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RESUMEN/ABSTRACT



RESUMEN

Antecedentes y objetivos

La multimorbilidad, definida como la presencia de dos o mds enfermedades crénicas de forma
simultanea en un individuo, y la polifarmacia, es decir, la prescripcidon simultanea y prolongada
de multiples medicamentos en un solo individuo tienen un gran impacto en la salud de los
pacientes y en el uso de los recursos sanitarios. Por ello es necesario avanzar en su
caracterizacion, asi como en el estudio de la adherencia terapéutica, ya que las consecuencias
clinicas de un bajo cumplimiento terapéutico pueden comprometer la calidad de vida y

morbimortalidad de los pacientes con multimorbilidad y polifarmacia.

El objetivo general de esta tesis que se presenta es avanzar en el conocimiento de la
multimorbilidad y polifarmacia, a través del estudio de la relacidn entre las diferentes
enfermedades crénicas y fdrmacos, y su papel en la adherencia terapéutica en las enfermedades
crénicas mas prevalentes, utilizando datos clinicos reales procedentes de grandes bases de

datos poblacionales.

Las preguntas de investigacion se responden en cuatro articulos publicados y vinculados a cada
uno de los siguientes objetivos especificos: a) determinar la presencia de asociaciones
sistematicas entre enfermedades crénicas y fdrmacos en forma de patrones de multimorbilidad
y polifarmacia, y valorar la presencia de interacciones medicamentosas y de cascada
terapéutica; b) estudiar la influencia de la multimorbilidad y polifarmacia en la adherencia
terapéutica en las enfermedades crdnicas con alto riesgo cardiovascular mas prevalentes; c)
caracterizar el patrén de tratamiento de la diabetes mellitus en la poblacién de Aragén, la
persistencia al tratamiento y la influencia en ella de la multimorbilidad y polifarmacia; d)
comparar el patron de uso de antidiabéticos y los factores que afectan a su persistencia entre

Espafia (Aragdn) e Italia (Campania).
Metodologia

El primer objetivo especifico se abordd a través de la realizacién de un analisis factorial
exploratorio enfocado a detectar asociaciones no aleatorias entre enfermedades crénicas y

farmacos, permitiendo la identificacidon de patrones de multimorbilidad y polifarmacia.

El segundo objetivo especifico se llevd a cabo a través de la realizacion de un estudio descriptivo

de la poblacion y de la adherencia terapéutica, y de un modelo de regresion logistica binaria



para valorar la relacién entre adherencia (variable dependiente) y las variables independientes:
género, edad (estratificada en los tres grupos de edad), nimero de fdrmacos co-prescritos,

numero de comorbilidades crdénicas, y presencia de enfermedad mental.

Para el tercer y cuarto objetivos especificos, se realizé un estudio descriptivo de los patrones de
prescripcion de antidiabéticos, la persistencia se calculé usando el método Kaplan-Meier, y se
desarrollé el modelo de regresidon de Cox para estimar el riesgo de discontinuacidon durante un

afio de seguimiento.

Conclusiones

Se identificaron asociaciones sistematicas entre enfermedades crénicas y fdrmacos en forma de
6 patrones de multimorbilidad y polifarmacia denominados: respiratorio, salud mental,
cardiometabdlico, endocrinolédgico, osteometabdlico y mecanico-dolor. Las diferencias en su
composicion dependieron en parte del género y de la edad del paciente, y se identific la

presencia de interacciones fdrmaco-farmaco, cascada terapéutica y diferencias de género.

Existi6 una adherencia terapéutica sub-6ptima al tratamiento de la hipertension arterial,

dislipemia y diabetes mellitus en Espaia.

La poblacién espafola diagnosticada de diabetes mellitus tipo 2 presentd una alta tasa de
multimorbilidad y polifarmacia, y el patrén de prescripcion de antidiabéticos fue muy similar en
Espafa e Italia siguiendo las recomendaciones de las guias de practica clinica. En cuanto a la
persistencia de estas dos poblaciones, 7 de cada 10 espafioles y 8 de cada 10 italianos fueron
persistentes a su tratamiento antidiabético. No se observd una relacidn consistente sobre el

impacto de la multimorbilidad y polifarmacia en la adherencia y persistencia.
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ABSTRACT

Background and objetives

The co-existence of two or more chronic diseases in the same individual, known as
multimorbidity, and the simultaneous and long-term prescription of multiple medications in the
same individual, known as polypharmacy, have a significant impact on the health status of the
patients and the use of health-care resources. More profound research is needed on this field,
as well as on medication adherence; low therapeutic compliance compromises the quality of life
and is associated with higher morbidity and mortality risks in patients with multimorbidity and

polypharmacy.

The general objective of the present thesis is to study more in-depth both multimorbidity and
polypharmacy, with a particular focus on associations between chronic diseases and drugs, and
their impact on the therapeutic adherence of the most chronic conditions, using real-world

clinical data from large population databases.

All research questions of the thesis have been studied and discussed in four published articles.
Each article aimed to investigate one of the following specific objectives: a) to identify patterns
of multimorbidity and polypharmacy based on systematic associations between chronic diseases
and drugs, and to assess the presence of drug-drug interactions and prescription cascades; b) to
study the impact of multimorbidity and polypharmacy on medication adherence in the most
common chronic diseases with high cardiovascular risk; c) to characterize the pharmacological
therapeutic profile and medication persistence in patients with diabetes mellitus in Aragon
(Spain), and to what extent multimorbidity and polypharmacy may influence; d) to compare
antidiabetic use patterns and factors that are associated with higher/lower medication

persistence between Spain (Aragon) and Italy (Campania).
Methodology

The first specific objective was addressed by conducting an exploratory factor analysis to detect
non-random associations between chronic diseases and drugs; this permitted us to identify

patterns of multimorbidity and polypharmacy.

The second specific objective was studied through descriptive epidemiological research on
medication adherence. We carried out a binary logistic regression model to assess the

relationship between adherence (dependent variable) and a number of independent variables
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such as gender, age (stratified into three age groups), number of co-prescribed drugs, number

of chronic comorbidities, and presence of mental health comorbidity.

For the third and fourth specific objectives, a descriptive study of antidiabetic prescription
patterns was carried out. Persistence was estimated with the Kaplan-Meier method, and the risk

of discontinuation during the one-year follow-up period with Cox regression.

Conclusions

Systematic associations between chronic diseases and drugs were identified, suggesting the
existence of six patterns of multimorbidity and polypharmacy; we defined those patterns as
respiratory, mental health, cardiometabolic, endocrinological, osteometabolic and mechanical-
pain. We observed that differences in the composition of these patterns depend, in part, on the
gender and age of the patient. We also identified drug-drug interactions, prescription cascades,

and differences related to gender.

We observed a suboptimal medication adherence to the treatment of arterial hypertension,

dyslipidaemia and diabetes mellitus in Spain.

A high rate of multimorbidity and polypharmacy was found in the Spanish population with type
2 diabetes mellitus. The prescription patterns of antidiabetic drugs were similar in Spain and
Italy, and they were in accordance with clinical practice guidelines. Regarding medication
persistence, seven in every ten patients with diabetes mellitus in Spain, and eight in every ten
patients in Italy, were persistent to their antidiabetic treatment. No consistent relationship was
observed on the impact of multimorbidity and polypharmacy on medication adherence and

persistence.
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INTRODUCCION

1. Multimorbilidad y polifarmacia, un problema de salud publica

1.1. Multimorbilidad

1.1.1. Definicion de multimorbilidad

La mejoria de las condiciones socioeconémicas, de la calidad de vida y los avances cientificos y
tecnoldgicos en el campo de la salud han permitido que una proporcidn significativa de la
poblacién sobreviva a enfermedades conocidas previamente por su alta mortalidad (1), lo que
ha supuesto un envejecimiento de la poblacién. Ademas, los avances en la medicina y salud
publica con el uso de medicamentos como tratamiento y como prevencidon han supuesto un
punto critico para aumentar la esperanza de vida. En 2010, 524 millones de personas tenian 65
afos o mas representando un 8% de la poblacién total y se estima que este nUmero aumente
hasta 1.5 billones de personas en 2050, lo que supone actualmente un 16% de la poblacidon

mundial (2).

Como resultado de este aumento de la esperanza de vida, los problemas crénicos de salud
tienden a acumularse en grupos de poblacién de mayor edad (1), en los cuales la presencia de

multiples enfermedades estd pasando actualmente a ser la norma mas que la excepcién (1,3-4).

La Organizacidon Mundial de la Salud (OMS) define la multimorbilidad como la “presencia de dos
o mas enfermedades crénicas de forma simultanea en un individuo” (5). Esta definicidn, la mas
utilizada a nivel internacional, es, seguin la Comision Europea, suficientemente amplia y general
para definir este problema de salud relevante, y puede complementarse con otras mas precisas

en funcién de la gravedad, de la complejidad o de los patrones especificos de enfermedad (3,6).

El concepto de multimorbilidad surgié en el contexto de la atencién primaria como un modelo
para evitar la atencion de cada paciente basandose en cada una de sus enfermedades de forma
individual y crear una atencion basada en centrarse en el paciente de forma general. Gran parte
de la investigacion de multimorbilidad hasta la fecha se ha centrado en el estudio de
combinaciones de enfermedades crénicas, frecuentemente sinérgicas, como diabetes y
enfermedad cardiaca en atencién primaria. Los geriatras estan acostumbrados a manejar
multiples afecciones crdnicas de forma regular, sin embargo, hasta hace poco, no se ha

respaldado la multimorbilidad como entidad por derecho propio. La publicacidn de directrices
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sobre multimorbilidad por parte del Instituto Nacional de Salud y Excelencia Clinica de Reino
Unido (National Institute for Health and Care Excellence, NICE) y editoriales en revistas de alto
prestigio como Age and Ageing (7) y Journal of the American Geriatrics Society (8) han
contribuido a aumentar la importancia de la multimorbilidad y de su valoracidn para los clinicos.
Ademas, las directrices NICE han contribuido a avanzar en su comprension al codificar la
fragilidad como una entidad clinica en el contexto mas amplio de la multimorbilidad (9). Mas
recientemente, la Comisidn Europea ha iniciado el programa “Joint Action on Chronic Diseases
and Promoting Healthy Ageing Across the Life Cycle (JA-CHRODIS)” en el que colaboran mas de
60 grupos de investigacidn procedentes de 26 paises, con el objetivo de desarrollar un modelo
de atencidn centrado en el paciente con multimorbilidad teniendo en cuenta los resultados de

salud, el coste-efectividad, |a aplicabilidad y la reproducibilidad de los resultados (10).

1.1.2. Prevalencia de la multimorbilidad

Segun un informe redactado por la OMS en 2017, las enfermedades no transmisibles
(consideradas en este caso como sindénimo de enfermedad crdnica) causan la muerte a 40
millones de personas cada afio, lo que equivale al 70% de las muertes que se producen en el
mundo (11). En este mismo informe encontramos que las principales enfermedades crénicas
son las enfermedades cardiovasculares (como los infartos cardiacos y los accidentes
cerebrovasculares), el cancer, las enfermedades respiratorias crénicas (como la enfermedad

pulmonar obstructiva crénica y el asma) y la diabetes (11).

Las enfermedades crdnicas afectan desproporcionadamente a los paises de ingresos bajos y
medios, donde se registran mas del 75% (32 millones) de las muertes por esa causa, y aunque
estas enfermedades se suelen asociar a los grupos de edad mds avanzada, los datos muestran
que 15 millones de todas las muertes atribuidas a las enfermedades crdnicas se producen entre
los 30 y los 69 afios de edad. Como factores de riesgo para su aparicidn se consideran la dieta
inadecuada, la inactividad fisica, la exposicion al humo del tabaco o el uso nocivo del alcohol.
Las dietas inadecuadas y la inactividad fisica pueden manifestarse en forma de tension arterial
elevada, aumento de la glucosa y los lipidos en la sangre, y obesidad. Son los llamados "factores
de riesgo metabdlicos”, que pueden dar lugar a enfermedades cardiovasculares, la principal
enfermedad crdnica por lo que respecta a las muertes prematuras. Ademas, estas enfermedades
se ven favorecidas por la urbanizacién rapida y no planificada, la mundializacién de modos de

vida poco saludables o el envejecimiento de la poblaciéon (11).

15



A pesar de que los médicos de atencién primaria tratan diariamente a pacientes con
multimorbilidad, las cifras vélidas sobre la prevalencia de la multimorbilidad son escasas. La
mayoria de los estudios informan una prevalencia creciente con la edad, pero las cifras varian
ampliamente debido a las diferentes poblaciones de pacientes, los entornos de estudio y las
definiciones de multimorbilidad (es decir, existen distintas definiciones que varian segun el tipo

y el nimero de las afecciones médicas consideradas).

Una revisioén sistematica realizada por Marengoni et al. en 2011 observd que la prevalencia de
la multimorbilidad variaba ampliamente en la poblacién general entre un 20-30% alcanzando
cifras de hasta casi la totalidad de la poblacidn anciana (12). En los Paises Bajos, Uijen y Van de
Lisdonk estudiaron que la prevalencia de personas con mas de 2 enfermedades crénicas habia
aumentado de 12.3% al 20.5% en atencién primaria desde 1985 a 2005, mientras que en los
Estados Unidos se observd que esta prevalencia aumentaba de 21.8% en 2001 a 25.5% en 2012
(13). Este incremento de la multimorbilidad se ha asociado al aumento de la esperanza de vida,
a través de las mejoras en las condiciones laborales, econdmicas, sociales y sanitarias, que han
supuesto una supervivencia mayor en la poblacién, acumuldndose los problemas de salud en
personas de mayor edad. Si bien es cierto que en los ultimos afos se observa un aumento de la
multimorbilidad en poblaciones mas jévenes (Figura 1). Por ejemplo, en la poblacién que
consulta atencién primaria en Aragdn, casi la totalidad de los ancianos, la mitad de los adultos y
uno de cada 10 nifios presentan multimorbilidad (1,3). Otros factores, principalmente de tipo
socioecondmico, juegan un papel esencial en esta tendencia, habiéndose puesto de manifiesto
un adelanto de entre 10-15 afos en la edad de aparicién de la multimorbilidad en personas de
nivel socioecondmico bajo (3). Este hecho fue analizado por Barnett et al. en 2012, que ademas
de encontrar una fuerte asociacién entre la edad y la multimorbilidad, observé que los jovenes
y pacientes de mediana edad de clase social baja tenian mayor riesgo de presentar

multimorbilidad que los de mayor nivel socioeconémico (14).
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2014;9(7):€102149 (4)

1.1.3. Consecuencias de la multimorbilidad

La multimorbilidad tiene un gran impacto en la calidad de vida de los pacientes, y si la
comparamos con una Unica enfermedad crénica, la multimorbilidad se relaciona con una peor
calidad de vida, mayor utilizaciéon de los sistemas sanitarios y consecuencias negativas a nivel

ocupacional, como disminucién de la productividad en la actividad laboral y absentismo (9,13).

Sin embargo, estas consecuencias indeseables en el sistema sanitario no se deben Unicamente
al numero de enfermedades que presenta un paciente, sino a la interaccién y sinergia de los
problemas de salud en un mismo individuo. Debido al aumento de la prevalencia de la
multimorbilidad, el uso de los recursos sanitarios y los costes derivados de los cuidados de los
pacientes multimérbidos también se ven incrementados, sobre todo si no existe un consenso
para su determinacion. Por eso, algunos autores estan empezando a estudiar la asociacién entre
multimorbilidad y coste sanitario como Wang et al. en 2018 observando que los costes de la
multimorbilidad variaban desde 49 a 252.313 ddlares anuales per capita y aumentaban segun el

nivel de multimorbilidad (13).

Ademas, no solo hay que tener en cuenta la complejidad de las enfermedades sino también la
necesidad de cuidados de estos pacientes, ya que la complejidad del manejo de Ia
multimorbilidad se ve incrementada cuando se asocia a fragilidad y demencia, patologias muy
frecuentes en pacientes mayores. Esta relacién supone un mayor requerimiento de los servicios

sanitarios y sociales (Figura 2) (9).
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¢ Mayfever and asthema rheumatosd artheitis, fradty

Figura 2. Diagrama sobre la necesidad de cuidado de salud que produce la multimorbilidad. Reproducido
por: Multimorbidity: clinical assessment and management (NG56). Publicado por the National Guidelines
Centre at The Royal College of Physicians, 11 St Andrews Place, Regent’s Park, London NW1 4LE (9)

El impacto a nivel econdmico que supone la multimorbilidad se debe ademas al riesgo de
interacciones y de efectos adversos que se ve aumentado en estos pacientes. En un estudio
realizado en la Cohorte EpiChron en 2012, se observd que la probabilidad de padecer una
reaccién adversa aumentaba con el nimero de patologias que presentaba el paciente, el
numero de farmacos co-prescritos y la frecuencia de asistencia a los diferentes servicios
sanitarios. La aparicion de estos efectos adversos complica el manejo del paciente con
multimorbilidad, aumentando la necesidad de recursos sociosanitarios. El hecho de que sean
factores minimizables, hace que se impulse la necesidad de desarrollar estrategias de mejora de
la atencién sanitaria y otras estrategias de implementacién en la poblacién con multiples

enfermedades crdnicas (15).

1.1.4. Patrones de multimorbilidad

La mayoria de los estudios sobre multimorbilidad realizados en la poblacidn se centran en la
identificacion de combinaciones especificas de enfermedades en pacientes en funcién de un
indice de enfermedad y condiciones adicionales. En los ultimos afios, varios estudios han
identificado asociaciones sistematicas entre enfermedades crdnicas, proponiendo la existencia
de patrones de multimorbilidad utilizando métodos de analisis factorial exploratorio, analisis

cluster, asociaciones relativas o analisis de correspondencias (16).
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Segun el European Forum for Primary Care, el estudio de la presencia de asociaciones
sistematicas entre enfermedades y/o farmacos es un paso muy importante para el manejo
global de pacientes con estas caracteristicas y asi centrar la atencién en el paciente de forma
global sin tratar cada una de las enfermedades que presenta de forma individual (17). La
presencia de estos patrones de multimorbilidad sugiere la existencia de mecanismos
fisiopatoldgicos subyacentes comunes (3). Desde una perspectiva etioldgica, es importante
determinar qué patologias tienden a coexistir para planificar una accién preventiva, y desde una
perspectiva clinica es necesario conocer las agrupaciones de enfermedades para ofrecer un

mejor abordaje terapéutico (18).

La revision de la bibliografia revela la existencia de al menos tres patrones de multimorbilidad
que aparecen de forma consistente en los distintos estudios: uno constituido por enfermedades
cardiometabdlicas, otro por enfermedades mentales y un tercero por enfermedades
musculoesqueléticas (3). Aunque un estudio realizado en la Comunidad Auténoma de Aragon
objetivd la presencia de 5 patrones de multimorbilidad: cardio-metabdlico, psiquidtrico-
sustancias de abuso, mecdanico-obesidad-tiroideo, psicogeriatrico y depresivo (1). Estos
patrones de enfermedad se presentan en todas las edades del individuo, se hacen mas
complejos con la edad y se asocian con los farmacos prescritos, lo que resulta en un entramado

cada vez mas dificil de manejar clinicamente (3).

Esta identificacion de patrones de multimorbilidad en los diferentes grupos de edad puede
permitir determinar aquellas enfermedades que necesitan ser priorizadas para intervenciones
futuras (1). El hecho de que algunos diagnésticos se agrupen juntos con alta prevalencia en la
poblacién, permite incluir en las guias de practica clinica de determinadas enfermedades el
abordaje de otras enfermedades comdrbidas. Esta informacion es Util para la deteccidon precoz
de aquellas enfermedades que estan asociadas. El reto para la investigacion futura consiste en
confirmar estas agrupaciones, y en consecuencia descartar que no sean debidas al azar. Este
hecho es especialmente relevante para los clusteres biolégicamente plausibles o aquellos que
aun desconociendo la relacién clinica existente sean mdas prevalentes y por tanto

potencialmente importantes para la practica clinica y el coste sanitario.

