno de los mas
relevantes. Se trata de un estudio de cohortes que comenzd en 1948 y todavia continua, incluyendo
a la tercera generacién de participantes. Gracias a este estudio, en los afios 60 se identificaron como
factores de riesgo de patologia cardiovascular el tabaco (118), los elevados niveles de colesterol (119),
la alta presidn arterial (120) y la obesidad (121), asi como el efecto protector del ejercicio fisico (122).
Siguiendo el ejemplo de este estudio, a lo largo de los afios se han creado distintas cohortes para
estudiar la patologia cardiovascular. En concreto, en Espafia, destacan los estudios Estacio de
Monitoratge de Malaltia Arteriosclerdtica (123), que se basa en el Sistema de Informacion para el
Desarrollo de Investigacién en Atencion Primaria (SIDIAP) e incluye mas de 32.000 sujetos (124), el
Estudio de Nutricién y Riesgo Cardiovascular en Espafia (ENRICA), que incluye 12.000 sujetos desde el
afio 2010 (125), el Registro Gironi del Cor (REGICOR) (96) y el Aragon Workers Health Study (AWHS)
(126), que sigue a aproximadamente a 5.800 trabajadores en una planta de fabricacidon de automdviles
en Aragén. Finalmente, cabe destacar también la creacidn de la cohorte CORDELIA, que agrupa a
163.000 sujetos procedentes de hasta 31 cohortes de Espafia, entre las que se encuentran las ya

mencionadas (127).
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1.3 Justificacion de esta Tesis

Pese a la extensa bibliografia publicada sobre la ECV y, en concreto, sobre su prevencién mediante el
uso de farmacos hipolipemiantes, todavia existen multiples aspectos desconocidos que afectan a todo
el proceso de prevencién farmacoldgica de la enfermedad, desde la prescripcidon hasta la efectividad,

pasando por la adherencia al tratamiento, y sobre los que es necesario investigar.

En relacion a la prescripcion de farmacos hipolipemiantes, es importante conocer qué factores
influyen sobre la prescripcion de estatinas, especialmente en qué pacientes se prescriben estatinas de
alta intensidad, con el fin de poder orientar la prescripciéon y ajustarla a los estandares indicados por

las guias de prictica clinica.

Desde el punto de vista de la adherencia y persistencia de los pacientes al tratamiento hipolipemiante,
existe evidencia de que las personas que se adhieren a la medicacién tienden a mostrar también un
estilo de vida saludable (128-130), aunque esto no siempre se cumple en todos los perfiles de
pacientes (130-132). Por otra parte, la persistencia en el tratamiento con farmacos hipolipemiantes
para la prevencién primaria de la ECV es pobre. Queda, por tanto, pendiente identificar las
caracteristicas de los pacientes en los que se asocia la buena adherencia al tratamiento con la
adherencia a otros comportamientos de estilo de vida saludable, asi como analizar las relaciones
existentes entre adherencia y persistencia con la morbilidad, la mortalidad, los cotratamientos y el

uso de servicios sanitarios.

Finalmente, aunque la eficacia del tratamiento hipolipemiante para reducir la morbilidad y la
mortalidad por ECV en personas con alto riesgo de padecerla ha sido demostrada en multiples ECA
(30), la efectividad de este tratamiento en pacientes de riesgo bajo y medio no estd tan clara. Uno de
las principales dificultades para evaluarlo es que el efecto absoluto depende en gran medida de las
caracteristicas y el nivel de riesgo basal de la poblacién estudiada, y por ello es dificil cuantificarlo
mediante un ECA. Es por ello importante analizar la efectividad de la terapia con estatinas para la
prevencion primaria de ECV en pacientes de riesgo bajo y medio utilizando datos observacionales que
representen la practica clinica habitual, pero a su vez aplicando disefos de estudios que permitan

minimizar los sesgos.

33



34



2. Objetivos de |a investigacion

A continuacidn, se definen el Objetivo General al que responde el conjunto de la presente Tesis, asi

como los Objetivos Especificos alcanzados en los diferentes trabajos que incluye.

2.1 Objetivo General

Analizar el uso y la efectividad de los farmacos hipolipemiantes utilizados en prevencién primaria de

la ECV en una cohorte de trabajadores, a través de distintos abordajes metodoldgicos.

2.2 Objetivos Especificos

1. Caracterizar el perfil de nuevos usuarios de estatinas como prevencidon primaria de la ECV.

2. Investigar la asociacién entre las caracteristicas clinicas, sociodemograficas, laborales y de
estilo de vida con la intensidad del tipo de estatina prescrita como prevencion primaria.

3. lIdentificar distintos perfiles de nuevos usuarios de farmacos hipolipemiantes seguin su
adherencia a las recomendaciones para la prevencién de la ECV.

4. Analizar las diferencias en cuanto a comorbilidades, cotratamientos y uso de servicios
sanitarios en nuevos usuarios de hipolipemiantes, segun su perfil de adherencia a las
recomendaciones para la prevencién de la ECV.

5. Analizar la persistencia en nuevos usuarios de tratamiento hipolipemiante como prevencién
primaria de la ECV.

6. Estudiar la relacion existente entre la persistencia al tratamiento hipolipemiante y la
morbilidad, comorbilidad y mortalidad, tanto cardiovascular como por todas las causas.

7. Analizar la efectividad del tratamiento con estatinas como prevencidn primaria de la ECV en
pacientes con bajo y medio riesgo.

8. Aplicar distintas estrategias de analisis para medir la efectividad de las estatinas y comparar

los resultados obtenidos.
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3. Metodologia

Alo largo de este apartado se exponen los aspectos metodoldgicos que se han tenido en cuenta para

elaborar esta Tesis.

En primer lugar, se presentan aquellos aspectos que son comunes a los cuatro trabajos que conforman
esta Tesis Doctoral, ya que estos comparten un marco témporo-espacial, una poblacién de estudio,

un grupo de farmacos de interés, unos eventos o resultados y unas fuentes de informacién comunes.

Después, se presentaran las caracteristicas propias de cada estudio. Cada uno de ellos utiliza
metodologias y andlisis distintos, especificamente disefiados y seleccionados para cumplir con los

objetivos planteados.

3.1 Consideraciones generales

3.1.1 Ambito de estudio

En los cuatro trabajos que constituyen esta Tesis se ha utilizado como poblacién de estudio la
correspondiente al estudio AWHS (126). EIl AWHS es un estudio de una cohorte, prospectivo y
longitudinal que fue especialmente disefiado para analizar la evolucidn de factores de riesgo de ECV,
tanto los tradicionales ya conocidos como nuevos factores de riesgo emergentes, y su asociaciéon con

la prevalencia y progresion de la aterosclerosis subclinica.

La cohorte esta formada por 5.650 hombres y mujeres de mediana edad que trabajan en una fabrica
de automoviles en Figueruelas, en la provincia de Zaragoza. El seguimiento, que comenzd en 2009 y
todavia continula, se ha realizado mediante exdmenes médicos programados con una periodicidad
anual y consisten en una consulta médica, exploraciény analisis clinico, asi como un cuestionario sobre

habito tabaquico.

De esta cohorte se selecciond una subcohorte que cuenta desde el inicio con un seguimiento mas
intensivo, formada por 2.667 trabajadores de entre 40 y 55 afios. Su seguimiento consiste en la
administracién de cuestionarios sobre factores de riesgo cardiovascular y estilo de vida, entre los que
se incluyen habitos dietéticos, de actividad fisica y de suefo. Ademas, a estos sujetos se les invitd a

someterse a pruebas de imagen no invasivas para detectar una posible aterosclerosis subclinica.

En todos los trabajos presentados en esta Tesis se ha partido de esta cohorte para seleccionar a la
poblacién del estudio. Sobre esta, en el primer trabajo se seleccionaron los nuevos usuarios de
estatinas de la subcohorte con seguimiento intensivo; en el segundo, se seleccionaron los hombres

nuevos usuarios de farmacos hipolipemiantes de esta misma subcohorte; en el tercero, los hombres
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nuevos usuarios de farmacos hipolipemiantes en toda la cohorte, y en el cuarto, todos los sujetos con

un riesgo basal bajo o medio de sufrir ECV y sin historia personal previa de la misma.

En todos los estudios realizados se seleccionaron nuevos usuarios de farmacos hipolipemiantes
utilizados como prevencién primaria de la ECV. Se selecciond Unicamente a los nuevos usuarios
porque la inclusidn de usuarios prevalentes en estudios de farmacoepidemiologia puede introducir
dos tipos de sesgos. En primer lugar, hay que tener en cuenta que los usuarios prevalentes son
usuarios que han superado el periodo inicial de la farmacoterapia por lo que, si el riesgo de
discontinuar el tratamiento o de sufrir un evento cambia con el tiempo, como ocurre frecuentemente,
se puede introducir un importante sesgo de seleccidn. En segundo lugar, las covariables de los usuarios
al iniciar el estudio pueden no ser iguales que al inicio del tratamiento, asi como haber sido
modificadas por el mismo tratamiento. Esto, si no es tenido en cuenta, puede introducir confusion.
Por otra parte, para identificar a los nuevos usuarios se consideré como fecha indice la fecha de Ia
primera prescripcién, excluyendo a aquellos que habian recibido tratamiento con estatinas en los 6
meses previos a la fecha indice. Ademas, para seleccionar los sujetos en prevencién primaria, se

excluyé a todos los individuos que habian sufrido un evento cardiovascular previo a la fecha indice.

3.1.2 Farmacos estudiados

Los cuatro trabajos que componen la Tesis se centran en el uso de los fdrmacos hipolipemiantes en
prevencion primaria de la ECV. Para definir y analizar los fdrmacos objeto de estudio, se utilizé el
Sistema de Clasificacion Anatdmica, Terapéutica, Quimica/Dosis Diaria Definida (ATC/DDD por sus
siglas en inglés), definido por la Organizacidn Mundial de la Salud (OMS), en sus distintas versiones

2019-2021 (88).

El propdsito del sistema ATC/DDD es servir como herramienta para la monitorizacion y la investigacion
del uso de medicamentos. En concreto, el sistema de clasificacion ATC clasifica los farmacos segun
cinco niveles diferentes. En el primer nivel, que define el grupo anatémico principal sobre el que actua
el fdrmaco, el sistema cuenta con catorce grupos distintos. Cada uno de estos grupos se divide en
segundos niveles o subgrupos terapéuticos, que a su vez se subdividen en terceros niveles o subgrupos

farmacoldgicos, cuartos niveles o subgrupos quimicos y quinto nivel o sustancia quimica.

Para esta Tesis se han considerado farmacos del nivel 1 “C: Sistema cardiovascular” y, dentro de este,
el nivel 2 “10: Agentes Modificadores de los Lipidos”. En los trabajos primero y cuarto, que se centran
Unicamente en las estatinas, se utilizaron las combinaciones de niveles 3 y 4 “AA: Agentes
modificadores de los lipidos, sin combinar; inhibidores de la HMG-CoA reductasa”; “BA: Combinacidn

de varios agentes modificadores de los lipidos”, y “BX: Agentes modificadores de los lipidos en
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combinacidn con otros farmacos”. Es decir, se han analizado los farmacos con el cédigo ATC C10, o

bien con los cddigos C10AA, C10BA y C10BX, segun el trabajo.

En los trabajos segundo y tercero se tiene en cuenta la persistencia al tratamiento. La persistencia
constituye la ultima fase del concepto de adherencia segln la ABC taxonomy (101), y se define como
el tiempo transcurrido entre la iniciacidn del tratamiento y la toma de la ultima dosis, inmediatamente
previa a la discontinuacion del mismo. En estos trabajos se ha considerado a los sujetos como

persistentes si permanecian sin discontinuar el tratamiento al menos un afio.

La informacién utilizada en los trabajos que componen esta Tesis procede farmacos prescritos en
recetas médicas oficiales, dispensados en oficinas de farmacia y financiados por el sistema sanitario
publico. Por ello, nuestra medida de cuantificacion del consumo de farmacos ha sido el numero de
DDD de cada farmaco que el paciente recoge en la oficina de farmacia. La DDD es una unidad técnica
de medida que corresponde a la dosis de mantenimiento en la principal indicacidn, para una via de
administracién determinada en adultos. Estan definidas por la OMS para cada principio activo (88).
Siguiendo estas definiciones, se considerd que, puesto que cada envase de estatinas presenta 28
comprimidos y la dosis habitual recomendada es de un comprimido por dia, cada envase correspondia
a 28 dias de tratamiento. En el caso de los fibratos, a 30 dias de tratamiento, pues cada envase de
fibratos contiene 30 comprimidos. Teniendo esto en cuenta, se considerd que el tratamiento se habia
interrumpido, y, por tanto, que el sujeto no era persistente, si transcurrian mas de 2,5 veces la
duracion de la prescripcidn previa, es decir, mas de 75 dias entre dos prescripciones de estatinas y
mas de 70 dias entre dos prescripciones de fibratos. No se tuvo en cuenta la acumulacién de farmacos
si estos se prescribian con frecuencia mayor a la estimada y por tanto el paciente los acumulaba en su
casa. Los sujetos que Unicamente recibieron una prescripcion fueron considerados como no

persistentes.

3.1.3 Eventos cardiovasculares

En todos los trabajos de esta Tesis, ya sea por ser considerada como variable de resultado o como
criterio de exclusidon, ha sido necesario identificar los eventos cardiovasculares mayores sufridos por
los sujetos a estudio. Al tratarse de eventos graves, que requieren tratamiento agudo intensivo y

urgente, se ha utilizado el registro de altas hospitalarias y urgencias como fuentes de informacion.

Para ello, se utilizo la Clasificacidn Internacional de Enfermedades, en su décima edicion (CIE-10) (133).
Esta clasificacion, elaborada por la OMS, codifica los diagndsticos médicos en un cédigo de hasta 6
caracteres, con la estructura X00.00. La letra inicial determina el capitulo y, en este caso, se ha

lll”

utilizado el capitulo noveno, identificado con la letra “I”, que corresponde a las enfermedades del

aparato circulatorio.
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En concreto, los cddigos que se han considerado para identificar los eventos cardiovasculares mayores

en esta Tesis son:

121: Infarto agudo de miocardio

122: Infarto subsecuente de miocardio

160: Hemorragia subaracnidea

161: Hemorragia intraencefalica

162: Otras hemorragias intracraneales no traumaticas

163: Infarto cerebral

Otros cédigos de eventos cardiovasculares utilizados han sido:

GA45: Ataques de isquemia cerebral transitoria y sindromes afines

G46: Sindromes vasculares encefalicos en enfermedades cerebrovasculares
G81: Hemiplejia

G82: Paraplejia y cuadruplejia

G83: Otros sindromes paraliticos

120 — 125: Enfermedades isquémicas del corazén

126 — 128: Enfermedad cardiopulmonar y enfermedades de la circulacion pulmonar
146: Paro cardiaco

149.0: Fibrilacidn y aleteo ventricular

I50: Insuficiencia cardiaca

160-169: Enfermedades cerebrovasculares

170-179: Enfermedades de las arterias, de las arteriolas y de los vasos capilares

3.1.4 Fuentes de informacion

Para la realizacion de los trabajos presentados, se han utilizado diferentes fuentes de informacioén.

Bases de datos propias del estudio AWHS: Estas bases de datos incluyen informacion recogida de

forma directa de los sujetos de la cohorte. Incluyen datos sociodemograficos, laborales, analiticos y

antropomeétricos que fueron recolectados por los médicos y enfermeras de los servicios médicos de la

fabrica periddicamente. Ademas, incluyen informacion sobre el estilo de vida y la presencia de

aterosclerosis subclinica, recogida en la cohorte de trabajadores analizados de forma mas intensiva.

Como caracteristicas sociodemograficas y laborales se han utilizado la fecha de nacimiento, el sexo, el

nivel educativo, el nimero de afios que el trabajador llevaba trabajando en la empresa, el tipo de
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trabajo (manual o sedentario) y los turnos de trabajo. El examen fisico incluyd la medicion de la altura,
el peso, la circunferencia de la cintura y la presion arterial, siguiendo protocolos estandarizados y
procedimientos validados. Se midieron también los niveles de colesterol total, mientras que la glucosa
sérica en ayunas y la concentracidon de hemoglobina glicosilada se determinaron mediante analisis
enzimatico. Los niveles de LDL se estimaron utilizando la ecuacién de Friedewald, a partir de los niveles
de colesterol total, HDL vy triglicéridos (134). Ademas, se recogid el habito tabaquico autodeclarado

durante el afio previo.

Como datos de estilo de vida, se obtuvieron datos de consumo de alcohol, de frecuencia de consumo
de alimentos, actividad fisica, suefio y tiempo sedentario. La aterosclerosis subclinica se midié por

ecografia en las arterias carétida y femoral.

Sistema de Informaciéon de Consumo Farmacéutico de Aragdén, Farmasalud: Esta base de datos
incluye todas las recetas dispensadas en las oficinas de farmacia de Aragdn a través del sistema
sanitario publico y recoge informacion sobre el paciente (codigo de identificacion, sexo y fecha de
nacimiento) y sobre la dispensacion (ATC del medicamento, fecha de dispensacion, DDD y nimero de
envases dispensados). Aunque completa, esta base de datos no recoge el consumo hospitalario ni las
recetas emitidas por médicos privados o companias de seguros, si bien el sistema publico cubre a un
98.5% de la poblacidn de Aragdn. Esta base de datos se ha utilizado en todos los trabajos de esta Tesis

para recoger el tratamiento con hipolipemiantes.

Conjunto Minimo Basico de Datos del Sistema Nacional de Salud (CMBD): Se trata de una base de
datos clinico-administrativa de obligado cumplimiento para todos los hospitales. Obtiene la
informacién de la codificacidon de los informes de alta hospitalarios e incluye, entre otros, datos
sociodemograficos del paciente, diagndsticos relacionados con la estancia hospitalaria vy
procedimientos realizados durante la misma. La informacién de los CMBD de los hospitales

aragoneses se ha utilizado para identificar los eventos cardiovasculares mayores.

Sistema de informacion de urgencias de Aragén: Se trata de una base de datos que recoge
informacidn clinica y administrativa de las visitas a los servicios de urgencias de los hospitales publicos

de Aragdn. Esta base de datos se ha utilizado para identificar los eventos cardiovasculares mayores.

Base de datos de Atencidon Primaria del Servicio Aragonés de Salud: Esta base de datos incluye
informacién sobre todas las visitas realizadas a los centros de salud del Servicio Aragonés de Salud,
incluido el motivo de visita y el diagndstico. Con esta informacién se ha podido obtener el nimero de
visitas a Atencion Primaria de los participantes de la cohorte en determinados periodos, asi como

identificar diagndsticos de enfermedades cronicas.
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Registro Nacional de Mortalidad: Este registro, gestionado por el Instituto Nacional de Estadistica,
incluye todos fallecimientos ocurridos en Espafia, asi como las caracteristicas sociodemograficas de la
persona fallecida. En esta Tesis lo hemos utilizado para identificar los fallecimientos de los sujetos de

la cohorte.

3.2 Metodologia propia de cada trabajo

A continuacion, se detalla la metodologia propia de cada uno de los trabajos que comprenden la Tesis.

3.2.1 Metodologia propia del Trabajo 1
Este estudio caracterizd el perfil de nuevos usuarios de estatinas como prevencién primaria de ECV en
la cohorte AWHS. También se investigd la asociacion entre el perfil de los sujetos y el tipo de estatina

gue se prescribe.

Poblacion.
La poblacién a estudio fueron los trabajadores de la cohorte AWHS incluidos en la subcohorte con
seguimiento intensivo y que fueron nuevos usuarios de estatinas como prevencion primaria de la ECV.

En total se incluyeron 683 trabajadores.

Periodo de estudio.

El periodo de estudio estuvo comprendido entre el 1 de julio de 2018 y el 31 de diciembre de 2018.

Fuentes de informacion.
La informacidon sobre caracteristicas laborales, clinicas, antropométricas y de habito tabaquico se

recogieron de las bases de datos propias del estudio AWHS.

Las caracteristicas relacionadas con el estilo de vida de los sujetos (consumo de alcohol, adherencia a
la dieta mediterranea, actividad fisica, suefio y tiempo sentado) se obtuvieron de las bases de datos
propias del estudio AWHS, que incluyen Unicamente informacion sobre los sujetos de la subcohorte
intensiva. De esta misma base de datos se obtuvo la informacidn sobre presencia de aterosclerosis

subclinica en arteria carétida o femoral.

El tratamiento con estatinas se obtuvo de Farmasalud. También se recogieron de esta misma base

otras prescripciones, como el uso de antihipertensivos y de fdrmacos contra la diabetes.
La informacion sobre eventos cardiovasculares mayores se obtuvo de CMBD.

La informacién sobre diagndsticos que pueden modificar el riesgo de ECV, como artritis reumatoide,
arritmias y accidente isquémico transitorio, se extrajeron de la Base de datos de Atencién Primaria del

Servicio Aragonés de Salud.
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Andlisis

Para caracterizar el perfil de nuevos usuarios de estatinas como prevencién primaria de ECV en la
cohorte AWHS, se seleccioné a aquellos sujetos que iniciaron tratamiento con estatinas durante el
periodo de seguimiento, pero que no habian recibido este tratamiento en los 6 meses previos. De
estos, se excluyd a aquellos que habian presentado un evento cardiovascular mayor previo a la

primera prescripcidén de estatinas.

Para cada sujeto, se asignd la informacion recogida de forma mas préxima vy, a su vez, previa a su
primera prescripcion de estatinas. Para evaluar la adherencia a la dieta mediterranea, se utilizé el
indice alternativo de dieta mediterranea (Alternate Mediterranean Diet Index, aMED) (135),
adjudicando una puntuacién entre 0 y 9 a cada trabajador segln su consumo de frutas, verduras,
frutos secos, legumbres, cereales, pescado, grasas, carne procesaday alcohol. Con toda la informacién

recogida se realizé un analisis descriptivo de los nuevos usuarios de estatinas en la cohorte.

En segundo lugar, se analizé la asociacidn entre las caracteristicas recogidas y la intensidad de
tratamiento prescrita de inicio. Para ello, se clasificd a los sujetos en dos grupos, segun el tipo de
estatina recibida: tratamiento de alta intensidad (atorvastatina o rosuvastatina) y tratamiento de baja-
media intensidad (resto de estatinas) y se ajustaron modelos de regresidn logistica, considerando la
intensidad de tratamiento como variable dependiente y el resto de variables descriptivas como
variables independientes. Finalmente, se elaboraron modelos con finalidad predictiva que fueron

evaluados calculando el drea bajo la curva ROC.

3.2.2 Metodologia propia del Trabajo 2

El objetivo de este estudio fue identificar distintos perfiles de nuevos usuarios de hipolipemiantes
segln su adherencia a recomendaciones para prevenir la ECV, tales como un estilo de vida saludable
y la persistencia en el tratamiento hipolipemiante, y analizar las diferencias entre perfiles en cuanto a

comorbilidad, cotratamientos y uso de servicios sanitarios.

Poblacion
La poblacién a estudio fueron los hombres participantes en el estudio AWHS incluidos en la
subcohorte de seguimiento intensivo y que fueron nuevos usuarios de farmacos hipolipemiantes

como prevencion primaria de la ECV. En total se incluyeron 517 trabajadores.

Periodo de estudio
El periodo de estudio estuvo comprendido entre el 1 de julio de 2010 y el 31 de diciembre de 2018.
En este periodo se diferencia una primera fase (1 de julio de 2010 a 31 de diciembre de 2013) en la

que se llevo a cabo la identificacién de nuevos usuarios. En la segunda fase (1 de julio de 2010 a 31 de
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diciembre de 2014) se evalud la adherencia a las diferentes recomendaciones para prevenir la ECV. La
tercera fase (1 de enero de 2015 a 31 de diciembre de 2018) correspondio a la identificacién del uso

de servicios sanitarios en la poblacién estudiada.

Fuentes de informacion

Para la realizacion de este trabajo se utilizaron las siguientes fuentes de informacién:

Las bases de datos propias del estudio AWHS se utilizaron para obtener datos de variables

sociodemograficas, laborales, de estilo de vida, analiticas y antropométricas.

De Farmasalud, se obtuvieron las prescripciones de hipolipemiantes y de otros farmacos que se

utilizan para prevenir la ECV como antidiabéticos, antihipertensivos y antitrombdticos.

El CMBD se utilizd para describir el uso de servicios sanitarios. Para este fin también se utilizaron el
del sistema de informacion de urgencias de Aragén y la Base de datos de Atencidn Primaria del Servicio

Aragonés de Salud.
El registro Nacional de Mortalidad se utilizé para obtener datos sobre fallecimientos.

Andlisis

Para la realizacidon de este estudio se identificé a los nuevos usuarios de hipolipemiantes como
prevencion primaria de ECV en la cohorte AWHS. Se clasificd a los sujetos como persistentes si
mantenian el tratamiento prescrito durante el primer afio tras la fecha de dispensacion del primer

farmaco hipolipemiante.

La identificacion de perfiles se realizd mediante un analisis de clisters en 2 pasos, que permite la
inclusion de variables continuas y categdricas y determina de forma automatica el nimero 6ptimo de
clusters necesarios. Los sujetos se clasificaron en grupos, de tal forma que se maximizaron las
similitudes dentro cada grupo y las diferencias entre distintos grupos en cuanto a las siguientes
variables: adherencia a la dieta mediterrdnea, ingesta energética, actividad fisica, tiempo sentado,
consumo de alcohol, habito tabaquico y persistencia con el tratamiento hipolipemiante. Se evalud la
calidad del ajuste con la medida de la silueta de la cohesidn y separacion, que compara la distancia

media entre elementos del mismo cluster y la distancia media con elementos de otros clusters.