Por otro lado, se requieren estudios longitudinales que permitan explorar los factores que
producen o que conducen a la multimorbilidad, y en particular determinar cémo en un paciente
al que se diagnostica una primera enfermedad se le afiaden otras a lo largo de su vida. Todo ello
permitiria disefiar estrategias preventivas individualizadas. La identificacién de patrones de

multimorbilidad facilita el enfoque holistico de la salud centrado en la persona, y aporta datos
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epidemioldgicos a tener en cuenta en la elaboracién de guias de practica clinica, de

procedimientos diagndsticos y algoritmos de salud en atencién primaria (18).

1.2. Polifarmacia asociada a la multimorbilidad

1.2.1. Definicion de polifarmacia

Una de las consecuencias de la multimorbilidad es la polifarmacia, es decir, la prescripcion
simultanea y prolongada de multiples medicamentos en un solo individuo (15). Una de las
principales causas de la polifarmacia se debe a que los fdrmacos son el método mds comun para
la prevencién y el tratamiento de enfermedades crénicas, sobre todo en los pacientes de mayor

edad, y generalmente se emplea mas de un farmaco para tratar cada enfermedad (2).

Hay descritas varias definiciones sobre polifarmacia. Sin embargo, aunque no existe consenso
sobre el nimero al partir del cual hablamos de polifarmacia, la definicién mas utilizada en la
literatura médica es la descrita por Bjerrum et al. en 1997, que define la polifarmacia como la
prescripcion de mds de 5 farmacos en el mismo individuo (2,19). En el caso de una prescripcion

de mas de 10 farmacos se habla de excesiva polifarmacia (20).

1.2.2. Prevalencia de la polifarmacia

La prevalencia de polifarmacia ha ido aumentando en los ultimos afios, debido, por una parte,
al aumento de la prevalencia de la multimorbilidad y al hecho de que cada enfermedad crénica
sea tratada de forma individual segin cada guia de practica clinica, y por otra, al aumento de la
esperanza de vida y del diagndstico precoz debido a la implantacidn de los diferentes screening

poblacionales (19).

En el estudio europeo SHARE (Survey of Health Ageing and Retirement in Europe) realizado en
17 paises europeos e Israel, se observd una prevalencia de polifarmacia entre 26.3% y 39.9% en
mayores de 65 afos, y de un 32.1% en pacientes mayores de 85 afios. También se observé que
el riesgo de polifarmacia aumentaba con la edad, género femenino, sedentarismo, mayor
numero de limitaciones en la realizacién de actividades bdsicas de la vida diaria, depresion, peor
calidad de vida, mayor numero de enfermedades crdnicas, peor nivel socioeconémico y

dificultad para mantener la adherencia terapéutica (2).
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1.2.3. Consecuencias de la polifarmacia

El concepto de polifarmacia no siempre tiene connotaciones negativas, ya que en la mayoria de
los casos es necesario para un correcto tratamiento de las enfermedades. Podemos diferenciar
entre polifarmacia apropiada (éptima prescripcion farmacolégica multiple) e inapropiada
(prescripcién medicamentosa multiple en la que el riesgo supera a los beneficios) (19-20). El
problema y mayor reto para los servicios sanitarios es que la polifarmacia inapropiada supone
un aumento del riesgo de utilizacidon inadecuada de farmacos o incumplimiento terapéutico,
aparicion de sintomatologia secundaria al incumplimiento, infrautilizaciéon de farmacos eficaces,
errores médicos, interacciones farmacoldgicas y reacciones adversas (17), que son a menudo
imprevisibles e insuficientemente analizados, comprometiendo la salud del paciente (15) con el

consecuente aumento de ingresos hospitalarios y aumento del coste sanitario (19).

El problema de la polifarmacia se agrava cuando el cuidado de un paciente se lleva a cabo entre
varios especialistas, ya que hay una ausencia de comunicacién entre los diferentes
profesionales, lo que aumenta el riesgo de polifarmacia inadecuada y sus consecuencias. Por
ello, la conciliacion y revisidon de los tratamientos son estrategias que contribuyen a coordinar la
medicacidn que toman los pacientes, y son procesos clave para ampliar la informacién que tiene
el paciente, controlar la polimedicacién y tratar de reducir los medicamentos inadecuados, asi

como las reacciones adversas (21).

Con el fin de reducir las consecuencias de la polifarmacia, en las Ultimas guias de multimorbilidad
se incide en la necesidad de aumentar esta comunicacion entre profesionales de forma esencial
para evaluar y monitorizar el tratamiento de cada uno de los pacientes (15,21), y se estan
desarrollando una serie de intervenciones a través de la Unién Europea para hacer frente a este
problema de salud publica (19). Por ejemplo, se publicaron los criterios Beers, que tienen como
propdsito mejorar la seleccion de farmacos, reducir los efectos adversos de los farmacos y
proporcionar una herramienta para evaluar costes, patrones y calidad de los farmacos utilizados
en personas de 65 afos de edad o mayores. Estos criterios Beers incluyeron en 2019 a 30 familias
farmacoldgicas que se deben evitar como tratamiento en adultos mayores en general, y 40
clases de farmacos que se han de utilizar con cautela o evitar en pacientes con determinadas
enfermedades o trastornos (22). Ademas, se estan desarrollando multiples herramientas
electrénicas para ayudar a la toma de decisiones en la prescripcién teniendo en cuenta lo
apropiado del farmaco segun su indicacion y la presencia de efectos adversos (23). Por ejemplo,

herramientas que incluyen los criterios STOPP/START (Screening Tool of Older Persons'
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potentially inappropriate Prescriptions/Screening Tool to Alert doctors to the Right

Treatment) habiéndose demostrado utilidad en pacientes ancianos con multimorbilidad (24).

1.2.4. Patrones de polifarmacia

Como ocurre con los estudios en los que se determina la existencia de asociaciones sistematicas
entre enfermedades en forma de patrones de multimorbilidad, en los ultimos afos se ha
valorado la presencia de patrones de polifarmacia a través de la asociacién sistemdtica entre

farmacos (17,25).

Un estudio realizado en la cohorte EpiChron en 2013 establecia la presencia de 7 patrones de
polifarmacia denominados: cardiovascular, depresidon-ansiedad, infeccion respiratoria aguda,
enfermedad pulmonar obstructiva crdnica (EPOC), rinitis-asma, dolor y menopausia. Los cuatro
primeros tenian lugar en ambos géneros, los dos siguientes Unicamente en el género masculino
y el ultimo en el femenino. Ademds, se observd la presencia de cascada terapéutica y de

interacciones farmaco-farmaco (17).

La cascada terapéutica se refiere a la prescripcion de un medicamento para tratar los signos o
sintomas que surgen de un efecto adverso de otro medicamento, que no ha sido reconocido

como taI, y se interpreta como un nuevo trastorno.

Este tipo de estudios surgido de la necesidad de identificar el riesgo farmacolégico de los
pacientes con multimorbilidad, ya que conociendo la asociacion entre los diferentes farmacos
en forma de patrones permitiria la creacion de estrategias de manejo de estos pacientes,

evitando una polifarmacia innecesaria (25).

1.3. Conclusiones multimorbilidad y polifarmacia

La prevalencia de la multimorbilidad estd aumentando en los ultimos afios suponiendo un reto
para los servicios sanitarios. Esto hace necesario el desarrollo de estudios, entre otros, sobre los
mecanismos fisiopatoldgicos subyacentes de las diferentes enfermedades. Este conocimiento
puede ayudar a determinar que patologias tienden a coexistir formando una serie de patrones,
y asi visualizar las interacciones entre las distintas enfermedades crdnicas, lo que impulsaria a la
planificaciéon de estrategias preventivas. Como hemos visto, también se puede estudiar la
relacidn entre los diferentes farmacos dispensados, aportando una valiosa informacién sobre la

patologia crénica. Por todas estas razones, se va a estudiar en esta tesis la presencia simultdnea
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de asociaciones sistematicas inesperadas entre enfermedades crénicas y farmacos

conformando una serie de patrones de multimorbilidad y polifarmacia.

Como se ha indicado la multimorbilidad y la polifarmacia tienen una gran importancia para la
salud publica, por lo que también es de interés valorar los diferentes aspectos que pueden influir
en ellos, como, por ejemplo, la adherencia terapéutica. El papel de la adherencia terapéutica en
la multimorbilidad y polifarmacia es incierto, por lo que son necesarios estudios que valoren
esta influencia, ya que las consecuencias clinicas de un bajo cumplimiento terapéutico pueden

comprometer la calidad de vida y morbimortalidad de estos pacientes.

2. Adherencia terapéutica

2.1. Definicion adherencia terapéutica

Aungque hasta las ultimas décadas el tema de la adherencia al tratamiento no ha adquirido un
papel relevante en la literatura cientifica, ya desde hace siglos era un problema sefialado. En
este sentido, son conocidos los comentarios de Platon sobre la importancia de incidir sobre la
correcta toma de la medicacion o los de Hipdcrates sobre la tendencia de algunos pacientes a
abandonar los tratamientos y a mentir al médico cuando se les interrogaba al respecto. De forma
simple se puede decir que representa la concordancia entre las instrucciones dadas y las
conductas seguidas. Desde hace varios afios, la definicidn mas comiUnmente aceptada es la
propuesta inicialmente por Haynes y Sackett y avalada posteriormente por un grupo de expertos
de la OMS que define el cumplimiento como “el grado en el cual la conducta del paciente, en
términos de tomar medicamentos, seguir dietas o realizar cambios en el estilo de vida, coinciden
con la prescripcidn clinica”. Existe cierto acuerdo al considerar como cumplidor a aquél que sigue
dichas recomendaciones en un rango del 80-110%. Otra definicién de interés, porque nos da
una aproximacion a su importancia, es la propuesta por Gil en la que lo define como “la distancia

qgue media entre la eficacia y la efectividad de un farmaco” (26).

En la bibliografia encontramos distintos términos que hacen referencia a la toma no adecuada
de la medicacion; entre ellos, los mas relevantes son la adherencia y el cumplimiento, que se
pueden considerar sindnimos porque ambos términos miden el porcentaje de dosis que toma
el paciente respecto al tedrico. La principal diferencia entre ambos es que la adherencia ademas
expresa una colaboracién activa entre el profesional sanitario y el paciente en la toma de
decisiones que afectan a su propia salud. Por el contrario, el término cumplimiento implica una

conducta de sumision y obediencia a una orden, propia de una relacion paternalista entre los
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profesionales de la salud y el paciente. Esta falta de participacion del paciente en la definicién

podria justificar el desuso del término cumplimiento en favor del de adherencia (27).

A su vez, no existia un consenso sobre la propia definicién de la adherencia, por ello se han
publicados varias guias clinicas y recomendaciones para tratar de estandarizar estas definiciones
como CONSORT (Consolidated Standards of Reporting Trials) (28), STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) (29), y StaRl (Standards for Reporting
Implementation Studies) (30). Estas recomendaciones no se centran en el papel de la adherencia
en los estudios de investigacion clinica, sino que se centran mas en la conducta que en el término
adherencia como método estadistico. Para mejorar esta evidencia clinica, varias sociedades
cientificas entre ellas la European Society for Patient Adherence, COMpliance, and Persistence
(ESPACOMP; www.espacomp.eu) desarrollaron la guia ESPACOMP Medication Adherence
Reporting Guideline (EMERGE) (31). Esta guia tiene como objetivo construir el consenso sobre

la definicién de adherencia para su utilizacién en los diversos articulos y trabajos cientificos.

La adherencia a la medicacidn se ha definido como el grado en el que la conducta de un paciente,
en relacién con la toma de medicacién, el seguimiento de una dieta o la modificacidn de habitos
de vida, se corresponde con las recomendaciones acordadas con el profesional sanitario (15,27,
32-34). Adicionalmente, la guia ESPACOMP se refiere a la adherencia como el proceso en el que
el paciente toma la medicacidn como se le ha prescrito y se subdivide en tres fases esenciales:
iniciacion, implementacion y discontinuacion. La falta de adherencia puede ocurrir en cualquiera
de las tres fases (Figura 3), bien porque se retrasa el inicio del tratamiento prescripto o bien no
se inicia, hay un seguimiento subdptimo del tratamiento (se reduce la dosis, o se toma a distintas
horas) o hay una discontinuacién de la misma (no persistencia). Cada fase crea desafios
metodolégicos relacionados con la forma en que el uso de medicamentos se define, mide y

analiza operativamente (31).
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Figure. Conceptualization of medication adherence.
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Figura 3. Diagrama conceptualizacién de la adherencia a la medicacién. Reproducido por De Geest S, Zullig
LL, Dunbar-Jacob J, Helmy R, Hughes DA, Wilson IB, et al. ESPACOMP medication adherence reporting
guideline (EMERGE). Ann Intern Med. 2018;169(1):30-5

2.2. Clasificacion de adherencia

Se ha intentado clasificar la adherencia de distintas maneras. En primer lugar, interesa conocer
si la falta de adherencia es intencionada o no intencionada, porque a priori las estrategias
planteadas para mejorar la adherencia serdn distintas en cada caso. En la intencionada, hay una
clara voluntad de no tomar la medicacién por parte del paciente, mientras que la falta de
adherencia no intencionada es el resultado de un olvido involuntario relacionado con la pérdida
de memoria o autonomia del paciente, la complejidad del tratamiento, la falta de creacion de
rutinas y hdbitos diarios, etc (35). El estudio de Gadkari y McHorney sugiere que la falta de
adherencia no intencionada se ve influida por los mismos factores que la intencionada, es decir,
las creencias del paciente sobre la medicacidn, especialmente la necesidad percibida de
medicacidn, y la percepcién de medicacién asequible econémicamente (36). De alguna manera,
si el paciente no comprende la importancia y necesidad del tratamiento, sera mas dificil que se

comprometa con la necesidad de una toma correcta de la medicacion (35).

También se puede diferenciar entre adherencia primaria y secundaria, que son dos aspectos
distintos de la no adherencia al tratamiento. Se ha considerado como adherencia primaria la
adherencia que ocurre cuando se le prescribe un nuevo tratamiento a un paciente y no llega ni
tan siquiera a recoger la medicacién en la farmacia. La adherencia secundaria seria la toma
inadecuada de la medicacién una vez se recoge de la farmacia, e incluye tomar una dosis
incorrecta, a horas incorrectas, olvidarse de tomar una o varias dosis, aumentar la frecuencia de
la dosis y suspender el tratamiento demasiado pronto, bien dejando de tomarlo antes de la
fecha recomendada por el médico o no recogiendo de la farmacia una nueva prescripcion.

Ademas, la adherencia es un térmico cuantificable, de forma que se habla de una “adherencia
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cuantitativa” cuando nos referimos a la cantidad de farmaco que toma el paciente respecto al

tedrico, es decir, la proporcién de dosis tomada respecto al tedérico. En cambio, no abordan otros

aspectos de la toma “correcta” de la medicacién o, lo que es lo mismo, la calidad de la toma o

“adherencia cualitativa”, como pueden ser la frecuencia de administracién adecuada

(adherencia al horario) o el cumplimiento de las restricciones alimentarias (tomar en ayunas o

con comida grasa), entre otros. Tampoco se nos da informacién sobre el tipo de olvido: si es

puntual, relacionado con los fines de semana o si son interrupciones de tratamiento (nimero

de dias completos que no se ha tomado la medicacidn) (35).

En las ocasiones en las que se ha estudiado el periodo de seguimiento, se puede distinguir entre

varios tipos de incumplimiento:

Incumplimiento parcial. El paciente se adhiere al tratamiento en algunos momentos

(35). Se produce cuando el paciente toma entre el 50 y el 80% de la medicacion (37).

Incumplimiento esporddico. Se da cuando el individuo incumple de forma ocasional. Es
mas habitual en los ancianos que olvidan tomas o toman dosis menores por miedo a
efectos adversos (35). Se los considera cumplidores, pues toman entre el 80% y el 100%
de los comprimidos, pero a lo largo del mes suelen incumplir entre 1 y 6 tomas o bien
realizan vacaciones farmacoldgicas (al menos durante 3 dias seguidos, no toman la

medicacidn, coincidiendo con viajes y fines de semana) (37).

Incumplimiento secuencial. El paciente deja el tratamiento durante periodos de tiempo
en los que se encuentra bien, pero lo restaura cuando aparecen sintomas (similar al

concepto “vacaciones terapéuticas”) (35).

Cumplimiento de bata blanca. Si el paciente solo se adhiere cuando estd cercana una
visita médica. Esta actitud, junto con la anterior, se da en enfermedades crénicas como

la hipertensién o la dislipemia (35).

Incumplimiento completo. Se produce cuando el abandono del tratamiento es de forma
indefinida. Esta falta de adherencia es mas frecuente en jévenes con enfermedades
cronicas, probablemente porque el beneficio del tratamiento se plantea a largo plazoy

los gastos y posibles efectos adversos son inmediatos (35).
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2.3. Situacion actual de la adherencia

El cumplimiento estd relacionado con la efectividad, de forma que la adherencia ha de ser
practicamente perfecta para alcanzar el objetivo del tratamiento y, en definitiva, evitar las
complicaciones derivadas de la progresién de la patologia. Pero no es suficiente con alcanzar
una buena adherencia inicialmente, es esencial mantenerla en el tiempo. Tampoco se conoce la
magnitud real del problema de la falta de adherencia. Se ha estimado que la adherencia en
tratamientos crénicos es baja; de hecho, la OMS la sitla en torno al 50 %, y otros estudios indican

que la prevalencia de la no adherencia varia entre el 25 y el 50 % (35).

Segun diferentes estudios entre el 5y el 20% de las recetas prescritas por los profesionales ni
siquiera son retiradas de las oficinas de farmacia y, ademas, de las que son retiradas, un 20% de
los pacientes no recuerda la posologia prescrita, lo que condiciona la correcta utilizacion y, por
tanto, un aumento del incumplimiento (26,38). Existen multiples publicaciones que aportan
datos de nuestro entorno referentes a la falta de adherencia tanto en patologias agudas como
en cronicas. Considerando el tratamiento antibidético como ejemplo de tratamiento agudo tipo,
diferentes estudios publicados en nuestro pais hablan de porcentajes siempre superiores al 30%
de incumplimiento, llegandose en alguno de ellos a cifras superiores al 60% de incumplimiento.
Son también diversos los estudios que han investigado las cifras de incumplimiento terapéutico
en diferentes patologias créonicas como la hipertension arterial, la diabetes mellitus, la
dislipemia, la depresidn, etc. Las cifras obtenidas son asi mismo preocupantes, con cifras medias

de incumplimiento que rondan el 35-50% (26,38).

2.4. Causas del incumplimiento-no adherencia

Entre las causas del incumplimiento existen tres grandes categorias de causas:
1. Relacionados con el paciente:

— Edad: Algunos autores valoran que la adherencia aumenta conforme aumenta

la edad, aunque no hay consenso en la literatura (39-40). Normalmente, ser
anciano esta asociado a un aumento de morbilidad y de deterioro cognitivo, lo

gue aumenta el riesgo de incumplimiento terapéutico (41).
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Género: En algunos estudios se ha observado que el género femenino tiene mas
riesgo de ser no adherente que el género masculino, considerando que la menor
adherencia en mujeres es debido al papel de cuidadora principal de la familia,
de forma que tienen menos tiempo y energia para su propio cuidado personal

(39).

Enfermedades mentales: Se asocian con un incremento en el riesgo de no

adherencia. Los mecanismos que pueden influir son la falta de motivacién, la
falta de atencién, la memoria, el deterioro cognitivo, la disminucién del

autocuidado y las autolesiones (42).

Zona de vivienda: Sobre este aspecto no hay mucha concordancia. Algunos

estudios afirman que vivir en el medio rural aumenta el riesgo de cumplimiento
en comparacion a zonas urbanas (43-44). En cambio otros autores afirman que
no existen diferencias significativas sobre la adherencia en mayores de 65 afios

que viven en el medio rural o en el urbano (26).

Estado civil: Hay pruebas contradictorias acerca de si vivir sélo o no estar en
pareja se asocian con adherencia en los mayores de 65 afios (45). En algunos
estudios se ha observado que vivir acompanado se asocia a una mayor

adherencia (46).

Nivel educacional: Algunos estudios consideran que el nivel educacional tiene

un papel en la adherencia (47), aunque otros no han encontrado relacién
estadisticamente significativa (48). Sin embargo, se considera mas importante

que los pacientes comprendan el tratamiento (47).

Nivel socioecondmico: Se relaciona con la capacidad econdmica para costear la

medicacidn. En cuanto a este aspecto hay que valorar que las personas con
mayor poder socioeconémico tienen una mayor facilidad para llevar a cabo una
adecuada prevencién y promocion de la salud en comparacion con los de menor
poder econémico. Por ello, los pacientes con menor nivel econémico tienen

mayor patologia crénica y mayor probabilidad de no adherencia.
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Motivacién: La falta de informacién acerca de la importancia de tomar la
medicacién (47,49), y a su vez la falta de motivacién, de atencién y de la
memoria, aumentan el riesgo de incumplimiento terapéutico (42). También
depende de las ideas y experiencias, tanto propias como de familiares o amigos

(50).

Relacionados con la enfermedad:

Se cree que el cumplimiento terapéutico puede estar influenciado por factores

relacionados con la enfermedad como son el rechazo o aceptacién del cuadro clinico, la

sintomatologia, la gravedad del cuadro y la duracidn del proceso (26). Se ha valorado

qgue la duracién del proceso influye de forma negativa en el cumplimiento, con tasas

progresivamente mayores de incumplimiento con la evolucién del cuadro clinico. La

ausencia de conocimiento sobre la duracién del tratamiento también influye de forma

negativa, ya que en muchos casos los pacientes piensan que cuando mejoren las cifras

de control de la enfermedad, se podra suprimir el tratamiento (51).

Otros factores que pueden influir son:

Utilizacidon de los farmacos para prevencion primaria o secundaria. Se ha visto

como en prevencion primaria existe una mayor tasa de no cumplimiento que en
prevencion secundaria. Asimismo la presencia de comorbilidades
cardiovasculares o complicaciones derivadas de la enfermedad mejoran Ila

adherencia (52-53).

Esto se puede deber a la baja percepcidn de enfermedad que se da en la
prevencion primaria (51). En la prevencion primaria el paciente se encuentra
asintomatico, adn no ha sufrido ninglin evento ni ninguna patologia, por lo que
el paciente puede que no valore la necesidad de tratamiento y no se adhiera de
forma adecuada al mismo. Mientras que en la prevencidn secundaria el paciente
ha tenido un evento y se toma la medicacidn para evitar las complicaciones del
mismo. Al tener la enfermedad o haber tenido una complicacién sintomatica, el
paciente ya es consciente de la patologia y de la necesidad de la toma de
medicacidn, de tal forma que se adhiere en mayor medida al tratamiento. Este
hecho se ha comprobado en los pacientes con mayor riesgo cardiovascular que

presentaban una mayor adherencia al tratamiento, debido a una mayor
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conciencia de la importancia del tratamiento por parte del paciente y su médico
de atencidon primaria, asi como a un aumento de la motivacién para seguir el

curso del tratamiento (42).

En el caso de las estatinas, la mala adherencia es comun en la poblacién de
prevencion primaria con frecuentes discontinuaciones tempranas (51). En
cambio en los pacientes con historia de eventos cardiovasculares, hipertension
o diabetes presentan una mayor adherencia que individuos sin esas patologias
(54). En cuanto a la toma de antihipertensivos, se ha observado que si coexisten
complicaciones cardiovasculares, como la enfermedad coronaria, la
insuficiencia cardiaca o arritmias, hay unos mayores niveles de adherencia (42).
Sobre el consumo de antidiabéticos también se ha objetivado como la
adherencia y persistencia a los mismos era mayor en aquellos casos en los que
los pacientes habian presentado una complicacién o presentaban otras

comorbilidades (55).

Presencia de sintomatologia. La sintomatologia influye de forma positiva en el

cumplimiento terapéutico. Al presentar sintomatologia los pacientes son mas
conscientes de la enfermedad y toman la medicacién para evitarlos, por lo que
se adhieren mas al tratamiento (50). Asi, es facil de entender que existan altas

tasas de incumplimiento en procesos asintomaticos, como la dislipemia (26).

Enfermedades crdnicas. Las enfermedades crénicas precisan de un tratamiento

a largo plazo, y en general son las que presentan mayores indices de
incumplimiento con respecto a las enfermedades agudas (27). Esto puede
deberse a que con el tratamiento a largo plazo es mas probable que haya una
interrupcion del mismo que con tratamientos de corta duracién. Este hecho se
relaciona con la complejidad del tratamiento que es inversamente proporcional

a la adherencia terapeutica (42).

Debido a la ausencia de conocimiento sobre la enfermedad y de su evolucion,
muchos pacientes dejan de tomar la medicacidn cuando se normalizan las cifras
de control de la enfermedad, como por ejemplo la tensidn arterial, los niveles
de colesterol o la glucemia. Al abandonar el tratamiento no se controla la
enfermedad y aparecen las complicaciones de la misma, aumentando la

morbimortalidad. Por este motivo es necesario incidir en la informacién sobre
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las enfermedades crénicas y la necesidad del mantenimiento del tratamiento a

largo plazo.

Aparicion efectos adversos o interacciones farmacoldgicas. Se trata de un

importante factor de baja adherencia y persistencia que conlleva a un abandono
del tratamiento, aunque en la mayoria de los casos se sustituird por otro

farmaco (56-58).

Relacionados con el tratamiento:

El incumplimiento terapéutico puede deberse a la complejidad del tratamiento y es

mayor en los que implican modificaciones en el estilo de vida, cambios de habitos o

medidas dietéticas (26). Se ha visto como la complejidad del tratamiento es

inversamente proporcional a la adherencia (42), sobre todo en pacientes de mayor edad

con trastornos mentales en los cuales se ha observado que tienen dificultad para seguir

las instrucciones del tratamiento (50). Los factores que contribuyen a la complejidad

incluyen un gran nimero de farmacos co-prescritos, medicacion dispensada de forma

no sincronizada, la frecuencia de la administracion, variabilidad en las dosis y la

necesidad de instrucciones especiales para tomar la medicacion (42).

Frecuencia de administraciéon: En un estudio se determind que no habia

diferencias estadisticamente significativas en la adherencia al tratamiento entre
una dosis (79%) o dos al dia (69%), pero aumentando la frecuencia a 3 0 4 veces
la adherencia descendia a un 65 y un 51% respectivamente (33). Esto puede
deberse a que con un aumento de la frecuencia de la toma, aumenta el riesgo

de un olvido de una dosis y por lo tanto, una disminucion de la adherencia.

Numero de farmacos co-prescritos: En un estudio realizado sobre adherencia al

tratamiento con antihipertensivos en la Comunidad Auténoma de Aragdn, se
observd que tener prescritos mas de 5 fadrmacos aumentaba el riesgo de no
adherencia (42). Sin embargo, en otros estudios no se observé una relacién

significativa entre mayor niumero de farmacos y adherencia (59).

Numero de enfermedades crdnicas: El efecto sobre la adherencia terapéutica

de la presencia de multiples enfermedades crdnicas o multimorbilidad ha sido
ampliamente estudiado, valorandose la presencia de asociaciones positivas

entre enfermedades y la adherencia o la persistencia a la medicacidn, como fue
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estudiada por O’Shea et al. 2013 (59). En un estudio sobre hipolipemiantes, la
adherencia aumenté del 56% en los pacientes con una sola comorbilidad crénica
al 72% en pacientes con 3 o mas comorbilidades (58). Por el contrario, algunos
estudios han demostrado que la presencia de otras comorbilidades esta

asociada a una disminucién de la adherencia (60).

Efectos adversos: Se han realizado estudios que advierten que hay riesgo de

discontinuacién con la percepcién de efectos adversos (56-58).

Objetivar una falta de eficacia al tratamiento. Los tratamientos, por ejemplo,

para la hipertension arterial, diabetes, dislipemia y osteoporosis sirven para
evitar las complicaciones a largo plazo y para el control evolutivo de la
enfermedad. Este tipo de tratamientos no suele mejorar la sintomatologia, por
lo que puede darse el caso que debido a la persistencia de sintomatologia el
paciente crea que el tratamiento no estda realizando efecto y decida
abandonarlo. Por ejemplo, la presencia de dolor en osteoporosis no mejora con
el tratamiento antiosteoporético, por lo que al creer en falta de eficacia, los
pacientes pueden abandonar el tratamiento. Esto se evitaria a través de la

explicacion sobre los objetivos de tratamiento y la propia enfermedad.

4. Relacionados con el profesional

Relacién médico-paciente: diferentes estudios han demostrado que existe un
mayor cumplimiento terapéutico si existe una estrecha relaciéon entre ambos.
No es Unicamente importante la relacién con el médico, sino también con otros
profesionales encargados de la atencidn del paciente, entre los que destaca el

personal de enfermeria (26,40,50), y el farmacéutico (61).

Ausencia de explicacién de la enfermedad vy de la necesidad del cumplimiento

del tratamiento para mayor eficacia. En esto influye la relacion médico-paciente
y el grado de supervisidon al tratamiento, ya que aquellos pacientes que
consideran que son atendidos el tiempo suficiente o que se supervisa
periddicamente su medicacién tienden a ser mejores cumplidores (26). El limite
de tiempo para las consultas de atencién primaria puede llegar a limitar la
posibilidad que se produzca una correcta comunicacion con el paciente y que

éste pueda resolver las dudas sobre el tratamiento.
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2.5. Consecuencias de la no adherencia

El cumplimiento del tratamiento es un vinculo clave entre el proceso y el resultado en la atencidn
médica (50). Por ello, el incumplimiento terapéutico presenta diversas e importantes
repercusiones negativas que han llevado a afirmar a la OMS, a través de un informe técnico, que
“aumentar la adherencia terapéutica puede tener un impacto mas grande en la salud que

cualquier avance en las terapias [...]” (26).

Una adherencia subdptima a los tratamientos farmacoldgicos prescritos es frecuentemente el
principal obstaculo en el éxito de la terapia, sobre todo en aquellos pacientes que no presentan
sintomatologia, en tratamientos prolongados y en prevencidn primaria. Esta baja adherencia es
altamente prevalente y segiin la OMS, se asocia con un incremento en la mortalidad y morbilidad
de los pacientes asi como con un incremento del gasto sanitario en los sistemas de salud (34,
62-63). Ademas se relaciona con un empeoramiento de la calidad de vida, un aumento del
numero de hospitalizaciones y de las urgencias (34,52). El bajo cumplimiento terapéutico es
especialmente frecuente en las enfermedades crdnicas, cuando el paciente se encuentra bien
controlado (y puede creer que estd curado) y en los ancianos (41), ya que en este grupo de
poblacién la prevalencia de enfermedades crénicas es mayor. Hay que tener en cuenta que el
incumplimiento puede causar sintomas indeseables, pudiendo afadir otros farmacos para su
control si no son detectados como sintomas derivados del incumplimiento, lo que aumenta la
polifarmacia y empeora la seguridad del paciente. Es por todo ello que se considera que la

ausencia de adherencia al tratamiento es un problema de salud publica (48,50,52,64).

2.6. Evaluacion de la adherencia

Los métodos que estudian la adherencia pueden ser directos (basados en la determinacion del
medicamento, de alguno de sus metabolitos o del marcador incorporado a ellos en alguno de
los fluidos organicos del paciente) e indirectos, entre los que destacan: recuento de formas
farmacéuticas (por ejemplo comprimidos), recuento de comprimidos a través de monitores
electréonicos de control de medicacién (MEMS), cumplimiento autocomunicado segun
metodologia de Haynes y Sackett, test de Morisky-Green, asistencia a citas programadas,
valoracion del conocimiento del enfermo sobre su enfermedad (test de Batalla), grado de
control de la presidn arterial en la hipertension arterial o de otros parametros dependiendo de
la enfermedad (como la glucemia o hemoglobina glicosilada en diabetes, o el colesterol en
dislipemia), juicio subjetivo del médico y valoracidn de las recetas retiradas de la farmacia o

recetas prescritas al paciente (37).

33



Uno de los mas utilizados es el Morisky Medication Adherence Scale (MMAS-8), que es una
escala que puede realizar el propio paciente y proporciona datos del comportamiento del
paciente asociados a la adherencia, que puede ser no intencionales (olvidos) o intencionales
(65). Este método, que fue desarrollado originalmente para valorar el cumplimiento de la
medicacidn en pacientes con hipertensién arterial, y que estd validado para diversas
enfermedades crdénicas, valora como cumplidores a los pacientes que respondieron
adecuadamente a las cuatro preguntas siguientes: “ése olvida alguna vez de tomar los
medicamentos?, itoma los medicamentos a la hora indicada por su médico?, cuando se
encuentra bien, ideja de tomar la medicacidn?, si alguna vez se encuentra mal, ideja usted de
tomarla?” (37). En cuanto a calcular la adherencia desde bases de datos, se utiliza la tasa de
posesion de medicacion (MPR: Medication Possesion Ratio) o la proporcidon de dias cubiertos
(PDC). PDC es la proporcidn de dias que un paciente tiene un medicamento disponible en un
periodo determinado de tiempo (62,66). MPR se define como la relacién entre el nimero de
dias que el medicamento podria durar si se tomara la dosis prescripta, considerando el nimero
de recetas dispensadas en el periodo de observacion (56,62,66). MPR es el método gold
standard para calcular adherencia, y se calcula en funcidn del total de dias que el paciente
tendria cubiertos de medicacidn durante un afio, dividido para 365 dias, y estima el porcentaje
(100x5 (dias cubiertos con medicacion)/365). MPR se expresa en forma de porcentaje y segun
la definicién de Haynes, se considera adherencia cuando MPR es > 80%, y no adherente cuando

MPR es <80% (32,41-42).

2.7. Discontinuacidon terapéutica o persistencia

La persistencia, que es la tercera fase de la adherencia, se define como la longitud de tiempo en
la que un individuo permanece en terapia o el tiempo desde el inicio del tratamiento hasta la
interrupcién del mismo (27,66). Se considera un factor primario en determinar el éxito de una
terapia a largo plazo, con relevante importancia en las enfermedades asintomaticas y/o crénicas
donde el tratamiento es prolongado (62). El hecho de continuar con el tratamiento como se
prescribe, es consistente con la definicién de persistencia. Se calcula (Figura 4) tras la fecha de
inclusidon en el estudio hasta que el paciente abandona el tratamiento. La interrupcién se
produce cuando el periodo entre el final de la cobertura de una receta y la fecha de la siguiente
dispensacién es mayor que la distancia permitida (gap), incluso si mas tarde se reanuda el
tratamiento. El gap permitido es variable, por lo que en distintos estudios se han utilizado
diferentes gap, todos ellos validados: gap 30 dias (63), gap 60 dias (41,63), gap 90 dias (60,62-

63), e incluso 1.5 tiempos la duracidn de la receta (44). Los pacientes son clasificados como
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persistentes o no. Se considera no persistencia o discontinuacién cuando el periodo entre la
finalizacidon de una receta y el inicio de la siguiente es superior al gap, y son considerados no
persistentes si tienen al menos una discontinuacidon. También se mide el tiempo de persistencia
en dias desde el inicio del tratamiento a la fecha de discontinuacién o la tasa de persistencia que
se calcula dividiendo el numero de dias que el paciente ha sido persistente entre el nUmero de

dias del periodo de seguimiento.

[ 1€ 3

Paciente A W

Dias 20 40 60 80 360

Intervalo excesivo

Paciente B W
Dias 20 40 60 80 360

Periodo de gracia

Paciente C W

Dias 20 40 60 80 360

Adherencia (dias) % Adherencia anual Persistencia (dias) % Persistencia anual
Paciente A 40 1% 40 11%
Paciente B 40 11% 20 5,5%
Paciente C 40 1% 50 14%

Aten Primaria. 2009;41:342-8

Figura 4: Definicion de adherencia, persistencia y periodo de gracia (adaptacion de una modificacion de
Dailey et al). Se puede establecer para cada individuo un periodo de gracia o intervalo permitido para
obtener o recargar la medicacidn prescrita (en este caso, 10 dias). Si el paciente excede este intervalo
predeterminado, se considera que no es persistente. La tasa de adherencia y de persistencia se calculan
dividiendo el nimero de dias que el paciente ha sido adherente o persistente respectivamente, entre el
numero de dias del periodo de seguimiento (en este caso, 360 dias). Reproducido por: Dilla T., Valladares
A. et al. Adherencia y persistencia terapéutica: causas, consecuencias y estrategias de mejora. Atencidn
Primaria. 2009; 41(6):342-348.

2.8. Adherencia terapéutica en la diabetes mellitus tipo 2

En esta tesis nos vamos a centrar en el estudio de la adherencia al tratamiento de la diabetes
mellitus tipo 2 debido a su alta prevalencia. Es una enfermedad considerada como uno de los
grandes problemas de salud de la poblacién mundial (67). El estudio Di@bet.es realizado en la

poblacion espafiola por Soriguer at al. en 2011 observé que al menos un 30% de la poblacion
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estudiada tenia una alteracién en la glucemia, con una prevalencia de la diabetes mellitus
ajustada por sexo y edad del 13.8% (95% ClI 12.8, 14.7%). Pero aun asi muchos pacientes
desconocen su diagndstico por lo que la prevalencia podria ser hasta el doble segun las

estimaciones de varios estudios (68).

Entre los factores relacionados con esta alta prevalencia se encuentran los habitos de vida (como
una dieta inadecuada, insomnio y baja actividad fisica), obesidad, aumento de la esperanza de

vida y los cambios sucesivos en los criterios de diagnéstico (69).

La diabetes mellitus es una enfermedad crénica que requiere un tratamiento continuo y a largo
plazo por lo que, en los ultimos afios, se han comercializado nuevos antidiabéticos orales para
lograr el control glucémico, con una eficacia, coste o mecanismo de accion diferente. El gran
aumento de la prevalencia de la diabetes mellitus tipo 2 y la variabilidad en las opciones de
tratamiento han supuesto un aumento en la utilizacién de antidiabéticos, observandose en

varios estudios un cambio en los patrones de prescripcion de estos farmacos (70).

Uno de los principales objetivos actuales de la salud publica es la mejoria del manejo clinico de
los pacientes con diabetes mellitus tipo 2. En este sentido, aumentar la adherencia al
tratamiento se considera una de las principales prioridades, ya que una baja adherencia se
relaciona con una baja efectividad del tratamiento, empeorando el control glucémico. Este
inadecuado control de la diabetes aumenta el riesgo de aparicion de complicaciones
macrovasculares y microvasculares (71), lo que a su vez aumenta el riesgo de multimorbilidad y

empeora la calidad de vida (34).

Por otra parte, la comorbilidad con otras enfermedades crénicas esta presente en la mayoria de
los pacientes con diabetes, y en varios estudios se ha sugerido que el aumento del nimeroy la
gravedad de estas comorbilidades puede afectar a la adherencia al tratamiento de esta

enfermedad crénica (44,59).

2.9. Conclusiones de la adherencia terapéutica

La OMS estima que un 50% de la poblacién con enfermedades crénicas no toma su medicacion
de la forma prescrita. Este incumplimiento en pacientes con enfermedades crdnicas y sobre todo
con multimorbilidad puede causar sintomas indeseables, pudiendo afadir otros fdrmacos para
su control si no son detectados como sintomas derivados del incumplimiento, lo que aumenta

la polifarmacia y empeora la seguridad del paciente, aumentando la morbimortalidad y
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empeorando la calidad vida. Por ello son necesarios estudios que valoren la relacién de la

multimorbilidad y polifarmacia con la adherencia terapéutica.