Una vez identificados los perfiles de pacientes, se compararon sus caracteristicas sociodemograficas,
factores de riesgo cardiovascular, estilo de vida, comorbilidad, tratamientos preventivos
cardiovasculares y uso de servicios sanitarios. Para esta comparacion se usaron los test de ANOVA,
Kruskall-Wallis y ji-cuadrado para variables continuas con distribucidén normal, variables continuas con

distribucién no normal y variables categodricas, respectivamente.
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3.2.3 Metodologia propia del Trabajo 3

Los objetivos de este estudio, llevado a cabo en nuevos usuarios de hipolipemiantes como prevencion
primaria de la ECV, son: i) analizar la persistencia al tratamiento hipolipemiante, ii) explorar la
morbilidad, comorbilidad y mortalidad por cualquier causa y relacionada con ECV v iii) estudiar la

relacién entre persistencia y morbimortalidad.

Poblacion
La poblacion a estudio fueron los hombres participantes en el estudio AWHS nuevos usuarios de
farmacos hipolipemiantes como prevencidon primaria de la ECV. En total se incluyeron 1424

trabajadores.

Periodo de estudio
El periodo de estudio estuvo comprendido entre el 1 de julio de 2010y el 31 de diciembre de 2018. La
identificacion de sujetos se realizd entre el 1 de julio de 2010 y el 31 de diciembre de 2017. El

seguimiento se prolongé hasta el 31 de diciembre de 2018 para medir persistencia y morbimortalidad.

Fuentes de informacion
Los datos sociodemogréficos, laborales, de estilo de vida y analiticos se recogieron de las bases de

datos de AWHS.
Para conocer el tratamiento hipolipemiante llevado por los pacientes se utilizé Farmasalud.

De CMBD se obtuvieron las hospitalizaciones por cualquier causa, los eventos cardiovasculares y los

eventos cardiovasculares mayores.
Del registro Nacional de Mortalidad se recogieron los fallecimientos.

Andlisis

En primer lugar, se clasificé a los sujetos en persistentes o no persistentes, seglin tomaran el
tratamiento hipolipemiante de forma continua o no durante el primer afio tras la primera
dispensacién. Sobre estos dos grupos, en primer lugar, se realizé un andlisis descriptivo de las variables
sociodemograficas y clinicas correspondientes al inicio del estudio. En segundo lugar, se compararon
ambos grupos en cuanto a estas variables y también en cuanto a morbimortalidad y tiempo
transcurrido hasta el evento. Para esta comparacion se utilizaron los test de Ji-cuadrado y de la U de

Mann-Whitney.

Posteriormente se realizé un andlisis de redes de comorbilidad. Este analisis permite detectar qué
diagndsticos se presentan juntos de forma mas frecuente que lo esperable por azar. Se representa de

forma grafica en forma de red, la cual estd compuesta por nodos y lineas que representan los
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diagndsticos y la relacidn entre ellos, respectivamente. El grosor de las lineas indica la “fuerza” de la
asociacion entre dos diagndsticos. Esta fuerza se mide, para cada pareja de diagndsticos, dividiendo
el numero de veces que aparecen juntos entre el nimero de veces que se esperaria que apareciesen
juntos por azar. De esta forma, una razén superior a 1 indica que los diagndsticos estan asociados. La
significacién estadistica de estas asociaciones se midié mediante test de diferencia de proporciones,
tomando como valor umbral un valor alfa de 0,05. A la hora de representar las redes, se incluyeron
solo aquellas lineas en las que existia una asociacion positiva y esta se considerd estadisticamente

significativa.

Finalmente, para cada uno de los resultados (hospitalizacién, eventos cardiovasculares, eventos
cardiovasculares mayores y muerte) se ajustaron diferentes modelos de regresidn logistica, asi como

modelos de riesgos proporcionales de Cox cuando la variable de resultado fue la persistencia.

3.2.4 Metodologia propia del Trabajo 4

En este estudio el objetivo fue medir la efectividad del tratamiento con estatinas para prevenir la ECV
en pacientes de bajo y medio riesgo. Para ello aplicamos un disefio de emulacion de ensayos diana y
comparamos los resultados de distintas aproximaciones analiticas. En total se incluyeron 4253

trabajadores.

Poblacion
La poblacién a estudio fueron los hombres participantes en el estudio AWHS que no tomaban estatinas
ni habian sido diagnosticados de ECV al inicio del estudio y que tenian un riesgo, segun las guias

europeas de prevencion de la ECV (136), clasificado como bajo o medio.

Periodo de estudio

El periodo de estudio estuvo comprendido entre el 1 de julio de 2010y el 1 de junio de 2019.

Fuentes de informacion
Para recoger el tratamiento con estatinas se utilizé el Sistema de Informacion de Consumo

Farmacéutico de Aragdn, Farmasalud.
La informacidn sobre eventos cardiovasculares mayores se obtuvo de la base de datos de CMBD.

Se utilizé la Base de datos de Atencidn Primaria del Servicio Aragonés de Salud para conocer el nimero

de visitas a Atencion Primaria.
El resto de variables clinicas y analiticas se recogieron de las bases de datos de AWHS.

Del registro Nacional de Mortalidad se recogieron los fallecimientos.
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Andlisis

En primer lugar, se disefié un ensayo diana, (target trial en inglés), de caracter tedrico, y que
corresponderia hipotéticamente con el ECA que se deberia llevar a cabo para medir la efectividad del
tratamiento con estatinas en prevencién primaria de la ECV. Una vez disefiado este ensayo diana, se
procedié a adaptarlo a nuestra base de datos observacional. Asi, se establecieron los criterios de
seleccion de los sujetos a estudio, excluyendo a aquellos sujetos con enfermedad o tratamiento
prevalente, entendido como aquellos que hubieran sufrido un evento cardiovascular mayor en
cualquier momento de su vida o que hubieran recibido tratamiento con estatinas en los 6 meses
previos a la fecha indice o de inicio del estudio. Se estableciéd como fecha indice la fecha de inicio del
tratamiento con estatinas, que seria equivalente a la fecha de asignacidn del tratamiento en el ensayo
diana. Las ramas de comparacion fueron inicio de tratamiento con estatinas versus no inicio de
tratamiento con estatinas, sustituyendo esta ultima rama al tratamiento con placebo del ensayo
diana. Los eventos de interés fueron el diagndstico o la muerte debida a un evento cardiovascular
mayor. Se establecieron dos estrategias de andlisis, por intencidn de tratar y por protocolo. En el
analisis por intencidn de tratar, el seguimiento de cada sujeto se prolongd hasta el evento de interés,
la muerte o la pérdida en el seguimiento, lo que ocurriese antes. En el andlisis por protocolo, el
seguimiento se prolongé hasta el evento de interés, la muerte, la pérdida en el seguimiento o la

desviacion en el tratamiento asignado al inicio del estudio.

Para asegurar el cumplimiento de los principios de intercambiabilidad (la Unica diferencia entre los
grupos tratados es la asignacion de tratamiento, es decir, hay ausencia de confusidn) y de positividad
(todos los sujetos tienen que tener una probabilidad distinta de 0 de recibir el tratamiento) que en el
ensayo diana se cumplirian con la aleatorizacién, se utilizaron dos técnicas de anélisis: el
emparejamiento por variables potencialmente confusoras, y el andlisis marginal estructural. Para
realizar el analisis marginal estructural, en primer lugar, se eliminaron los sujetos que presentaban
valores extremos en las variables confusoras consideradas para posteriormente crear una
pseudopoblacién mediante la ponderaciéon por el inverso de la probabilidad de tratamiento (inverse

probability weighting en inglés).

Una vez establecido el disefio del ensayo diana y sus adaptaciones a la base de datos observacional,
se procedié a emular un ensayo con fecha indice en julio de 2010. A este le sucedieron emulaciones
mensuales del mismo ensayo, aplicando los criterios a sucesivas fechas indice, hasta el ultimo ensayo,

gue tuvo como fecha indice junio de 2019.

Los resultados obtenidos se agruparon de tal forma que la unidad de andlisis pasé a ser el sujeto-

ensayo, ya que cada sujeto podia formar parte de distintos ensayos. Para cada una de las estrategias
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de analisis (por intencién de tratar y por protocolo) y para cada una de las poblaciones creadas
(emparejamiento y pseudopoblacion del analisis estructural marginal) se calcularon la incidencia de
eventos cardiovasculares mayores global, la incidencia por rama de tratamiento, la diferencia de
incidencias, el nimero de pacientes a tratar durante 5 afios para evitar un evento y la razén de

incidencias, asi como el intervalo de confianza al 95% de cada una de estas medidas.

3.3 Consideraciones éticas, financiacion y conflicto de interes

Todos los sujetos analizados pertenecen al AWHS, el cual ha sido realizado siguiendo la Declaracién
de Helsinki y fue aprobado por el Comité de Etica de la Investigacidon de la Comunidad Auténoma de
Aragon (CEICA) (PI17/00042). Todos los sujetos firmaron el consentimiento informado para la
participacién en el estudio. Los datos personales fueron tratados segun dispone la Ley Orgénica
3/2018, de 5 de diciembre, de Proteccidén de Datos Personales y garantia de los derechos digitales. Por

ultimo, los datos del estudio fueron pseudonimizados.

Esta Tesis se enmarca dentro del proyecto “Efectividad de la farmacoprevencidn de patologia
cardiovascular”, financiado por el Fondo de Investigacién Sanitaria del Instituto de Salud Carlos Il de
Espafia y el Fondo Europeo de Desarrollo Regional (P117/01704), que superd a su vez todas las

evaluaciones éticas y criticas de los érganos correspondientes.

Tal y como se declara en cada uno de los articulos, ni el doctorando ni ninguno de los autores tuvieron

ningun conflicto de interés en la realizacidn de los respectivos trabajos.

48



4. Presentacion de los trabajos que
comprende la Tesis

4.1 Trabajo 1

Chaure-Pardos A, Malo S, Rabanaque MJ, Arribas F, Moreno-Franco B, Aguilar-Palacio I. Factors

Associated with the Prescribing of High-Intensity Statins. J Clin Med. 2020;9(12):3850.

Las guias de practica clinica de prevencion de la ECV emiten recomendaciones sobre en qué ocasiones
estd indicado el tratamiento farmacoldgico para prevenir la ECV. Sin embargo, las recomendaciones
sobre la intensidad del tratamiento a utilizar son menos especificas. En este contexto, realizamos un
estudio con el objetivo de caracterizar a los nuevos usuarios de estatinas e investigar qué aspectos
sociodemograficos, clinicos, antropométricos y de estilo de vida se asocian a la prescripcion de

estatinas de alta intensidad.

En el contexto de la cohorte AWHS, realizamos un estudio observacional sobre los trabajadores que
comenzaban tratamiento con estatinas en prevencidon primaria cardiovascular. La terapia
farmacolégica fue categorizada en “estatinas de baja-media intensidad” y “estatinas de alta
intensidad” y se ajustaron modelos de regresion logistica para evaluar la asociacién entre las variables

estudiadas y la probabilidad de recibir estatinas de alta intensidad.

Entre nuestros principales resultados se observa que la prescripcidn de estatinas no se adecud en
cuanto a intensidad a lo recomendado en las guias de practica clinica, ya que muchos trabajadores
gue no requerian una reduccién importante de sus niveles de colesterol LDL recibieron estatinas de
alta intensidad, mientras que trabajadores que si que requerian importantes reducciones recibieron
estatinas de baja o0 moderada intensidad. Por otra parte, la probabilidad de recibir estatinas de alta
intensidad fue mayor en sujetos con diabetes y con altos niveles de colesterol LDLy en los trabajadores
mas fisicamente activos. Los hallazgos del estudio muestran una gran variabilidad e incertidumbre en

el proceso de prescripcion de estatinas.
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Abstract: In this study, we investigated the relationship between sociodemographic, clinical,
anthropometric, and lifestyle characteristics and the type of statin prescribed for primary prevention
of cardiovascular disease (CVD). We conducted an observational study in workers who began
statin treatment. Statin therapy was categorized as “high-intensity” or “low-moderate-intensity”.
Workers were classified according to the alignment of their statin therapy with the recommended
management practices. Logistic regression models were used to evaluate the association between the
different variables studied and the probability of being prescribed high-intensity statins. The only
variables associated with a higher probability of being treated with high-intensity statins were
increased physical activity (>40 versus <20 METs (metabolic equivalent of task) h/wk; odds ratio
(OR), 1.65; 95%CI, 1.08-2.50) and, in diabetics, higher low-density lipoprotein cholesterol (LDL-C)
levels (>155 mg/dL versus <155 mg/dL; OR, 4.96; 95%CI, 1.29-19.10). The model that best predicted
treatment intensity included LDL-C, diabetes, hypertension, smoking, and age (area under the
Receiver Operating Characteristic curve (AUC), 0.620; 95%Cl, 0.574-0.666). The prescribing and
type of statin used in primary CVD prevention did not correspond with the indications in current
guidelines. The probability of receiving high-intensity statins was higher in diabetics with high LDL-C
levels and in more physically active individuals. These findings underscore the great variability and
uncertainty in the prescribing of statins.

Keywords: cardiovascular diseases; prevention and control; healthy lifestyle; hydroxymethylglutaryl-
coa reductase inhibitors; practice patterns; physicians’

1. Introduction

Clinical practice guidelines to prevent cardiovascular disease (CVD) are based on risk assessment,
recommendation of a healthy lifestyle, and, in some cases, pharmacological treatment, including lipid-
lowering therapy [1,2]. Current European guidelines for CVD prevention consider statins as a
first-line lipid-lowering option [1]. These drugs have proven efficacy in the primary prevention of
CVD, reducing morbidity and mortality in individuals with moderate and high risk [3]. However,
their effectiveness in low-risk individuals remains a topic of debate [4,5].

According to their ability to lower blood levels of low-density lipoprotein cholesterol (LDL-C),
statins are typically classified as low-, moderate-, or high-intensity [6,7]. This classification depends on
the drug and the dose used. Guidelines do not indicate the type of statin that should be prescribed,
but establish target LDL-C levels that depend on the risk of CVD. Thus, when deciding the type of
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statin to be prescribed, the physician must be aware of the patient’'s CVD risk, as well as current and
target LDL-C levels.

Given these rather nonspecific recommendations, it is of interest to know which factors (including
classical CVD risk factors, basal CVD risk, and lifestyle-related factors) are considered most important
in clinical practice when prescribing statins. This knowledge can be useful to guide prescription and
to adjust it to established standards. Some studies have described the characteristics of statin users
without stratifying by statin intensity [8,9]. Others that have collected information from administrative
databases benefit from large sample sizes, but tend to include incomplete clinical data and lack
information on patient lifestyles [10]. Finally, some authors have focused their analyses on individuals
already in treatment, neglecting new users and therefore not considering the characteristics of the user
at the moment of the decision to treat [11].

The aim of the present study was to characterize the profile of new users of statins for primary
CVD prevention in a cohort of workers, and to investigate the association between these characteristics
and the type of statin prescribed.

2. Experimental Section

2.1. Study Design and Participants

This study was based on the Aragon Worker’s Health Study cohort (AWHS). The AWHS is a
longitudinal prospective cohort study that was designed to evaluate the evolution of traditional and
emergent CVD risk factors and their association with the prevalence and progression of subclinical
atherosclerosis in a population of middle-aged car plant workers in Spain [12]. Recruitment was
carried out for the most part in 2009 and 2010, and continues today. From this population, a subgroup
of 2667 workers who were aged 40-55 years at baseline was selected. This subgroup completed
additional questionnaires about cardiovascular and lifestyle factors, including diet, physical activity,
and sleep habits. The workers were also invited to undergo a noninvasive imaging examination for
subclinical atherosclerosis.

For the present study, we selected from the aforementioned subgroup workers who began statin
therapy for primary prevention of CVD between 1 July 2010 and 31 December 2018. New users
were defined as those who did not receive a prescription for statins during the preceding 6 months.
Workers in treatment for primary prevention of CVD were those with no recorded hospital admission
for CVD in the hospitalization database of the Aragon Health System preceding their first statin
prescription. Patients with CVD were defined as those with a main diagnosis corresponding to any of
the following International Classification of Diseases 10th revision (ICD-10) codes: G45, G46, G81-G83,
120-128, 146, 149.0, 150, and 160-179.

2.2. Data Sources and Variables

Information on statin treatment was obtained from the Farmasalud database, which collects
information on drugs dispensed by pharmacies and funded by the Aragon Health System.
Drugs were classified according to the 2019 ATC/DDD (Anatomical Therapeutic Chemical Classification
System/Defined Daily Dose) system, defined by the World Health Organization. We identified workers
with at least one prescription during the study period of a drug corresponding to the following ATC
codes: C10AA (hydroxymethylglutaryl-CoA (HMG CoA) reductase inhibitors), C10BA (HMG CoA
reductase inhibitors in combination with other lipid-modifying agents), C10BX (HMG CoA reductase
inhibitors, other combinations).

Information on other CVD treatments was also collected. Agents corresponding to the following ATC
codes were classified as antihypertensives: C02 (antihypertensives), C03 (diuretics), C07 (beta-blocking
agents), CO8 (calcium channel blockers), and C09 (agents acting on the renin—angiotensin system).
Prescriptions for the treatment of diabetes were defined as those corresponding to ATC code A10 (drugs
used in diabetes). The following criterion was applied to define individuals receiving co-treatments:
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the existence of at least one drug prescription corresponding to the aforementioned codes during the
year preceding the first statin prescription. Given that diuretics and beta-blocking agents are drugs also
prescribed for other indications, prescribing of these drugs was only considered co-treatment if the patient
received at least three distinct prescriptions within the same year. We considered that this frequency was
indicative of regular use. Even so, to assess the possible bias of this assumption, we performed sensitivity
analyses: (i) considering them as co-treatment if the patient received at least one prescription in the same
year; (ii) not considering them as co-treatment at all.

In addition to information on other CVD preventive treatments, for all participants in the
present study, we extracted information on working characteristics, clinical and anthropometric
measurements, smoking status, and diagnoses of other diseases that may modify CVD risk. For these
parameters, we selected for each worker data collected as close as possible before the date of the first
statin prescription.

Data pertaining to each individual work situation included the number of years working in the
factory, work type, and work shift. Work type was classified as manual or sedentary. Work shifts in
the plant were classified as rotating morning/afternoon shift, rotating morning/afternoon/night shift,
central shift, and night shift.

For clinical and anthropometric characterization, we extracted the following data, which were recorded
in annual medical exams as described in Casasnovas et al. [12]: height, weight, serum creatinine, total and
high-density lipoprotein (HDL)-cholesterol, triglycerides, serum glucose, whole blood glycosylated
hemoglobin (HbAlc), and blood pressure. Annual data on smoking status were also extracted.

Diseases considered to modify the risk of CVD were rheumatoid arthritis (RA), arrhythmias,
and transient ischemic accident. Diagnoses corresponding to these diseases (International Classification
of Primary Care codes L88, K80, and K89, respectively) were extracted from the Aragon primary
care database.

Lifestyle of the study participants was characterized based on alcohol intake, adherence to a
Mediterranean diet, physical activity, sleep, and sedentary time. A semiquantitative food-frequency
questionnaire previously validated in Spain [13] was used to assess dietary habits. Leisure time physical
activity was assessed with the validated Spanish version [14] of the physical activity questionnaire
used in the Nurses” Health Study and Health Professionals” Follow-up Study. To estimate sedentary
time, we included the number of hours (from “never” to “9 or more than 9 h a day”) spent sitting,
as reported by the participant, during both working and leisure time in a typical weekday. The same
procedure was followed to collect information on the number of hours spent sleeping per night.

The presence of subclinical atherosclerosis in both carotid and femoral arteries was determined by
ultrasound, according to the procedures described in Laclaustra et al. [15]. Plaque was defined as a focal
structure protruding > 0.5 mm into the lumen or reaching a thickness > 50% of the surrounding intima.

2.3. Analyses

Statin therapy was categorized as “high-intensity” (atorvastatin or rosuvastatin) or “low-moderate-
intensity” (simvastatin, lovastatin, pravastatin, fluvastatin, or pitavastatin) [7].

Clinical and anthropometric variables were defined as follows. Glomerular filtration rate
(eGFR) was estimated using the modification of diet in renal disease (MDRD) formula [16], and an
eGFR < 60 mL/min/1.73 m? was considered indicative of chronic kidney disease [17]. Low-density
lipoprotein cholesterol (LDL-c) was estimated using Friedewald’s estimation [18]. Applying the risk
factor definitions proposed by the 2016 European guidelines on CVD prevention in clinical practice [1],
we defined a worker as diabetic if he was treated with antidiabetics, had a HbAlc > 6.5%, or had fasting
plasma glucose > 126 mg/dL. Criteria for hypertension were systolic blood pressure > 140 mmHg,
diastolic blood pressure > 90 mmHg, or existence of a prescription for antihypertensive treatment.
To assess adherence to a Mediterranean diet, we used the Alternate Mediterranean Dietary Index
(aMED) [19]. To determine the total physical activity performed by each worker, METs (metabolic
equivalent of task) were assigned for each activity [20] and multiplied by the number of hours per
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week that the worker dedicated to the activity. The total amount of MET-h/week was calculated as the
sum of the MET-h of the different activities. We used 5.5 h/day as a cut-off point for sedentary time,
following previous findings of increased body mass index (BMI), waist circumference, and insulin
levels in this same cohort [21]. According to sleeping time, workers were divided into two groups:
<6 h/night or >6 h/night. This decision was based on the lower limit in the National Sleep Foundation’s
recommendations for adults [22].

Finally, we calculated the 10 year risk of a first fatal atherosclerotic event using the Systemic
Coronary Risk Estimation (SCORE) for low-risk countries [23]. Next, participants were classified
according to European guidelines [1] as low, moderate, high, or very high risk by combining their
SCORE and other CVD risk factors including diabetes, chronic kidney disease, and extreme LDL-C or
blood pressure values.

Based on this risk classification and blood LDL-C levels, European guidelines recommend
certain target LDL-C levels that should be achieved to reduce CVD risk. Following these guidelines,
we classified workers according to the recommended management practices as follows: “statins not
indicated” if, based on CVD risk and LDL-C levels, only lifestyle advice is recommended; “LDL-C
reduction < 50%” if drug treatment is indicated and LDL-C should be reduced by less than 50% to
reach the target LDL-C levels; “LDL-C reduction > 50%” if drug treatment is indicated and LDL-C
should be reduced by at least 50% to reach target levels.

All variables were described for the global population and stratified according to statin intensity.
For each variable, we performed statistical analyses to assess the difference between treatment intensity
groups. The Student’s t-test was used for quantitative variables. The chi-squared test was used to
analyze categorical variables when the number of workers exceeded 30. Low-frequency variables were
analyzed using Fisher’s exact test.

To evaluate the association between the different factors studied (sociodemographic, clinical,
and lifestyle) and the probability of being prescribed high-intensity versus low—moderate-intensity statins,
we used logistic regression models, with statin intensity as a dependent variable. First, we computed
unadjusted models. Next, we developed multivariable models that included traditional CVD risk factors
and variables for which we obtained a p-value < 0.1 in the unadjusted analysis. We also included
interaction terms in the model. For inclusion in the models, continuous variables were categorized using
pre-established cut-off points. Since we did not know how these variables would behave in the model,
we established as a reference the category that allowed us to find significant differences between groups
or, failing that, the lowest category.

Finally, to assess the ability of CVD risk factors to predict the prescribing of high-intensity statins,
we developed logistic regression models. Explanatory variables were incorporated sequentially
according to the magnitude of their association in the previous multivariable models. Predictive power
was evaluated by calculating the area under the receiver operating characteristic (ROC) curve (AUC).

All analyses were performed using STATA version 14 (StataCorp, College Station, TX, USA).

2.4. Ethical Issues

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 (Project identification code PI17/00042).

3. Results

A total of 683 workers began treatment with statins during the follow-up. Table 1 shows their
sociodemographic, clinical, and anthropometric characteristics. The mean age of new statin users was
53 years, 5% were women, and most performed manual work with rotating shifts. More than half
were classified as having hypertension, 81% were overweight or obese, and 10% had diabetes. Table 2
shows lifestyle and imaging characteristics. More than a third of the new statin users smoked at the
time of prescription, 15% consumed more than 40 g of alcohol per day, and 36% had low adherence to
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a Mediterranean diet. More than half sat for at least 5.5 h a day, and 20% slept less than 6 h per night.
Subclinical atherosclerosis was more frequent in the femoral artery than in the carotid artery.

Table 1. Sociodemographic, clinical, and anthropometric characteristics of workers according to the
intensity of statin prescribed.

Statin Intensity
Al (N = 683) Low—l\:[li)ld:gagg)-lntensity Hi%ll\}-in;ezr;)sity p
Sociodemographic

Mean (SD) age, y 53.0 (4.0) 52.8 (4.3) 53.1 (3.7) 0.390
Women, N (%) 31(4.5) 18 (5.0) 13 (4.0) 0.585
Mean (SD) no. of years in factory 28.4 (4.5) 28.4 (4.9) 284 (4.1) 0.963
Work shift, N (%) 0.137

Rotating 522 (76.5) 283 (78.8) 239 (74.0)

Fixed 160 (23.4) 76 (21.2) 84 (26.0)
Work type, N (%) 0.117

Assembly line/manual 590 (86.4) 318 (88.3) 272 (84.2)

Sedentary 93 (13.6) 42 (11.7) 51 (15.8)

Clinical and anthropometric

BMI (kg/m?), N (%) 0.600

<25 127 (18.6) 67 (18.6) 60 (18.6)

25-30 392 (57.4) 212 (58.9) 180 (55.7)

>30 164 (24.0) 81 (22.5) 83 (25.7)

EGFR < 60 mL/min/1.73 m2, N (%) 8(1.2) 6(1.7) 2 (0.6) 0.292
Total cholesterol (mg/dL), mean (SD) 246.9 (37.5) 244.8 (35.0) 249.2 (40.0) 0.124
LDL-cholesterol (mg/dL), mean (SD) 159.0 (33.2) 157.7 (30.5) 160.6 (36.0) 0.258
HDL-cholesterol (mg/dL), mean (SD) 52.2 (11.5) 52.2 (11.4) 522 (11.6) 0.972

Triglycerides (mg/dL), mean (SD) 187.8 (139.7) 185.1 (148.5) 190.7 (129.4) 0.601

Diabetes, N (%) 69 (10.1) 33(9.2) 36 (11.2) 0.392
Hypertension, N (%) 354 (51.8) 175 (48.6) 179 (55.4) 0.075
Rheumatoid arthritis, N (%) 12 (1.8) 5(1.4) 7 (2.2) 0.563
Previous TIA, N (%) 3(0.4) 2 (0.6) 1(0.3) 1.000
Arrhythmia, N (%) 15(2.2) 7(1.9) 8(2.5) 0.795

Abbreviations: BMI, body mass index; EGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; N, number; SD, standard deviation; TIA, transient ischemic attack. p-values
correspond to t-test/chi-squared test or Fisher’s exact test.