La diabetes mellitus tipo 2 es una de las enfermedades créonicas mas prevalentes, cuyo manejo
supone un reto para el sistema sanitario. Un buen control del tratamiento en los pacientes con
diabetes mellitus es importante, ya que un inadecuado control aumenta la presencia de
complicaciones macro y microvasculares, aumentando la morbimortalidad y el gasto sanitario.
A su vez, se ha valorado que la presencia de otras enfermedades crdnicas podria tener relacion
con una inadecuada adherencia a su tratamiento. Por ello, el estudio de la adherencia
terapéutica en la diabetes mellitus y su relacidn con la multimorbilidad y polifarmacia puede
suponer la puesta en marcha de estrategias para asegurar un buen control de esta enfermedad

cronica y de sus consecuencias.

37



MEMORIA

38



MEMORIA

1. Objetivos

1.1. Objetivo general

Avanzar en el conocimiento de la multimorbilidad y polifarmacia, a través del estudio de la
relacidn entre las diferentes enfermedades crdnicas y farmacos, y su papel en la adherencia
terapéutica en las enfermedades crdnicas mas prevalentes, a través de datos clinicos reales

procedentes de grandes bases de datos poblacionales.

1.2. Objetivos especificos

1. Determinar la presencia de asociaciones sistematicas entre enfermedades crénicas y
farmacos en forma de patrones de multimorbilidad y polifarmacia, y valorar la presencia
de interacciones medicamentosas y de cascada terapéutica.

2. Estudiar la relacién de la multimorbilidad y polifarmacia con la adherencia terapéutica
en las enfermedades crénicas con alto riesgo cardiovascular mas prevalentes.

3. Caracterizar el patrén de tratamiento de la diabetes mellitus en la poblacién de Aragdn,
la persistencia al tratamiento y la influencia en ella de la multimorbilidad y polifarmacia.

4. Comparar el patron de uso de antidiabéticos y los factores que afectan a su persistencia

entre Espafia (Aragdn) e Italia (Campania).
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2. Metodologia

Esta tesis se compone de cuatro estudios observacionales realizados a partir de grandes bases
de datos poblacionales, los cuales tienen como funcién responder a cada uno de los objetivos

propuestos.

Los tres primeros objetivos especificos se realizan con datos de la Cohorte EpiChron. Esta
cohorte consta de informacion demografica, clinica, de dispensacién de farmacos, uso de
servicios y resultados en salud, procedente de la historia clinica y de bases de datos clinico-
administrativas de los usuarios del Sistema Aragonés de Salud (1.3 millones de habitantes). La
poblacién de esta Cohorte EpiChron es de 1,253,292 individuos (enero 1, 2011), por lo que
representa aproximadamente al 98% del total de habitantes de esta regidn. El perfil basal y la
metodologia usada en la conformacidn de esta cohorte fue publicada en 2018 en la revista
International Journal of Epidemiology (72) y consta de la aprobacién del Comité de Etica de la

Investigacion de la Comunidad Autdonoma de Aragdn (CEICA; PI17/0024).

El cuarto objetivo se responde con el estudio comparativo de los patrones de uso de
antidiabéticos y la persistencia al tratamiento de este grupo farmacolégico en la regién de
Campania, ltalia, que fue realizado durante mi estancia en el Centro Interdepartamental de
Investigacion en Farmacoeconomia y Farmacoutilizacion (CIRFF) de la Universidad Federico Il de
Napoles, Italia. El CIRFF es una agencia regional que se encarga de la realizaciéon de estudios
epidemioldgicos a través de bases de datos clinico-administrativas de la region de Campania,
situada en el sur de ltalia, y representa al 10% de la poblacion italiana, con 5.9 millones de

habitantes.

La documentacidn de esta tesis doctoral ha sido evaluada y aprobada por el CEICA el 11 de abril
de 2018 (P118/083). Por tratarse de un estudio de cohortes con seleccién inicial retrospectiva no
ha sido posible recabar el consentimiento informado de los pacientes. Ademas, los estudios
realizados en la cohorte EpiChron cuentan a su vez con la aprobacién del CEICA de forma

individual:

— Menditto E, Gimeno Miguel A, Moreno Juste A, Poblador Plou B, Aza Pascual-Salcedo M,
Orlando V, et al. Patterns of multimorbidity and polypharmacy in young and adult
population: Systematic associations among chronic diseases and drugs using factor
analysis. PLoS One. 2019;14(2): e0210701. Aprobado por el CEICA el 28 de febrero de
2018 (PI 18/041).
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— Moreno Juste A, Gimeno Miguel A, Poblador Plou B, Gonzalez Rubio F, Aza Pascual-
Salcedo MM, Menditto E, et al. Adherence to treatment of hypertension,
hypercholesterolaemia and diabetes in an elderly population of a Spanish cohort. Med

Clin (Barc). 2019;153(1):1-5. Aprobado por el CEICA el 30 de marzo de 2016 (Pl 16/088).

— Moreno-Juste A, Poblador-Plou B, Aza-Pascual-Salcedo MM, Gonzalez-Rubio F, Malo S,
Librero Lépez J, Pico-Soler V, Giménez Labrador E, Mucherino S, Orlando V, Menditto E,
Prados-Torres A, Gimeno-Miguel A. Initial therapy, regimen change and persistence in a
Spanish cohort of newly treated type 2 diabetes patients: a retrospective, observational
study using real-world data. International Journal of Environmental Research and Public
Health 2020;17 (10):3742. Aprobado por el CEICA el 13 de diciembre de 2017 (PI
17/0361).

Los datos extraidos para el estudio del patrén de uso de antidiabéticos realizado en la regién de
Campania cuentan con la aprobacidn ética a través de un decreto regional que permite al CIRFF
la realizacién de investigaciones haciendo uso secundario de datos procedentes de bases de

datos clinico-administrativas (DGRC n2 276 23/05/2017).

A continuacidén, se resumen los principales aspectos metodoldgicos y estadisticos referentes a
cada objetivo especifico, a su vez vinculados a cada uno de los articulos que componen esta

tesis.

Objetivo 1: Determinar la presencia de asociaciones sistemdticas entre enfermedades
cronicas y farmacos en forma de patrones de multimorbilidad y polifarmacia, y valorar

la presencia de interacciones medicamentosas y de cascada terapéutica

Estudio observacional retrospectivo realizado en la Cohorte EpiChron. Se incluyeron todos los
individuos hasta los 65 afios de edad que habian recibido al menos una prescripcion terapéutica
durante 2015. Se consideraron como variables la edad, el género, todos sus diagndsticos
cronicos de las bases de datos de atencidn primaria y hospitalaria, y los farmacos dispensados
durante 2015. Los diagndsticos crénicos fueron codificados segun la Clasificacién Internacional
de Atencién Primaria y la Clasificacion Internacional de Enfermedades y, posteriormente, se
unificaron en Expanded Diagnostic Clusters (EDC) utilizando el software Johns Hopkins
ACG®System (version 11.0, The Johns Hopkins University, Baltimore, MD, EE. UU.). Los farmacos

fueron codificados seguln el Sistema de Clasificacion Anatémica Terapéutica Quimica (ATC) (73).
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En primer lugar, se realizé un estudio descriptivo de las enfermedades crénicas y farmacos
dispensados para cada género y grupo de edad (0-14, 15-44, y 45-65 afios). Los patrones de
multimorbilidad y polifarmacia fueron identificados utilizando un analisis factorial exploratorio
basado en relaciones tetracéricas entre los diagndsticos y los farmacos dispensados. La
extraccién de los factores se realizé utilizando el método de factor principal, y se aplicé una
rotacion oblicua de Oblimin para facilitar la interpretacién de los resultados. El analisis fue
estratificado también por género y edad, incluyendo, para cada grupo, las enfermedades con
una prevalencia mayor del 1%, y asi aumentar la relevancia epidemioldgica. Para determinar
gué enfermedades y fdrmacos conformaban cada patrén, se seleccionaron las enfermedades y
farmacos puntaciones mayores de 0.30 en cada factor (umbral tradicionalmente usado para
aceptar una variable como parte de un factor o patrén), y las puntuaciones entre 0.25-0.30
fueron incluidas si se consideraban relevantes clinicamente. Los resultados fueron valorados por
un equipo clinico multidisciplinar que identificd y denomind los patrones y evalud la presencia

de interacciones farmaco-farmaco, interacciones farmaco-enfermedad y cascada terapéutica.

Objetivo 2: Estudiar la relacion de la multimorbilidad y polifarmacia con la adherencia
terapéutica en las enfermedades cronicas con alto riesgo cardiovascular mds

prevalentes

Estudio observacional transversal retrospectivo realizado en la Cohorte EpiChron, en el que se
seleccionaron aquellos pacientes de la cohorte de mas de 64 afios de edad que iniciaron una
prescripcion en monoterapia entre el 1 de julio y el 31 de diciembre de 2010 de: a) un farmaco
antidiabético oral (Biguanidas, ATC A10BA, Sulfonilureas, A10BB, Inhibidores de la alfa-
glucosidasa, A10BF, tiazolidinedionas, A10BG, Inhibidores de la dipeptil peptidasa 4 (inhibidores
de DPP4), A10BH, u otros antidiabéticos orales, A10BX); b) un farmaco hipolipemiante
(Inhibidores de la HMG-CoA reductasa, C10AA, Fibratos, C10AB, Secuestrantes de acidos
biliares, C10AC, u otros modificadores de lipidos, C10AX); o c) un farmaco antihipertensivo del
sistema renina-angiotensina (Inhibidores del enzima convertasa angiotensina monofarmacos,
C09AA, o Antagonistas de la angiotensina Il monofarmacos, CO9CA). Se excluyeron aquellos
pacientes: a) con algun farmaco del mismo grupo a estudio prescrito en los seis meses anteriores
a su inclusidn en el estudio; b) que no mantuvieron la monoterapia, por necesitar mas de un
principio activo, formulado tanto en combinacidn farmacolégica como por separado; c) sin un
afio de datos validados de la prescripcion del farmaco; o d) con una Unica dispensacion del

farmaco a estudio.

42


https://www.google.com/search?sxsrf=ALeKk02LHuf6ABazt8BS2xxBUSHRDK-pFg:1599845422988&q=tiazolidinedionas&spell=1&sa=X&ved=2ahUKEwjJpYfR0OHrAhWmC2MBHUETB5UQBSgAegQIExAr

Los pacientes fueron clasificados segun el farmaco de inicio. Para cada grupo farmacoldgico se
recogié la informacién de las variables demograficas, el numero de farmacos co-prescritos,
numero de enfermedades crénicas y presencia de enfermedad mental. Como variable resultado,
se cuantificé la adherencia terapéutica mediante MPR. Se realizé para cada grupo farmacolégico
un estudio descriptivo de la poblacién y de la adherencia terapéutica, considerando adherencia
si MPR 280%. Una vez medida la adherencia de los nuevos usuarios para cada grupo de farmaco,
se realizé un modelo de regresidn logistica binaria para valorar la relacién entre adherencia
(variable dependiente) y las variables independientes: género, edad (estratificada en los tres
grupos de edad), nimero de farmacos co-prescritos, nimero de comorbilidades crénicas, y

presencia de enfermedad mental.

Objetivo 3: Caracterizar el patron de tratamiento de la diabetes mellitus en la
poblacion de Aragdn, la persistencia al tratamiento y la influencia en ella de la

multimorbilidad y polifarmacia

Estudio observacional y retrospectivo llevado a cabo a través de la Cohorte EpiChron, en el que
se incluyeron a pacientes mayores de 14 ainos que recibieron una prescripcion de un farmaco
antidiabético entre el 1 de octubre de 2013 y el 30 de septiembre de 2014 (se considerd la fecha
de inclusién a la fecha de la primera prescripcién), que tenian al menos dos afios de datos
validados en la base de datos antes de la inclusion en el estudio y un afo después, y sin otra

prescripcion de un antidiabético en los dos afios previos a la inclusion en el estudio.

Los nuevos usuarios fueron clasificados segun el grupo farmacoldgico prescrito durante el
periodo de estudio: metformina, A10BA, sulfonilureas, A10BB, inhibidores de la DPP-4, A10BH,
repaglinida, A10BX y otra monoterapia, que incluye inhibidores de la alfa-glucosidasa,
A10BF, tiazolidinedionas, A10BG, y andlogos al péptido similar al glucagdn tipo 1 (GLP-1), A10B..
Los farmacos inhibidores del cotransportador de sodio-glucosa tipo 2 (inhibidores de SGLT2) no
se incluyeron ya que no estaban comercializados en el periodo a estudio. Los pacientes que
recibieron combinaciones de farmacos antidiabéticos orales (ATC A10BD) fueron clasificados en
el grupo de combinacion fija. Los pacientes con dos antidiabéticos prescritos con una diferencia

menor a 15 dias fueron categorizados como combinacion libre.

Se realizd un seguimiento de 365 dias desde la primera prescripcidn, y durante el periodo de
seguimiento se incluyé el estudio de adicidn de otro antidiabético y del cambio por otro grupo

farmacoldgico.
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La persistencia se calculé midiendo el gap entre una dispensacién y la siguiente, considerando
discontinuacién (no-persistencia) si el gap entre estas dos variables era superior a 90 dias. En
este estudio, se realizd un analisis descriptivo de las caracteristicas de los pacientes y de los
patrones de tratamiento antidiabético, asi como de las modificaciones en el tratamiento. La
persistencia se calculd usando el método Kaplan-Meier, y se desarrollé el modelo de regresion

de Cox para estimar el riesgo de discontinuacidn durante el aifio de seguimiento.

Objetivo 4: Comparar el patrén de uso de antidiabéticos y su persistencia entre Espafa

(Aragon) y la region de Campania en Italia.

Estudio retrospectivo y observacional realizado en las bases de datos clinico-administrativas de
la regidon de Campania, ltalia. La metodologia utilizada es similar a la empleada en el objetivo

tres con una serie de diferencias:

— Seincluyeron a: a) pacientes 240 afios, b) que habian recibido al menos una prescripcion
de un farmaco antidiabético entre el 1 de enero y el 31 de diciembre de 2016, c)
registrados en las bases de datos administrativas 2 afios antes y después de ser incluidos

en el estudio.

— Se incluyeron en el estudio los fdrmacos inhibidores de SGLT2. Esta diferencia en su

inclusion se debe a que esta familia farmacolégica fue comercializada en 2016.

— Como variables se incluyeron (ademas de la edad, género, si vivian en zona rural o
urbana y el nimero de otros farmacos dispensados), el uso farmacos para enfermedad
mental (antiepilépticos, NO3A, antipsicéticos, NOS5A vy antidepresivos, NOBA),
complicaciones macrovasculares y microvasculares (74), y el indice de comorbilidad. El
indice de comorbilidad se calculd a través del indice RxRisk que es una medida validada

que calcula la comorbilidad individual seguin los farmacos dispensados (75).

— También se incluyd en el estudio los cambios en la dosis terapéutica, tanto el ascenso

como el descenso de la misma.

— Para los cambios de tratamiento y el célculo de persistencia Unicamente se incluyeron

los pacientes que iniciaron el tratamiento con metformina y sulfonilureas.

— La persistencia se calculdé midiendo el gap entre una dispensacion y la siguiente,
considerando no-persistencia si el gap entre estas dos variables era superior a 2.5 veces
la duracidn de la prescripcidn anterior. El nimero de dias cubiertos con medicacién se

estimo seguin el nimero de comprimidos dispensados.

44



3. Trabajos publicados

3.1. Articulo 1

Menditto E, Gimeno Miguel A, Moreno Juste A, Poblador Plou B, Aza Pascual-Salcedo M, Orlando
V, Gonzdlez Rubio F, Prados Torres A. Patterns of multimorbidity and polypharmacy in young
and adult population: Systematic associations among chronic diseases and drugs using factor

analysis. PLoS One. 2019;14(2): e0210701.

Objectives: The objective was to identify the systematic associations among chronic diseases
and drugs in the form of patterns and to describe and clinically interpret the constituted patterns
with a focus on exploring the existence of potential drug-drug and drug-disease interactions and

prescribing cascades.

Methods: This observational, cross-sectional study used the demographic and clinical
information from electronic medical databases and the pharmacy billing records of all users of
the public health system of the Spanish region of Aragon in 2015. An exploratory factor analysis
was conducted based on the tetra-choric correlations among the diagnoses of chronic diseases
and the dispensed drugs in 887,572 patients aged 265 years. The analysis was stratified by age
and sex. To name the constituted patterns, assess their clinical nature, and identify potential
interactions among diseases and drugs, the associations found in each pattern were
independently reviewed by two pharmacists and two doctors and tested against the literature

and the information reported in the technical medicinal forms.

Results: Six multimorbidity-polypharmacy patterns were found in this large-scale population
study, named as respiratory, mental health, cardiometabolic, endocrinological, osteometabolic,
and mechanical-pain. The nature of the patterns in terms of diseases and drugs differed by sex

and age and became more complex as age advanced.

Conclusions: The six clinically sound multimorbidity-polypharmacy patterns described in this
non-elderly population confirmed the existence of systematic associations among chronic
diseases and medications, and revealed some unexpected associations suggesting the
prescribing cascade phenomenon as a potential underlying factor. These findings may help to
broaden the focus and orient the early identification of potential interactions when caring for

multimorbid patients at high risk of adverse health outcomes due to polypharmacy.
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Abstract

Objectives

The objective was to identify the systematic associations among chronic diseases and
drugs in the form of patterns and to describe and clinically interpret the constituted patterns
with a focus on exploring the existence of potential drug-drug and drug-disease interactions
and prescribing cascades.

Methods

This observational, cross-sectional study used the demographic and clinical information
from electronic medical databases and the pharmacy billing records of all users of the public
health system of the Spanish region of Aragon in 2015. An exploratory factor analysis was
conducted based on the tetra-choric correlations among the diagnoses of chronic diseases
and the dispensed drugs in 887,572 patients aged <65 years. The analysis was stratified by
age and sex. To name the constituted patterns, assess their clinical nature, and identify
potential interactions among diseases and drugs, the associations found in each pattern
were independently reviewed by two pharmacists and two doctors and tested against the lit-
erature and the information reported in the technical medicinal forms.

Results

Six multimorbidity-polypharmacy patterns were found in this large-scale population study,
named as respiratory, mental health, cardiometabolic, endocrinological, osteometabolic,
and mechanical-pain. The nature of the patterns in terms of diseases and drugs differed by
sex and age and became more complex as age advanced.
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Conclusions

The six clinically sound multimorbidity-polypharmacy patterns described in this non-elderly
population confirmed the existence of systematic associations among chronic diseases and
medications, and revealed some unexpected associations suggesting the prescribing cas-
cade phenomenon as a potential underlying factor. These findings may help to broaden the
focus and orient the early identification of potential interactions when caring for multimorbid
patients at high risk of adverse health outcomes due to polypharmacy.

Introduction

Optimization of drug prescribing is emerging as a mandatory element for healthcare systems
[1]. Prescribing is largely based on single-disease evidence-based guidelines, which do not gen-
erally consider chronic multimorbidity (i.e., co-occurrence of several chronic diseases within a
patient). Consequently, patients are prescribed several drugs following multiple disease-spe-
cific guidelines [2].

The resulting polypharmacy, defined as the use of multiple medicines, is not always appro-
priate. Several studies have shown that inappropriate polypharmacy increases the risk of
unnecessary drug use, potential drug-drug and drug-disease interactions, and adverse drug
reactions (ADRs) [3-5]. Polypharmacy is often due to the so-called ‘prescribing cascade’,
which involves the clinician’s failure to recognize a new medical event as an ADR. In such
cases, an additional drug is prescribed to treat the adverse reaction leading to side effects
instead of withdrawing or changing the responsible drug, thus creating a vicious circle and
adding further risks to multimorbid patients [6-7].

Large-scale population studies aiming to explore real-life patterns of polypharmacy repre-
sent a unique opportunity to analyse the complexity of drug prescribing, and explore the exis-
tence of systematic associations among drugs. A recent study identified several polypharmacy
patterns in a large population, and their clinical interpretation suggested the existence of
underlying causal factors that were often related, not to the disease itself, but to the side effects
of the prescribed treatments. The study highlighted the need for analyses combining diseases
and drugs, as both can be causal and consequent factors of inappropriate drug prescription
[8]. Although the burden of chronic diseases and drugs prescribed, and subsequently the risk
of interactions among them, increases with age, this problem is not exclusive to the elderly,
and research should also focus on younger populations to allow the early identification of
potential interactions and the development of prevention strategies.

This large-scale population study aimed to characterize the existence of systematic associa-
tions among chronic diseases and drugs in the form of patterns in young and adult populations
and to describe and clinically interpret the constituted patterns with a focus on exploring the
existence of potential drug-drug and drug-disease interactions and prescribing cascades.

Materials and methods
Study design, data sources, and study population

We conducted a cross-sectional, observational study in the EpiChron Cohort [9] using data
from 2015. This cohort integrates anonymized demographic, clinical and drug dispensation
information of all users of the public health system in Aragon, a region of north-eastern Spain
(1,144,816 inhabitants in 2015).
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Patients aged >65 years were excluded from the study to allow focus on young and adult pop-
ulations. Furthermore, preliminary tests conducted in the elderly revealed that a high number of
diseases and drugs present multicollinearity (i.e., linear correlation), leading to the creation of a
singular data matrix that invalidates the use of factor analysis. The study population included
887,572 patients, who were stratified into three age groups: 0-14, 15-44, and 45-65 years.

We considered demographic variables (i.e., age and sex), diagnoses of chronic diseases
from primary care and hospitals, and dispensed drugs during 2015 from pharmacy billing rec-
ords. Diagnoses were originally coded according to the International Classification of Primary
Care (ICPC) and to the International Classification of Diseases, 9 Revision (ICD-9), and
were grouped in the Expanded Diagnostic Clusters (EDC) of the Johns Hopkins ACG System
(version 11.0, The Johns Hopkins University, Baltimore, MD, US). All 114 diseases classified
as chronic by Salisbury et al [10] were included in the analysis and coded in binary format (i.e.,
absence/presence of the disease). Additionally, we included rhinitis, according to the recent
World Health Organization (WHO) indications [11], and acute lower respiratory tract infec-
tion, as it can lead to chronic sequelae. Drugs were coded according to the Anatomical Thera-
peutic Chemical Classification (ATC) System at the third level to facilitate data processing,
also in binary format.

The study was approved by the Clinical Research Ethics Committee of Aragon (CEICA),
which waived the requirement for patient consent since data of the EpiChron Cohort are
anonymized, and no interventions on individuals were performed.

Statistical analysis

A descriptive analysis of the population was performed by calculating the frequencies of
chronic conditions and drugs dispensed in each sex and age group.

Multimorbidity and polypharmacy patterns were identified using exploratory factor analysis
based on a correlation matrix to determine which diagnoses and dispensed drugs comprised
each pattern. This technique was previously used to cluster chronic conditions [12] and medica-
tions [8] separately. We used tetra-choric correlation matrices due to the dichotomous nature
of both chronic diagnoses and dispensed drugs. Factor extraction was performed using the prin-
cipal factor method. An oblique rotation (Oblimin) was applied to facilitate factor interpreta-
tion. We used scree plots to determine the number of factors to be extracted in each group.
When a clear solution was not obtained by the scree plot, a clinical evaluation of different solu-
tions was conducted by EM, FGR, and MAPS. To determine which EDCs and ATC codes
formed each pattern we selected those with scores >0.30 for each factor, which is the threshold
factor loading traditionally used when deciding wheter to accept a variable as belonging to a fac-
tor [13]. EDCs and ATC codes with scores from 0.25-0.30 were included in a factor if consid-
ered relevant and useful in the clinical explanation of the pattern [8]. The factors resulting from
this analysis were interpreted as multimorbidity and polypharmacy patterns.

To increase the epidemiological interest of the study, we included in the analysis only EDCs
with a prevalence >1-2% in each age and sex group. Likewise, ATC codes with a prevalence
>3-5% in each subgroup were considered for analysis. Some ATCs with lower prevalence
were also included based on their potential relevance for interactions or side effects. In con-
trast, several ATC codes presented multicollinearity with specific EDCs and were discarded to
allow statistical analysis. In these cases, AT'C codes were manually excluded in the order of the
degree of multicollinearity until the factor analysis gave satisfactory results. The list of dis-
pensed drugs was reviewed by two pharmacists (EM, MAPS) and one general practitioner
(FGR). Final inclusion and exclusion criteria of EDCs and ATC codes are specified for each
sex and age group.
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In children aged 0-14 years, EDCs with a prevalence >1% and ATC codes with a preva-
lence >3% were included, except for vitamins A and D, including combinations of the two.
Propulsives, decongestants and antiallergics, psychostimulants, agents used for attention-defi-
cit hyperactivity disorder (ADHD) and nootropics, drugs for peptic ulcer and gastro-esoph-
ageal reflux disease, and antiepileptics, were also included regardless of their prevalence based
on their potential to cause ADRs.

In patients aged 15-44 years, EDCs with a prevalence >2% and ATC codes with a preva-
lence >3% were included, except for lipid modifying agents due to collinearity with disorders
of lipid metabolism. Antiepileptics, antipsychotics, corticosteroids for systemic use, thyroid
preparations, opioids, anti-inﬂammatory agents and anti-infective in combination, antithrom-
botic agents, and antimigraine preparations, were included regardless of their prevalence.

For women aged 45-65 years, EDCs with a prevalence >2% and ATC codes with a preva-
lence >5% were included, except for lipid modifying agents, thyroid preparations and iron
preparations, due to collinearity with disorders of lipoid metabolism, thyroid disease, iron
deficiency and other deficiency anaemias, respectively. For men aged 45-65 years, the same
inclusion criteria were used, but lipid modifying agents, blood glucose lowering drugs exclud-
ing insulins, angiotensin-converting enzyme inhibitors, combinations of angiotensin II antag-
onist, beta blocking agents, and antigout preparations, were excluded due to collinearity with
disorders of lipoid metabolism, diabetes, hypertension, and gout.

Sample adequacy was evaluated using the Kaiser-Meyer-Olkin (KMO) test. Only values
>0.60 were considered as acceptable. Additionally, as a measure of the model’s goodness-of-
fit, we calculated the proportion of cumulative variance, which describes the data variability
explained by the patterns. All statistical analyses were conducted in STATA (Version 12.0, Sta-
taCorp LLC, College Sation, TX, US).

Denomination and clinical nature of the patterns

To assess the clinical nature of the patterns identified by statistical criteria, and to identify
potential interactions among diseases and drugs within the patterns, three consecutive steps
were followed. First, the associations found in each pattern were independently reviewed by
two pharmacists (EM and MAPS) and two doctors (FGR and APT) from the research team
and with proven expertise to look for potential inappropriate medication, prescribing cascade,
and drug-drug, drug-disease, and disease-disease interactions. Second, a consensus meeting
was held to discuss and resolve discrepancies and to name the patterns based on their clinical
nature. Third, the findings were tested against the literature and the information reported in
the technical medicinal forms.

Results

The mean number of concomitant diseases increased with age, from one condition registered
in children aged 0-14 years to almost three conditions in adults aged 45-65 years (Table 1).
The number of dispensed drugs followed the same trend and increased from two medications
in children to almost four dispensations in adults aged 45-65.

Multimorbidity and polypharmacy patterns

Six different patterns of multimorbidity and polypharmacy were identified in the study popu-
lation, named respiratory, mental health, cardiometabolic, endocrinological, osteometabolic,
and mechanical pain, according to their clinical nature. Respiratory, mental health, and cardi-
ometabolic patterns occurred in both men and women. Endocrinological and osteometabolic
patterns appeared only in women, whereas the mechanical pain pattern appeared exclusively
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Table 1. Mean number of chronic diseases® and dispensed drugs® according to age and sex groups.

N (%)
Chronic diseases (95% CI)
Dispensed drugs (95% CI)
N (%)
Chronic diseases (95% CI)
Dispensed drugs (95% CI)
N (%)
Chronic diseases (95% CI)
Dispensed drugs (95% CI)
N (%)
Chronic diseases (95% CI)
Dispensed drugs (95% CI)

0-14 years

15-44 years

45-65 years

Total

Women

78,534 (8.85)
1.00 (1.00-1.01)
2.16 (2.15-2.18)
205,122 (23.1)
1.47 (1.46-1.47)
2.67 (2.66-2.68)
168,587 (19.0)
3.06 (3.04-3.07)
4.34 (4.32-4.36)
452,243 (51.0)
1.98 (1.97-1.98)
3.20 (3.19-3.21)

Men

82,893 (9.34)
1.12 (1.11-1.12)
2.27 (2.26-2.29)
190,658 (21.5)
1.14 (1.14-1.15)
1.78 (1.77-1.78)
161,778 (18.2)
2.48 (2.47-2.49)
3.42(3.41-3.44)
435,329 (49.0)
1.63 (1.63-1.64)
2.48 (2.47-2.49)

Total

161,427 (18.2)
1.06 (1.05-1.07)
222 (2.21-2.23)
395,780 (44.6)
1.31 (1.31-1.32)
2.24 (2.23-2.25)
330,365 (37.2)
2.77 (2.76-2.78)
3.89 (3.88-3.90)
887,572 (100)
1.81 (1.81-1.81)
2.85 (2.84-2.86)

Abbreviations: CI, confidence interval; N, number of patients.

* According to Salisbury et al.; rhinitis and acute lower respiratory tract infection were also included.
> ATC (Anatomical Therapeutic Chemical Classification) codes at the third level.

https://doi.org/10.1371/journal.pone.0210701.t001

in men (Table 2). Three different variants were described in the respiratory pattern: a generic
one, a pattern with acute infection, and a respiratory pattern with an asthma-allergic compo-
nent. The nature of the patterns in terms of diseases and drugs differed depending on sex and
age. The patterns found in each age and sex group are described below. The scree plots are
reported in S1 and S2 Figs and the factor scores in S1 Table.

Boys aged 0-14 years. This age and sex group had a KMO sampling adequacy index of
0.740. The proportion of cumulative variance explained by the patterns was 0.356. The scree
plot and clinical evaluation indicated the extraction of three factors (Table 3). Factor 1 clus-
tered acute respiratory infection and a pharmacological pattern for the symptomatic treatment
with corticoids, inhaled beta-adrenergic agonists, antipyretics, antihistamines, and nonsteroi-
dal anti-inflammatory drugs (NSAIDS). Antibiotics (i.e., macrolides and penicillin antibiotics)
could be present to treat the potential bacterial superinfection [8]. The potential therapeutic
cascades identified in this pattern were: a) antifungal drugs for the treatment of candidiasis
secondary to antibiotics [8] and corticoids inhalers [14]; b) electrolytes for the treatment of
gastroenteritis dehydration after use of antibiotics [14]; and ¢) anxiolytics, supposedly pre-
scribed for the symptomatic treatment of the potential side effects of adrenergic inhalants (e.g.,
tachycardia, hyperactivity, and insomnia) dispensed for the symptomatic treatment of acute
respiratory infection [14]. As potential drug-drug interactions (DDIs) we observed the com-
bined use of NSAIDs and corticoids [15].

Table 2. Multimorbidity and polypharmacy patterns identified in each age and sex group.

0-14 years 15-44 years 45-65 years
Women Respiratory-acute infection Mental health Mental health
Respiratory-asthma-allergic Respiratory Respiratory
Mental health Endocrinological Cardiometabolic
Osteometabolic
Men Respiratory-acute infection Mental health Mental health
Respiratory-asthma-allergic Mechanical pain Cardiometabolic
Mental health Respiratory Respiratory

https://doi.org/10.1371/journal.pone.0210701.t002
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Table 3. Patterns of chronic diseases (EDC codes) and drugs (ATC codes) and loading factor scores in boys aged 0-14 years. Diseases are highlighted in bold.

EDC/ATC
HO02A
RES02
RO3A
JoiC
RO3B
NO02B
JOLF
NO5B
SO1A
DO7A
MO1A
A07C
DO1A
DO6A
RO6A
ALLO03
S01G
ROIA
ASMA
NO6B
NO3A
PSY05
PSY14
NUR19
A02B

Disease/Drug

Corticosteroids for systemic use, pain

Acute lower respiratory tract infection

Adrenergics, inhalants

Beta-lactam antibacterials, penicillins

Other drugs for obstructive airway diseases, inhalants
Other analgesics and antipyretics

Macrolides, lincosamides and streptogramins
Anxiolytics

Anti-infective

Corticosteroids, plain

Anti-inflammatory and antirheumatic products, non-steroids
Electrolytes with carbohydrates

Antifungals for topical use

Antibiotics for topical use

Antihistamines for systemic use

Allergic rhinitis

Decongestants and antiallergics

Decongestants and other nasal preparations for topical use
Asthma

Psychostimulants, agents used for ADHD and nootropics
Antiepileptics

Attention deficit disorder

Psychosocial disorders of childhood

Developmental disorder

Drugs for peptic ulcers and GERD

Factor 1 Factor 2 Factor 3
0.6877
0.6748
0.6683 0.3420
0.5854
0.5520 0.4091
0.5332
0.5120
0.4556
0.4545
0.4018
0.3990
0.3666
0.3452
0.3344
0.3143 0.6159
0.7213
0.6773
0.6734
0.4222
0.7213
0.6562
0.5889
0.3968
0.3857
0.3324

Abbreviations: ADHD, attention deficit hyperactivity disorder; ATC, Anatomical Therapeutic Chemical Classification; EDC, Expanded Diagnostic Clusters; GERD,
gastro-esophageal reflux disease.
Notes: Kaiser-Meyer-Olkin (KMO): 0.740; % of cumulative variance explained: 35.6%.

https://doi.org/10.1371/journal.pone.0210701.t003

Factor 2 clustered a respiratory-allergic pattern comprising asthma and allergic rhinitis
with medications such as antihistamines, antiallergics, decongestants, other nasal preparations
for topical use and beta-adrenergic agonists.

Factor 3 clustered developmental, psychosocial disorders and ADHD to drugs for the treat-
ment of these diseases, such as psychostimulants, agents used for ADHD and antiepileptics.
This pattern also included an unexpected association with proton pump inhibitors (PPIs),
which are drugs for the treatment of peptic ulcers. PPIs might have been used to prevent upper
gastrointestinal tract bleeding or gastroesophageal reflux disease due to the use of antidepres-
sants [8,16,17]. Potential DDIs observed in this pattern were: a) the combined use of carba-
mazepine and methylphenidate [14]; and b) carbamazepine and omeprazole [18].

Men aged 15-44 years. This age and sex group had a KMO sampling adequacy index of
0.751. The proportion of cumulative variance explained by the patterns was 0.370. The scree
plot for this group indicated that the number of factors to be extracted was equal to three
(Table 4). Factor 1 clustered psychopathological processes (e.g., depression, anxiety, sleep dis-
orders, psychosis, and neurosis and substance use) and drugs including antidepressants, anxio-
lytics, antiepileptics and antipsychotics. A potential interaction identified in this pattern was
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Table 4. Patterns of chronic diseases (EDC codes) and drugs (ATC codes) and factor loading scores in men aged 15-44 years. Diseases are highlighted in bold.

EDC/ATC Disease/Drug Factor 1 Factor 2 Factor 3
NO6A Antidepressants 0.8979

NO05C Hypnotics and sedatives 0.7614

NO5A Antipsychotics 0.7482

NO05B Anxiolytics 0.6522

NO3A Antiepileptics 0.6442

PSY09 Depression 0.6005

PSY02 Substance use 0.4973

PSYO1 Anxiety neuroses 0.4801

PSY19 Sleep disorders of nonorganic origin 0.4604

MO1A Anti-inflammatory and antirheumatic products, non-steroids 0.7741

NO02B Other analgesics and antipyretics 0.6115

A02B Drugs for peptic ulcers and GERD 0.5996

Jo1C Beta-lactam antibacterials, penicillins 0.5105

NO02A Opioids 0.4920

MUS14 Low back pain 0.4663

HO02A Corticosteroids for systemic use, pain 0.4642

JOIF Macrolides, Lincosamides, and streptogramins 0.4037

BO1A Antithrombotic agents 0.3980

RES02 Acute lower respiratory tract infection 0.3072 0.3838
RO3A Adrenergics, inhalants 0.7900
RO6A Antihistamines for systemic use 0.7005
ASMA Asthma 0.6227
ROIA Decongestants and other nasal preparations for topical use 0.5562
ALLO3 Allergic rhinitis 0.4093

Abbreviations: ATC, Anatomical Therapeutic Chemical Classification; EDC, Expanded Diagnostic Clusters; GERD, gastro-esophageal reflux disease.
Notes: Kaiser-Meyer-Olkin (KMO): 0.751; % of cumulative variance explained: 37.0%.

https://doi.org/10.1371/journal.pone.0210701.t004

substance abuse, including alcohol consumption which represents a potential risk for DDIs
with psychotropic medication, resulting in sedation and drowsiness [19].

Factor 2 clustered a wide range of medications used for the treatment of chronic pain, such
as opioids, corticosteroids, analgesics, antipyretics, and anti-inflammatories. This pattern was
unexpectedly associated with: a) antithrombotic agents comprising both heparins and acetyl-
salicylic acid, typically used for the prevention of thromboembolism after surgery and/or long-
term stays (which can be caused by musculoskeletal pain); b) drugs for peptic ulcers, probably
prescribed to treat the gastrointestinal side effects of antithrombotics, analgesics, and cortico-
steroids [15,18,20]; and c¢) macrolides, penicillin antibiotics, and drugs for peptic ulcers. The
potential DDIs identified in this pattern were: a) the interaction of fentanyl with macrolides,
which increases the effect of the opioid and the risk of respiratory depression [14]; b) acetylsal-
icylic acid with diclofenac [21]; ¢) omeprazole with warfarin [18]; and d) omeprazole and
esomeprazole with clopidogrel [15].

Factor 3 showed a respiratory pattern with a chronic allergic component. This factor clus-
tered acute respiratory infection, allergic-rhinitis and asthma, and medications such as antihis-
tamines, antiallergics, decongestants, other nasal preparations for topical use and beta-
adrenergic agonists.

Men aged 45-65 years. This age and sex group had a KMO sampling adequacy index of
0.627. The proportion of cumulative variance explained by the patterns was 0.304. The scree
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plot for this group suggested extracting four factors. However, the Heywood phenomenon
occurred, and the clinical evaluation finally recommended extracting three factors (Table 5).
The first pattern identified was very similar to Factor 1 found in younger men, but a neuro-
logical component and a pain component (i.e., lower back pain) were also present. However,
substance use was no longer present. Several DDIs were identified in this pattern: a) the use of
carbamazepine as antiepileptic drug and omeprazole [18]; b) the dispensation of antidepres-
sants and drugs for neuropathic pain [16]; and c) the combined use of benzodiazepines with

PPIs and opioids, which could increase sedation [15].

Table 5. Patterns of chronic diseases (EDC codes) and drugs (ATC codes) and factor loading scores in men aged 45-65 years. Diseases are highlighted in bold.