Table 2. Lifestyle characteristics and subclinical atherosclerosis among workers, stratified by statin intensity.

Statin Intensity
All (N = 683) Low—h:[lgd:gaﬁtg;lntensity Hi%ll:[-l:;e;;ity p
Lifestyle
Smoking, N (%) 0.678
Never 131 (19.2) 73 (20.3) 58 (18.0)
Current 249 (36.5) 127 (35.3) 122 (37.8)

Former 302 (44.3) 160 (44.4) 142 (44.0)
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Table 2. Cont.

Statin Intensity
AlL (N = 683) Low—l\:[li)ld:gagg)—lntensity Hi%ll\‘[-l:;?;fity p
Alcohol intake, N (%) 0.685
Low risk (<40 g/d) 581 (85.1) 306 (85.0) 275 (85.1)
Medium risk (40-60 g/d) 64 (9.4) 36 (10.0) 28 (8.7)
High risk (>60 g/d) 38 (5.6) 18 (5.0) 20 (6.2)
Mediterranean diet adherence, N (%) 0.379
Low 244 (35.7) 131 (36.4) 113 (35.0)
Medium 372 (54.5) 189 (52.5) 183 (56.7)
High 67 (9.8) 40 (11.1) 27 (8.4)
METs h/wk, mean (SD) 31.0 (21.2) 29.6 (20.4) 32.6 (22.0) 0.065
Sitting 5.5 h/day or more, N (%) 361 (53.1) 189 (52.5) 172 (53.8) 0.744
Sleep < 6 h/night, N (%) 136 (20.0) 64 (17.8) 72 (22.4) 0.130
Carotid atherosclerosis, N (%) 273 (44.0) 130 (40.1) 143 (48.3) 0.040
Femoral atherosclerosis, N (%) 404 (65.6) 204 (61.1) 200 (70.9) 0.010

Abbreviations: METs h/wk, Metabolic equivalents of task hours per week; N, number; SD, standard deviation.
p-values correspond to t-test/chi-squared test. Mediterranean diet adherence: Alternate Mediterranean Dietary
Index (aMED) score. Low: 0-3 score in aMed Index. Medium: 4-6 score in aMed Index. High: 7-9 score in aMed
Index. Statistically significant differences (p < 0.05) are shown in bold.

High-intensity statins were prescribed to 323 (47%) of the new statin users. Workers prescribed
low-moderate-intensity and high-intensity statins had similar characteristics. Mean cholesterol and
LDL-C levels were higher in workers prescribed high-intensity statins, although these differences did
not reach statistical significance. Subclinical atherosclerosis was more frequent in workers prescribed
high-intensity statins.

Figure 1 shows the distribution of workers according to their CVD risk, management
(as recommended by European guidelines), and statin treatment intensity. The largest group is
that of workers with a moderate risk of CVD for whom pharmacological treatment is recommended
to reduce LDL-C by less than 50%. In this group of 413 workers, 220 (53%) were prescribed
low-moderate-intensity statins. The second-largest group is that of workers with a high risk of CVD
for whom pharmacological treatment is recommended to reduce LDL-C by more than 50%. In this
group of 94 workers, 42 (45%) were prescribed low-moderate-intensity statins. A total of 108 workers
with low or moderate risk did not meet the criteria for pharmacological treatment. Of these, 45 (42%)
were prescribed high-intensity statins.

Table 3 shows the results of unadjusted and multivariable logistic models to evaluate the association
between cardiovascular risk factors and the prescribing of high- versus low—-moderate-intensity statins.
Given that we observed an interaction between LDL-C levels and diabetes in the context of prescribing of
high-intensity statins, this interaction term was included in the models. Higher levels of physical activity
(>40 versus <20 METs h/wk; OR, 1.65; 95%Cl, 1.08-2.50) and, in diabetics, LDL-C levels > 155 mg/dL
versus < 155 mg/dL (OR, 4.96; 95%CI, 1.29-19.10) were associated with a higher probability of
high-intensity statin prescribing. In non-diabetics, we observed no association between the prescribing
of high-intensity statins and LDL-C levels. Similarly, there was no association detected between
the prescribing of high-intensity statins and age, smoking status, or the presence of hypertension
or diabetes.
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Figure 1. Number of workers prescribed low—moderate- or high-intensity statins, stratified by cardiovascular
disease (CVD) risk and recommended management. CVD risk: classification of cardiovascular risk according
to current European guidelines on CVD prevention, based on the combination of SCORE value and the
presence of other CVD risk factors. Recommended management: recommended patient management
according to current European guidelines on CVD prevention, based on CVD risk, current LDL-cholesterol
(LDL-C) levels, and target LDL-C levels. NI: drug treatment “not indicated”, only lifestyle advice
recommended. <50%: drug treatment indicated to reduce LDL-C by <50% to reach target LDL-C
levels. >50%: drug treatment indicated to reduce LDL-C by >50% to reach target LDL-C levels.

Table 3. Association between sociodemographic, analytical, clinical, and lifestyle factors and the
prescribing of a high-intensity statin in the study population: logistic regression analyses (N = 569).

Unadjusted Model Multivariable Model
OR (95%CI) OR (95%CI)
Age (years)
<50 0.90 (0.58-1.39) 1.03 (0.65-1.62)
50-55 1.00 1.00
55-60 0.88 (0.60-1.29) 0.90 (0.60-1.34)
>60 0.72 (0.25-2.09) 0.63 (0.21-1.90)

LDL-cholesterol (mg/dL)
Non-diabetics
<155
>155
Diabetics
<155
>155
Hypertension
No
Yes
Diabetes
No
Yes

1.00
1.04 (0.73-1.49)

1.00
4.50 (1.19-16.99)

1.00
1.25 (0.90-1.74)

1.00
1.42 (0.78-2.56)

1.00
1.03 (0.72-1.49)

1.00
4.96 (1.29-19.10)

1.00
1.26 (0.89-1.79)

1.00
1.45 (0.78-2.69)
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Table 3. Cont.

Unadjusted Model Multivariable Model
OR (95%CI) OR (95%CI)
Smoking
Never 1.00 1.00
Current 1.41 (0.88-2.25) 1.24 (0.74-2.06)
Former 1.20 (0.76-1.90) 1.13 (0.70-1.83)
METs h/wk
<20 1.00 1.00
20-40 0.90 (0.60-1.35) 0.93 (0.62-1.41)
>40 1.55 (1.03-2.32) 1.65 (1.08-2.50)
Carotid atherosclerosis
No 1.00 1.00
Yes 1.33 (0.96-1.86) 1.21 (0.85-1.71)
Femoral atherosclerosis
No 1.00 1.00
Yes 1.53 (1.08-2.17) 1.45 (0.98-2.13)

8of 12

Unadjusted Model: logistic regression model considering high-intensity statin as outcome
and each individual variable as exposure. Adjusted Model: logistic regression model
adjusted for age, smoking habit, LDL-cholesterol, diabetes, hypertension, METs h/wk,
and atherosclerosis. Abbreviations: OR, odds ratio; 95%CI, 95% confidence interval;
LDL-cholesterol, low-density lipoprotein cholesterol; METs h/wk, Metabolic equivalents of
task hours per week. Statistically significant differences (p < 0.05) are shown in bold.

We conducted predictive models in order to know which variables predict the prescribing of
high-intensity statins. The best model obtained included the variables LDL-C, diabetes, hypertension,
smoking, and age (AUC, 0.620; 95%ClI, 0.574-0.666). Nonetheless, almost 40% of variability remained
unexplained (Figure 2).

0.709

LDL-C + Diabetes
+ Hypertension
+ Tobacco + Tobacco + Age

LDL-C + Diabetes
+ Hypertension

LDL-C + Diabetes
+ Hypertension

LDL-C + Diabetes

Figure 2. Prescribing of high-intensity statins: predictive capacity of clinical and analytical variables.
Data are represented as the area under the receiver operating characteristic (ROC) curve and 95%
confidence intervals (error bars). Abbreviation: LDL-C, low-density lipoprotein cholesterol.
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4. Discussion

The present study examines the sociodemographic, clinical, and lifestyle factors that determine the
initial prescribing of high-intensity statins in clinical practice with the objective of achieving the LDL-C
target levels recommended in European guidelines on CVD prevention. Our results indicate that while
the choice of statin treatment intensity is associated with certain CVD risk factors, including LDL-C levels
in diabetics, in a large proportion of cases it appears not to be based on the clinical guidelines criteria.

Low-moderate-intensity statins were prescribed slightly more than high-intensity statins,
regardless of basal CVD risk and the need for LDL-C reduction to reach the target levels recommended
in current guidelines. Thus, several workers who did not require a large decrease in LDL-C levels were
prescribed high-intensity statins, and some workers who required LDL-C reductions of over 50% to
reach target levels began treatment with low—moderate-intensity statins. Strikingly, more than 10% of
workers included in our study began treatment with statins (almost half with high-intensity statins)
despite the absence of any such indication in the European guidelines.

In our study population, the probability of receiving high-intensity statins was higher in workers
with diabetes and high LDL-C levels, in those who performed more physical activity, and in those with
subclinical atherosclerosis in the femoral artery. In fact, a greater proportion of workers being treated
with high-intensity statins had carotid and femoral atherosclerosis, although these differences were not
maintained after adjusting for other confounding variables.

Macias Saint-Gerons et al. [10] reported an association between very high LDL-C levels and
the probability of prescribing high-intensity statins for primary CVD prevention. In that study,
which included data from almost 70,000 first-time users between 2007 and 2011 in Spain, the authors
also detected an association between the prescribing of high-intensity statins and male sex, high BMI,
and smoking. Our study therefore supports a possible role of LDL-C levels, among others, in the
decision to prescribe high-intensity statins. This makes sense since high-intensity statins reduce LDL-C
levels to a greater extent than the others. On the other hand, diabetic patients have approximately
twice the risk of CVD than non-diabetics [24]. In patients with this combination of risk factors,
achieving lower LDL-C target levels is required [1]. An attempt to compensate their excess of CVD risk
may be made by prescribing a high-intensity statin. Thus, our study results suggest that prescribers may
be guided by simple indications, such as that the presence of the combination of high LDL-C + diabetes,
which requires a more intense treatment.

In our cohort, high-intensity statins were also more frequently prescribed to workers who
performed more physical activity. Ho et al. [11], using data from the Australian Diabetes, Obesity and
Lifestyle Study, conducted a cross-sectional analysis of patients taking statins and found that those
who performed insufficient physical activity were more likely to be taking high-intensity statins.
Although our results differ with those of Ho et al., it should be noted that the latter study population
consisted of individuals subjects who were already taking statins, while ours includes only workers
who began this treatment during the study period. The regular practice of physical exercise seems
to be related to a greater concern for health. In this sense, and given that we measured the practice
of physical exercise before statin prescription, we could think that people with a high CVD risk but
interested in their health status could try to compensate for this risk by carrying out more physical
exercise. When this first attempt failed, they would receive high-intensity statin therapy. On the
contrary, when the level of physical exercise is measured in patients who are already taking statins,
the opposite effect could be observed, that is, subjects with a more intensive treatment would show a
relaxed attitude towards physical exercise as they consider themselves protected by drugs.

Finally, the role of the known CVD risk factors in predicting the prescribing of high-intensity
statins was lower than expected. This finding suggests that doctors often opt to prescribe high-intensity
statins based on other unknown criteria, perhaps in part due to the lack of clear and direct indications in
the European guidelines [1] on when to prescribe high-intensity statins, in contrast to current American
College of Cardiology/American Heart Association (ACC/AHA) guidelines [2]. According to current
European guidelines, in order to choose the type of statin to be prescribed, the doctor must know
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(i) the CVD risk of his patient, (ii) the LDL-C target levels that correspond to the patient according
to his/her CVD risk, (iii) the percentage of LDL-C reduction that should be achieved to reach the
LDL-C target levels, and (iv) the ability to reduce LDL-C levels of the different statins. This process,
while accurate, can be confusing and costly, especially in the primary care setting, where time per
patient is limited [25,26].

Our study has certain limitations. The homogeneity of the AWHS population makes it difficult to
generalize the results, although the population is representative of a common group of statin users:
middle-aged workers. In classifying of statins into high-intensity or low-moderate-intensity, we only
took into account the type of statin prescribed. Usually however, this classification is made based
on both the type of statin and the dose at which it is prescribed. Unfortunately, we had no data on
the dose of the prescribed statin. Nonetheless, we believe that this limitation does not significantly
affect the results obtained, as only high doses of atorvastatin and rosuvastatin can reduce LDL-C
levels by more than 50%, and there is also a marked difference between the LDL-C-reducing capacity
of rosuvastatin and atorvastatin at medium doses compared with the other drugs at their usual
dosage [6]. Therefore, despite the potential existence of some bias in our study, this alone could not
have accounted for the null association found. We also did not have information on other comorbidities
and pharmacological treatments different from those studied, even though these could have influenced
the decision to prescribe statins of greater or lesser intensity. Finally, as discussed in the methods
section, certain treatments (e.g., beta-blockers) are not exclusively indicated for hypertension and may
be prescribed for other diseases. Nonetheless, sensitivity analyses performed to assess possible bias
yielded the same conclusions regardless of how hypertension was defined.

The strengths of this study include its prospective cohort nature, its large sample size (1 > 600),
and the inclusion of sociodemographic, clinical, lifestyle, and drug data. Furthermore, to our knowledge,
ours is the first study to investigate the prescribing of statins and their intensity within the framework of
the European guidelines for CVD prevention.

Our results show that in a significant proportion of individuals, the prescribing of statins and the
type of statin prescribed for primary CVD prevention did not correspond with the indications in current
guidelines. Therefore, it is necessary to develop new strategies to disseminate the guidelines, and to
emphasize the differences in intensity between statins and the importance of reaching target LDL-C
levels to prevent CVD [26], particularly in the context of the poor control of hypercholesterolemia and
other CVD risk factors in the Spanish population [27,28]. It should also be noted that the intensity of
the prescribed statin influences treatment persistence [29], and that higher-intensity statins such as
simvastatin, atorvastatin, and rosuvastatin have been associated with greater diabetogenic effects [30].
Further research will be needed to help identify other as-yet-unknown factors that may influence the
choice of statin intensity, such as availability, price, and industry pressure. Knowledge of these factors
could enable the development of strategies to improve the clarity of the recommendations and their
application in daily practice.

5. Conclusions

The results of this study show that the prescribing of high-intensity statins to new users for
primary CVD prevention is partly independent of both basal CVD risk and the reduction in LDL-C
required to reach recommended target levels. The probability of being prescribed high-intensity statins
was higher in diabetic workers with high levels of LDL-C and in workers who performed more physical
activity. Much of the variability in statin prescribing is due to as-yet-unknown factors.

Author Contributions: Conceptualization, A.C.-P,, SM. and I.A.-P,; Data curation, FA. and B.M.-E,; Formal analysis,
A.C.-P; Funding acquisition, S.M. and I.A.-P.; Methodology, A.C.-P,, SM. and L. A.-P; Writing—original draft, A.C.-P,;
Writing—review and editing, SM., M.J.R,, FA., BM.-F. and I.A.-P. All authors have read and agreed to the published
version of the manuscript.



J. Clin. Med. 2020, 9, 3850 11 0f12

Funding: This research was funded by Proyecto del Fondo de Investigacion Sanitaria, Instituto de Salud Carlos
III and the European Fund for Regional Development (FEDER), grant number PI17/01704. The APC was funded
by the same funders.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1.

10.

11.

12.

13.

14.

Piepoli, M.E,; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.T.; Corra, U.;
Cosyns, B.; Deaton, C.; et al. 2016 European Guidelines on cardiovascular disease prevention in clinical
practice. Eur. Heart J. 2016, 37, 2315-2381. [CrossRef] [PubMed]

Grundy, S.M.; Stone, N.J.; Bailey, A.L.; Beam, C.; Birtcher, KK, Blumenthal, R.S; Braun, L.T;
de Ferranti, S.; Faiella-Tommasino, J.; Forman, D.E.; et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/
ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Management of Blood Cholesterol: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines.
J. Am. Coll. Cardiol. 2019, 73, €285-e350. [CrossRef] [PubMed]

Taylor, E; Huffman, M.D.; Macedo, A.F.; Moore, TH.M.; Burke, M.; Smith, G.D.; Ward, K.; Ebrahim, S. Statins
for the primary prevention of cardiovascular disease. Cochrane Database Syst. Rev. 2013, 2013, CD004816.
[CrossRef] [PubMed]

Mihaylova, B.; Emberson, J.; Blackwell, L.; Keech, A.; Simes, ].; Barnes, E.H.; Voysey, M.; Gray, A.; Collins, R.;
Baigent, C.; et al. The effects of lowering LDL cholesterol with statin therapy in people at low risk of vascular
disease: Meta-analysis of individual data from 27 randomised trials. Lancet 2012, 380, 581-590. [CrossRef]
Sniderman, A.; Thanassoulis, G.; Couture, P.; Williams, K.; Alam, A.; Furberg, C.D. Is lower and lower
better and better? A re-evaluation of the evidence from the Cholesterol Treatment Trialists” Collaboration
meta-analysis for low-density lipoprotein lowering. J. Clin. Lipidol. 2012, 6, 303-309. [CrossRef]

Law, M.R.; Wald, N.J.; Rudnicka, A.R. Quantifying effect of statins on low density lipoprotein cholesterol,
ischaemic heart disease, and stroke: Systematic review and meta-analysis. Br. Med. ]. 2003, 326, 1423-1427.
[CrossRef] [PubMed]

National Institute for Health Care Excellence. Cardiovascular Disease: Risk Assessment and Reduction,
Including Lipid Modification; NICE Clinical Guideline CG181; National Institute for Health Care Excellence:
London, UK, 2016.

Johal, S.; Jamsen, K.M.; Bell, ].S.; Mc Namara, K.P.; Magliano, D.].; Liew, D.; Ryan-Atwood, T.E.; Anderson, C.;
Ilomaki, J. Do statin users adhere to a healthy diet and lifestyle? The Australian diabetes, obesity and lifestyle
study. Eur. J. Prev. Cardiol. 2017, 24, 621-627. [CrossRef]

Sidell, M.A.; Ghai, N.R; Reynolds, K.; Jacobsen, S.].; Scott, R.; Van Den Eeden, S.; Caan, B.; Quinn, V.P. Statins
as a free pass: Body mass index and other cardiovascular risk factors among lipid-lowering medication users
and nonusers in the California Men’s Health Study. Prev. Med. 2019, 129, 105822. [CrossRef]

Macias Saint-Gerons, D.; De La Fuente Honrubia, C.; Montero Corominas, D.; Gil, M.].; De Andrés-Trelles, E,;
Catala-Lopez, F. Standard and intensive lipid-lowering therapy with statins for the primary prevention of
vascular diseases: A population-based study. Eur. ]. Clin. Pharmacol. 2014, 70, 99-108. [CrossRef]

Ho, K.; Jamsen, K.M.; Bell, ].S.; Korhonen, M.].; Mc Namara, K.P.; Magliano, D.J.; Liew, D.; Ryan-Atwood, T.E.;
Shaw, J.E.; Luc, S.; et al. Demographic, clinical and lifestyle factors associated with high-intensity statin
therapy in Australia: The AusDiab study. Eur. |. Clin. Pharmacol. 2018, 74, 1493-1501. [CrossRef]
Casasnovas, J.A.; Alcaide, V.; Civeira, F,; Guallar, E.; Ibafiez, B.; Borreguero, J.J.; Laclaustra, M.; Leén, M.;
Pefialvo, J.L.; Ordovas, ].M.; et al. Aragon workers’ health study—Design and cohort description.
BMC Cardiovasc. Disord. 2012, 12, 45. [CrossRef] [PubMed]

Martin-Moreno, ].M.; Boyle, P.; Gorgojo, L.; Maisonneuve, P.; Fernandez-Rodriguez, J.C.; Salvini, S.;
Willett, W.C. Development and validation of a food frequency questionnaire in Spain. Int. ]. Epidemiol. 1993,
22,512-519. [CrossRef] [PubMed]

Martinez-Gonzalez, M. A.; Lépez-Fontana, C.; Varo, ].J.; Sanchez-Villegas, A.; Martinez, ].A. Validation of
the Spanish version of the physical activity questionnaire used in the Nurses’ Health Study and the Health
Professionals” Follow-up Study. Public Health Nutr. 2005, 8, 920-927. [CrossRef] [PubMed]



J. Clin. Med. 2020, 9, 3850 12 0of 12

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Laclaustra, M.; Casasnovas, J.A.; Ferndndez-Ortiz, A.; Fuster, V.; Le6n-Latre, M.; Jiménez-Borreguero, L.J.;
Pocovi, M.; Hurtado-Roca, Y.; Ordovas, ].M.; Jarauta, E.; et al. Femoral and Carotid Subclinical Atherosclerosis
Association with Risk Factors and Coronary Calcium: The AWHS Study. J. Am. Coll. Cardiol. 2016,
67,1263-1274. [CrossRef] [PubMed]

Levey, A.S.; Bosch, ].P; Lewis, ].B.; Greene, T.; Rogers, N.; Roth, D. A more accurate method to estimate
glomerular filtration rate from serum creatinine: A new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann. Intern. Med. 1999, 130, 461-470. [CrossRef] [PubMed]

Levey, A.S.; Coresh, J.; Balk, E.; Kausz, A.T,; Levin, A.; Steffes, M.W.; Hogg, R.].; Perrone, R.D.; Lau, J.;
Eknoyan, G. National Kidney Foundation practice guidelines for chronic kidney disease: Evaluation,
classification, and stratification. Ann. Intern. Med. 2003, 139, 137-147. [CrossRef] [PubMed]

Friedewald, W.T; Levy, R.L; Fredrickson, D.S. Estimation of the Concentration of Low-Density Lipoprotein
Cholesterol in Plasma, Without Use of the Preparative Ultracentrifuge. Clin. Chem. 1972, 18, 499-502.
[CrossRef]

Fung, T.T.; Rexrode, K.M.; Mantzoros, C.S.; Manson, J.E.; Willett, W.C.; Hu, F.B. Mediterranean diet and
incidence of and mortality from coronary heart disease and stroke in women. Circulation 2009, 119, 1093-1100.
[CrossRef]

Ainsworth, B.E.; Haskell, W.L.; Herrmann, S.D.; Meckes, N.; Bassett, D.R.; Tudor-Locke, C.; Greer, J.L.;
Vezina, ].; Whitt-Glover, M.C.; Leon, A.S. 2011 compendium of physical activities: A second update of codes
and MET values. Med. Sci. Sports Exerc. 2011, 43, 1575-1581. [CrossRef]

Ledn-Latre, M.; Moreno-Franco, B.; Andrés-Esteban, E.M.; Ledesma, M.; Laclaustra, M.; Alcalde, V.;
Pefialvo, J.L.; Ordovas, ].M.; Casasnovas, ].A. Sedentarismo y su relacion con el perfil de riesgo cardiovascular,
la resistencia a la insulina y la inflamacion. Rev. Esp. Cardiol. 2014, 67, 449-455. [CrossRef]

Hirshkowitz, M.; Whiton, K.; Albert, S.M.; Alessi, C.; Bruni, O.; DonCarlos, L.; Hazen, N.; Herman, J.;
Katz, E.S.; Kheirandish-Gozal, L.; et al. National sleep foundation’s sleep time duration recommendations:
Methodology and results summary. Sleep Health 2015. [CrossRef] [PubMed]

Conroy, RM.; Pyorild, K.; Fitzgerald, A.P; Sans, S.; Menotti, A.; De Backer, G.; De Bacquer, D.; Ducimetiére, P;
Jousilahti, P.; Keil, U.; et al. Estimation of ten-year risk of fatal cardiovascular disease in Europe: The SCORE
project. Eur. Heart J. 2003, 24, 987-1003. [CrossRef]

Sarwar, N.; Gao, P.; Kondapally Seshasai, S.R.; Gobin, R.; Kaptoge, S.; Di Angelantonio, E.; Ingelsson, E.;
Lawlor, D.A.; Selvin, E.; Stampfer, M.; et al. Diabetes mellitus, fasting blood glucose concentration, and risk
of vascular disease: A collaborative meta-analysis of 102 prospective studies. Lancet 2010, 375, 2215-2222.
[CrossRef] [PubMed]

Mira, J.J.; Nebot, C.; Lorenzo, S.; Pérez-Jover, V. Patient report on information given, consultation time and
safety in primary care. Qual. Saf. Health Care 2010, 19, e33. [CrossRef] [PubMed]

Mila, L.; Barrabés, J.A.; Lidén, R.M.; Sambola, A.; Bafieras, J.; Oristrell, G.; Rafecas, A.; Garcia-Dorado, D.
Prior adherence to recommended lipid control targets in patients admitted for acute coronary syndrome.
Rev. Esp. Cardiol. 2019. [CrossRef] [PubMed]

Guallar-Castillén, P.; Gil-Montero, M.; Leén-Mufioz, L.M.; Graciani, A.; Bayan-Bravo, A.; Taboada, ].M.;
Banegas, ].R.; Rodriguez-Artalejo, F. Magnitude and management of hypercholesterolemia in the adult
population of Spain, 2008-2010: The ENRICA study. Rev. Esp. Cardiol. 2012, 65, 551-558. [CrossRef]
Aguilar-Palacio, I.; Malo, S.; Feja, C.; Lallana, M.].; Ledn-Latre, M.; Casasnovas, J.A.; Rabanaque, M.;
Guallar, E. Risk factors control for primary prevention of cardiovascular disease in men: Evidence from the
Aragon Workers Health Study (AWHS). PLoS ONE 2018, 13, e0193541. [CrossRef] [PubMed]

Malo, S.; Aguilar-Palacio, I; Feja, C.; Menditto, E.; Lallana, M.].; Andrade, E.; Casasnovas, J.A.; Rabanaque, M.].
Persistence With Statins in Primary Prevention of Cardiovascular Disease: Findings From a Cohort of Spanish
Workers. Rev. Esp. Cardiol. 2018, 71, 26-32. [CrossRef]

Laakso, M.; Kuusisto, J. Diabetes Secondary to Treatment with Statins. Curr. Diabetes Rep. 2017, 17, 10.
[CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



4.2 Trabajo 2

Malo S, Rabanaque MJ, Maldonado L, Moreno-Franco B, Chaure-Pardos A, Lallana MJ, Rodrigo MP,
Aguilar-Palacio I. Identifying Clusters of Adherence to Cardiovascular Risk Reduction Behaviors and
Persistence with Medication in New Lipid-Lowering Drug Users. Impact on Healthcare Utilization.

Nutrients. 2021;13(3):723.

Diversos estudios han mostrado que los usuarios de estatinas con una buena adherencia al
tratamiento tienden a seguir estilos de vida mds saludables que aquellos con una mala adherencia.
Sin embargo, también hay evidencia de que la adherencia al tratamiento farmacoldégico no implica
necesariamente un comportamiento mas saludable. En este contexto, en este articulo se analizé el
cumplimiento de las recomendaciones de prevencion de la ECV, en relacion tanto a un estilo de vida
saludable como a la persistencia con la medicacién, en pacientes que inician tratamiento con farmacos
hipolipemiantes. Segun este cumplimiento, se identificaron distintos perfiles de pacientes sobre los
qgue se analizan las diferencias en comorbilidades, tratamientos concomitantes y uso de servicios

sanitarios.

Se realizd un estudio observacional con 517 trabajadores del AWHS que comenzaban tratamiento
hipolipemiante y sin antecedentes de ECV. Los datos, recogidos entre 2010 y 2018, procedian de los
examenes médicos realizados en la empresa y de bases de datos administrativas del Gobierno de
Aragon. Los distintos perfiles de pacientes se identificaron mediante andlisis de clusteres. Una vez
identificados, se analizaron las diferencias entre grupos en cuanto a caracteristicas sociodemograficas,

clinicas, de estilo de vida y de uso de servicios sanitarios.

Se identificaron 4 clusteres o grupos de pacientes. De ellos, unos grupos compartian adherencia
similar tanto a recomendaciones de estilo de vida como al tratamiento hipolipemiante, mientras que
otros mostraban discordancia. La adherencia a las medidas de prevencidn de ECV, tanto de estilo de
vida como de medicacidn, estuvo relacionada con la carga de morbilidad y la necesidad de asistencia
médica. El grupo de sujetos con mejores resultados en salud estaba formado por los pacientes con un
estilo de vida mas saludable, es decir con bajo porcentaje de fumadores y alta adherencia a la dieta

mediterranea y actividad fisica, aunque con un bajo porcentaje de persistencia.
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Abstract: We sought to identify specific profiles of new lipid-lowering drug users based on ad-
herence to a healthy lifestyle and persistence with medication, and to characterize co-morbidities,
co-treatments, and healthcare utilization for each of the profiles identified. Observational study in 517
participants in the Aragon Workers” Health Study (AWHS) without previous cardiovascular disease
(CVD) and who initiated lipid-lowering therapy. Data were collected from workplace medical exami-
nations and administrative health databases (2010-2018). Using cluster analysis, we identified distinct
patient profiles based on persistence with therapy and lifestyle. We then compared characteristics,
morbidity, and healthcare utilization across clusters. Participants were aggregated into four clusters
based on persistence with therapy, smoking status, adherence to Mediterranean diet, and physical
activity. In cluster 1 (n = 113), comprising those with a healthiest lifestyle (14.2% smokers, 84.0% with
medium-high adherence to Mediterranean diet, high physical activity), 16.8% were persistent. In
cluster 3 (1 = 108), comprising patients with the least healthy lifestyle (100% smokers, poor adherence
to the Mediterranean diet, low level of physical activity), all were non-persistent. Clusters 2 (n = 150)
and 4 (n = 146) both comprised patients with intermediate lifestyle behaviors, but differed in terms
of persistence (100 and 0%, respectively). Compared with other clusters, the burden of morbidity,
cardiovascular score, and healthcare utilization were lower in cluster 1. The healthy adherer effect
was only observed in new lipid-lowering drug users of certain profiles. Furthermore, we found that
differences in adherence to lifestyle and medication recommendations for CVD prevention influenced
morbidity burden and healthcare utilization.

Keywords: cardiovascular disease; primary prevention; medication adherence; healthy lifestyle;
workplace

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death in Europe [1]. Individual
control of CVD risk factors is based on health-promoting behaviors, consisting primarily
of smoking cessation, a healthy diet, regular exercise, weight control, and reduced stress.
When lifestyle changes are insufficient, it is advisable to establish evidence-based preven-
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tive therapy [2]. The effectiveness of CVD preventive drugs is strongly associated with
medication-use behaviour [3-5].

The “healthy adherer effect”, whereby individuals who adhere to medication tend
to also adhere to healthy lifestyle behaviors, and thus have a better health status, is well
described [6]. Indeed, this effect is considered a common source of bias in observational
studies [7]. Studies have shown that statin users with acceptable treatment adherence
tend to have healthier lifestyles, since they better comply with heart-healthy recommenda-
tions [8,9]. On the other hand, evidence indicates that adherence to drug therapy does not
necessarily imply general healthy behaviour [9-11]. These conflicting findings suggest that
an association between healthy lifestyle and good adherence to prescribed therapies is only
found in individuals with certain profiles, the characterization of which may be beneficial
for CVD management.

In addition to known benefits at the individual level, adherence to prescribed med-
ication is associated with a long-term decrease in healthcare expenditure derived from
hospital referrals, visits to primary care physicians and specialists, laboratory tests, and
medication use [5,12,13]. On the other hand, evidence indicates that patients who begin
and adhere to preventive treatments are more likely to seek out preventive health services,
such as screening tests and vaccinations, than comparable patients who do not remain
adherent [14]. This suggests that patients more engaged in practices consistent with a
healthy lifestyle may account for greater healthcare utilization. Thus, further examination
of the global impact of patient behavior, in terms of both lifestyle and persistence with
medication, on healthcare utilization, results of interest.

Working population spend most of their life time in the workplace. This context likely
influences their lifestyle (dietary habits, physical activity, smoking, or alcohol consumption)
and also their adherence to prescribed therapies, especially in the case of shift works. The
work setting represents, therefore, a unique opportunity to intervene with the objective of
increasing the workers’ commitment with disease prevention.

In this study conducted in a workers’ cohort we sought to identify distinct profiles
of new lipid-lowering drug users based on adherence to CVD prevention recommenda-
tions (healthy lifestyle and persistence with medication), and analyze differences between
profiles in terms of comorbidities, co-treatments, and healthcare utilization.

2. Materials and Methods
2.1. Study Design and Participants

The Aragon Workers’ Health Study (AWHS) is a prospective longitudinal study aimed
at evaluating the association between CVD risk factors and metabolic abnormalities and
subclinical atherosclerosis in a middle-aged working population in Spain that was CVD-free
at the beginning of the study. The cohort, recruited between February 2009 and December
2010, consists of 5678 workers at an automobile assembly plant in Zaragoza (Spain) who
voluntarily agreed to participate in the study. Between 2011 and 2014, participants aged
39-59 years were invited to undergo more intensive monitoring consisting of subclinical
atherosclerosis imaging, clinical and physical examination, and questionnaires on lifestyle
factors. Further information on the AWHS can be found in the bibliography [15].

As shown in Figure 1, the present study included all AWHS participants in the more
intensive monitoring group who began lipid-lowering therapy during the period 2010 to
2013 for primary CVD prevention. Given the low percentage of females in the AWHS, as
well as recognized sex-related effects on health behaviors, the 23 female participants were
excluded from our analyses. Individuals for which complete lifestyle data were unavailable
were also excluded. Ultimately, 517 men were included in our analysis.
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‘ 5678 individuals recruited for the AWHS |

1

‘ 2617 subjects in the more intensive monitoring group |

1

835 individuals with at least one lipid-lowering drug prescription
between 1 July 2010 and 31 December 2013

‘—b| 24 individuals taking lipid-lowering drugs after a cardiovascular event

——’| 252 prevalent lipid-lowering drug users

559 new lipid-lowering drug users in primary prevention |

—* 23 women

__—'| 19 individuals with incomplete lifestyle data

517 male workers newly treated with lipid-lowering drugs for primary
cardiovascular prevention and with complete lifestyle data available

Figure 1. Flowchart of the study population.

2.2. Data Sources and Variables

Drug prescription data were gathered from Farmasalud, the Medication Consumption
Information System of Aragon. This database collects the following information on all
prescriptions dispensed at pharmacies in Aragon via the public health care system (ac-
counting for 98.5% of the population): anonymous patient code; sex; birth date; Anatomical
Therapeutic Chemical (ATC) code of the prescribed drug; dispensing date; number of
defined daily doses (DDD); and number of packages dispensed. Prescriptions issued by
private physicians, insurance companies, and in-hospital consumption are not recorded
in the Farmasalud database. All prescriptions for lipid-lowering drugs (ATC code C10
according to the World Health Organization ATC/DDD Index) issued between January 1,
2010 and December 31, 2014 were recorded. In addition, the number of CVD preventive
co-treatments prescribed to each worker in the index year was determined by taking into
account the existence of any prescription for antidiabetic (A10 code), antihypertensive
(C02, C03, C07, C08, C09) or antithrombotic (B01) drugs. The drug burden for each worker
was analyzed as the total number of pharmacological subgroups (i.e., different ATC codes
at the 3rd level in the ATC classification system) prescribed during the index year. Each
pharmacological subgroup includes drugs with a similar indication or mechanism of action,
so that it constitutes a proxy of the burden of medication and, indirectly, of morbidity.

Clinical and laboratory data recorded by the physicians and nurses of the factory
medical services at the annual workplace medical examination were collected for the period
2011 to 2014. The physical examination included measurement of height, weight, waist
circumference, and blood pressure. It followed standardized protocols using validated
procedures and instruments described in the standard operating procedures. The study
conforms to the ISO9001-2008 quality standard. Waist circumference was measured with
a GulicK II measuring tape model 67019. The highest point of the iliac crest and the
lowest point of the costal margin were located in the mid-axillary line. The midpoint was
calculated and the measuring tape was placed around the waist coinciding with that point
and in a horizontal plane. Blood pressure was measured three consecutive times using
an automatic oscillometric sphygmomanometer OMRON M10-IT (OMRON Healthcare
Co. Ltd., Kyoto, Japan) with the participant sitting after a 5-min rest. The self-reported
smoking status of the individuals in the preceding year was also recorded. Total cholesterol
levels, fasting serum glucose, and glycated haemoglobin concentration were determined
by enzyme analysis using the ILAB 650 analyzer (Instrumentation Laboratory; Bedford,
MA, USA), and levels of Low-Density Lipoprotein (LDL)-cholesterol were estimated using
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the Friedewald equation [16]. The following cut-off points were applied based on current
European Guidelines [2]: overweight, Body Mass Index (BMI) >25 and <30; obesity,
BMI > 30; hypertension, diastolic blood pressure >90 mmHg and systolic blood pressure
>140 mmHg; hypercholesterolemia, total cholesterol >200 mg/dl and LDL-cholesterol
>115 mg/dl; diabetes, fasting serum glucose >126 mg/dl and glycated hemoglobin >6.5%.

Participants also completed a questionnaire on sociodemographic characteristics
including age, sex, education level, work shift, and type of work performed. The protocols
for data collection are described in detail elsewhere [15].

Dietary habits were assessed by a face-to-face interview through a semi-quantitative
food frequency questionnaire previously validated for the Spanish population [17]. The
questionnaire consists of 136 questions on habitual food intake over the previous 12 months,
and was administered by a trained dietician. Data derived from the questionnaire were
subsequently converted into energy and nutrients using Spanish food composition ta-
bles [18,19]. Adherence to the Mediterranean diet was assessed using the Alternate Mediter-
ranean Dietary (aMED) index [20]. The aMED score involves the following food groups
and nutrients: fruit; vegetables; nuts; legumes; whole grains; fish; ratio of monounsaturated
to saturated fat; red and processed meats; and alcohol. The total aMED score ranges from
0-9, with higher scores reflecting greater adherence to a Mediterranean diet. Accordingly,
the aMED score obtained for each worker was classified as low (0-3), medium (4-6), or
high (7-9).

Leisure time and physical activity were assessed using the validated Spanish ver-
sion [21,22] of the Nurses’ Health Study [23] and the Health Professionals” Follow-up
study [24] physical activity questionnaires. Participants were asked about the frequency of
and time devoted to different types of physical activity. This time was multiplied by the
corresponding metabolic cost according to Ainsworth’s compendium for physical activi-
ties [25], and expressed in metabolic equivalents (MET). The total level of physical activity
per week per individual was estimated by adding the METs for all activities. Sedentary
time was calculated as the number of hours that each worker reported spending seated
during a weekday, during both working and leisure time. Sleep time, taken as the usual
number of hours of sleep per weekday, was also recorded for each individual.

Finally, information on healthcare utilization during the period 2015 to 2018 was
gathered from different administrative health databases (i.e., primary, specialist, hospital,
and emergency care databases) and linked with the rest of the data using the anonymized
patient code. The number of visits to the emergency department, general practitioners,
and specialist physicians, as well as the number of hospitalizations for each worker for
the period 2015 to 2018 were recorded. In addition, the number of individual hospital
discharges with a principal diagnosis code corresponding to CVD (G45, G46, G81-G83,
120-128, 146, 149.0, 150, and 160-I79 in the International Classification of Diseases, Tenth
Revision (CD-10)) was also recorded. Both the number and burden of chronic diseases for
each worker in 2018 were retrieved from the Adjusted Morbidity Groups (GMA) database.
GMA is a method developed to calculate an individual’s morbidity burden and adapted to
the Spanish healthcare system [26]. Finally, the number and date of all-cause deaths, for
the period 2015 to 2018, were obtained from the Spanish National Mortality Registry.

2.3. Analyses

For each individual, the index date was defined as the date of dispensing of the first
lipid-lowering drug. Analyses were restricted to new users, defined as those who had not
received any lipid-lowering drug prescription during the 6 months preceding the index
date (i.e., between 1 July 2010 and 31 December 2013).

Persistence with medication was defined as the time from initiation until discontin-
uation during a follow-up period of 1 year (between 2010 and 2014). Applying criteria
utilized in previous studies [27], the number of days’ supply for each lipid-lowering pre-
scription was estimated based on the usual dosage and form of presentation of the drug.
Statin and fibrate prescriptions were assigned a DDD of 28 and 30, respectively. A worker
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was classified as persistent if there was no gap between 2 refills exceeding 2.5 times the
duration of the previous prescription during the 1-year follow-up period. The selection of
this criterium was based on sensitivity analyses performed in a previous study [27]. The
accumulation of supplies over time was not considered.

The baseline characteristics of the study population as well as the proportion of indi-
viduals considered persistent with lipid-lowering medication were recorded. Categorical
variables were expressed as the frequency (n) and proportion (%), and continuous variables
as the mean and standard deviation. The European cardiovascular score for countries with
low CVD risk was also calculated for each individual [28].

We performed a cluster analysis to identify different aggregations or profiles of subjects
according to their adherence to CVD prevention recommendations. Specifically, a 2-step
cluster analysis was applied because it allows the use of both categorical and continuous
variables. This technique automatically determines the optimal number of clusters needed
to perform the data grouping based on the Bayesian Information Criterion (BIC). The log-
likelihood distance was used to calculate the similitude between groups. Thus, individuals
are assigned to groups based on maximum within-group similarity and between-group
differences with respect to the variables initially considered of interest.

In the present study, these variables were as follows: adherence to the Mediterranean
diet; energy intake; physical activity; sitting time; alcohol intake; smoking status; and
persistence with therapy. The variables ultimately selected to define clusters must be
independent from the rest of the variables conforming the clusters. The quality of fit of
the resulting groups of clusters is evaluated using the silhouette measure of cohesion and
separation, which contrasts the mean distance among elements within the same cluster
with the average distance to elements in other clusters. A silhouette coefficient >0.2
is considered acceptable [29,30]. When a similar silhouette coefficient was obtained for
different possible aggregations, the selection of the final group of clusters was based on the
independence (no-correlation) and clinical coherence of the resulting variables.

Once the different profiles of workers were identified by cluster analysis, the cor-
responding data on sociodemographic characteristics, CVD risk factors, cardiovascular
scores, lifestyle, burden of chronic disease, number of comorbidities and CVD preventive
co-treatments, pharmacological subgroups, and contact with healthcare services were com-
pared. An ANOVA test was applied for comparison of continuous variables with normal
distribution (previously demonstrated by the Kolmogorov-Smirnov test), Kruskall-Wallis
for no normal continuous variables and chi-square for categorical variables (Fisher test
when expected frequencies were lower than 5). When there were more than 2 groups,
we also performed pairwise comparisons adjusting for multiple testing (Tukey when
row-variable was normal-distributed and Benjamini and Hochberg method otherwise).

Two-step cluster analyses were performed using SPSS version 22 (license University
of Zaragoza), and all subsequent analyses were performed using R statistical software.

2.4. Ethical Aspects

All research was conducted in accordance with relevant guidelines, and study partici-
pants provided written informed consent to participate in the AWHS. All data used were
anonymized, making patient identification impossible. The study was approved by the
Aragon Research Ethics Committee (Project identification code P107/09).

3. Results

The baseline characteristics of the study population are presented in Table 1. Among
the 517 male workers, the mean age was 51.0 (SD 3.7) years and 48.3% had completed
primary studies. Additionally, 78.7% performed rotating shift work and 85.1% performed
manual work. Most were either current (38.1%) or former (44.3%) smokers, 59.6% were
overweight, and 26.9% were obese. The distribution of other traditional CVD risk factors
was as follows: hypertension, 17.7%; hypercholesterolemia, 83.3%; diabetes, 3.5%. Less
than one-third of the study population was persistent with lipid-lowering therapy.
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Table 1. Baseline characteristics of the study population.

Baseline Characteristics Population (N = 517)
Sociodemographic
Age, years 51.0(3.7)
<50 103 (20.0%)
50-54 207 (40.0%)
>54 207 (40.0%)
Educational level
Primary studies 250 (48.3%)
Secondary studies 66 (12.8%)
University studies + professional training 199 (38.5%)
Unknown 2 (0.4%)
Work shift
Rotating shift 406 (78.7%)
Day shift 52 (10.1%)
Night shift 58 (11.2%)
Work type
Manual 439 (85.1%)
Sedentary 77 (14.9%)
Traditional CVD risk factors
Smoking
Never 91 (17.6%)
Current 197 (38.1%)
Former 229 (44.3%)
BMI, kg/m? 28.2 (3.4)
Waist circumference, cm 98.3 (9.1)
Systolic blood pressure, mmHg 128.9 (15.2)
Diastolic blood pressure, mmHg 85.8 (9.53)
Total cholesterol, mg/dL 238.5 (36.4)
Glucose, mg/dL 101.0 (21.9)

N, number; CVD, cardiovascular disease; BMI, body mass index. Data are expressed as the mean (standard
deviation) or number (%).

The four different clusters into which the 517 workers were aggregated were defined
based on the following characteristics, in order of importance: adherence to the Mediter-
ranean diet; persistence with lipid-lowering therapy; smoking status; and physical activity
(Figure 2). For this group of clusters, the silhouette coefficient was 0.4, what indicates
an acceptable quality of clustering. Cluster 1 (n = 113) comprised workers with healthier
lifestyles (61.1% never smoked; 84.0% had medium-high adherence to the Mediterranean
diet; physical activity was high, with a median energy expenditure of 34 METs-h/week),
and 16.8% were persistent with therapy. By contrast, cluster 3 (n = 108) comprised work-
ers with the least healthy habits (100.0% were current or former smokers, adherence to
the Mediterranean diet was low, and median energy expenditure was low, at 28.4 METs-
h/week). Moreover, all individuals in cluster 3 were non-persistent with therapy. Clusters
2 (n =150) and 4 (n = 146) presented intermediate characteristics in relation to smoking,
adherence to the Mediterranean diet, and physical activity. However, 100.0% of workers
in cluster 2 were persistent with therapy, while none of the workers in cluster 4 were
persistent.
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Figure 2. Comparison of the defining variables across the four established clusters.

Of the non-persistent individuals in clusters 1, 3, and 4, 17.7, 34.3, and 26.0%, respec-
tively, corresponded to users who received one or several lipid-lowering drug prescrip-
tion(s) at the index date but no additional prescriptions during the follow-up period.

The mean (SD) number of cigarettes per day was 12.81 (6.65), 15.15 (8.10), 15.08 (8.37),
and 12.94 (7.99) for current smokers in clusters 1, 2, 3, and 4, respectively.

Comparison of other characteristics between clusters (Table 2) revealed differences
in the type of work performed: sedentary work was performed by a larger proportion of
workers in cluster 1 and by a smaller proportion of workers in clusters 2 and 3.

Overweight and obesity were the only traditional CVD risk factors for which signif-
icant differences were observed among clusters: cluster 2 contained a larger proportion
(34.7%) of obese subjects, while the frequency of overweight was higher within clusters 3
and 4 (63.9 and 66.4%, respectively). Individuals within cluster 1 had a significantly lower
cardiovascular score than those in the other clusters.

Comparison of healthcare utilization revealed that the number of visits to emergency
services and hospitalizations was significantly lower in cluster 1 than in clusters 2 and 4, or
in cluster 2, respectively. The mean number of visits to primary care for cluster 1 was lower
compared with the observed in cluster 4, while the mean number of visits to specialized
care was also lower in cluster 1 compared with cluster 3.

Workers within cluster 1 had a significantly lower number and burden of chronic
diseases than those in cluster 3. No differences were observed between clusters in terms of
the number of CVD preventive co-treatments or pharmacological subgroups.

Comparison of healthcare utilization revealed that the number of visits to emergency
services, hospital, and primary and specialized care was significantly lower in cluster 1
than the other clusters.
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Table 2. Comparison of the characteristics of the four clusters.