EDC/ATC Disease/Drug Factor 1 Factor 2 Factor 3
NO6A Antidepressants 0.7887

NO05B Anxiolytics 0.7326

NO3A Antiepileptics 0.6613

PSY09 Depression 0.5530

NO2A Opioids 0.4891

PSYO01 Anxiety, neuroses 0.4447

MO1A Anti-inflammatory and antirheumatic products, non-steroids 0.4166

A02B Drugs for peptic ulcers and GERD 0.3990 0.3952

PSY19 Sleep disorders of nonorganic origin 0.3594

MUS14 Low back pain 0.3367

MUS13 Cervical pain syndromes 0.3161

NO02B Other analgesics and antipyretics 0.3113 0.3056
NUR21 Neurologic disorders, other 0.2959

BO1A Antithrombotic agents 0.7832

HTA Hypertension 0.6610

IHD Ischemic heart disease 0.6085

DIAB Diabetes 0.5750

C09C Angiotensin II antagonists, plain 0.5396

CARI16 Cardiovascular disorders, other 0.4854

CAR09 Cardiac arrhythmia 0.4723

NUTO03 Obesity 0.4283

RES04 Emphysema, chronic bronchitis, COPD 0.3380 0.3491
CAR11 Disorders of lipid metabolism 0.3296

RHU02 Gout 0.3014

RO3A Adrenergics, inhalants 0.8130
RO6A Antihistamines for systemic use 0.7063
RES02 Acute lower respiratory tract infection 0.5897
ROIA Decongestants and other nasal preparations for topical use 0.5803
ASMA Asthma 0.5666
JO1IM Quinolone antibacterials 0.4548
JO1F Macrolides, lincosamides, and streptogramins 0.4383
Jo1C Beta-lactam antibacterials, penicillins 0.3981
ALL03 Allergic rhinitis 0.3589

Abbreviations: ATC, Anatomical Therapeutic Chemical Classification; COPD, chronic obstructive pulmonary disease; EDC, Expanded Diagnostic Clusters; GERD,

gastro-esophageal reflux disease.

Notes: Kaiser-Meyer-Olkin (KMO): 0.627; % of cumulative variance explained: 30.4%. The scree plot for this group suggested extracting 4 factors. However, the

Heywood phenomenon occurred, and the clinical evaluation finally recommended extracting 3 factors.

https://doi.org/10.1371/journal.pone.0210701.t005
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Factor 2 was determined by the association among hypertension, diabetes, obesity, disor-
ders of lipid metabolism and complex cardiovascular disorders (e.g., cardiac arrhythmia and
ischaemic disease) and drugs for the treatment of these conditions. This factor also included
chronic obstructive pulmonary disease (COPD).

Factor 3 was very similar to that found in younger men but also included emphysema,
chronic bronchitis, and COPD and antibiotics (e.g., macrolides, quinolone, and penicillin).
The potential DDI identified was the use of macrolides with inhaled beta-adrenergic and anti-
histamines, producing a QT prolongation and thus increasing the risk of arrhythmia [14].

Girls aged 0-14 years. This age and sex group had a KMO sampling adequacy index of
0.732. The proportion of cumulative variance explained by the patterns was 0.332. The scree
plot and clinical discussion recommended the extraction of three factors (Table 6). The result-
ing patterns were similar to Factor 1, Factor 2 and Factor 3 identified in boys aged 0-14 years.
However, beta-adrenergic agonists and other nasal preparations for topical use were absent in
Factor 2, and Factor 3 did not comprise ADHD, which is more frequent in men than in
women at this age [22].

Women aged 15-44 years. This age and sex group had a KMO sampling adequacy index
0f 0.720. The proportion of cumulative variance explained by the patterns was 0.299. The scree
plot and clinical discussion indicated that the number of factors extracted was equal to three
(Table 7). The first factor was similar to Factor 1 identified in men of the same age, but this

Table 6. Patterns of chronic diseases (EDC codes) and drugs (ATC codes) and factor loading scores in girls aged 0-14 years. Diseases are highlighted in bold.

EDC/ATC Disease/Drug Factor 1 Factor 2 Factor 3
HO02A Corticosteroids for systemic use, pain 0.6427

RES02 Acute lower respiratory tract infection 0.6355

RO3A Adrenergics, inhalants 0.6224

Jo1C Beta-lactam antibacterials, penicillins 0.5882

NO02B Other analgesics and antipyretics 0.5116

JOIF Macrolides, Lincosamides, and streptogramins 0.4816

NO05B Anxiolytics 0.457

SO01A Anti-infectives 0.4271

MO1A Anti-inflammatory and antirheumatic products, non-steroids 0.4174

DO07A Corticosteroids, plain 0.4097

DO1A Antifungals for topical use 0.3684

A07C Electrolytes with carbohydrates 0.3648

DO06A Antibiotics for topical use 0.3583

RO6A Antihistamines for systemic use 0.3299 0.6105

ALLO3 Allergic rhinitis 0.7546

S01G Antihistamines for systemic use 0.7419

ROIA Decongestants and antiallergics 0.6744

ASMA Asthma 0.3489

NO3A Antiepileptics 0.6693
NO06B Psychostimulants, agents used for ADHD and nootropics 0.5403
NUR19 Developmental disorder 0.3793
A02B Drugs for peptic ulcers and GERD 0.3761
PSY14 Psychosocial disorders of childhood 0.3287

Abbreviations: ADHD, attention deficit hyperactivity disorder; ATC, Anatomical Therapeutic Chemical Classification; EDC, Expanded Diagnostic Clusters; GERD,

gastro-esophageal reflux disease.
Notes: Kaiser-Meyer-Olkin (KMO): 0.732; % of cumulative variance explained: 33.2%.

https://doi.org/10.1371/journal.pone.0210701.t006
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Table 7. Patterns of chronic diseases (EDC codes) and drugs (ATC codes) and factor loading scores in women aged 15-44 years. Diseases are highlighted in bold.

EDC/ATC Disease/Drug Factor 1 Factor 2 Factor 3
NO6A Antidepressants 0.8600

NO3A Antiepileptics 0.7610

NO05B Anxiolytics 0.7584

NO5A Antipsychotics 0.5738

PSY09 Depression 0.5535

A02B Drugs for peptic ulcers and GERD 0.4688

NO2A Opioids 0.4575

PSYO01 Anxiety, neuroses 0.4333

PSY19 Sleep disorders of nonorganic origin 0.3776

N02C Antimigraine preparations 0.3742

NUR21 Neurologic disorders, other 0.3556

MO1A Anti-inflammatory and antirheumatic products, non-steroids 0.3550 0.3224

NURO03 Peripheral neuropathy, neuritis 0.3093

RO6A Antihistamines for systemic use 0.8167

RO3A Adrenergics, inhalants 0.7087

ROIA Decongestants and other nasal reparations for topical use 0.6800

S01G Decongestants and antiallergics 0.6329

ASMA Asthma 0.4935

RES02 Acute lower respiratory tract infection 0.4617

ALLO3 Allergic rhinitis 0.4243

HO02A Corticosteroids for systemic use, plain 0.4065

JOIF Macrolides, lincosamides and streptogramins 0.3837

Jo1C Beta-lactam antibacterials, penicillins 0.3651

JOIM Anti-inflammatory and antirheumatic products, non-steroids 0.3413

JO1D Quinolone antibacterials 0.3320

NO02B Other beta-lactam antibacterials 0.3169

DO07A Other analgesics and antipyretics 0.3086

BO3A Iron preparations 0.7959
H03C Iodine therapy 0.6469
HEMO02 Iron deficiency, other deficiency anemias 0.5369
B03B Vitamin B12 and folic acid 0.4798
HO3A Thyroid preparations 0.4306
ENDO04 Hypothyroidism 0.3658

Abbreviations: ATC, Anatomical Therapeutic Chemical Classification; EDC, Expanded Diagnostic Clusters; GERD, gastro-esophageal reflux disease.
Notes: Kaiser-Meyer-Olkin (KMO): 0.740; % of cumulative variance explained: 35.6%.

https://doi.org/10.1371/journal.pone.0210701.t007

pattern also comprised neurological disorders and peripheral neuropathy in women, as well as
other drugs including opioids, antimigraine drugs, NSAIDs and drugs for peptic ulcers and
gastro-esophageal reflux disease (GERD). The presence of opioids was unexpected in this pat-
tern and could cause a number of DDIs because of combined use with selective serotonin
reuptake inhibitors (SSRIs), a type of antidepressant that increases the risk of serotonin syn-
drome, which in turn increases the risk of convulsions [23].

Factor 2 clustered acute respiratory infection, allergic-rhinitis and asthma with medications
such as corticoids, inhaled beta-adrenergic agonists, antipyretics, antihistamines, NSAIDS,
quinolones, macrolides, and other beta-lactam antibacterials. The DDIs identified were: a) the
use of inhaled beta-adrenergic agonists and corticosteroids, which decrease potassium levels,
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thus increasing the risk of arrhythmia [15]; and b) the combined use of macrolides and inhaled
beta-adrenergic and antihistamines, producing a QT prolongation and thus increasing the risk
of arrhythmia [14].

Factor 3 clustered hypothyroidism and iron and other deficiency anaemias. Drugs related
to this pattern were thyroid hormone, iron therapy, iodine preparations, vitamin B12, and
folic acid. Thyroid hormone was used for hypothyroidism treatment. The presence of iron
preparations and vitamin B12 might be attributable to the treatment of autoimmune hypothy-
roidism produced by their deficiency in such patients [24-25].

Women aged 45-65 years. This age and sex group had a KMO sampling adequacy index
of 0.803. The proportion of cumulative variance explained by the patterns was 0.313. The scree
plot for this group indicated the extraction of four factors (Table 8). The first factor was similar
to Factor 1 observed in younger women but without the neurological component. The second
factor was also similar to Factor 2 observed in younger women with the absence of some medi-
cations, such as NSAIDs. Factor 3 clustered a typical metabolic syndrome with hypertension,
diabetes, obesity, and lipid metabolism disorders. The drugs related to this pattern were antith-
rombotic agents for cardiovascular prevention and ACE inhibitors for hypertension treatment

Table 8. Patterns of chronic diseases (EDC codes) and drugs (ATC codes) and factor loading scores in women aged 45-65 years. Diseases are highlighted in bold.

EDC/ATC
NO6A
NO05B
PSY09
NO05C
NO3A
PSYo01
NO2A
PSY19
A02B
RO3A
RO6A
ROIA
ASMA
HO02A
JO1F
JO1M
ALLO3
Jo1C
NO02B
HTA
C09A
DIAB
NUTO03
BO1A
CARI11
Al2A
ENDO02

Disease/Drug Factor 1 Factor 2 Factor 3 Factor 4
Antidepressants 0.8980

Anxiolytics 0.6682

Depression 0.6131

Hypnotics and sedatives 0.5592

Antiepileptics 0.5406

Anxiety, neuroses 0.4116

Opioids 0.3805

Sleep disorders of nonorganic origin 0.3618

Drugs for peptic ulcers and GERD 0.3379

Adrenergics, inhalants 0.7548

Antihistamines for systemic se 0.7487

Decongestants and other nasal preparations for topical use 0.6301

Asthma 0.5872

Corticosteroids for systemic use, pain 0.4867

Macrolides, lincosamides and streptogramins 0.4468

Quinolone antibacterials 0.4313

Allergic rhinitis 0.4032

Beta-lactam antibacterials, penicillins 0.3853

Other analgesics and antipyretics 0.3269

Hypertension 0.9601

ACE inhibitors, plain 0.7041

Diabetes 0.5854

Obesity 0.5014

Antithrombotic agents 0.3699

Disorders of lipid metabolism 0.2951

Calcium 0.8032
Osteoporosis 0.7869

Abbreviations: ATC, Anatomical Therapeutic Chemical Classification; EDC, Expanded Diagnostic Clusters; GERD, gastro-esophageal reflux disease.
Notes: Kaiser-Meyer-Olkin (KMO): 0.803; % of cumulative variance explained: 31.3%.

https://doi.org/10.1371/journal.pone.0210701.t008
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[8]. The absence of antihyperlipidaemic drugs was due to the collinearity observed between
antihyperlipidaemics and lipid metabolism disorders, which required their exclusion from the
analysis due to statistical needs. Factor 4 comprised osteoporosis and calcium therapy.

Discussion

Main findings

A total of six clinically relevant patterns of multimorbidity and polypharmacy were found in
the young and adult population of the study, named respiratory, mental health, cardiometa-
bolic, endocrinological, osteometabolic, and mechanical pain. Differences found in their com-
position depended in part on the sex of the patient and all patterns became more complex as
age increased.

The respiratory pattern was present in all age and sex groups. It comprised a group of drugs
administered for the same category of diseases, including medications that were used to treat
complications of these illnesses (e.g., topical antifungal agents, electrolytes) or the side effects
of other drugs (e.g., anxiolytics). In the 15-44 and 45-65 age subgroups, acute-infection and
rhinitis and asthma merged in a respiratory pattern showing a chronic-allergic component in
both men and women. The associated medication pattern associated showed the addition of
quinolones, probably for infection exacerbation. In men aged 15-44 and 45-65, the use of cor-
ticoids did not appear in the pattern, but we cannot confirm that they were not prescribed.
Some therapeutic absences in women aged 45-65 years are worth noting such as NSAIDs,
which could be under prescribed because of the risk of digestive and cardiovascular side effects
[8] and antifungals for topical use, most likely due to the lower incidence of vaginal candidiasis
in postmenopausal women [8]. Treatment differences between men and women emerging
from the analysis should be further investigated.

Mental health pattern was present in all age and sex groups, varying considerably between
groups, and became more complex as age increased. In men aged 15-44 years, the mental
health pattern comprised neither neurological disorders nor peripheral neuropathy, NSAIDs,
opioids, or PPIs. The pattern included psychopathological processes such as depression, anxi-
ety, sleep disorders, psychosis, and neurosis, which are likely related to substance use, also
present in this pattern, which commonly affects men in this age range, as already reported by
Prados-Torres et al. [12]. Substance abuse includes alcohol consumption, which represents a
potential risk for DDIs with psychotropic medication, resulting in sedation and drowsiness
[19]. The neuro-psychiatric pattern in this sex and age group could thus be due to substance
abuse. Other diseases could also be consequence of some type of dependency. This causal
hypothesis is supported by the fact that this pattern did not appear in women, in which toxic
substance use occurs less frequently, as supported by the bibliography [12].

A consistent cardiometabolic pattern is described in our study, with a composition already
reported in the bibliography [12]. This pattern appeared only in men and women aged 45-65
years. In women, this pattern describes a typical metabolic syndrome. In men, other associated
conditions were detected, such as COPD, gout and complex cardiovascular disorders, possibly
due to increased cardiovascular risk in men, together with increased incidence of ischemic
heart and cerebrovascular diseases [8]. The presence of emphysema, chronic bronchitis, and
COPD can be related to the association between the cardiac and respiratory domains already
described and supported in the literature [20]. The presence of antithrombotic agents in men
could be related to the prevention of cardiovascular diseases and to the treatment of ischemic
disease and arrhythmia. The use of PPIs is widely recommended for patients taking antiplatelet
agents [8]. However, we did not find PPIs in women treated with antithrombotic agents,
which was unexpected and cannot be further explained. Indeed, the absence of PPIs was
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already observed in a previous polypharmacy cluster analysis performed in our study cohort
[8]. On the other hand, the use of different antihypertensive drugs in men and women was not
justified from a clinical point of view [26]. It is worth highlighting the different pharmacologi-
cal approaches followed in middle-aged men and women in our study, as the use of different
antihypertensive drugs cannot be supported scientifically [26-27].

In men aged 15-44 years, the presence of a mechanical-pain pattern was evident. Mino-
Leodn et al. [20] recently observed that the associations among the vascular, upper gastroin-
testinal, and musculoskeletal domains could be a consequence of two factors. First, changes
that occur in the connective tissue with ageing, have been linked to a low grade of inflam-
mation. Second, side effects are related to the pharmacological treatment of the diseases
included in the musculoskeletal pattern [20], such as the treatment of gastrointestinal dis-
ease caused by NSAIDs, corticosteroids, and antithrombotic agents [15,18,20] It is notewor-
thy that the pattern also comprised macrolides, penicillin antibiotics, and drugs for peptic
ulcers, all of which are usually used for the eradication of Helicobacter pylori (H. pylori).
Indeed, NSAID-naive users should be tested for the presence of H. pylori infection and, if
positive, receive eradication therapy before NSAID use, a practice that is well accepted and
supported by strong evidence [28].

In women aged 15-44 and 45-65 years we identified an endocrinological and an osteome-
tabolic pattern, respectively. The presence of iron and other deficiency anaemia observed in
women aged 15-44 years could be due to conditions such as menstruation and pregnancy in
which the use of the abovementioned preparations is more necessary. The dispensation of cal-
cium appeared alone in the osteometabolic pattern. The combined use of calcium and other
osteoporosis treatments shows certain protective effect for the prevention of hip and non-ver-
tebral fractures. Although the use of Vitamin D is recommended for osteoporosis, this medica-
tion did not appear in this pattern, which is in agreement with the current deficiency reported
for this vitamin [29].

Several examples of potential DDIs at increased risk of adverse health outcomes were
observed in our study, including potential DDISs in the respiratory pattern for the different age
subgroups, such as: a) the use of inhaled beta-adrenergic agonists and corticosteroids, which
decreased potassium levels, thus increasing the risk of arrhythmia [15]; b) the use of macro-
lides with inhaled beta-adrenergic and antihistamines, producing a QT prolongation and thus
increasing the risk of arrhythmia [14]; and c) the combined use of NSAIDs and corticoids in
the 0-14 age subgroup, which can increase the gastrointestinal risk [15]. In the mental health
pattern, we also reported DDIs such as: a) the combined use of carbamazepine for epilepsy
and methylphenidate for the treatment of ADHD which may decrease the effect of methylphe-
nidate [14]; ¢) antidepressants and drugs for neuropathic pain [16]; and d) the combined use
of benzodiazepines with PPIs and opioids, which increases sedation [15].

Other associations described in the present study cannot be fully rationalized and should be
further investigated as they may give new clues to a better understanding of the relationship
between multimorbidity and polypharmacy.

Strengths and limitations

To our knowledge, this is the first large-scale population study exploring the systematic associ-
ation among chronic diseases and dispensed drugs. The large population size of the EpiChron
Cohort, which has already served as a basis for several pharmaco-epidemiological studies [30-
32], together with the quality of data, resulted in reliable and representative results compared
to those based only on medical records or drug use surveys. Furthermore, the goodness-of-fit
values of the obtained models (i.e., KMO sampling adequacy index and proportion of
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cumulative variance explained) indicated that factor analysis is an appropriate statistical tech-
nique to achieve the aims of the study in the target population [12].

However, one of the most important methodological limitations of this study concerns the
impossibility of including some drugs in the analyses due to multicollinearity with specific dis-
eases, thus leading to the absence of specific drugs that would be, a priori, expected in some
patterns. The issue of multicollinearity was also responsible for excluding the population aged
>65 years from the analysis, which limited the comprehensiveness of the study. Further inves-
tigations using complementary methodological approaches are needed to identify the system-
atic association among chronic diseases and drugs in the elderly, in which potential
interactions among drugs and diseases would be more relevant due to the higher burden of
chronic diseases and medications.

Several hypotheses have been arisen regarding the clinical explanation that underlies the six
multimorbidity and polypharmacy patterns revealed in this study. However, they must be
interpreted with caution since the study design (i.e., cross-sectional) does not allow the estab-
lishment of the sequence in which diseases and medications cluster within a pattern. Longitu-
dinal studies would be necessary to corroborate the suggested causal associations and elucidate
the associations that could not be explained in the present study. Another limitation of the
study stems from the lack of information on the use of over-the-counter (OTC) medications,
which could lead to underestimation of the actual drug use.

Comparison with other studies

In 2012, a study based on exploratory factor analysis conducted in patients over 14 years old
supported the existence of mechanical-obesity, metabolic, neurovascular, liver disease, psychi-
atric-substance abuse, anxiety, and depression-related patterns [12]. These results largely coin-
cide with our findings and support the existence of the multimorbidity patterns described. The
main difference with our study is that we analysed multimorbidity only in populations aged up
to 65 years, similar to two Spanish studies conducted with information obtained from elec-
tronic medical records and the primary care pharmacy database in 2008 [8,12]. One of the
studies stablished the existence of multimorbidity patterns [12] and the other one demon-
strated the existence of non-random associations in drug prescription, resulting in patterns of
polypharmacy [8].