Cluster1 (n =113) Cluster2 (n =150) Cluster3 (1 =108) Cluster 4 (n =146) p-Value
Sociodemographic
Age, years
<50 29 (25.7%) 22 (14.7%) 24 (22.2%) 28 (19.2%) 0.229
50-54 36 (31.8%) 65 (43.3%) 47 (43.5%) 59 (40.4%) )
>54 48 (42.5%) 63 (42.0%) 37 (34.3%) 59 (40.4%)
Educational level 0.484
Primary studies 50 (45.0%) 81 (54.0%) 50 (46.3%) 69 (47.3%)
Secondary studies 14 (12.6%) 14 (9.3%) 19 (17.6%) 19 (13.0%)
University studies + 47 (42.3%) 55 (36.7%) 39 (36.1%) 58 (39.7%)
professional training
Work shift 0.179
Rotation shift 83 (74.1%) 121 (80.7%) 92 (85.2%) 110 (75.3%)
Day shift 17 (15.2%) 12 (8.0%) 5 (4.6%) 18 (12.3%)
Night shift 12 (10.7%) 17 (11.3%) 11 (10.2%) 18 (12.3%)
Work type 0.001 *
Manual 86 (76.8%) 135 (90.0%) 98 (90.7%) 120 (82.2%)
Sedentary 26 (23.2%) 15 (10.0%) 10 (9.3%) 26 (17.8%)
Traditional CVD risk factors
BMI, kg/m? 0.049 *
Normal weight (BMI < 25) 21 (18.6%) 21 (14.0%) 15 (13.9%) 13 (8.9%)
Overweight (25 < BMI < 30) 65 (57.5%) 77 (51.3%) 69 (63.9%) 97 (66.4%)
Obesity (BMI > 30) 27 (23.9%) 52 (34.7%) 24 (22.2%) 36 (24.7%)
Waist circumference, cm 97.6 (9.7) 99.0 (8.8) 97.1 (8.0) 99.0 (9.6) >0.1
Hypertension 0.361
Yes 18 (15.9%) 25 (16.9%) 25 (23.6%) 23 (15.8%)
No 95 (84.1%) 123 (83.1%) 81 (76.4%) 123 (84.2%)
Hypercholesterolemia 0.143
Yes 91 (82.0%) 124 (87.9%) 76 (76.8%) 117 (84.2%)
No 20 (18.0%) 17 (12.1%) 23 (23.4%) 22 (15.8%)
Diabetes 0.377
Yes 7 (6.2%) 4 (2.7%) 2 (1.9%) 5 (3.5%)
No 106 (93.8%) 146 (97.3%) 104 (98.1%) 139 (96.5%)
Cardiovascular score 1.6 (1.0) bed 1.9(1.2)2 2.0(1.3)2 2.1(1.5)2 0.026 *
Lifestyle
Alcohol intake, g/day 0.032 %
<40 3(2.7%) 8 (5.3%) 10 (9.3%) 7 (4.8%)
41-60 103 (91.2%) 124 (82.7%) 78 (72.2%) 122 (83.6%)
>60 7 (6.2%) 18 (12.0%) 20 (18.5%) 17 (11.6%)
Energy intake, kcal /day 27452 (674.1) be 2902.2 (709.5) 2 2932.8 (707.9) 2 2902.7 (734.5) 0.093
Carbohydrates, % 44.3 (6.0) 45.5 (6.6) 44.6 (7.3) 444 (6.6) 0.376
Proteins, % 15.3 (2.0) b< 14.7 (2.1) 24 14.8 (2.3) 24 15.5 (2.5) be 0.009 *
Fats, % 35.4 (4.7) 33.9(5.3) 34.8 (6.2) 34.8 (5.3) 0.181
Ratio monounsaturated: 0.001 *
saturated fatty acids ’
1st tertile 27 (23.9%) 50 (33.3%) 51 (47.2%) 44 (30.1%)
2nd tertile 34 (30.1%) 57 (38.0%) 32 (29.6%) 51 (34.9%)
3rd tertile 52 (46.0%) 43 (28.7%) 25 (23.1%) 51 (34.9%)
Sleeping time, h/weekday 6.3 (0.9) 6.3 (1.1) 6.3 (0.9) 6.1 (1.0) 0.015*
Sitting time, h/weekday 7.9 (2.4) 8.1(2.3) 8.3(2.3) 8.1(2.3) 0.818
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Cluster1 (n =113) Cluster2 (n =150) Cluster3 (1 =108) Cluster 4 (n =146) p-Value
Healthcare utilization
Number of chronic diseases 3.0 (2.0)¢ 3.2 (1.6) 35(1.8)2 3.3(1.9) 0.107
Burden of chronic disease 4228)°¢ 49 (3.0 52(3.0)2 49 (3.0 0.111
Number of CVD preventive 0.578
co-treatments
0-1 99 (87.6%) 135 (90.0%) 99 (91.7%) 135 (92.5%)
>1 14 (12.4%) 15 (10.0%) 9 (8.3%) 11 (7.5%)
Number of pharmacological 1.8(1.2) 1.7 (1.0) 1.7 (L1) 1.7 (1.0) 0.649
subgroups
Visits to emergency services 0.7 (1.3) bd 1.0(1.4)2 1.0 (1.8) 1.1 (1.4)2 0.048
Number of hospitalizations 0.5(1.3)b 0.6 (1.0)@ 0.4 (0.9) 0.5 (1.0) 0.076
Number of hospitalizations
due to CVD 0.0 (0.2) 0.1(0.4) 0.0 (0.2) 0.1 (0.3) 0.169
Number of ‘;frlzs to primary 284 (27.1)d 32.6 (27.3) 31.7 (31.5) 39.0 (36.2) @ 0.061
Number of visits to 9.6 (12.1) ¢ 12.1 (13.8) 12.6 (13.4) 2 10.6 (12.0) 0.1
specialized care
Number of visits to
specialized cardiology care 0.6 (1.8) 0.8 (1.9) 0.9 (3.9) 0.8 (1.9) 0.4
Number of all-cause deaths 0 3 0 1

CVD, cardiovascular disease; BMI, body mass index. Data are expressed as the mean (standard deviation) or number (%). Healthcare
utilization corresponds to the period 2015-2018. The P-value corresponds to differences between the four clusters as determined by analysis
of variance (ANOVA), Kruskal-Wallis, or chi-squared tests as appropriate. Superscripts a, b, c and d indicate significant differences between
two specific clusters: a, vs. cluster 1; b, vs. cluster 2; ¢, vs. cluster 3; d, vs. cluster 4. In all cases, differences were considered statistically
significant at p < 0.05 and represented as *.

4. Discussion

This observational study examined a population of new lipid-lowering drug users
with low morbidity, albeit high levels of CVD risk factors, including hyperlipidaemia,
smoking, and overweight and obesity, and overall poor persistence with lipid-lowering
therapy. Within this population, we identified four different profiles or clusters according
to adherence to CVD prevention recommendations. These clusters were defined based
on the following variables: smoking status, diet, physical activity, and persistence with
lipid-lowering therapy. Analysis of differences in sociodemographic, anthropometric, and
clinical characteristics between the four clusters revealed particularly significant differences
between clusters with the healthiest (cluster 1) and the least healthy (cluster 3) lifestyle
behaviors. In cluster 1, the proportion of current or former smokers was lower, while
adherence to the Mediterranean diet and daily practice of physical activity were higher.
Moreover, in cluster 1 the daily energy intake, quality of the fats consumed, and alcohol
intake were much more in line with medical recommendations than in cluster 3, in which
these parameters were indicative of an unhealthy lifestyle.

In agreement with the healthy adherer effect, none of the individuals in cluster 3 were
persistent with lipid-lowering therapy. However, contrary to expectations only 16.8% of
those in cluster 1 showed good persistence, while all subjects in cluster 2, in which lifestyles
were not particularly healthy, were persistent. The hypothesis of risk compensation offers
one possible explanation for these latter findings. According to this hypothesis, individuals
who undergo a risk-lowering intervention are more likely to engage in risky behaviors
because they feel that their level of risk is effectively reduced by the medication [31].
Studies of users of other treatments for chronic diseases, including osteoporotic fracture
patients treated with bisphosphonate [9] and adults treated with antiepileptic drugs [32],
have also reported no evidence of a healthy adherer effect.

Our findings reveal the existence of different profiles among lipid-lowering drug
users, who may adhere to therapy but not to healthy lifestyle behaviors necessary for
prevention and treatment of CVD, and vice versa. Halava et al. [33] noted that the asso-
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ciation between lifestyle factors and non-adherence to statin therapy varied according to
patient CVD comorbidity status. In their study of a large cohort of public sector employees,
individuals with CVD comorbidities who had several unhealthy lifestyle behaviors were
at increased risk of non-adherence. Conversely, overweight, obesity, and former smoking
were predictors of better adherence among those without CVD comorbidities. Given that
our study population is relatively young, with low levels of morbidity, we were unable to
investigate this association.

The highest cardiovascular score was observed for lipid-lowering drug users who
did not follow medication recommendations and only partially followed lifestyle recom-
mendations. This high risk is probably influenced by the high frequency of CVD risk
factors other than hyperlipidaemia in our study population. Early detection of individuals
with this profile would facilitate implementation of motivational education programs to
improve lifestyle and medication-related behaviors and the ability to adopt and main-
tain good CVD self-management practices [6]. In this sense, interventions designed to
increase the level of persistence should always take into account the multifactorial nature
of this phenomenon [34]. Some possible explanations for non-persistence in our study
cohort include the appearance of adverse effects associated with the new drug, as well as
the asymptomatic nature of hyperlipidaemia, which results in a lack of awareness of the
consequences of non-persistence. Our findings also point to a potential role of rotating
shift work as a determinant of poor persistence, although no previous studies appear to
have investigated this association. It has been widely demonstrated that a low educational
level is predictive of poor long-term adherence [35,36]. In contrast, we found that the only
cluster in which all subjects were persistent was the cluster with the highest proportion
of workers who had only completed primary studies. These results were, however, not
statistically significant. Furthermore, in cluster 1, in which the frequency of sedentary
work (i.e., office work that requires a higher educational level) was higher, less than one
fifth of subjects were persistent. While our results do not demonstrate an association
between a higher educational level and better persistence with medication, they show
that individuals with a high educational level (cluster 1) had an overall healthier lifestyle,
as well as a lower frequency of overweight or obesity, a lower burden of morbidity, and
a lower cardiovascular score than subjects in other clusters. Moreover, cluster 1 had a
lower number of visits to emergency services, primary and specialized care, and fewer
hospitalizations. Longer follow-up as our population ages will be required to confirm the
differences observed between clusters. In their study of Spanish adults with a mean age
at baseline of 68.6 years, Hernandez-Aceituno et al. [37] reported a statistically lower risk
of polypharmacy and fewer visits to the primary care physician and hospitalizations in
subjects with 5-6 healthy behaviors than in those with 0-1 healthy behaviors. The authors
found no association between healthy behaviors and visits to medical specialists.

The literature regarding the association between adherence to medication and health-
care utilization and, consequently, healthcare expenditure, is contradictory. Simon-Tuval
et al. [12] reported that initiation of therapy with CVD preventive drugs by adherent
patients was followed by a decrease in total healthcare costs, mainly owing to a decrease
in hospitalizations. In partially- and non-adherent individuals, the authors observed no
significant changes in annual healthcare costs after beginning therapy. Conversely, in their
study of a Spanish cohort of 1.7 million individuals who were prescribed a new medica-
tion in 2012, Aznar-Lou et al. [38] found that patients who were initially non-adherent
to chronic medication showed a lower use of healthcare services than initially adherent
patients. Brookhart et al. [14] examined the association between adherence to statin therapy
and the use of preventive health services in a cohort of 20,783 new users of statins in
Pennsylvania. After adjustment for age, sex, and various comorbid conditions, patients
who adhered to therapy showed higher subsequent use of preventive health services such
as prostate-specific antigen tests, faecal occult blood tests, screening mammograms, in-
fluenza vaccinations, and pneumococcal vaccinations. Costs associated with preventive
tests requested by more compliant patients are unlikely to exceed, in the medium and long
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term, those associated with co-treatments, diagnostic tests, visits to a general practitioner,
specialist physician, emergency department, or hospitalizations required when a patient
presents a high CVD risk. Further research, comparing the true healthcare expenditure in
both adherent and non-adherent patients will be of interest. In any case, maintaining good
control of CVD risk factors from young ages is essential to avoid CVD morbimortality. One
study of a longitudinal cohort of industrial employees from Chicago aged 18-74 found that
favorable CVD health at younger ages increased survival by almost 4 years and delayed
the onset of all-cause and CVD morbidity by 4.5 and 7 years, respectively, resulting in
lower healthcare costs [39].

To the best of our knowledge, this is the first study to assess clusters of young healthy
subjects classified according to their adherence to both medication and healthy lifestyle
behaviors. The availability of individual, clinical and drug utilization data, as well as
healthcare utilization data in populations of this size is uncommon, and provides a rare
opportunity to examine numerous conditions and variables and obtain a snapshot of the
different profiles of users of CVD preventive drugs. Further strengthening our findings, the
data sources used contain validated data that have been previously analyzed in published
studies [15,27].

Limitations of the present study should be borne in mind. First, both the unique
profile of the study population according to its sociodemographic characteristics, as well as
the voluntary sampling approach complicate extrapolation of results to general population.
Nevertheless, extrapolation would be possible in the case of young and healthy men.
In this regard, the observed levels of adherence to CVD prevention recommendations,
especially to medication, appear in line with those reported in previous population studies.
Second, the assessment of diet and physical activity consisted of personal interviews using
questionnaires that, although validated, can lead to some misclassification of subjects,
as occurs in most diet- and exercise-related studies. The low numbers of comorbidities,
co-treatments, and healthcare utilization in the different clusters hindered the detection
of statistically significant differences. These low numbers were largely due to the young
age and good health status of the study population. Consequently, longer follow-up
should be performed in future studies, which should also analyze in greater detail the
evolution of persistence with lipid-lowering medication within each cluster and would
likely reduce the presence of confounders that may have influence the results in health.
For instance, it may be informative to differentiate between subjects based on the purpose
of the visit (e.g., assistance or prevention). Additionally, information on the statin dosing
regimen prescribed, the provision of advice by health professionals other than physicians
or the family’s habits and lifestyle would be of interest to better interpret the results found.
Finally, a common limitation of analyses of drug-dispensing data is the assumption that
the purchase of a drug equates to its consumption. We assessed drug-taking behavior
by analyzing persistence with therapy, which is considered a more appropriate indicator
than adherence, as it takes into account the continuity of the patient’s purchasing of
medication [27]. Nonetheless, development of a standard method for assessing persistence
with medication is needed.

5. Conclusions

Individual control of CVD risk factors requires adherence to heart-healthy recommen-
dations relating to both lifestyle and persistence with medication. In our young, active, and
healthy population, in which lipid-lowering therapy was initiated for primary prevention
of CVD, we observed four distinct profiles or aggregations. The “healthy adherer effect”
was only observed in some of these profiles.

These findings raise doubts as to the appropriateness of recommending a single set of
actions for primary prevention of CVD in healthy population. The influence of educational
level on adherence to both medication and a healthy lifestyle should be further analyzed
in depth.
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A wealth of interventions to improve the employees” health are usually implemented
at the workplace. However, further efforts are needed to determine how to provide effective
and adjusted advice that promotes behavioral change and allocate the necessary resources
according to the worker’s profile or needs. This would facilitate the creation of healthy
environments and, consequently, the achievement of better health outcomes in both healthy
and high-risk populations.
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La persistencia en el tratamiento estd estrechamente ligada al beneficio que este produce. Sin
embargo, se ha observado que las tasas de persistencia en usuarios de tratamiento hipolipemiante o
de tratamiento como prevencién primaria son bajas. En este contexto, para este articulo se seleccioné
una cohorte de nuevos usuarios de farmacos hipolipemiantes como prevencién primaria de la ECV
sobre los que se analizé la persistencia en el tratamiento y se explord su morbilidad, comorbilidad y
mortalidad, tanto por todas las causas como por aquellas relacionadas con ECV. Por ultimo, se estudid

la relacion entre persistencia y morbimortalidad.

Se definié como nuevos usuarios de hipolipemiantes como prevencién primaria a aquellos que no
habian recibido ningun hipolipemiante en los 6 meses previos al inicio del estudio y que no habian
sido diagnosticados de ninguna ECV antes del inicio del tratamiento. Debido a su reducido nimero, se
excluyé a las mujeres. Se incluyeron 1424 sujetos entre 2010y 2017 y se clasificaron como persistentes
0 no persistentes al tratamiento. Se compararon las variables sociodemograficas y clinicas de base de
los pacientes segun la persistencia y, a su vez, la morbimortalidad y el tiempo hasta el evento
observados durante el seguimiento, segun la persistencia. Se realizaron andlisis de redes de
comorbilidad para explorar la asociacion entre enfermedades. Finalmente, se midio el efecto que tuvo

la persistencia sobre la morbimortalidad mediante modelos de regresién logistica y de Cox.

Unicamente un 38,7% de los sujetos estudiados se clasificaron como persistentes al tratamiento,
siendo estos de mayor edad, fumadores en un menor porcentaje y presentando una mayor glucemia.
Ademds, los sujetos persistentes tuvieron un menor nimero de diagndsticos concurrentes que los no
persistentes. Finalmente, los modelos de regresidn sugirieron un efecto protector de la persistencia,
especialmente para prevenir los eventos cardiovasculares adversos mayores, aunque este efecto no

fuera estadisticamente significativo.
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Abstract: The objective of this study was to analyse persistence to lipid-lowering drug use for
primary prevention of cardiovascular disease (CVD) in a new users cohort, to explore all-cause and
cardiovascular related morbidity, comorbidity and mortality in this group and, finally, to study the
relationship between persistence and morbimortality. We selected subjects who started lipid-lowering
treatment for primary prevention of CVD between 1 January 2010 and 31 December 2017 (N = 1424),
and classified them as treatment-persistent or -nonpersistent. Bivariate analyses were performed to
compare sociodemographic and clinical variables, morbimortality and time to event between groups.
The association between morbidities was explored using comorbidity network analysis. The effect of
persistence was analysed using logistic regression and Cox survival analyses. Only 38.7% of users
were persistent with treatment. Persistent and nonpersistent users had similar sociodemographic
and clinical profiles, although differed in age, smoking status, and glycemia. Comorbidity networks
revealed that the number of co-occurring diagnoses was higher in nonpersistent than persistent
users. Adjusted analyses indicated a protective effect of treatment persistence, especially against
major adverse cardiovascular events (MACE), but this effect was not statistically significant.
Observational studies are crucial to characterize real-world effectiveness.

Keywords: lipid-lowering drugs; persistence; major adverse cardiovascular event

1. Introduction

Hypercholesterolaemia is a well-known risk factor for cardiovascular disease (CVD) in people
with or without a previous cardiovascular event [1]. Accordingly, CVD prevention guidelines define
treatment objectives based on cholesterol levels [2]. Lipid-lowering drugs, especially statins, have been
widely used for primary prevention of CVD [3]. A large body of evidence from randomized clinical trials
supports the efficacy of these treatments in reducing the risk of both CVD and all-cause mortality [4,5].
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However, several aspects of randomized clinical trials limit extrapolation of their findings to real-world
situations. For example, only volunteer subjects are included in these trials, and patients and their
circumstances are monitored much closer than typically occurs in routine practice [6]. On the other
hand, real-world factors, such as contextual and behavioural patient characteristics, like real-world
patterns of treatment use, contribute significantly to drug effectiveness [7] All these facts help explain
the differences observed between randomized clinical trials and observational studies in terms of
treatment efficacy and effectiveness. Therefore, treatment effectiveness and safety should be evaluated
based on evidence obtained from observational studies [8].

Patient persistence, defined as the continuity of treatment over time, has been closely linked with
the clinical benefits of treatment [9]. Many studies have described poor persistence with lipid-lowering
drugs [10], especially among patients receiving long term treatment [11]. In agreement with the poor
persistence rates observed among individuals prescribed lipid-lowering drugs for primary disease
prevention, poor persistence with these treatments is associated with young age and prescription for
primary disease prevention [7].

It is important to study the effect of patterns of treatment use on morbidity and mortality in a real
environment. To this end, the objective of this study was to analyse persistence to lipid-lowering drugs
for primary prevention of cardiovascular disease (CVD) in a new users cohort, to explore all-cause and
cardiovascular related morbidity, comorbidity and mortality in this group and, finally, to study the
relationship between persistence and morbimortality.

2. Materials and Methods

2.1. Study Design and Participants

This was a follow-up study, performed during the period 2010-2018. The population studied
belong to the Aragon Workers” Health Study (AWHS). The AWHS is a prospective longitudinal study
of voluntary workers of a Spanish automobile assembly plant that was designed to evaluate the
trajectories of traditional and emergent CVD risk factors and their association with the prevalence
and progression of subclinical atherosclerosis in a middle-aged working population free of CVD at
the beginning of the study. Recruitment of the AWHS cohort began in February 2009 and ended in
December 2010. Further information on the AWHS can be found elsewhere [12].

For our analysis, the inclusion criteria were subjects who began lipid-lowering treatment
(Anatomical Therapeutic Chemical [ATC] code [13] C10) between 1 January 2010 and 31 December
2017. ATC code C10 include lipid modifying agents plain (HMG CoA reductase inhibitors, fibrates,
bile acid sequestransts, nicotinic acid and derivates and other lipid modifying agents) and HMG CoA
reductase inhibitors in combination with other lipid modifying agents. Analyses were restricted to
new users, defined as those who had not received any lipid-lowering drug prescription during the
6 months preceding the start date (N = 1601). From those selected, we excluded individuals diagnosed
with any CVD before beginning lipid-lowering treatment, based on the principal diagnosis assigned
during hospitalization (International Classification of Diseases, Tenth Revision [ICD-10] codes G45,
G46, G81 to 83, 120 to 128, 146, 149.0, 150 and 160 to I79) (N = 113). Finally, there were only 64 women in
the study population, due to the setting characteristics (automobile assembly). That is the reason we
excluded them from our analysis. The final study population was 1424 men.

2.2. Data Sources and Variables Selected

Data were taken from several sources. From the AWHS study we obtained data on
sociodemographic, work, lifestyle, and analytical variables at the beginning of the follow-up period.
These data were collected by the physicians and nurses of the medical services of the factory. All study
procedures were standardized. Smoking status was self-reported. Body mass index (BMI) and waist
circumference were objectively recorded. For laboratory analyses, each participant provided a sample
of blood and urine after overnight (>8 h) fasting. Fasting serum glucose and cholesterol were measured
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by spectrophotometry (ILAB 650 Chemical Analyzer, Instrumentation Laboratory SpA, Bedford,
Massachusetts). Systolic blood pressure (SBP) and diastolic blood pressure (DBP)were measured 3
consecutive times using an automatic oscillometric sphygmomanometer (OMRON M10-IT; OMRON
Healthcare Co. Ltd., Kyoto, Japan) with the participant sitting after a 5-min rest. Hypertension was
defined as SBP > 140 mmHg or DBP > 90 mmHg. Low-density lipoprotein cholesterol was calculated
using Friedewald’s formula [14]. Finally, CVD risk was assessed for each subject using the European
Systematic COronary Risk Evaluation (SCORE) algorithm for low-risk CVD countries [2].
Information on lipid-lowering treatments (ATC code C10) was obtained from the Medication
Consumption Information System of Aragon (Farmasalud) for the period 2010-2018. This database
stores information on drugs dispensed by pharmacies for prescriptions issued via the Aragon Health
System. For each subject, we obtained information on the dispensing date, the ATC code of the
dispensed drug, the number of defined daily doses (DDD), and the number of packages dispensed.
End-points were all-cause hospitalization, CV events, major adverse CVD events (MACE) and
mortality for the period 2010-2018. All these health results were considered for each patient after
beginning lipid-lowering treatment. Data on all-cause hospitalization, CV events, and MACE, as well
as the corresponding dates, were obtained from the national health system’s hospital discharge record
database (CMBD). To identify CV events, we selected hospital discharges for which the principal
diagnosis corresponded to a CVD code (ICD-10: G45, G46, G81 to G83, 120 to 128, 146, 149.0, I50 and 160
to 179). Data on MACE were also obtained from the principal diagnosis at hospital discharge, using
ICD-10 codes 121 and 160 to 163. Finally, mortality was obtained from the National Mortality Registry.

2.3. Analyses

New users of lipid-lowering drugs for primary prevention of CVD were classified as persistent or
nonpersistent. Persistence with this medication was evaluated between the time of treatment initiation
and discontinuation during a follow-up period of 1 year. Based on the usual dosage and form of
presentation of the drug, we considered that statin and fibrate prescriptions corresponded to 28 and
30 days, respectively. Subjects treated with lipid-lowering drugs was classified as persistent if they had
no gap between two refills that exceeded 2.5 times the duration of the previous prescription during the
1-year follow-up period [15]. The accumulation of supplies over time was not considered. Subjects who
received only one prescription were classified as nonpersistent.

We conducted a descriptive analysis to compare the sociodemographic and clinical characteristics
of the two groups at baseline. Bivariate analyses (Chi-squared tests and Mann-Whitney U-test for
continuous non-normal variables) were performed to examine differences between persistent and
nonpersistent subjects and to evaluate differences in morbimortality and time to event according
to persistence.

We next performed a comorbidity network analysis based on hospitalization diagnoses (CMBD)
obtained [16]. We obtained 447 different diagnoses. The most frequent diagnoses was lipid metabolism
disorders (ICD-10: E78), which appear 259 times, followed by primary hypertension (ICD-10: 110)
which appear 205 times. Comorbidity networks were generated to determine which diagnoses co-occur
more frequently than expected by random chance. Nodes represent diagnoses and lines are the
relationship between diagnoses. The magnitude between diagnoses indicates the number of times that
two diagnoses co-occur in the sample, after discarding all pairs of diagnoses that only appear once.
To quantify the “strength” of the association between two diagnoses, the number of patients with a
given pair of diagnoses (observed cases) was divided by the number of individuals likely to have
both diagnoses by chance (expected cases). Only positive associations were considered (having one
diagnosis makes it more likely to have the other). A ratio > 1 indicates an “association” between
diagnoses. To avoid inclusion of associations by chance proportion difference tests were performed: the
resulting p-value indicates the probability that the difference between the observed and the expected
findings is not exclusively due to chance. Based on these results we were able to select statistically



Int. |. Environ. Res. Public Health 2020, 17, 7653 40f 13

positive significant associations (alpha = 0.05). Finally, nodes that were not associated with any other
node were discarded.

Logistic regression analyses were performed to determine the risk of hospitalization, CV events,
MACE, or death as a function of treatment persistence. Crude and adjusted odds ratios (OR)
and corresponding 95% confidence intervals (CI95%) were determined for nonpersistent users,
taking persistent users as a reference. To examine the influence of persistence on survival, Cox regression
analyses were performed and hazard ratios (HZ) and corresponding CI95% values determined.
All analyses were conducted using R software 1.2.1335.

2.4. Ethics

This study was approved by the Aragon Research Ethics Committee (PI17/00042). Data was
anonymised and participants signed informed consent. This study has not been previously conducted
and current results are not overlapped with other previously published or ongoing reports.

3. Results

During the study period, 1424 men were newly treated with lipid-lowering drugs for primary
prevention of CVD. Of these, only 551 (38.7%) were persistent with treatment. Table 1 shows descriptive
statistics for both persistent and nonpersistent patients at baseline. Compared with nonpersistent
patients, persistent patients were older (p < 0.001), accounted for greater proportion of current smokers
(p = 0.04), had higher glycemia levels (p = 0.028), and had higher SCORE values (median, 2.2 vs. 2.1;
p =0.001).

Table 1. Descriptive statistics for new male users of lipid-lowering drugs for primary cardiovascular
disease prevention: overall and stratified by persistence.