The present study can be considered more exhaustive because it connects multimorbidity
and polypharmacy patterns and evidences the existence of some unexpected systematic associ-
ations among chronic diseases and drugs, as well as potential DDIs and prescribing cascades
described in multimorbid patients.

Implications for health systems

This study validates part of the results obtained from a previous factor analysis study exploring
associations between drugs [8]. The discovery of non-random associations among drugs and
diseases could help in the development and/or adaptation of clinical guidelines to chronic
patients with multimorbidity who are taking multiple drugs. Understanding the way in which
drugs are associated with multimorbidity will bring about a better understanding of polyphar-
macy management allowing us to better identify inappropriate polypharmacy. This has been
urgently requested by the scientific community [33-34].

Conclusion

This study revealed the existence of systematic associations among chronic diseases and dis-
pensed drugs in both men and women up to 65 years of age, showing that they may occur at
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all ages, including children, and that they have a lifelong evolution. Six patterns of multimor-
bidity and polypharmacy were identified, named respiratory, mental health, cardiometabolic,
endocrinological, osteometabolic, and mechanical-pain. The clinical interpretation of such
patterns suggests that, apart from some expected associations related to the pharmacological
treatment of diseases, the existence of drug-drug interactions and prescribing cascades may be
a potential underlying factor for some of the associations identified among chronic diseases
and drugs. The evidence of unexpected systematic associations between diseases and drugs in
the patterns may help in the early identification of potential interactions in multimorbid
patients with a high risk of adverse health outcomes due to polypharmacy.
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S1 Fig. Scree plots for three age groups in women.
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S2 Fig. Scree plots for three age groups in men.
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S1 Table

S1A Table - Factor scores for men aged 0-14 years

ATC/EDC Drug/Disease Factorl | Factor2 -
HO2A Corticosteroids for systemic use, pain 0.6877 | 0.1341 | -0.1872
RES02 Acute lower respiratory tract infection 0.6748 | 0.1509 | -0.3011
RO3A Adrenergics, inhalants 0.6683 | 0.3420 | -0.2071
JoicC Beta-lactam antibacterials, penicillins 0.5854 | -0.0037 | 0.0007
RO3B Other drugs for obstructive airway diseases, inhalants 0.5520 | 0.4091 | -0.0897
NO02B Other analgesics and antipyretics 0.5332 | -0.1136 | 0.0209
JO1F Macrolides, lincosamides and streptogramins 0.5120 | 0.1248 | 0.0228
NOS5B Anxiolytics 0.4556 | -0.1763 | 0.2344
SO1A Anti-infective 0.4545 | -0.0615 | -0.2738
DO7A Corticosteroids, plain 0.4018 | 0.0069 | -0.0309
Anti-inflammatory and antirheumatic products, non-
MO1A steroids 0.3950 0.0946 | 0.1732
A07C Electrolytes with carbohydrates 0.3666 | -0.1027 | 0.0051
DO1A Antifungals for topical use 0.3452 | -0.0277 | -0.0462
DO6A Antibiotics for topical use 0.3344 | -0.0364 | 0.0310
RO6A Antihistamines for systemic use 0.3143 | 0.6159 | -0.0569
AO3F Propulsives 0.2743 | 0.0308 | 0.1180
ALLO3 Allergic rhinitis -0.1412 | 0.7213 | 0.0881
S01G Decongestants and antiallergics 0.0161 | 0.6773 | -0.0039
RO1A Decongestants and other nasal preparations for topical use | 0.0733 | 0.6734 | 0.1450
ASMA Asthma 0.1195 | 0.4222 | 0.0276
NO6B Psychostimulants, agents used for ADHD and nootropics -0.1011 | -0.0886
NO3A Antiepileptics 0.2486 | -0.2065
PSYO5 Attention deficit disorder -0.1135 | -0.0152
PSY14 Psychosocial disorders of childhood -0.0978 | 0.0685
NUR19 Developmental disorder 0.0614 | -0.0954
A02B Drugs for peptic ulcers and GORD 0.2044 | 0.0917
EYEO2 Blindness -0.1713 | 0.1316 | 0.2622
CAR11 Disorders of lipid metabolism -0.0821 | 0.1629 | 0.2528
NUTO3 Obesity -0.0867 | 0.0898 | 0.2230
MUS06 Kyphoscoliosis -0.2040 | 0.1324 | 0.2182
EARO8 Deafness, hearing loss -0.0262 | 0.1059 | 0.1928
EARO9 Chronic pharyngitis and tonsillitis -0.0143 | 0.1793 | 0.1793
PSY19 Sleep disorders of nonorganic origin 0.1529 | -0.0038 | 0.1527
SKN13 Disease of hair and hair follicles -0.0201 | 0.0466 | 0.1449
MUS11 Congenital anomalies of limbs, hands, and feet 0.0517 | 0.0364 | 0.0834
S02A Antiinfectives (Otologicals) 0.2286 | 0.0328 | -0.0018
SKNO2 Dermatitis and eczema 0.2327 | 0.0643 | -0.0320

Abbreviations: ADHD, attention deficit hyperactivity disorder; ATC, Anatomical Therapeutic Chemical
Classification; EDC, Expanded Diagnostic Clusters; GORD, gastro-esophageal reflux disease.
Notes: Kaiser-Meyer-Olkin (KMO): 0.740; % cumulative variance: 35.6%.
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S1B Table-Factor scores for men aged 15-44 years

ATC/EDC Drug/Disease Factorl | Factor2 -
NO6A Antidepressants 0.8979 | -0.0787 | 0.0592
NO5C Hypnotics and sedatives 0.7614 | -0.0049 | 0.0222
NO5A Antipsychotics 0.7482 | -0.0917 | 0.0194
NO5B Anxiolytics 0.6522 | 0.2206 | -0.0163
NO3A Antiepileptics 0.6442 | 0.1661 | -0.0639
PSY09 Depression 0.6005 | -0.0855 | 0.0363
PSY02 Substance use 0.4973 | -0.0842 | -0.0242
PSYO1 Anxiety neuroses 0.4801 | -0.0516 | 0.0375
PSY19 Sleep disorders of nonorganic origin 0.4604 | 0.0063 | 0.0306
MO1A Anti-inflammatory and antirheumatic products, non-steroids | -0.0838 | 0.7741 | -0.0858
NO2B Other analgesics and antipyretics -0.0211 | 0.6115 | 0.0362
A02B Drugs for peptic ulcers and GORD 0.1944 | 0.5996 | -0.0663
Jo1C Beta-lactam antibacterials, penicillins -0.1109 | 0.5105 | 0.1106
NO2A Opioids 0.1518 | 0.4920 | -0.0543
MUS14 Low back pain 0.0243 | 0.4663 | -0.1528
HO2A Corticosteroids for systemic use, pain 0.0515 | 0.4642 | 0.2213
JO1F Macrolides, Lincosamides, and streptogramins -0.0621 | 0.4037 | 0.2091
BO1A Antithrombotic agents 0.0422 | 0.3980 | -0.0959
RESO2 Acute lower respiratory tract infection 0.0290 | 0.3072

RO3A Adrenergics, inhalants 0.0254 | 0.1636

RO6A Antihistamines for systemic use -0.0601 | 0.2746

ASMA Asthma -0.0182 | -0.0280

RO1A Decongestants and other nasal preparations for topical use -0.0641 | 0.2498

ALLO3 Allergic rhinitis -0.0299 | -0.0022

SKNO2 Dermatitis and eczema 0.0261 | 0.0863 | 0.1800
DO7A Corticosteroids, plain 0.0472 | 0.2393 | 0.1740
DO1A Antifungicals for dermatological use 0.0570 | 0.1946 | 0.1207
MUS06 Kyphoscoliosis -0.0618 | -0.0524 | 0.1172
EYEO2 Blindness 0.0090 | -0.0235 | 0.0742
SKN13 Disease of hair and hair follicles 0.0259 | -0.0336 | 0.0653
EAROS8 Deafness, hearing loss 0.0656 | 0.0849 | 0.0242
SKN12 Psoriasis 0.0523 | 0.0783 | 0.0202
NUTO3 Obesity 0.1659 | 0.1174 | 0.0091
HO3A Thyroid preparations 0.1801 | 0.0907 | 0.0064
ARTRITIS | Arthritis 0.0537 | 0.1622 | -0.0111
CAR11 Disorders of lipid metabolism 0.2167 | 0.0994 | -0.0738
HTA Hypertension 0.1899 | 0.1596 | -0.0864

Abbreviations: ATC, Anatomical Therapeutic Chemical Classification; EDC, Expanded Diagnostic Clusters;
GORD, gastro-esophageal reflux disease.
Notes: Kaiser-Meyer-Olkin (KMO): 0.751; % cumulative variance: 37.0%.



14 S1 C Table- Factor scores for men aged 45-65 years

ATC/EDC Drug/Disease Factorl | Factor2 -
NO6A Antidepressants 0.7887 | -0.0482 | -0.1452
NO5B Anxiolytics 0.7326 | -0.0315 | -0.0516
NO3A Antiepileptics 0.6613 | 0.0178 | -0.0737
PSY09 Depression 0.5530 | -0.0149 | -0.1063
NO2A Opioids 0.4891 | 0.0671 | 0.1071
PSYO1 Anxiety, neuroses 0.4447 | -0.0565 | -0.0504
Anti-inflammatory and antirheumatic products, non-

MO1A steroids 0.4166 -0.0804 | 0.2415
A02B Drugs for peptic ulcersand GORD 0.3990 | 0.3952 | 0.1015
PSY19 Sleep disorders of nonorganic origin 0.3594 | 0.0316 | 0.0258
MUS14 Low back pain 0.3367 | -0.1079 | 0.0926
MUS13 Cervical pain syndromes 0.3161 | -0.0193 | 0.0446
NO02B Other analgesics and antipyretics 0.3113 | 0.1196 -
NUR21 Neurologic disorders, other 0.2959 | 0.0990 | -0.0022
PSY02 Substance use 0.2574 | 0.1332 | -0.0972
NURO3 Peripheral neuropathy, neuritis 0.2547 | 0.0911 | 0.0389
BO1A Antithrombotic agents 0.0728 | 0.7832 | -0.1041
HTA Hypertension -0.0895 | 0.6610 | -0.0564
IHD Ischemic heart disease 0.0429 | 0.6085 | -0.1058
DIAB Diabetes -0.0416 | 0.5750 | -0.0885
co9acC Angiotensin Il antagonists, plain -0.0902 | 0.5396 | -0.0283
CAR16 Cardiovascular disorders, other -0.0011 | 0.4854 | 0.0163
CAR09 Cardiac arrhythmia -0.0130 | 0.4723 | 0.0045
NUTO3 Obesity -0.0349 | 0.4283 | 0.0331
RESO4 Emphysema, chronic bronchitis, COPD -0.0153 | 0.3380 -
CAR11 Disorders of lipid metabolism 0.0451 | 0.3296 | -0.0274
RHUO2 Gout -0.0556 | 0.3014 | 0.0003
EYEO6 Cataract, aphakia 0.0090 | 0.2582 | 0.0282
RO3A Adrenergics, inhalants -0.1538 | 0.1695

RO6A Antihistamines for systemic use 0.0095 | -0.0688

RESO2 Acute lower respiratory tract infection -0.0477 | 0.1589

RO1A Decongestants and other nasal preparations for topical use | 0.0107 | -0.0934

ASMA Asthma -0.1164 | -0.0707

JOIM Quinolone antibacterials 0.0378 | 0.1862

JO1F Macrolides, lincosamides, and streptogramins 0.0648 | 0.0226

Jo1C Beta-lactam antibacterials, penicillins 0.1058 | 0.0706

ALLO3 Allergic rhinitis 0.0443 | -0.1708

DO7A Corticoesteroids, plain 0.1729 | 0.0647 | 0.2294
SKNO2 Dermatitis and eczema 0.1679 | 0.0159 | 0.1436
SKN12 Psoriasis 0.0351 | 0.0803 | 0.0777
ARTRITIS | Arthritis 0.1488 | 0.1996 | 0.0761
GUR0O4 Prostatic hypertrophy 0.1129 | 0.2071 | 0.0727
EARO8 Deafness, hearing loss 0.1129 | 0.0501 | 0.0698
GSU08 Varicose veins of lower extremities 0.0743 | 0.1562 | 0.0673
CANCER | Cancer 0.1061 | 0.1823 | 0.0524
EYEOQ2 Blindness 0.1031 | 0.0110 | 0.0456
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ENDO5 Other endocrine disorders 0.1117 | 0.1575 | 0.0359
EYEO8 Glaucoma 0.0051 | 0.1753 | 0.0330
ENDO4 Hypothyroidism 0.0993 | 0.1468 | 0.0321
GURO09 Renal calculi 0.0566 | 0.1045 | 0.0239

Abbreviations: ATC, Anatomical Therapeutic Chemical Classification; COPD, chronic obstructive

pulmonary disease; EDC, Expanded Diagnostic Clusters; GORD, gastro-esophageal reflux disease.

Notes: Kaiser-Meyer-Olkin (KMO): 0.627; % cumulative variance: 30.4%.
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S1D Table- Factor scores for women aged 0-14 years

ATC/EDC Drug/Disease Factorl | Factor2 -
HO2A Corticosteroids for systemic use, pain 0.6427 | 0.0923 | -0.2782
RES02 Acute lower respiratory tract infection 0.6355 | 0.0858 | -0.4024
RO3A Adrenergics, inhalants 0.6224 | 0.2459 | -0.3373
Jo1C Beta-lactam antibacterials, penicillins 0.5882 | 0.0297 | 0.0212
NO02B Other analgesics and antipyretics 0.5116 | -0.0693 | 0.0180
JO1F Macrolides, Lincosamides, and streptogramins 0.4816 | 0.1198 | -0.0282
NO5B Anxiolytics 0.4570 | -0.1667 | 0.2307
SO1A Anti-infectives 0.4271 | -0.0227 | -0.2493
MO1A Anti-inflammatory and antirheumatic products, non- 0.4174

steroids 0.1246 | 0.2261
DO7A Corticosteroids, plain 0.4097 | 0.0381 | 0.0199
DO1A Antifungals for topical use 0.3684 | -0.0414 | -0.0364
A07C Electrolytes with carbohydrates 0.3648 | -0.0920 | -0.0283
DO6A Antibiotics for topical use 0.3583 | -0.0033 | 0.0407
RO6A Antihistamines for systemic use 0.3299 | 0.6105 | -0.1196
AO3F Propulsives 0.2802 | 0.0087 | 0.1934
SKNO2 Dermatitis and eczema 0.2502 | 0.0842 | -0.0067
ALLO3 Allergic rhinitis -0.1333 | 0.7546 | 0.0610
S01G Decongestants and antiallergics 0.0216 | 0.7419 | -0.0204
RO1A Decongestants and other nasal preparations for topical 0.6744

use 0.0808 0.1262
ASMA Asthma 0.1097 | 0.3489 | 0.0096
NO3A Antiepileptics 0.2292 | -0.2209
NO6B Psychostimulants, agents used for ADHD and nootropics -0.1005 | -0.0708
NUR19 Developmental disorder 0.0843 | -0.1170
A02B Drugs for peptic ulcers and GORD 0.1688 | 0.0530
PSY14 Psychosocial disorders of childhood -0.0763 | 0.1069
EYEO2 Blindness -0.1745 | 0.1384 | 0.2778
NUTO3 Obesity -0.0570 | 0.0625 | 0.2760
EARO8 Deafness, hearing loss 0.0116 | 0.0680 | 0.2648
ENDO5 Other endocrine disorders -0.1296 | 0.0765 | 0.2309
EARO9 Chronic pharyngitis and tonsillitis 0.0115 | 0.1781 | 0.2292
MUS06 Kyphoscoliosis -0.2194 | 0.1580 | 0.2269
CAR11 Disorders of lipid metabolism -0.0803 | 0.1443 | 0.2166
SKN13 Disease of hair and hair follicles -0.0241 | 0.1010 | 0.2163
MUS11 Congenital anomalies of limbs, hands, and feet 0.0419 | 0.0041 | 0.1473

Corticosteroids and antiinfectives in combination
S02C (Otologicals) 0.2499 | 0.1144 | 0.0886
S02A Antiinfectives (Otologicals) 0.2308 | 0.0352 | 0.0700
PSY19 Sleep disorders of nonorganic origin 0.0974 | 0.1049 | 0.0517

Abbreviations: ADHD, attention deficit hyperactivity disorder; ATC, Anatomical Therapeutic Chemical
Classification; EDC, Expanded Diagnostic Clusters; GORD, gastro-esophageal reflux disease.

Notes: Kaiser-Meyer-Olkin (KMO): 0.732; % cumulative variance: 33.2%.



69 S1E Table - Factor scores for women aged 15-44 years

ATC/EDC Drug/Disease Factorl | Factor2 -
NO6A Antidepressants 0.8600 | -0.0982 | -0.1231
NO3A Antiepileptics 0.7610 | -0.0769 | -0.0670
NO5B Anxiolytics 0.7584 | 0.0082 | -0.0801
NO5A Antipsychotics 0.5738 | -0.0693 | -0.0335
PSY09 Depression 0.5535 | -0.0904 | -0.0440
A02B Drugs for peptic ulcers and GORD 0.4688 | 0.1871 | 0.1702
NO2A Opioids 0.4575 | 0.1610 | -0.0062
PSYO1 Anxiety, neuroses 0.4333 | -0.0198 | -0.0466
PSY19 Sleep disorders of nonorganic origin 0.3776 | 0.0054 | 0.0055
NO2C Antimigraine preparations 0.3742 | 0.0777 | -0.0555
NUR21 Neurologic disorders, other 0.3556 | -0.0168 | 0.0348
MO1A Anti—i.nflammatory and antirheumatic products, non- 0.3550 | 03224 | 0.0806
steroids
NURO3 Peripheral neuropathy, neuritis 0.3093 | 0.0414 | 0.0350
AO3F Propulsives 0.2838 | 0.1342 | 0.0712
NUTO3 Obesity 0.2665 | 0.0575 | 0.0821
RO6A Antihistamines for systemic use -0.0568 | 0.8167 | -0.0570
RO3A Adrenergics, inhalants 0.0513 | 0.7087 | -0.1275
RO1A Decongestants and other nasal reparations for topical use | -0.0524 | 0.6800 | -0.0444
S01G Decongestants and antiallergics -0.1184 | 0.6329 | -0.0283
ASMA Asthma 0.0009 | 0.4935 | -0.1258
RES02 Acute lower respiratory tract infection 0.1409 | 0.4617 | -0.0401
ALLO3 Allergic rhinitis -0.0826 | 0.4243 | -0.0423
HO2A Corticosteroids for systemic use, plain 0.2442 | 0.4065 | 0.0103
JO1F Macrolides, lincosamides and streptogramins 0.1226 | 0.3837 | 0.0038
Joic Beta-lactam antibacterials, penicillins 0.0880 | 0.3651 | 0.1273
JOIM Quinolone antibacterials 0.1836 | 0.3413 | 0.0686
Jo1D Other beta-lactam antibacterials 0.1056 | 0.3320 | 0.0694
NO02B Other analgesics and antipyretics 0.2171 | 0.3169 | 0.2167
DO7A Corticoesteroids, plain 0.0221 | 0.3086 | 0.1492
BO3A Iron preparations -0.0987 | -0.0385
HO3C lodine therapy -0.3295 | -0.0731
HEMO02 Iron deficiency, other deficiency anemias 0.0079 | -0.0121
BO3B Vitamin B12 and folic acid 0.0477 | 0.0041
HO3A Thyroid preparations 0.1296 | -0.0427
ENDO4 Hypothyroidism 0.1069 | -0.0596
Antiinfectives and antiseptics, excl. Combinations with
GO1A corticosteroids 0.0523 | 0.2204 | 0.2573
DIAB Diabetes 0.0474 | -0.0552 | 0.2416
BO1A Antithrombotic agents 0.1694 | 0.0756 | 0.2415
JO1X Other antibacterials 0.0715 | 0.1477 | 0.2121
DO1A Antifungicals for topical use 0.0352 | 0.2112 | 0.1952
GO3A Hormonal contraceptives for systemic use -0.0845 | 0.1766 | 0.1879
ENDO5 Other endocrine disorders 0.1306 | -0.0026 | 0.1642
MUS14 Low back pain 0.2346 | 0.0541 | 0.1580
GSU08 Varicose veins of lower extremities 0.1783 | 0.0385 | 0.1106
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CAR11 Disorders of lipid metabolism 0.2404 | -0.0073 | 0.0933
SKN13 Disease of hair and hair follicles 0.0473 | 0.0580 | 0.0913
SKNO2 Dermatitis and eczema -0.0009 | 0.2372 | 0.0697
S01C Antiinflamatory agents and antiinfectives in combination 0.0351 | 0.2309 | 0.0539
GSU06 Chronic cystic disease of the breast 0.0967 | 0.0026 | 0.0245
EAROS Deafness, hearing loss 0.1316 | 0.0434 | 0.0023
EYEO2 Blindness 0.0138 | 0.0912 | -0.0090
MUSO06 Kyphoscoliosis -0.0162 | 0.0996 | -0.0657

Abbreviations: ATC, Anatomical Therapeutic Chemical Classification; EDC,

GORD, gastro-esophageal reflux disease.