Overall Nonpersistent Persistent
(N =1424) (N = 873) (N = 551) P
Age <0.001 *
<50 454 (31.9%) 303 (34.7%) 151 (27.4%)
50-55 649 (45.6%) 412 (47.2%) 237 (43.0%)
>55 321 (22.5%) 158 (18.1%) 163 (29.6%)
Manual work 1215 (86.0%) 734 (84.9%) 481 (87.8%) 0.116
Work shift 0.691
Rotating morning-evening 811 (57.4%) 491 (56.8%) 320 (58.4%)
Rotating morning-evening-night 290 (20.5%) 184 (21.3%) 106 (19.3%)
Central 124 (8.78%) 79 (9.1%) 45 (8.2%)
Night 188 (13.3%) 111 (12.8%) 77 (14.1%)
Smoking status 0.040 *
Never 342 (25.1%) 198 (23.6%) 144 (27.4%)
Former 537 (39.3%) 352 (42.0%) 185 (35.2%)
Current 486 (35.6%) 289 (34.4%) 197 (37.5%)
BMI 0.715
<25 193 (14.0%) 121 (14.3%) 72 (13.5%)
>25 1185 (86.0%) 723 (85.7%) 462 (86.5%)
Hypertension 886 (64.9%) 560 (66.7%) 326 (61.9%) 0.075
Total cholesterol mg/dL 0.682
<200 225 (15.8%) 141 (16.2%) 84 (15.2%)
>200 1196 (84.2%) 729 (83.8%) 467 (84.8%)
LDL cholesterol mg/dL 0.504
<100 97 (7.23%) 63 (7.66%) 34 (6.54%)
>100 1245 (92.8%) 759 (92.3%) 486 (93.5%)
Glycemia mg/dL, median [P25; P75] 98.0 [89.0; 108.0] 97.0 [89.0; 107.0] 99.0 [90.0; 110.0] 0.028 *
SCORE, median [P25; P75] 2.1[1.3;34] 2.1[1.2;3.2] 2.2[1.4;3.6] 0.001 *

N, number; p, p-value for Chi-squared and Mann-Whitney U-test (glycemia and SCORE value); BMI, body mass
index; LDL, low-density lipoprotein; SCORE, European Systematic Coronary Risk Evaluation value for low CVD
countries; * p < 0.05.
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More than one third of subjects (37.8%) were hospitalised for any cause after starting lipid-lowering
treatment. 64 (4.5%) had a CV event, 26 (1.8%) a MACE. Thirty-three (33) patients died during the
follow-up period. Although the frequencies of hospitalization, CV events, and MACE were higher in
nonpersistent patients, no significant differences were observed between groups for these variables.
Time to first hospitalization for any cause was lower in the persistent versus the nonpersistent group
(median, 729 and 954 days, respectively; p = 0.029). Overall, the median time to CV event and to MACE
was 844 and 893 days, respectively. No significant differences were observed between groups for these
variables (Table 2).

Table 2. Morbimortality and time to event in new male users of lipid-lowering drugs for primary
cardiovascular disease prevention: overall and stratified by persistence.

Overall Nonpersistent Persistent
(N = 1424) (N = 873) (N = 551) b

All-cause hospitalization 538 (37.8%) 342 (39.2%) 196 (35.6%) 0.190
Cardiovascular event 64 (4.5%) 43 (4.9%) 21 (3.8%) 0.391

Major adverse cardiovascular event 26 (1.8%) 18 (2.1%) 8 (1.5%) 0.526
Death 33 (2.3%) 19 (2.2%) 14 (2.5%) 0.791
Time to hospitalization (days) 844 [390; 1462] 954 [384; 1558] 729 [394; 1183] 0.029 *
Time to cardiovascular event (days) 844 [399; 1385] 985 [530; 1402] 635 [394; 1295] 0.320
Time to major adverse cardiovascular 893 [420; 1281] 944[521;1281] 574 [264; 1024] 0.222

event (days)
Time to death (days) 666 [395; 1344] 659 [207; 1414] 966 [618; 1254] 0.362

N, number; p, p-value for Chi-squared and Mann-Whitney U-test (time variables); MACE, major adverse
cardiovascular event; * p < 0.05. Time variables are expressed as the median [P25; P75].

The comorbidity network for new users of lipid-lowering drugs is shown in Figure 1. Red indicates
diseases related to CVD or CV risk factors, such as diabetes or hypertension. All other diseases are shown
in blue. Diagnoses of chronic ischemic heart disease and acute myocardial infarction co-occurred 17.6 times
more often than expected by chance, and were also associated with long-term drug therapy. Among the
other diseases recorded, the strongest association was observed for hypertensive chronic kidney disease
and chronic kidney disease (which co-occurred 75.7 times more often than expected by chance).

Comorbidity network

182
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Figure 1. Comorbidity network for new male users of lipid-lowering drugs. Nodes represent diagnoses
(in red: cardiovascular diseases or cardiovascular risk factors). Lines are the relationship between
diagnoses. The magnitude between diagnoses indicates the number of times that two diagnoses
co-occur in the sample, after discarding all pairs of diagnoses that only appear once.
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Figure 2 shows the comorbidity networks for persistent and nonpersistent new users of lipid-lowering
drugs for primary CVD prevention. The number of co-occurring diagnoses was higher for nonpersistent
than persistent users. Among nonpersistent users there was a high probability of comorbid chronic kidney
disease and hypertensive kidney disease (these diagnoses co-occurred 51.9 times more often than expected
by chance) and comorbid chronic ischemic heart disease and acute myocardial infarction (co-occurred
15.4 times more often than expected by chance). We also observed a significant association between
hypertension and lipid metabolism disorders. By contrast, among persistent users the only diseases
for which a significant association was observed were hypertension and lipid metabolism disorders
(co-occurred 1.6 times more often than expected by chance).

Persistent

Essential (primary) hypertension
1.6

Disorders of lipoprotein metabolism and other lipidemias

Non-persistent

. 16

Essential (primary) hypertension

Disorders of lipoprotein metabolism and other lipidemias

78
Overweight and obesity

1.4
Sleep disorders

Dependence on enabling machines and devices, NEC

519

Chronic kidney disease (CKD)
5.4 Hypertensive chronic kidney disease
Acute myocardial infarction

Chronic ischemic heart disease

Figure 2. Comorbidity network for new male users of lipid-lowering drugs: persistent versus
nonpersistent users. Nodes represent diagnoses (in red: cardiovascular diseases or cardiovascular risk
factors). Lines are the relationship between diagnoses. The magnitude between diagnoses indicates the
number of times that two diagnoses co-occur in the sample, after discarding all pairs of diagnoses that
only appear once.

Comorbidity networks stratified according to SCORE values are provided in Supplemental
Material S1. Table 3 and Figure 3 show the results of the multivariate analyses. Table 3 shows the risk
of all-cause hospitalization, CVD events, MACE, and death among nonpersistent users, compared with
persistent users and adjusted by SCORE value. After adjusting by SCORE, nonpersistent users had a
higher risk of all-cause hospitalization, CVD events, and MACE than persistent users. Although none
of these differences were statistically significant, the difference between groups in the risk of all-cause
hospitalization approached significance (p = 0.060). Higher SCORE values were associated with a
higher probability of hospitalization, CVD events, MACE, and mortality.
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Table 3. Persistence with lipid-lowering treatment and risk of hospitalization, cardiovascular event, major adverse cardiovascular event (MACE), and death in men.
Logistic regression analyses (crude and adjusted by SCORE value).

Major Adverse

Hospitalization Cardiovascular Event Cardiovascular Event Death
Crude OR Adjusted OR Crude OR Adjusted OR Crude OR Adjusted OR Crude OR Adjusted
(C195%) P (C195%) b (C195%) b (C195%) » (CI195%) P (C195%) b (C195%) P OR(CI95%) P

Persistent Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

) 117 1.25 1.31 1.38 143 1.70 0.85 0.90
Non-persistent gy 145 0172 (0.99-1.57) 0.060 (0.78-2.27) 0-324 (0.81-2.44) 0251 geazs0) 040 (0.73-4.40) 0241 43175 09%°  (045-1.86) 0777

1.07 . 1.21 . 1.15 1.24 .

SCORE (1.01-1.13) 0.017 t10-13 <000 (0.98-1.32) 0.055 (110-138) <0001

OR, odds ratios; CI95%, 95% confidence interval; Ref., reference category; SCORE, European Systematic Coronary Risk Evaluation value for low CVD countries; * p < 0.05. Crude OR,
OR for persistence; Adjusted OR, adjusted by SCORE value.
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Figure 3. Persistence with lipid-lowering treatment and time to hospitalization, cardiovascular event,
major adverse cardiovascular event (MACE), and death in men. Cox regression analyses adjusted by
SCORE value.

Results shown in Figure 3 were similar to those in Table 3. The highest risk during the follow-up
for the nonpersistent group, compared with persistent users, was observed for MACE (HR, 1.5; CI95%,
0.6-3.6), although this difference was not significant.

4. Discussion

In our population of new users of lipid-lowering drugs for primary prevention of CVD, only 38.7%
were persistent with treatment. Persistent and nonpersistent subjects had a similar profile, although we
observed significant differences between groups regarding age, smoking status, and glycemia, and a
slightly higher SCORE value in persistent users. The frequency of all-cause hospitalization, CV events,
MACE, and death was similar for persistent and nonpersistent users. Regarding the time to hospitalization,
it was significantly higher in non-persistent. As we are considering any cause of hospitalization,
we cannot associate it to treatment. Nonetheless, comorbidity network analysis revealed a higher number
of co-occurred diagnoses in nonpersistent users than persistent users. We observed a strong association
between CVD and CV risk factors such as hypertension or diabetes. Finally, the adjusted regression
analyses revealed a protective effect of treatment persistence for MACE, although this effect was not
statistically significant. A higher SCORE value was a risk factor for all the results analysed.

As we reported in a previous study [17], the prevalence of CVD risk factors in the AWHS cohort is
high. We observed a similarly high prevalence in the new users of lipid-lowering drugs included in our
study. Persistence with lipid-lowering drugs for primary prevention of CVD was low, albeit similar
to that reported in other observational studies [18]. This is an important public health problem,
as persistence with lipid-lowering drugs is associated with reductions in cardiovascular events and
mortality [18]. In this sense, real-world studies provide a good evidence to reflect the true persistence
with pharmacological treatments. Multiple factors appear to influence persistence with these drugs,
including sociodemographic characteristics, medical history, and healthcare utilization [19]. A previous
study of the persistence with lipid-lowering drugs in the AWHS cohort [7] identified the low age
of the population as a key contributing factor to poor persistence. In the present study, there were
differences between persistent and nonpersistent users in age, which was also higher in persistent users,
and SCORE value, which was significantly higher in the persistent group. Other study conducted
in a population of newly treated middle-aged individuals with dyslipidaemia reported that subjects
with other CV risk factors such as diabetes or hypertension were the most likely to persist with statin
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therapy [20]. This finding could help explain why individuals with a high risk of CVD are more
persistent to treatment.

To the best of our knowledge, this is the first study to perform a comorbidity network analysis
of patients treated with lipid-lowering drugs. This analytical approach provides us with a broader
perspective of the clinical profile of individual patients, who may have multiple comorbid diseases or
conditions. Comorbidity network analysis is a novel approach to the study of differences in morbidity
between groups (in this case persistent versus nonpersistent patients) [21,22]. Our comorbidity
networks revealed an association between dyslipidaemia and hypertension for the entire study
population (i.e., for both persistent and nonpersistent users). This association is well documented
in the literature [23]. We also observed several interesting associations for illnesses other than CVD.
CV risk factors have been associated with airflow obstruction [24], and this association was observed
for the entire group studied and for the nonpersistent group. A study conducted in the UK reported
high rates of CVD among individuals who also had malignancies [21]. The researchers found that some
of these co-occurrences could be attributed to lifestyle factors. Although we observed no association
between malignancies and CVD in our study population, malignancies were more frequent than
can be explained by chance in the entire dyslipidaemia cohort, supporting this hypothesis. Finally,
we observed differences in comorbidity between persistent and nonpersistent subjects. Comorbidities
were more prevalent in nonpersistent patients. This fact could be explained as a consequence of
non-persistence, but also as a cause, because patients with a high number of diseases tend to reduce
drugs to the minimum necessary number. The strong association observed between chronic kidney
disease and hypertensive kidney disease in non-persistent deserves further research, as it could be
related to adverse effects or to other coprescriptions, which could be also the reason of non-persistence.
The most important difference between groups related to concurrent diagnoses of chronic ischemic
heart disease and acute myocardial infarction; this combination of diagnoses was only detected in
nonpersistent patients, and may be explained by the poorer management of cholesterol levels in this
group. Nonetheless, this result should be interpreted cautiously.

Although the crude and the adjusted regression analyses revealed a protective effect of treatment
persistence against all-cause hospitalization, CV events, and MACE, this effect was nonsignificant in
all cases. The failure of drugs to reduce all-cause mortality in primary prevention contexts has been
associated with the low risk of death in the corresponding user populations [25]. Supporting this
hypothesis, the median SCORE value for our entire study population was 2.1, indicating a low risk of
death by CVD. Despite these low SCORE values, we found that higher SCORE values were associated
with a greater risk of all-cause hospitalization, CV events, MACE, and death, validating our results.

Although many randomized clinical trials have demonstrated an association between lipid-lowering
drug use and reductions in CVD [25], observational studies investigating this association in primary
prevention and in low-risk patients are scarce. In one such observational study comparing current
users vs. never users, Danaei et al. [26] reported potential benefit effects of statin therapy for primary
prevention of coronary heart disease.

In the present study, we compared persistent versus nonpersistent subjects. This approach may
have diminished the protective effect observed when comparing users and never users. Using real-life
data Shalev et al. [27] evaluated the effect of persistence with statin therapy on low-density lipoprotein
cholesterol (LDL) levels. The authors observed a strong association between persistence and decreased
LDL levels in both primary and secondary prevention contexts, and proposed that this effect was in
agreement with the efficacy of statins reported in randomized clinical trials. Finally, a meta-analysis of
observational studies analysing statin effectiveness in primary prevention [28] found that the most
adherent users had 22% fewer CVD events than the least adherent. This effect was even stronger in our
study population, in which nonpersistent users had a 38% higher risk of CVD than persistent users,
although our results were not statistically significant.

Our study has some limitations, mainly related to the data sources used. New users were classified as
persistent or nonpersistent based on information available in the Farmasalud database. Farmasalud collects
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information on drugs dispensed through the public healthcare system. Although some dispensations
may not be included, it is thought to cover approximately 98.5% of the population. Some information
is not available in Farmasalud, such as indication or treatment regimen, so we could not estimate
treatment intensity. Also, our analysis is based on the assumption that drug purchasing equates to
drug consumption, which is not necessarily true. Nonetheless, pharmacy records provide an easy and
affordable way to estimate persistence in a real-world context [29]. Also, we do not know the causes of
no persistence, so they could be related to adverse events or a medical decision. Information related
with behaviours, such as diet or exercise, or genetics, was not available for all the subjects included.
That is the reason why we could not consider it. Limitations associated with the use of comorbidity
networks should also be considered. We selected all diagnoses (principal and secondary) at hospital
discharge after beginning lipid-lowering treatment. Nonetheless, some of these diseases may have
been established before users began treatment, as sometimes secondary diagnoses are used to collect
relevant clinical antecedents. Because we cannot rule out the possibility that some of these conditions
were already present when the patient began treatment, the observed association between treatment
use and comorbidity should be interpreted with caution. Other limitations include the small sample
size of the nonpersistent group, which complicated detection of statistically significant associations
between diagnoses in this group. The lack of significant differences may also be associated with the
young age of the new lipid-lowering drug users (median age, 52 years). Also, the low number of CV
events identified and the median duration of follow-up (2136 days; Percentile 25, 1498; Percentile 75,
2505) was insufficient to detect statistically significant differences between groups. There were only 33
deaths in the cohort during the follow-up. The most frequent cause of death was lung cancer (9 deaths).
Only 7 people died because of CVD in our study population, 4 in the persistent group and 3 in the
nonpersistent group. For this reason, we could not analyse deaths by CVD.

This study also has several important strengths. First, by availing of data collected for the AWHS
cohort we were able to analyse data from different sources (clinical and administrative), providing a
broader perspective on CVD primary prevention. Second, we used hospital discharge records (the CMBD
database) to identify CVD and other diagnoses. This data source has proven to be a useful tool to
provide quality information in the field of CVD [30,31]. Third, our analysis was limited to incident
users of lipid-lowering treatment, thereby diminishing differences between our results and those of
randomized clinical trials [8]. Finally, although observational studies are affected by certain biases,
they overcome several of the limitations associated with randomized clinical trials, including the short
observation time and the lack of external validity [32].

5. Conclusions

Treatment persistence was low in our population of new users of lipid-lowering drugs. We observed
a high number of comorbid conditions coinciding with CV diseases, particularly among nonpersistent
patients. This morbidity profile should be considered in order to improve patient management.
Although treatment persistence had a protective effect, especially against the development of MACE,
these results were not statistically significant. Further observational studies will be necessary to
evaluate the real-world effectiveness of lipid-lowering drugs while taking into account patterns of use.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/20/7653/s1,
Comorbidity networks stratified by SCORE value (Figure).
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Aunque la eficacia de los hipolipemiantes para la prevencién primaria de ECV se ha demostrado en
varios ECA, es dificil valorar la efectividad de los mismos en términos absolutos, ya que esta depende
del riesgo de la poblacién en la que se aplique. En este contexto, hemos analizado la efectividad del
tratamiento con estatinas para la prevencion primaria de la ECV en pacientes de riesgo bajo y medio.
Para evitar los posibles sesgos de seleccidon derivados de la naturaleza observacional del estudio,
recurrimos a un disefio que trata de emular sucesivos “ensayos diana”. Ademas, como la efectividad
absoluta puede variar segun el riesgo basal de los sujetos tratados, realizamos los andlisis sobre dos

pseudopoblaciones con distinto riesgo de ECV.

Usando los datos de la cohorte AWHS estimamos la efectividad del tratamiento con estatinas en
personas de bajo y medio riesgo mediante la emulacidon de un ECA hipotético que comparaba los
iniciadores de estatinas con los no iniciadores de estatinas. Se utilizaron dos enfoques para ajustar los
posibles factores de confusién: emparejamiento (representativo de los sujetos tratados) y
ponderacién de probabilidad inversa en modelos estructurales marginales (representativo de los
sujetos de toda la poblacién seleccionada). Las estimaciones de efectividad se obtuvieron mediante

analisis por intencidn de tratar y por protocolo.

Entre nuestros principales resultados se observa que el tratamiento con estatinas aplicado a una
poblaciéon con riesgo de ECV bajo y medio conseguiria evitar 2 eventos por cada 1000 sujetos tratados
durante 5 afios. Esta cifra podria aumentar hasta 17 eventos si el tratamiento se aplicase a sujetos con
un mayor riesgo cardiovascular y con una adherencia éptima. Con estos resultados, la indicacién de
tratamiento con estatinas en pacientes con riesgo bajo o medio de ECV parece ineficiente, aunque

mejora con la adherencia y en sujetos con mayor riesgo.
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Abstract: In this study, we analyzed the effectiveness of statin therapy for the primary prevention
of cardiovascular disease (CVD) in low- and medium-risk patients. Using observational data, we
estimated effectiveness by emulating a hypothetical randomized clinical trial comparing statin initia-
tors with statin non-initiators. Two approaches were used to adjust for potential confounding factors:
matching and inverse probability weighting in marginal structural models. The estimates of effective-
ness were obtained by intention-to-treat and per-protocol analysis. The intention-to-treat analysis
revealed an absolute risk reduction of 7.2 (95% confidence interval (CI95%), —6.6-21.0) events per
1000 subjects treated for 5 years in the matched design, and 2.2 (CI95%, —3.9-8.2) in the marginal struc-
tural model. The per-protocol analysis revealed an absolute risk reduction of 16.7 (CI95%, —3.0-36)
events per 1000 subjects treated for 5 years in the matched design and 5.8 (CI95%, 0.3-11.4) in the
marginal structural model. The indication for statin treatment for primary prevention in individ-
uals with low and medium cardiovascular risk appears to be inefficient, but improves with better
adherence and in subjectvs with higher risk.

Keywords: cardiovascular diseases; prevention and control; hydroxymethylglutaryl-CoA reductase
inhibitors; comparative effectiveness

1. Introduction

Multiple randomized clinical trials (RCTs) have shown that lipid-lowering statins are
effective in reducing cardiovascular disease (CVD) morbidity and mortality in individuals
with high risk of CVD [1]. Several secondary analyses of RCT data have shown similar rela-
tive efficacy in low- and medium-risk individuals [2-4]. However, it is difficult to quantify
the effect of statins in absolute terms as this is largely dependent on the characteristics and
the baseline risk level of the population studied.

Moreover, RCTs are usually carried out in controlled settings, where the population
is carefully selected and subjects are closely followed. These conditions, which are ideal
for demonstrating the efficacy of a drug, do not allow us to measure the effectiveness of a
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drug in real-world conditions. Observational studies that emulate a “target trial” can be
used to overcome this limitation, and can provide estimators that are as valid as those of
RCTs [5-7], with the added advantage of studying a population in the context of real-world
clinical practice.

However, non-experimental studies have some limitations. It should be noted that
in routine practice, not all individuals with low or medium CVD risk have an indication
for statin therapy [8]. Therefore, it is difficult to evaluate the effectiveness of statins in a
population with these characteristics using observational data, since certain risk profiles
(e.g., very low CVD risk) will be very scarce or entirely absent from the study group. In other
words, certain individuals, owing to their baseline characteristics, will have zero or very
low probability of receiving the treatment. The absence of a non-zero probability of being
assigned to one of the treatment levels indicates that the positivity condition is not fulfilled,
and therefore the results obtained may be biased [9]. To avoid this, various statistical
techniques such as matching or sample restriction can be used to eliminate subjects with
extreme values for key covariates. However, the application of these approaches implies
creating different populations, which can lead to distinct outcomes in terms of absolute
risk reduction, and can therefore complicate the comparability of the results.

Our objective was to analyze the effectiveness of statin therapy for primary prevention
of CVD in low- and medium-risk patients by applying a target trial emulation design and
comparing the results of distinct analytical approaches.

2. Materials and Methods

We conducted an observational study that emulated the design of several successive
clinical trials, as proposed by Hernén et al. [5,10,11], in subjects undergoing treatment
between July 2010 and June 2019.

Observational data from the Aragon Workers Health Study (AWHS) cohort [12] were
used. The AWHS is a prospective study designed to evaluate the evolution of CVD risk
factors and their association with subclinical atherosclerosis in a cohort of 5650 middle-aged
workers at an automobile factory in Spain. Follow-up began in 2009 and continues today.

2.1. Study Population

In each “trial”, the Systematic Coronary Risk Evaluation (SCORE) [13] was performed
for each subject and their cardiovascular risk was calculated according to current European
guidelines [8], on the trial start date. After calculating this risk, which combines the SCORE
with cholesterol and blood pressure levels, and with history of CVD, diabetes mellitus,
and chronic kidney disease, only subjects with low or medium CVD risk, according to
the guidelines, were included. Furthermore, in order to only include subjects who were
candidates to begin treatment for primary prevention, the following exclusion criteria were
applied: (i) subjects who received a statin prescription during the 6 months preceding the
trial start date; (ii) subjects with less than 6 months of follow-up; and (iii) subjects who
experienced a CVD event at some point prior to the start of the trial. To ensure data quality
and to control for confounding factors, subjects for whom there were no data available on
tobacco use, body mass index (BMI), systolic blood pressure (SBP), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), or blood glucose in the
previous 12 months were excluded.

2.2. Data Sources

Information on pharmaceutical dispensing was obtained from the Aragon pharma-
ceutical consumption information system. Events were identified using the administrative
database of the Minimum Basic Data Set (MBDS), which codes hospital discharges, and the
Aragon hospital emergency information system. Data on the number of visits to primary
care were obtained from the Aragon primary care information system. The remaining
clinical and analytical variables necessary to calculate CVD risk and to control for confusion
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were obtained from AWHS databases. Mortality data were obtained from the Spanish
National Mortality Registry.

2.3. Variables Used

The studied drugs were identified using Anatomical Therapeutic Chemical (ATC)
codes, as proposed by the World Health Organization in its ATC/DDD Index 2021. ATC
codes corresponding to statin therapy were as follows: CI0AA (hydroxymethylglutaryl-
CoA reductase inhibitors); CIOBA (combinations of various lipid modifying agents); and
C10BX (lipid modifying agents in combination with other drugs). Statin prescriptions filled
on a monthly basis at a pharmacy during the study period were recorded. Patients were
considered to have stopped using statins when at least 2 months passed without filling a
prescription at a pharmacy.

The first diagnoses of major adverse cardiovascular events (MACE) in the emergency
department or upon admission to hospital were considered main events, as well as deaths
in which a MACE was the cause of death. To assess the effectiveness of statins in preventing
cardiovascular events, a conservative definition of MACE was chosen [14]. Thus, the ICD
codes used to identify MACE were 121 and 122 (acute myocardial infarction) for coronary
artery disease and 160-163 (nontraumatic intracranial hemorrhage and cerebral infarction)
for CVD.

Information on the following covariates was collected: (i) age at the beginning of the
study; (ii) number of visits to primary care in the 6 months prior to MACE; (iii) smoking,
divided into 3 categories (smoker, non-smoker, and ex-smoker); (iv) BMI; (v) LDL-C levels;
(vi) HDL-C levels; and (vii) blood glucose levels. For each of these covariates each patient
was assigned the value recorded prior and closest to the trial start date. LDL cholesterol
was calculated using the Friedewald formula [15].

2.4. Analyses

Applying the aforementioned selection and exclusion criteria, a clinical trial was
emulated for each month between July 2010 and June 2019. The unit of analysis was
“subject-trial”, since each subject could participate in more than one trial throughout the
follow-up period.

For the selected subjects, two groups were established depending on treatment status
during the month the trial began: “initiators” and “non-initiators”. “Initiators” were
subjects who began statin treatment during the month the trial began. “Non-initiators”
were those who were not receiving statin therapy during the month of study initiation.

Patient follow-up depended on the analysis performed (intention-to-treat or per-
protocol analysis). In the intention-to-treat analysis, each patient was followed until the
onset of the main event, death, or loss to follow-up, whichever occurred first. In this
analysis, each patient remained in the group to which they were assigned at the beginning,
regardless of whether they discontinued treatment (in the case of “initiators”) or started
it (in the case of “non-initiators”). In the per-protocol analysis, each patient was followed
until the onset of the main event, death, loss to follow-up, or deviation from assigned
treatment, whichever occurred first. Therefore, in this analysis, “initiators” were censored
when they stopped statin treatment and “non-initiators” were censored when they started
statin treatment. In all analyses, the first diagnosis of MACE in an emergency episode or
upon hospital admission was considered the main event.

To ensure compliance with the positivity condition (i.e., that all subjects had some
probability of receiving or not receiving treatment), two distinct approaches were used. The
first was matched analysis, whereby each treated subject was matched with an untreated
subject from the same trial with similar values for potential confounding variables. This
allowed us to obtain effectiveness estimates for a population resembling that which actually
receives statin treatment, since in the sample analyzed both treated and untreated subjects
have a similar risk of CVD as the treated group. The second approach consisted of sample
restriction, whereby subjects with extreme values for key covariates were eliminated. This
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approach allowed us to obtain effectiveness estimates for the global population with low
or medium risk, since the resulting pseudo-population had a risk similar to the global
risk of the selected population. To this end, subjects with extreme values for confounding
quantitative variables were excluded from the analysis. Extreme values were those that
exceeded the maximum value in treated subjects +0.1 standard deviations and those
that were below the minimum value in treated subjects —0.1 standard deviations. Using
this restricted sample, a marginal structural analysis was performed, creating a pseudo-
population by weighting the subjects according to the inverse probability of receiving the
assigned treatment (inverse probability weighting). Figure 1 depicts the sample restriction
procedure for the variable LDL-C, and shows the distribution of LDL-C for subject-trials
assigned to each treatment arm. LDL-C levels are lower in untreated versus treated subjects,
and the minimum values correspond exclusively to untreated subjects.

Treatment

- Statns

| Nottreated

Density

LDL-C (mg/di)

Figure 1. Example of sample restriction for low-density lipoprotein cholesterol.

In the population resulting from the matched analysis and in the restricted pseudo-
population resulting from the marginal structural model, we calculated the overall in-
cidence, the incidence per treatment group, the difference in incidence, the number of
patients needed to treat (NNT) for 5 years to avoid an event, and the incidence ratio, using
both intention-to-treat and per-protocol analyses.

All analyses were performed using R version 4.1.1 (2021, The R Foundation for Statis-
tical Computing).

3. Results
3.1. Intention-to-Treat Analysis

The intention-to-treat analysis included 133,048 subject-trials, corresponding to
4253 subjects. Of these, 473 subject-trials were considered to be treated with statins.
Table 1 lists the characteristics of the subject-trials, according to treatment. Table S1 in
the Supplementary Materials shows the distribution of subject-trials according the type of
statin prescribed.
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Table 1. Characteristics of the total subject-trials selected for the study.

Not Treated Treated with Statins

N =132,575 N =473 P
Age, mean (SD) 49.0 (9.1) 52.7 (4.6) <0.01
Visits to PC in the last 6 months,
mean (SD) 0.1(1.2) 0.5 (2.5) <0.01
BMI, mean (SD) 27.3 (3.5) 28.1 (3.4) <0.01
SBP, mean (SD) 123.5 (12.8) 125.3 (13.2) <0.01
LDL-C, mean (SD) 132.9 (29.4) 164.7 (28.3) <0.01
Tobacco, 1 (%) <0.01
Nonsmokers 37,083 (28.0) 105 (22.1)
Smokers 43,594 (32.9) 155 (32.8)
Ex-smokers 51,898 (39.1) 213 (45.0)
HDL-C, mean (SD) 53.2 (11.1) 52.9 (10.7) 0.53
Glucose, mean (SD) 94.5 (10.7) 96.1 (11.7) <0.01
Follow-up time 2, mean (SD) 87.5 (19.0) 90.6 (18.2) <0.01

N, total number of subjects per treatment group; p, p-value of the Student’s t-test or Chi-squared test for the
variables Smokers and Ex-smokers; SD, standard deviation; n, number of subjects per category; PC, primary
care; BMI, body mass index: SBP, systolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol. ® Months of follow-up in the intention-to-treat analysis.

3.1.1. Matched Analysis

The matched analysis included a total of 946 subject-trials (473 pairs). Their character-
istics, listed according to treatment group, are shown in Table 2.

Table 2. Characteristics of the total subject-trials in the matched analysis.

Not Treated Treated with Statins
N =473 N =473 P

Age, mean (SD) 52.6 (4.6) 52.7 (4.6) 0.66
Visits to PC in the last 6 months,

mean (SD) 04 (2.1) 0.5 (2.5) 0.51
BMI, mean (SD) 28.0 (3.1) 28.1 (3.4) 0.82
SBP, mean (SD) 125.2 (12.0) 125.3 (13.2) 0.94
LDL-C, mean (SD) 159.6 (25.7) 164.7 (28.3) 0.04
Tobacco, 1 (%) 0.96
Nonsmokers 107 (22.6) 105 (22.1)

Smokers 151 (31.9) 155 (32.8)

Ex-smokers 215 (45.5) 213 (45.0)

HDL-C, mean (SD) 53.0 (9.4) 52.9 (10.7) 0.88
Glucose, mean (SD) 95.8 (10.7) 96.1 (11.7) 0.67
Follow-up time #, mean (SD) 89.7 (19.2) 90.6 (18.2) 047

N, total number of subjects per treatment group; p, p-value of the Student’s ¢-test or Chi-squared test for the
variables Smokers and Ex-smokers; SD, standard deviation; 7, number of subjects per category; PC, primary
care; BMI, body mass index: SBP, systolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol.  Months of follow-up in the intention-to-treat analysis.

In total, 25 events occurred over a total follow-up period of 85,310 months (I = 17.6 events
per 1000 subjects followed for 5 years). Among treated subjects, there were 10 events in
42,682 months (I = 14.0 per 1000 subjects followed for 5 years) and among untreated subjects,
15 events occurred in 42,448 months (I = 21.2 per 1000 subjects followed for 5 years).

No statistically significant associations were observed. The absolute risk reduction
was 7.2 cases per 1000 subjects treated for 5 years (CI95%, —6.6-21.0 per 1000 subjects
followed for 5 years), which implies the need to treat 139 patients for 5 years to avoid a
cardiovascular event (5-year NNT = 139, CI95%, —152-48). The incidence ratio of treated
to untreated individuals was 0.66 (RR = 0.66; C195%, 0.30-1.47).
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3.1.2. Marginal Structural Model

The pseudo-population created for the marginal structural model included 125,198
subject-trials, of which 441 were considered to be treated. Subject characteristics are shown
in Table 3.

Table 3. Characteristics of the total subject-trials in the pseudo-population.

Not Treated Treated with Statins

N = 124,757 N =441 p
Age, mean (SD) 50.1 (7.8) 51.8 (5.9) <0.01
Visits to PC in the last 6 months,
mean (SD) 0.1(1.1) 0.2 (1.4) 0.79
BMI, mean (SD) 27.5 (3.4) 27.7 (3.3) 0.20
SBP, mean (SD) 123.7 (12.6) 125.1 (13.6) 0.03
LDL-C, mean (SD) 134.9 (28.3) 140.7 (27.8) <0.01
Tobacco, 1 (%) 0.93
Nonsmokers 34,920 (28.0) 121 (27.3)
Smokers 39,197 (31.4) 137 (31.1)
Ex-smokers 50,640 (40.6) 183 (41.5)
HDL-C, mean (SD) 53.2 (10.9) 53.2 (11.3) 0.99
Glucose, mean (SD) 94.8 (10.8) 95.1 (11.8) 0.69
Follow-up time #, mean (SD) 87.2 (19.1) 88.6 (18.6) 0.10
Follow-up time b mean (SD) 76.04 (28.96) 16.93 (27.43) <0.01

N, total number of subjects per treatment group; p, p-value of the Student’s t-test or Chi-squared test for the
variables Smokers and Ex-smokers; SD, standard deviation; #, number of subjects per category; PC, primary care;
BMI, body mass index: SBP, systolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol. @ Months of follow-up in the intention-to-treat analysis. ® Months of follow-up in
the per-protocol analysis.

In the pseudo-population, 1498.2 events occurred over a total follow-up period of
10,923,864 months (I = 8.23 per 1000 subjects followed for 5 years). In treated subjects,
4.0 events occurred in 39,079.1 months (I = 6.1 per 1000 subjects followed for 5 years) and in
untreated subjects, 1494.2 events occurred in 10,884,784.7 months (I = 8.2 per 1000 subjects
followed for 5 years).

No statistically significant associations were observed. The absolute risk reduction
was 2.2 cases per 1000 subjects treated for 5 years (CI95%, —3.9-8.2 per 1000 subjects
followed for 5 years), which implies the need to treat 464 patients for 5 years to avoid a
cardiovascular event (5-year NNT = 464; CI95%, —260-123). The incidence ratio of treated
to untreated individuals was 0.74 (RR = 0.74, CI95%, 0.28-1.98).

3.2. Per-Protocol Analysis

The per-protocol analysis included 133,048 subject-trials, corresponding to 4253 sub-
jects. Of these, 473 subject-trials were considered to be treated with statins.

3.2.1. Matched Analysis

The matched analysis included the same pairs as in the intention-to-treat analysis
(473 pairs).

In this analysis, 14 events were recorded in a total of 40,212 months of follow-up
(I =20.89 events per 1000 subjects followed for 5 years). In treated subjects, 1 event occurred
in 8014 months (I = 7.5 per 1000 subjects followed for 5 years), and in untreated subjects
13 events occurred in 32,198 months (I = 24.2 per 1000 subjects followed for 5 years).

No statistically significant associations were observed. The absolute risk reduction
was 16.7 cases per 1000 subjects treated for 5 years (CI195%, —3.0-36.5 per 1000 subjects
followed for 5 years), which implies the need to treat 60 patients for 5 years to avoid a
cardiovascular event (5-year NNT = 60; C195%, —336-27). The incidence ratio of treated to
untreated individuals was 0.31 (RR = 0.31; CI95%, 0.04-2.36)
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3.2.2. Marginal Structural Model

The pseudo-population created for the marginal structural model included
125,198 subject-trials, of which 440 were considered treated. The characteristics of the
subject-trials are shown in Table 3.

In the pseudo-population, 1076.9 events occurred over a total of 9,494,031 months of
follow-up (I = 6.81 per 1000 subjects followed for 5 years). In treated subjects, 0.1 events
occurred in 7465.1 months (I = 1.0 per 1000 subjects followed for 5 years), and in untreated
subjects 1076.8 events in 9,486,566 months (I = 6.8 per 1000 subjects followed for 5 years)

The absolute risk reduction was 5.8 cases per 1000 subjects treated for 5 years (CI95%,
0.3-11.4 per 1000 subjects followed for 5 years), which implies the need to treat 172 patients
for 5 years to avoid a cardiovascular event (5-year NNT = 172; CI95%, 3548-88). The
incidence ratio of treated to untreated individuals was 0.15 (RR = 0.15; CI95%, <0.01-38.82).
Table 4 summarizes the results obtained.

Table 4. Summary of the results.

ARR

Follow-Up Type of Analysis (5 Years x 1000 People) NNT IR
Matched 7.2 (—6.6-21.0) 139 (—15-48) 0.66 (0.30-1.47)
Intention-to-treat
Marginal structural 2.2(—3.9-8.2) 464 (—26-123) 0.74 (0.28-1.98)
Matched 16.7 (—3.0-36.5) 60 (—336-27) 0.31 (0.04-2.36)
Per protocol
Marginal structural 5.8 (0.3-11.4) 172 (3548-88) 0.15 (<0.01-38.82)

ARR, absolute risk reduction; NNT, number of patients needed to treat for 5 years to avoid an event;
IR, incidence ratio.

4. Discussion

Our results suggest a beneficial effect of statin treatment for primary prevention
of CVD in subjects with low or medium risk. Our findings indicate that in order to
prevent a cardiovascular event, statins should be prescribed for 5 years to between 139
and 464 patients, depending on the level of risk of the population. Assuming adequate
adherence by treated patients, statins should be prescribed to 60-172 patients to prevent a
cardiovascular event, depending on the level of risk.

The incidence ratio values estimated using an intention-to-treat analysis are similar
to those previously reported in the literature. A meta-analysis carried out by the CCT
collaborators using individual data from 27 RCTs [2], reported risk ratios of 0.57-0.77
(depending on the event and risk group) for each reduction in LDL-C of 38.61 mg/dl
among subjects with low and medium risk of CVD. Furthermore, Danaei et al. [5], using a
study design similar to ours, reported a hazard ratio (HR) of 0.89 between initiators and
non-initiators in the general population without discriminating by baseline risk, a result
comparable to our IR estimates of 0.66 and 0.74. Compared with previous reports [2,5], the
results of our per-protocol analysis appear to overestimate the effect of statins. However,
it should be noted that our results may be imprecise given the low number of events
included in our analysis, together with the short follow-up of treated subjects (subjects that
discontinued treatment were censored), which resulted in very high confidence intervals.

On the other hand, the ARR and NNT results are more difficult to compare, as they
depend largely on the specific population analyzed. Glynn et al. [3], in their secondary
analysis of an RCT, reported a 5-year NNT of 38, which is far from the value of 60 obtained
in our matched per-protocol analysis. While the population included in that study had low
levels of LDL-C, both mean age and C-reactive protein levels were higher. This may help
explain the higher incidences of CVD in their two treatment groups, and the higher ARR
despite similar IR and HR values.

The main limitation of our study is the wide confidence intervals of the results ob-
tained. This is due to the low incidence of cardiovascular events in a population categorized
as low- or medium-risk, and the low number of subjects who began treatment during the
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study period. These differences were exacerbated in the per-protocol analysis due to
poor treatment adherence [16,17]. Attempts were made to address these shortcomings
by emulating successive trials and using more statistically efficient techniques such as
matching. However, our study population of just over 4000 subjects was insufficient to
yield more accurate results. Despite this limitation, our estimated incidence ratio val-
ues in the intention-to-treat analysis are consistent with those previously reported [2,5],
suggesting that the techniques used to avoid confusion proved successful. Therefore, it
is reasonable to assume that our estimates of absolute risk reduction in 5 years are also
reliable, albeit imprecise.

The marked differences observed between the results of the intention-to-treat and the
per-protocol analyses are mainly due to poor statin treatment adherence among treated
subjects. In other words, given that the intention-to-treat analysis includes the complete
follow-up regardless of adherence and that the per-protocol analysis includes only the
follow-up period in which adherence is maintained, the fact that the results are better
with “optimal adherence” (i.e., per protocol analysis) than with “suboptimal adherence”
(i.e., intention-to-treat analysis) shows the relevance of adherence to the effectiveness of
statins. In individuals with low risk of disease, especially in observational studies, poor
treatment adherence is expected, since the perceived risk is lower. This poor adherence
to statin treatment, which has already been measured in the AWHS population [16,17],
results in a treatment persistence of less than 30% at 1 year. By contrast, persistence in RCTs
is usually greater than 95% [18]. This should not constitute a problem in the context of
the present study, the main objective of which was to evaluate the effectiveness of statin
treatment in a real population in real-world conditions. In this sense, our intention-to-
treat analysis measures the effectiveness of the medical decision to prescribe, while the
per-protocol analysis measures the causal effect of the treatment taken according to the
medical prescription.

Another limitation is the possible violation of the positivity condition. To overcome
this limitation, we applied two distinct techniques: matching and sample restriction.
Because the matched analysis included fewer treated subjects with higher CVD risk, this
particular sample had a higher cardiovascular risk than the global population. By contrast,
sample restriction yielded a population more similar to the global population, with low and
medium cardiovascular risk. Thus, the risk reduction values obtained using the matching
approach correspond to the effect obtained with the current prescription system, while those
obtained for the pseudo-population (using sample restriction) would better correspond to
the effect obtained after treatment of any subject with low or medium CVD risk.

Although our population consisted exclusively of male industrial workers, we believe
that our estimators are applicable to the general population, given that our population was
selected based on CVD risk profile. Regardless, the inclusion of women, who have a lower
risk of CVD, would have rendered the treatment even more ineffective.

Finally, neither of the two approaches resulted in comparable LDL-C levels in the two
treatment groups; this parameter was slightly higher in treated subjects. However, if these
differences caused confusion, our estimators would underestimate the true effectiveness
of statins, since treated subjects would have a higher risk of CVD than untreated subjects.
Given that the incidence ratios we obtained were similar to those observed in RCTs [2], such
underestimation is unlikely. Additionally, although we know that HBAlc better represents
glycemic status, we were forced to use fasting blood glucose as an approximation in our
study, since HBA1lc was only measured in 30% of blood tests. However, we carried out
exploratory analyzes with the subjects who had this information and the results were
equivalent to those shown.

Our results suggest that the indication of statin treatment for primary prevention in
subjects with low and medium CVD risk is inefficient, given the low adherence observed:
all approaches used resulted in high estimated NNT values. The current use of statins in
our sample, as represented by the matched analysis, is more efficient than if prescription
were extended to all subjects with this cardiovascular profile, as it avoids a greater number



J. Pers. Med. 2022, 12, 658 90of 10

of events for the same number of people treated, and can be improved with adequate
treatment adherence. It is advisable to take into account these results and those of other
similar studies when including specific treatment recommendations in clinical practice
guidelines, and to emphasize the need to improve treatment adherence, as this enables
more realistic evaluation of the impact of the intervention than in RCTs.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jpm12050658 /s1, Table S1. Number of subject-trials according
the type of statin prescribed.

Author Contributions: Conceptualization, A.C.-P., S M. and L. A.-P,; Data curation, A.C.-P. and L.M,;
Formal analysis, A.C.-P.; Funding acquisition, S.M. and L.A.-P.; Methodology, A.C.-P.,, SM., LA.-P,,
MJ.R, S.C.-F, LM., MJ.L. and ]J.L.; Writing—original draft, A.C.-P.; Writing—review & editing,
AC.-P,SM,LA-P,M]JR,SC-F, LM, M]JL,]J.AC. and J.L. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by Proyecto del Fondo de Investigacion Sanitaria, Instituto
de Salud Carlos III and the European Fund for Regional Development (FEDER), grant number
PI17/01704. The APC was funded by the same funders.

Institutional Review Board Statement: This study was carried out in accordance with the Dec-
laration of Helsinki, and the protocol was approved by the Ethics Committee of Aragon (Project
Identification Code PI17/00042).

Informed Consent Statement: All subjects provided informed consent to participate in the AWHS cohort.
Data Availability Statement: Data available under request.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.

11.

Taylor, E; Huffman, M.D.; Macedo, A.F; Moore, TH.M.; Burke, M.; Davey Smith, G.; Ward, K.; Ebrahim, S. Statins for the primary
prevention of cardiovascular disease. Cochrane Database Syst. Rev. 2013, 1, CD004816. [CrossRef]

Mihaylova, B.; Emberson, J.; Blackwell, L.; Keech, A.; Simes, ].; Barnes, E.H.; Voysey, M.; Gray, A.; Collins, R.; Baigent, C.; et al.
The effects of lowering LDL cholesterol with statin therapy in people at low risk of vascular disease: Meta-analysis of individual
data from 27 randomised trials. Lancet 2012, 380, 581-590. [CrossRef] [PubMed]

Glynn, R.J.; Koenig, W.; Nordestgaard, B.G.; Shepherd, J.; Ridker, PM. Rosuvastatin for primary prevention in older persons with
elevated C-reactive protein and low to average low-density lipoprotein cholesterol levels: Exploratory analysis of a randomized
trial. Ann. Intern. Med. 2010, 152, 488-496. [CrossRef] [PubMed]

Yusuf, S.; Bosch, J.; Dagenais, G.; Zhu, J.; Xavier, D.; Liu, L.; Pais, P.; Lépez-Jaramillo, P,; Leiter, L.A.; Dans, A.; et al. Cholesterol
Lowering in Intermediate-Risk Persons without Cardiovascular Disease. N. Engl. ]. Med. 2016, 374, 2021-2031. [CrossRef]
[PubMed]

Danaei, G.; Rodriguez, L.A.G.; Cantero, O.F,; Logan, R.; Hernan, M. A. Observational data for comparative effectiveness research:
An emulation of randomised trials of statins and primary prevention of coronary heart disease. Stat. Methods Med. Res. 2013, 22,
70-96. [CrossRef] [PubMed]

Dickerman, B.A.; Garcia-Albéniz, X.; Logan, R.W.; Denaxas, S.; Hernan, M.A. Avoidable flaws in observational analyses: An
application to statins and cancer. Nat. Med. 2019, 25, 1601-1606. [CrossRef] [PubMed]

Danaei, G.; Garcia Rodriguez, L.A.; Cantero, O.F,; Hernan, M.A. Statins and risk of diabetes: An analysis of electronic medical
records to evaluate possible bias due to differential survival. Diabetes Care 2013, 36, 1236-1240. [CrossRef] [PubMed]

Piepoli, M.E; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.T.; Corra, U.; Cosyns, B.; Deaton, C.; et al.
2016 European Guidelines on cardiovascular disease prevention in clinical practice. Eur. Heart J. 2016, 37, 2315-2381. [CrossRef]
[PubMed]

Hernan, M.A_; Robins, ].M. Causal Inference: What If; Chapman & Hall/CRC: Boca Raton, FL, USA, 2020.

Hernan, M.A.; Alonso, A.; Logan, R.; Grodstein, F.; Michels, K.B.; Stampfer, M.].; Willett, W.C.; Manson, J.E.; Robins, ].M.
Observational studies analyzed like randomized experiments: An application to postmenopausal hormone therapy and coronary
heart disease. Epidemiology 2008, 19, 766. [CrossRef]

Hernan, M.A ; Robins, ].M. Authors’ response, part I: Observational studies analyzed like randomized experiments: Best of both
worlds. Epidemiology 2008, 19, 789-792. [CrossRef]



J. Pers. Med. 2022, 12, 658 10 of 10

12.

13.

14.

15.

16.

17.

18.

Casasnovas, J.A.; Alcaide, V.; Civeira, F,; Guallar, E.; Ibafiez, B.; Borreguero, J.J.; Laclaustra, M.; Leén, M.; Pefalvo, J.L.; Ordovas,
J.M.; et al. Aragon workers” health study—Design and cohort description. BMC Cardiovasc. Disord. 2012, 12, 45. [CrossRef]
[PubMed]

Conroy, R M.; Pyoréld, K.; Fitzgerald, A.P; Sans, S.; Menotti, A.; De Backer, G.; De Bacquer, D.; Ducimetiére, P.; Jousilahti, P.; Keil,
U.; et al. Estimation of ten-year risk of fatal cardiovascular disease in Europe: The SCORE project. Eur. Heart ]. 2003, 24, 987-1003.
[CrossRef]

Groenland, E.H.; Vendeville, ].P.; Bots, M.L.; de Borst, G.J.; Nathoe, H.M.; Ruigrok, Y.M.; Blankestijn, PJ.; Visseren, FL.; Spiering,
W.; UCC-SMART Study Group. The relation between urinary sodium and potassium excretion and risk of cardiovascular events
and mortality in patients with cardiovascular disease. PLoS ONE 2022, 17, €0265429. [CrossRef] [PubMed]

Friedewald, W.T.; Levy, R.L; Fredrickson, D.S. Estimation of the Concentration of Low-Density Lipoprotein Cholesterol in Plasma,
without Use of the Preparative Ultracentrifuge. Clin. Chem. 1972, 18, 499-502. [CrossRef] [PubMed]

Malo, S.; Aguilar-Palacio, I.; Feja, C.; Lallana, M.].; Rabanaque, M.].; Armesto, J.; Menditto, E. Different approaches to the
assessment of adherence and persistence with cardiovascular-disease preventive medications. Curr. Med. Res. Opin. 2017, 33,
1329-1336. [CrossRef] [PubMed]

Malo, S.; Rabanaque, M.].; Maldonado, L.; Moreno-Franco, B.; Chaure-Pardos, A.; Lallana, M.].; Rodrigo, M.P.; Aguilar-Palacio, I.
Identifying clusters of adherence to cardiovascular risk reduction behaviors and persistence with medication in new lipid-lowering
drug users. Impact on healthcare utilization. Nutrients 2021, 13, 723. [CrossRef] [PubMed]

Nakamura, H.; Arakawa, K,; Itakura, H.; Kitabatake, A.; Goto, Y.; Toyota, T.; Nakaya, N.; Nishimoto, S.; Muranaka, M.; Yamamoto,
A.; et al. Primary prevention of cardiovascular disease with pravastatin in Japan (MEGA Study): A prospective randomised
controlled trial. Lancet 2006, 368, 1155-1163. [CrossRef]



5. Discusion y aportaciones del
doctorando

5.1 Comentarios a las aportaciones y resultados de la Tesis Doctoral.

En esta Tesis se han presentado cuatro estudios que investigan aspectos relacionados con la utilizacion
y efectividad de los fdrmacos hipolipemiantes en prevencién primaria, como cudles son los factores
que determinan la eleccidn de la intensidad de las estatinas en la prdctica clinica, cémo es la
adherencia a la terapia con hipolipemiantes, qué impacto tiene esta adherencia sobre los resultados
en salud o cudl es la efectividad de las estatinas en la prevencidn primaria de la ECV. En conjunto,
estos estudios proporcionan una vision integral de los desafios encontrados en la implementacion del
uso de hipolipemiantes en prevencidn primaria de la ECV en poblaciones de bajo-medio riesgo. Para
proporcionar esta vision integral, hemos aplicado distintas metodologias innovadoras, que se

comentan a continuacioén.

5.1.1 Uso de metodologias innovadoras

Desde el punto de vista metodolégico, hemos aportado nuevas perspectivas a este campo de
investigacion. Aunque los métodos utilizados no son nuevos, su aplicacién en estos contextos es poco
habitual y ha permitido una mejor comprensién de los factores que influyen en la prescripcion,

adherencia, persistencia y efectividad de los farmacos hipolipemiantes.

Por una parte, a pesar de que la utilizacion de modelos de regresion en investigaciones médicas es
comun, su aplicacién para predecir la prescripcidon de estatinas de alta intensidad no lo es tanto.
Ademas, la combinacidn de diferentes variables clinicas y de comportamiento para predecir la
prescripcion de estatinas de alta intensidad también es novedosa y proporciona una vision de los
factores que influyen en la toma de decisiones de los médicos en cuanto a la prescripcidn de este tipo

de farmacos mas completa que la previamente publicada (137-140).

De forma similar, aunque el uso de andlisis de clisteres no es una técnica novedosa en si misma, el
contexto especifico en que la hemos aplicado - pacientes con factores de riesgo cardiovascular y en
relacidn a la adherencia a las recomendaciones de prevencion de la ECV - si que lo es. De esta forma,
aporta una perspectiva Util para entender las diferencias entre los pacientes y mejorar la adherencia

al tratamiento, junto a una mejora en el estilo de vida.

Por otra parte, la combinacidn del analisis de redes de comorbilidad con el andlisis de la persistencia

del tratamiento con estatinas es una aportacion original en este campo de la investigacion. Este
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enfoque permite una comprensién mas profunda de las diferencias en la morbilidad entre los
pacientes persistentes y no persistentes, y proporciona una perspectiva mas amplia del perfil clinico
de los pacientes, que pueden padecer multiples enfermedades. De esta forma, ha sido util para
identificar las asociaciones entre estas enfermedades y conocer mejor los factores que contribuyen a

la persistencia del tratamiento.

Finalmente, el enfoque metodolégico del Ultimo trabajo también es novedoso en el campo de la
farmacoepidemiologia. En él se ha utilizado un enfoque de target trial, en el que se ha emulado el
disefo de varios ensayos clinicos sucesivos para evaluar el uso de estatinas de alta intensidad en la
prevencion primaria de ECV, en una poblacion de bajo y medio riesgo. Esta metodologia nos ha
permitido evaluar el efecto de la intervencidn con datos observacionales, obteniendo una estimacion
mas precisa de los resultados en un contexto de mundo real y teniendo en cuenta la variabilidad en la
adherencia al tratamiento. Ademads, se utilizaron diversas técnicas estadisticas para mejorar la

eficiencia y controlar los factores de confusion, como el andlisis emparejado y el andlisis marginal.

5.1.2 Resultados originales derivados de esta Tesis Doctoral

En el campo de prevencion primaria de la ECV con hipolipemiantes hemos contribuido con diferentes
hallazgos. A la ya conocida asociacién entre la prescripcion de estatinas de alta intensidad y los niveles
altos de colesterol LDL (139), hemos aportado el estudio de muchos otros factores que se pueden
asociar a la prescripcion de estos farmacos, incluyendo aquellos relacionados con el estilo de vida. En
lo relativo al conocimiento previo sobre la persistencia en el tratamiento con hipolipemiantes,
nuestras aportaciones sirven para matizar el conocido como efecto del adherente saludable (healthy
adherer effect en inglés), segun el cual segun el cual las personas que siguen las recomendaciones de
tratamiento también llevan un estilo de vida saludable (129), ya que hemos identificado distintos
perfiles de pacientes en relacién a su estilo de vida y a la persistencia en el tratamiento y hemos
combinado el estudio de la persistencia en el tratamiento con la comorbilidad. Finalmente, a lo ya
conocido sobre la eficacia de las estatinas como prevencion primaria de la ECV (30), hemos aportado
el uso de datos observacionales para evaluar su efectividad en sujetos de bajo y medio riesgo, tanto

de forma absoluta como relativa. A continuacion, desarrollamos todas estas contribuciones.

Los resultados del primer estudio muestran que, en una gran proporcion de casos, la eleccién de la
intensidad a la hora de prescribir estatinas no parece basarse en los criterios de reduccion de los
niveles de colesterol LDL de las guias europeas. Tampoco parece que los factores de riesgo clasicos de
ECV sean suficientes para predecir la prescripcion de la intensidad de las estatinas, lo que sugiere que
existen otros factores desconocidos que pueden estar influyendo en esta elecciéon. Hemos observado

que la presencia de niveles elevados de colesterol LDL en pacientes con diabetes se asocia con una
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mayor probabilidad de recibir estatinas de alta intensidad. Estos resultados son compatibles con los
obtenidos por Macias Saint-Gerons et al (139), que encontraron asociacién entre niveles muy altos de
colesterol LDL y la prescripcién de estatinas de alta intensidad en una cohorte de mas de 70.000
nuevos usuarios de estatinas en Espaina. Es de destacar que el calculo de la necesidad de reduccién de
los niveles de colesterol LDL para alcanzar los niveles objetivo marcados por las guias de practica
clinica es bastante complejo y que esta podria ser una razén de que la prescripciéon no se ajuste al
ideal pautado. Por otra parte, el que combinaciones de alto riesgo cardiovascular como la unién de
niveles altos de colesterol LDL y diabetes se asocien claramente a la prescripcion de estatinas de alta
intensidad, puede sugerir que instrucciones claras y sencillas son mads efectivas a la hora de influir en
la practica clinica. También hemos observado que hacer mas ejercicio fisico estd asociado a iniciar
tratamiento con estatinas de alta intensidad. Estos resultados pueden parecer contradictorios con los
obtenidos por Ho et al (140), que hallaron los pacientes que tomaban estatinas de alta intensidad
tendian a realizar menos ejercicio. Sin embargo, estas diferencias pueden deberse al distinto disefo
aplicado, ya que Ho et al usaron un disefio transversal con usuarios prevalentes de estatinas mientras
gue en nuestro estudio usamos un disefio longitudinal con nuevos usuarios de estatinas. En este
sentido, los nuevos usuarios podrian tratarse de personas interesadas en su estado de salud y que
intentarian compensar su elevado riesgo cardiovascular realizando ejercicio fisico, mientras que los
usuarios prevalentes podrian tener una actitud mas relajada hacia el ejercicio fisico al creer que estdn

protegidos por los farmacos.

Estas observaciones sefalan una diferencia entre las guias de practica clinica cldsicas, que pretenden
orientar al médico en la toma de decisiones basadas en la evidencia, e intentan simplificar sus
recomendaciones clasificando o estratificando a los pacientes, y la medicina personalizada. Aunque el
ideal al que apunta la practica médica en la actualidad es el de esta Ultima, la medicina personalizada
requiere una valoracion exhaustiva de cada uno de los pacientes y, sin las herramientas informaticas
adecuadas, el manejo de demasiada informacién puede ser contraproducente. La medicina
personalizada es algo beneficioso, pero aumenta la complejidad del manejo de los pacientes de tal
forma que los médicos prescriptores lleguen a desistir de la evaluacion completa de cada uno de ellos.
No hay que olvidar la carencia de tiempo de la que adolecen los médicos de atencidn primaria en

nuestro pais (141,142).

En principio, la eleccidn de la estatina a utilizar puede parecer un tema de relevancia menor. Ahora
bien, las estatinas de alta intensidad se asocian, a la vez que a mejores resultados en la reduccién de
los niveles de colesterol LDL, a mayores efectos diabetdégenos y a un mayor niumero de efectos
secundarios (143). Teniendo esto en cuenta, tanto la prescripcién de estatinas de alta intensidad en

pacientes que no las necesitan, como la prescripcidn de estatinas de baja intensidad en pacientes que

109



requieren un tratamiento mas intensivo, pueden ser perjudiciales. En pacientes que se beneficiarian
de una estatina de alta intensidad pero que no se prescribe, se estd aumentando de forma innecesaria
el tiempo con alto riesgo de ECV. En pacientes en los que se prescriben estatinas de alta intensidad
cuando no son necesarias, se estd aumentando el riesgo de efectos adversos, lo que supone un

perjuicio para la salud del paciente y, ademds, un mayor riesgo de abandono del tratamiento.

La importancia de este abandono del tratamiento es un aspecto que hemos abordado en el resto de
estudios de esta Tesis, aunque el bajo nimero de eventos cardiovasculares resultante de las
estratificaciones no nos ha permitido evaluar el efecto de la intensidad de las estatinas en otros
contextos. De los distintos estudios en los que hemos evaluado la persistencia, destaca que en el tercer
estudio sélo un 38,7% de los nuevos usuarios de hipolipemiantes fue persistente en el tratamiento
durante el primer afio y que en el cuarto estudio la persistencia media en nuevos usuarios de estatinas
como prevencion primaria es de 16,9 meses. Estos resultados contrastan con la persistencia de hasta

el 95% que se puede encontrar en los ECA (108). De hecho, este contraste muestra las diferencias

I “« Ill

existentes en los patrones de consumo en el “mundo real” y el consumo en ambientes controlados

como los ECA, remarcando la necesidad de utilizar datos observacionales para su estudio.

La persistencia al tratamiento farmacoldgico puede estar influida por las caracteristicas
sociodemograficas del paciente, su historial médico, el uso de servicios sanitarios y la percepcion del
riesgo y los efectos adversos, entre otros factores. En este sentido, en nuestro segundo trabajo hemos
identificado cuatro perfiles distintos de pacientes segun su adherencia a las recomendaciones de
prevencion de la enfermedad cardiovascular, tanto de estilo de vida como de persistencia en el
tratamiento. En estos perfiles, hemos observado que los sujetos que llevaban un estilo de vida mas
saludable eran poco persistentes en el tratamiento (un 16,8% en el primer aio), pero también que
entre aquellos con un estilo de vida menos saludable ninguno era persistente. Por otra parte, el grupo
con una mayor proporcidon de persistentes no tenia habitos especialmente saludables. El haber
encontrado una relacién mas compleja, mas alld de una correlacién directa, entre la adherencia a un
estilo de vida saludable y la persistencia en el tratamiento hipolipemiante es un hallazgo similar al
obtenido por Halava et al (144), que encontraron que la asociacién entre estilo de vida y baja
adherencia a la terapia con estatinas dependia de la comorbilidad cardiovascular. Segun sus
resultados, los sujetos con comorbilidad cardiovascular y que seguian un estilo de vida no saludable
tenian un mayor riesgo de baja adherencia. Sin embargo, en aquellos sujetos sin comorbilidad, el

sobrepeso, la obesidad y haber dejado de fumar eran factores predictores de buena adherencia.

El hallazgo de que los sujetos con habitos mas saludables tienen una baja persistencia se podria

relacionar con uno de los hallazgos del primer estudio, en el que las personas que realizaban mas
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ejercicio fisico tenian una mayor propensién a recibir estatinas de alta intensidad. Estas asociaciones
son complejas de explicar. En el primer estudio discutiamos que una posibilidad era que las personas
con un mejor estilo de vida retrasen mas el inicio del tratamiento y que, tras el fracaso de esta medida
inicial, en el momento de iniciarlo lo hagan con farmacos de alta intensidad. Esta prescripcion llevaria
luego al abandono del tratamiento debido a eventos adversos. Sin embargo, existen también otras
posibilidades, como que aquellos sujetos que llevan un estilo de vida mas saludable presentan, en
general, un menor riesgo y, por tanto, una menor percepcion del mismo, lo que hace que sean mas
susceptibles a abandonar un tratamiento de prevencidn primaria. Por otra parte, todas estas hipdtesis
parecen ir en contra del llamado efecto del adherente saludable, segun el cual los pacientes que llevan

estilos de vida mds saludables tienen una mayor adherencia terapéutica (129).

Por otra parte, en el tercer estudio hemos observado que aquellos sujetos no persistentes
presentaban un mayor nimero de diagndsticos concurrentes que los sujetos persistentes. Sin
embargo, no conocemos la direccidon de la asociacién, es decir, si la no persistencia es causa de
comorbilidad o si la comorbilidad es causa de no persistencia. En pacientes no persistentes a estatinas
se encontré una fuerte asociacidn entre la enfermedad renal crénica y la enfermedad renal
hipertensiva, la cual puede estar relacionada con efectos adversos a la medicacion o a la combinacion

con otras medicaciones, ambas posibles causas de abandono terapéutico.

En cuanto a las consecuencias de la no persistencia, partimos de la base de que se trata de un
problema de salud publica, ya que persistir en el tratamiento se asocia a reducciones de los eventos
cardiovasculares y de la mortalidad (145). En este sentido, en nuestro tercer trabajo los analisis de
regresion logistica mostraron un efecto protector de la persistencia frente a hospitalizacion por
cualquier causa, eventos cardiovasculares y eventos cardiovasculares mayores. Estos resultados son
similares a los obtenidos en un metaandlisis de estudios observacionales (146), en el que se hallé que
los sujetos mds adherentes tenian un 22% menos de eventos cardiovasculares que los sujetos mds
adherentes. Si bien es cierto que en nuestro estudio este efecto no alcanzd la significacién estadistica
Yy que tampoco en nuestro segundo trabajo se observé este resultado en el cluster con mayor
persistencia, estas discrepancias podrian deberse al corto periodo de seguimiento en el segundo

trabajo y al bajo riesgo de ECV de los sujetos de nuestra cohorte.

Ademas de esto, como ya se ha comentado previamente, los sujetos no persistentes mostraban unas
redes de comorbilidad mas amplias. Entre otras asociaciones, los pacientes no persistentes mostraron
una asociacién entre la enfermedad crdénica isquémica del corazén y el infarto agudo de miocardio
gue no se encontrd en los pacientes persistentes. Esta asociacidon podria deberse a mal control del

colesterol consecuencia de la no persistencia.
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Finalmente, nuestro cuarto estudio también muestra, de forma indirecta, las consecuencias de la no
persistencia. Asi, al comparar los resultados del andlisis por intencién de tratar y los resultados del
analisis por protocolo podemos asumir que estamos comparando también la efectividad del
tratamiento en pacientes no persistentes frente a pacientes persistentes, ya que el analisis por
protocolo analiza sélo el periodo de persistencia (es decir, todos los pacientes son persistentes) y el
analisis por protocolo analiza todo el periodo tras la prescripcién (independientemente de la
persistencia en el tratamiento). Si tomamos esta asuncién como cierta, los resultados del estudio

muestran que la persistencia puede duplicar el efecto protector absoluto de las estatinas.

Sin embargo, estos resultados hay que tomarlos con cautela. En nuestro cuarto estudio hemos
observado que la razén de incidencia en el analisis por intencién de tratar es de entre 0,66 y 0,74,
segun la poblacidon seleccionada. Este resultado es similar al obtenido en un metaanalisis (30) que,
combinando datos de 27 ECA, halla razones de riesgo de entre 0,57 y 0,77 y al obtenido por Danaei et
al (26), que reporta un Hazard Ratio de 0,89. Teniendo esto en cuenta, es posible que nuestros analisis
por protocolo sobreestimen la efectividad de las estatinas con una persistencia perfecta. Esta
sobreestimacién se podria deber a la baja precisién de nuestras estimaciones en el analisis por
protocolo, principalmente debidas al bajo nimero de eventos y la baja persistencia en nuestra

cohorte.

5.1.3 Limitaciones y fortalezas

Los trabajos que componen esta Tesis tienen una serie de limitaciones en comun, derivadas
principalmente de su naturaleza observacional, de la poblacién estudiada y de las fuentes de datos
utilizadas. Asi, hemos estudiado una poblacidn de trabajadores de una fabrica de automoéviles, una
poblacion homogénea compuesta mayoritariamente por hombres con edades comprendidas entre
los 40 y los 60 afios. Esto hace que los resultados de nuestras investigaciones sean dificiles de
extrapolar, aunque si que lo sean a hombres de mediana edad. El bajo nimero de eventos
cardiovasculares existentes dadas las caracteristicas de esta poblacion, hace que también resulte

dificil alcanzar la significacién estadistica en muchos de nuestros resultados.

Otra limitacién importante viene de la informacién sobre farmacos de la que disponemos. Hemos
trabajado con datos correspondientes a las dispensaciones en farmacias y hemos asumido que la
compra de un farmaco equivale a su consumo, lo que no siempre es cierto. Sin embargo, el utilizar la
persistencia como aproximacién al cumplimiento terapéutico hace que nuestros resultados sean mas
fiables, ya que es poco probable que un paciente continte retirando un farmaco en la farmacia si ha

dejado de tomarlo. Otra informacién de la que no disponemos es de la dosis del farmaco. Esto nos ha
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obligado a usar aproximaciones con las dosis mds habituales y ha limitado los andlisis segln la

intensidad del tratamiento.

Finalmente, al trabajar con bases de datos administrativas procedentes del sistema sanitario, hay
informacién de interés de la que no se dispone, como la causa de la no persistencia. En nuestros
estudios intentamos identificar estas causas y, en general, hemos asumido que la interrupcion del
tratamiento se debe a decisiones del paciente. Sin embargo, habria sido util conocer también si este

abandono se debia a la aparicidon de eventos adversos o a una decisién médica.

A pesar de estas limitaciones, los estudios presentados también tienen importantes fortalezas. En
primer lugar, hemos podido trabajar sobre una cohorte de trabajadores, de naturaleza prospectiva,
con actualizacion practicamente anual de una gran cantidad de factores de riesgo de ECV. Ademas,
hemos podido completar esta informacion con las bases de datos administrativas del sistema publico
sanitario de Aragdn, incluyendo informacién clinica, de uso de servicios sanitarios y de dispensacion
farmacéutica. Asimismo, para dos de nuestros estudios hemos incorporado también informacion
sobre estilos de vida y pruebas de imagen radioldgica. Esta unidn de datos individuales clinicos, de uso
de farmacos, de uso de servicios sanitarios y de estilo de vida es poco frecuente en el panorama actual

de la epidemiologia cardiovascular.

Otra de las principales fortalezas de esta Tesis Doctoral es el abordaje metodoldgico, ya mencionado
en apartados anteriores. En concreto, hemos manejado los datos observacionales de manera que
hemos conseguido reducir al minimo los sesgos de seleccidn y de confusidn, que son las principales
limitaciones de trabajar con estudios observacionales. La restriccidon de los analisis que incluyen solo
a nuevos usuarios, independientemente de sus resultados, ha permitido reducir los sesgos de
seleccidn, y las diversas técnicas aplicadas, especialmente en el cuarto estudio, parece que han
conseguido controlar la confusidn. A esto hemos podido unir las ventajas puras de los estudios
observacionales frente a los estudios experimentales, como son un mayor tiempo de seguimiento y

una mayor validez externa.

5.2 Implicaciones de los resultados y lineas de investigacion futuras

Los resultados presentados tienen varias implicaciones para la mejora de la adherencia al tratamiento,
el manejo y los resultados en salud de pacientes que reciben estatinas como prevencidn primaria de
la ECV. En primer lugar, nuestros resultados resaltan que la prescripcion se deberia ajustar a aquellos
casos en los que el farmaco es efectivo, asi como ajustar la dosis y el tipo de estatina a la intensidad
del tratamiento requerida. En este sentido, nuestra principal recomendacidn seria restringir el uso de

estatinas a aquellos pacientes que realmente las necesitan. Esto evitaria gastos innecesarios ya que la
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persistencia de los usuarios de bajo riesgo es muy baja, el efecto absoluto aun cuando el paciente es
persistente es limitado y, por tanto, la eficiencia desde el punto de vista de salud publica es muy
reducida. Ademas, esta restricciéon también limitaria la aparicién de efectos adversos en poblacidn que

no se beneficiaria del tratamiento.

Restringir el uso de estatinas de alta intensidad solo a los pacientes que las necesitan podria aumentar
la persistencia en aquellos pacientes que no las necesitan. Sabemos que las estatinas de alta
intensidad se asocian con un mayor riesgo de eventos adversos, lo que puede llevar a un mayor
abandono terapéutico. Por lo tanto, prescribir mas estatinas de alta intensidad, puede disminuir la
persistencia. De esta forma, sustituir las estatinas de alta intensidad por estatinas de baja o media
intensidad en pacientes que no necesitan una reduccion de mas del 50% en sus niveles de colesterol

LDL puede aumentar su persistencia.

Otra de las implicaciones derivadas de los resultados de esta Tesis Doctoral es la importancia de
conocer a fondo los perfiles de los pacientes persistentes, tanto en lo referente a estilos de vida como
en cuanto a comorbilidades. Como hemos podido observar, los estilos de vida estdn relacionados con
la persistencia en ciertos pacientes, por lo que conocer los factores conductuales de los pacientes
puede ser util para disefiar estrategias que maximicen la adherencia. Ademas, conocer la carga de
morbilidad que tiene el paciente, el nimero de farmacos que estd tomando y sus posibles
contraindicaciones o interacciones es un aspecto de gran importancia para mejorar el manejo del

paciente.

Como lineas futuras de trabajo e investigacidn, hemos podido identificar que son necesarias nuevas
estrategias para diseminar las guias de practica clinica y que estas enfaticen los aspectos a valorar al
seleccionar las estatinas. También la importancia de investigar aquellos aspectos no tan estudiados
qgue influyen en la prescripcién, como la disponibilidad de los farmacos, el precio que pagan los
pacientes por ellos o la presidn de la industria, ya que un mayor conocimiento de estos factores puede

ayudar a mejorar la claridad de las recomendaciones.

Ademas, también seria util estudiar a fondo el gasto sanitario que suponen los pacientes adherentes
y no adherentes al tratamiento, incorporando informacidn sobre el tipo de estatina prescrita y el uso

de servicios sanitarios.

Finalmente, futuros estudios se beneficiarian del aumento del tiempo de seguimiento y de la
extension de la poblacién estudiada. Esto nos permitiria analizar poblaciones con un mayor nimero
de eventos cardiovasculares y poder hacer analisis estratificando por diversas variables (como la

intensidad del tratamiento). En este sentido, uno de nuestros préximos objetivos seria aplicar la
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metodologia utilizada en el cuarto estudio (emulacién de ensayos diana) en la cohorte CARhES
(acronimo de CArdiovascular Risk factors for HEalth Services research), una cohorte dindmica que
reldne a todos los aragoneses con factores de riesgo cardiovascular. De esta forma podremos obtener

resultados mas fiables, precisos y generalizables.
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6. Conclusiones

1. Laprobabilidad de prescribir estatinas de alta intensidad como prevencién primaria de ECV es
mas alta en pacientes con diabetes y niveles altos de LDL-C, asi como en trabajadores que
realizan mas ejercicio fisico. Esta prescripcion no solo depende del riesgo basal del individuo
y la reduccidn necesaria de LDL-C, sino también de otros factores desconocidos.

2. En la poblacién joven, activa y sana, en la que se inicié tratamiento hipolipemiante para la
prevencion primaria de la ECV, se observan cuatro perfiles de pacientes en funcién del
cumplimiento de las recomendaciones cardiosaludables relacionadas con el estilo de vida y la
persistencia con la medicacion. El perfil con mayor adherencia a las recomendaciones de estilo
de vida saludable presentd baja persistencia en el tratamiento, tuvo menor carga de
morbilidad, menor riesgo de ECV e hizo un menor uso de los servicios sanitarios.

3. En la poblacion de nuevos usuarios de hipolipemiantes estudiada, la persistencia al
tratamiento es baja. Se observa que la persistencia tiene un ligero efecto protector frente a
eventos cardiovasculares mayores, aunque los resultados no fueron estadisticamente
significativos.

4. La prescripcién de estatinas a pacientes con bajo y medio riesgo cardiovascular podria ser
ineficiente debido a la baja adherencia terapéutica identificada y al elevado nimero de
pacientes que hay que tratar para prevenir un evento cardiovascular.

5. La baja persistencia al tratamiento con hipolipemiantes puede ser un obstaculo significativo
en la prevencién de eventos cardiovasculares mayores. Resulta crucial explorar estrategias
efectivas para aumentar la adherencia a la medicacidn, con el objetivo de mejorar la salud
cardiovascular de los pacientes. Ademas, parece necesario replantearse la prescripcion de
farmacos hipolipemiantes en pacientes con riesgo cardiovascular medio o bajo, con un estilo

de vida saludable y con baja carga de morbilidad.
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7. Conclusions

1. The likelihood of prescribing high-intensity statins as primary prevention of CVD is higher in
patients with diabetes and high LDL-C levels, as well as in more physically active workers. This
prescription depends not only on the individual's baseline risk and the necessary LDL-C
reduction, but also on other unknown factors.

2. Inthe young, active and healthy population, in whom lipid-lowering treatment was initiated
for primary prevention of CVD, four patient profiles are observed according to adherence to
lifestyle-related heart-healthy recommendations and persistence with medication. The profile
with the highest adherence to healthy lifestyle recommendations had low treatment
persistence, lower disease burden, lower CVD risk and lower use of health services.

3. In the population of new lipid-lowering drug users studied, treatment persistence is low.
Persistence is observed to have a slight protective effect against major cardiovascular events,
although the results were not statistically significant.

4. The prescription of statins to patients at low and medium cardiovascular risk could be
inefficient due to the low adherence to treatment identified and the high number of patients
that need to be treated to prevent a cardiovascular event.

5. Low persistence to lipid-lowering therapy may be a significant obstacle in the prevention of
major cardiovascular events. It is crucial to explore effective strategies to increase adherence
to medication, with the aim of improving patients' cardiovascular health. Furthermore, it
seems necessary to rethink the prescription of lipid-lowering drugs in patients at low or

medium cardiovascular risk, with a healthy lifestyle and low disease burden.
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