Notes: Kaiser-Meyer-Olkin (KMO): 0.740; % cumulative variance: 35.6%.

Expanded Diagnostic Clusters;



74  S1F Table- Factor scores for women aged 45-65 years

ATC/EDC Drug/Disease Factorl | Factor2 Factord
NO6A Antidepressants 0.8980 -0.1147 | -0.0025 | -0.1195
NO5B Anxiolytics 0.6682 0.0152 | -0.0202 | -0.0019
PSY09 Depression 0.6131 -0.0878 | 0.0057 | -0.0435
NO5C Hypnotics and sedatives 0.5592 -0.0438 | -0.0072 | 0.0568
NO3A Antiepileptics 0.5406 0.0020 | 0.0741 | 0.0453
PSYO1 Anxiety, neuroses 0.4116 -0.0001 | -0.0337 | -0.0995
NO2A Opioids 0.3805 0.1373 | 0.1475 | 0.1399
PSY19 Sleep disorders of nonorganic origin 0.3618 -0.0079 | -0.0166 | 0.0931
A02B Drugs for peptic ulcers and GORD 0.3379 0.2092 | 0.2092 | 0.2417
Antiinflamatory and antirheumatic products,
MO1A non-steroids 0.2788 0.2881 | -0,0121 | 0,2077
RO3A Adrenergics, inhalants -0.1009 0.7548 | 0.1040 | -0,1105
RO6A Antihistamines for systemic se -0.0746 0.7487 | -0.0394 | -0,0587
Decongestants and other nasal preparations for
RO1A topical use -0.0788 0.6301 -0.0702 | -0.0300
ASMA Asthma -0.0894 0.5872 | 0.0567 | -0.1262
HO2A Corticosteroids for systemic use, pain 0.0475 0.4867 | 0.0238 | 0.1173
JO1F Macrolides, lincosamides and streptogramins 0.0063 0.4468 | 0.0225 | 0.0494
JO1M Quinolone antibacterials 0.0253 0.4313 | 0.0749 | 0.0600
ALLO3 Allergic rhinitis -0.0102 0.4032 | -0.1253 | -0.0428
Joic Beta-lactam antibacterials, penicillins 0.0426 0.3853 | 0.0700 | 0.0282
NO02B Other analgesics and antipyretics 0.1672 0.3269 | 0.1711 | 0.1550
HTA Hypertension -0.1308 -0.0771 -0.0185
CO09A Ace inhibitors, plain -0.1033 -0.0504 -0.0338
DIAB Diabetes 0.0166 -0.0071 -0.0658
NUTO3 Obesity 0.0607 0.0899 -0.0963
BO1A Antithrombotic agents 0.0852 0.0688 0.1291
CAR11 Disorders of lipid metabolism 0.0637 -0.0408 0.1722
Al12A Calcium -0.1196 -0.0178 | -0.0442 | 0.8032
ENDO2 Osteoporosis -0.1011 -0.0544 | -0.0526 | 0.7869
DO7A Corticosteroids, plain 0.0506 0.2863 | 0.0381 | 0.0580
ARTRITIS | Arthritis 0.0891 0.0818 | 0.1864 | 0.2411
CANCER | Cancer 0.0471 -0.0013 | 0.0264 | 0.1828
GSU08 Varicose veins of lower extremities 0.0318 0.1295 | 0.0818 | 0.1441
ENDO5 Other endocrine disorders 0.0507 0.0433 | 0.0539 | 0.1128
MUS14 Low back pain 0.2051 0.1235 | -0.0322 | 0.1092
EARO8 Deafness, hearing loss 0.0635 0.0906 | 0.0211 | 0.0837
ENDO4 Hypothyroidism 0.0776 0.0098 | 0.0928 | 0.0771
JO1X Otros antibacterianos 0.0900 0.1560 | 0.0389 | 0.0743
NUR21 Neurologic disorders, other 0.1922 0.0659 | 0.0580 | 0.0658
EYEO2 Blindness 0.0680 0.0847 | -0.0031 | 0.0607
SKN13 Disease of hair and hair follicles 0.0614 0.1021 | -0.0415 | 0.0529
NURO3 Peripheral neuropathy, neuritis 0.1800 0.0977 | 0.0773 | 0.0470
SKNO2 Dermatitis and eczema 0.0487 0.2127 | 0.0134 | 0.0406
HEMO02 Iron deficiency, other deficiency anemias 0.1139 0.0882 | 0.0526 | -0.0781
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Abbreviations: ATC, Anatomical Therapeutic Chemical Classification; EDC, Expanded Diagnostic Clusters;
GORD, gastro-esophageal reflux disease.
Notes: Kaiser-Meyer-Olkin (KMO): 0.803; % cumulative variance: 31.3%.



3.2. Articulo 2

Moreno Juste A, Gimeno Miguel A, Poblador Plou B, Gonzalez Rubio F, Aza Pascual-Salcedo MM,
Menditto E, Prados Torres A. Adherence to treatment of hypertension, hypercholesterolaemia

and diabetes in an elderly population of a Spanish cohort. Med Clin (Barc). 2019;153(1):1-5.

Background: Sub-optimal adherence to treatment in the general population has been
highlighted in several studies, especially in the elderly and/or chronic patients. This study aims
to describe the adherence to treatment of diabetes mellitus, dyslipidemia and hypertension,

and to identify the factors that influence adherence.

Method: Retrospective, cross-sectional observational study on 16,208 patients aged =65 years
from the EpiChron Cohort who initiated a treatment in monotherapy of an antidiabetic, a lipid-
lowering or an antihypertensive medication in 2010. Adherence was measured by calculating
the medication possession ratio (MPR) during one year of follow-up, considering adherent those
cases with MPR 280%. We performed a descriptive study, and a logistic regression model was

used to identify the predictors of low adherence.

Results: Adherence to antidiabetics, antihypertensive and lipid-lowering drugs was 72.4%,
50.7% and 44.3%, respectively. An increase in adherence of 3-8% was observed for each
additional chronic disease suffered by the patient. The presence of mental illness did not affect

adherence, and sex, age and number of prescribed drugs did not present consistent effects.

Conclusion: The results obtained show a sub-optimal adherence to treatment for the three
chronic diseases studied. Adherence increased with the number of chronic diseases, while sex,
age and number of drugs did not show a consistent effect. It is necessary to investigate if there
are other factors that may influence therapeutic adherence, since improving adherence may

have a greater impact on health than any progress in therapies.

75



Med Clin (Barc). 2019;153(1):1-5

www.elsevier.es/medicinaclinica

Original
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INFORMACION DEL ARTiCULO RESUMEN

Hist_Dfia del artl’culf)i ) Antecedentes y objetivo: Varios estudios han puesto de manifiesto un cumplimiento terapéutico sub6p-
Recibido el 10 de julio de 2018 timo en la poblacién general, sobre todo en ancianos y en enfermos crénicos. El objetivo de este estudio
Aceptado el 18 de octubre de 2018 es describir la adherencia al tratamiento de diabetes mellitus, dislipidemia e hipertensién arterial, e

On-line €1 29 de noviembre de 2018 identificar los factores que la influencian.

Material y métodos: Estudio observacional transversal retrospectivo sobre 16.208 pacientes mayores
de 65 afios de la Cohorte EpiChron, que iniciaron tratamiento en monoterapia de un antidiabético, un

Palabras clave:

;\A(B:jeizggi hipolipidemiante o un antihipertensivo en 2010. La adherencia se midié mediante el calculo de la relacién
Polifarmacia de posesion de medicacién durante un afio de seguimiento, considerandose adherentes los casos con
Multimorbilidad posesién de medicacion >80%. Se realizé un estudio descriptivo y un modelo de regresion logistica para

Enfermedades crénicas identificar los factores predictores de baja adherencia.

Resultados: La adherencia a los antidiabéticos, antihipertensivos e hipolipidemiantes fue del 72,4; 50,7 y
44,3%, respectivamente. Se observé un aumento en la adherencia del 3-8% por cada enfermedad crénica
adicional del paciente. La presencia de enfermedad mental no afecté a la adherencia, y el sexo, edad y
ndmero de farmacos prescritos no presentaron efectos consistentes.
Conclusiones: Los resultados obtenidos ponen de manifiesto una adherencia al tratamiento subéptima en
las enfermedades créonicas estudiadas. La adherencia aumenté con el nimero de enfermedades crénicas,
mientras que sexo, edad y nimero de farmacos no presentaron un efecto consistente. Es necesario inves-
tigar si existen otros factores que puedan influir en la adherencia terapéutica, ya que su mejora puede
tener mayor impacto en la salud que cualquier avance en las terapias.
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Adherence to treatment of hypertension, hypercholesterolaemia and diabetes
in an elderly population of a Spanish cohort

ABSTRACT

Keywords: Background and objective: Sub-optimal adherence to treatment in the general population has been high-
Adl:jerence lighted in several studies, especially in the elderly and/or chronic patients. This study aims to describe the
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adherence to treatment of diabetes mellitus, dyslipidaemia and hypertension, and to identify the factors
that influence adherence.

Material and method: Retrospective, cross-sectional observational study on 16,208 patients aged
>65 years from the EpiChron Cohort who initiated monotherapy treatment of an antidiabetic, a lipid-
lowering or an antihypertensive medication in 2010. Adherence was measured by calculating the
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medication possession ratio during one year, considering those cases with medication possession ratio
>80% to be adherent. We performed a descriptive study, and a logistic regression model was used to
identify the predictors of low adherence.

Results: Adherence to antidiabetics, antihypertensive and lipid-lowering drugs was 72.4%, 50.7% and
44.3%, respectively. An increase in adherence of 3-8% was observed for each additional chronic disease
suffered by the patient. The presence of mental illness did not affect adherence, and sex, age and number
of prescribed drugs did not present consistent effects.

Conclusion: The results obtained show a sub-optimal adherence to treatment for the 3 chronic diseases
studied. Adherence increased with the number of chronic diseases, while sex, age and number of drugs
did not show a consistent effect. It is necessary to investigate if there are other factors that may influence
therapeutic adherence, since improving adherence may have a greater impact on health than any progress

in therapies.

© 2018 Elsevier Espaiia, S.L.U. All rights reserved.

Introduccion

La Organizacién Mundial de la Salud (OMS) define la multimor-
bilidad como la presencia de 20 mas enfermedades crénicas en
una misma persona’. Este fenémeno es muy incidente en la mayo-
ria de los paises y su repercusion es mayor en la poblacién de mas
edad, en la que los problemas de salud se acumulan debido a la
mejoria de las condiciones socioeconémicas y a los avances en el
campo de la salud, que han permitido que una proporcién sig-
nificativa de la poblacién sobreviva a enfermedades previamente
mortales?. En Espafia, segtin la Encuesta Nacional de Salud, la deno-
minada poblacién anciana joven de 65-74 afios padece un promedio
de 2,8 problemas crénicos de salud, mientras que los mayores de
75 afos tienen de media 3,2 enfermedades®. Por otra parte, la
multimorbilidad se asocia con la polifarmacia o prescripcién simul-
tanea y prolongada de miltiples medicamentos, lo que implica
una serie de consecuencias indeseables, como aumento del riesgo
de utilizacién inadecuada de farmacos, aparicién de sintomato-
logia secundaria al incumplimiento, infrautilizacién de farmacos
eficaces, interacciones farmacolégicas y reacciones adversas>*. El
cumplimiento terapéutico, en términos de tomar medicamentos,
seguir dietas o realizar cambios en el estilo de vida por parte del
paciente, también puede verse afectado por la toma simultinea
de varios farmacos. Una de las formas de determinar el grado en
que los pacientes siguen las instrucciones que acompaifian a los
tratamientos prescritos es medir la adherencia a la medicacién®.
Las enfermedades crénicas son las mas afectadas por una baja
adherencia: se estima que alrededor de un 50% de la poblacién
que presenta enfermedad crénica no toma su medicaciéon de la
forma prescrita. El estudio de los factores relacionados con una baja
adherencia terapéutica es crucial para disefiar estrategias de pre-
vencién que sirvan para aumentar la efectividad del tratamiento,
disminuir la morbimortalidad y mejorar la calidad de vida del
paciente’.

Elobjetivo de este estudio fue determinar la adherencia terapéu-
tica a los farmacos mas utilizados para el tratamiento de diabetes
mellitus tipo 2, hipercolesterolemia e hipertensién arterial en nue-
vos usuarios de estos medicamentos de 65 afios 0 mas, y estudiar su
efecto sobre sexo, edad, nimero de fairmacos y presencia de otras
dolencias crénicas y enfermedad mental.

Material y métodos
Disefio y poblacién del estudio

Estudio observacional transversal retrospectivo realizado en la
Cohorte EpiChron que integra, de forma anonimizada, informacién
demografica, clinica, de dispensacién de farmacos, uso de servi-
cios y resultados en salud procedente de las historias clinicas y de

bases de datos clinico-administrativas de los usuarios del Sistema
Aragonés de Salud®. Este estudio cuenta con el dictamen favora-
ble del Comité de Etica de la Investigacion de la Comunidad de
Aragén (P116/088).

Los farmacos dispensados fueron codificados segtn el Sistema
de Clasificacién Anatémica Terapéutica Quimica (ATC)°. Se selec-
cionaron aquellos pacientes de la cohorte de 65 o mas afios de
edad que iniciaron una prescripcién en monoterapia oral entre
el 1 de julio y el 31 de diciembre de 2010 de alguno de los
siguientes: a) un farmaco antidiabético oral (biguanidas, A10BA,
sulfonilureas, A10BB, inhibidores de la alfa-glucosidasa, A10BF,
tiazolidinodionas, A10BG, inhibidores de la dipeptil peptidasa 4,
A10BH, u otros antidiabéticos orales, AOBX); b) un farmaco hipoli-
pidemiante (inhibidores de la HMG-CoA reductasa, C10AA, fibratos,
C10AB, secuestrantes de acidos biliares, C10AC, u otros modificado-
res de lipidos, C10AX) o ¢) un farmaco antihipertensivo del sistema
renina-angiotensina (inhibidores de la enzima convertasa angio-
tensina, CO9AA, o antagonistas de la angiotensina I, CO9CA). Se
excluy6 a aquellos pacientes: a) con algtin farmaco del mismo grupo
a estudio prescrito en los 6 meses anteriores a su inclusién en el
estudio; b) que no mantuvieron la monoterapia, ni en combinacién
farmacolégica ni por separado; c) sin un afio de datos validados
de la prescripcién del firmaco o d) con una Gnica dispensaciéon del
farmaco a estudio.

Con estos criterios se obtuvo una muestra final de 16.208
pacientes, que fueron clasificados en cada uno de los grupos far-
macolégicos a estudio con base en el nuevo fairmaco prescrito en la
fecha indice, y seguidos durante un periodo de 12 meses.

Variables

Se registro el sexo y la edad de cada paciente, considerando la
edad a fecha de su inclusién en el estudio, que se estratificé en
3 grupos (65-74, 75-84 y >85 afios). Se recogieron otras variables
explicativas de los pacientes en los 6 meses anteriores a la inclusién
en el estudio, como nimero de farmacos coprescritos, nimero de
enfermedades crénicas y presencia de enfermedad mental. Como
nimero de fairmacos coprescriptos se incluyeron todos los cédi-
gos ATC, salvo ATC ] (antiinfecciosos de uso sistémico) y ATC V
(varios), ya que solo se consideraron los firmacos empleados de
forma crénica. Los diagnésticos crénicos fueron codificados segiin
la Clasificacién Internacional de Atencién Primaria y la Clasificaciéon
Internacional de Enfermedades y, posteriormente, se unificaron en
Expanded Diagnostic Clusters (EDC) usando el software Johns Hop-
kins ACG® System (version 11.0, The Johns Hopkins University,
Baltimore, MD, EE. UU.). Se considerdé presencia de enferme-
dad mental a la presencia de alguno de los siguientes cédigos
diagnésticos: PSY01 (ansiedad, neurosis), PYS02 (abuso de sustan-
cias), PSY04 (problemas del comportamiento), PSYO5 (trastorno de
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déficit de atencién), PSYO7 (esquizofrenia y psicosis afectiva),
PSY08(trastornos de personalidad), PSY09 (depresién), o NUR11
(demencia y delirios).

Como variable resultado, se cuantificé la adherencia terapéutica
mediante la medicién de la tasa de utilizacién del medicamento
(MPR, por las siglas en inglés de medication possession ratio) para
cada uno de los grupos farmacolégicos a estudio. El cdlculo del MPR
es un método estandar para la evaluacién de la adherencia y se
define como el nimero de unidades farmacoldgicas dispensadas
dividido para el nimero de unidades esperadas para el periodo
de observacién'?. Se calcula como la proporcién del nimero de
dias con tratamiento suministrado durante el periodo intencio-
nado de tratamiento, es decir, 100 x Z (dias suministrados)/365.
El nimero de dias en los que se suministré tratamiento se estimé
segiin el nimero de comprimidos dispensados durante el afio de
seguimiento, asumiendo en nuestro caso que la posologia del tra-
tamiento fue de un comprimido al dia. Una vez calculado el MPR,
se cre6 la variable dicotémica «Adherencia al tratamiento (si/no)»
considerando que un paciente fue adherente si MPR >80%.

Andlisis estadistico

Serealizé un estudio descriptivo de la poblacién y de la adheren-
cia terapéutica para cada grupo farmacolégico a estudio. Una vez
medida la adherencia de los nuevos usuarios para cada grupo de
farmacos, se realiz6 un modelo de regresion logistica binaria para
valorar la relacién entre adherencia (variable dependiente) y las
variables independientes: sexo, edad (estratificada en los 3 grupos
de edad), nimero de fairmacos coprescritos, nimero de comorbili-
dades crénicas y presencia de enfermedad mental. Para cada media
se calcularon los intervalos de confianza al 95%, y en la regresién
logistica se consider6 un nivel de significacién estadistica del 0,05.
El conjunto de calculos fue realizado en el software Stata (versién
12.0, StataCorp LLC, College Sation, TX, EE. UU.).

Resultados

La poblacién a estudio estuvo conformada por 2.950 nuevos
usuarios de antidiabéticos, 7.076 nuevos consumidores de hipolipi-
demiantes y 6.182 nuevos usuarios de antihipertensivos. La mayor
parte de los nuevos usuarios de estos farmacos fueron pacientes de
edades comprendidas entre 65 y 74 afios en el caso de los hipolipi-
demiantes, y de entre 75 y 84 afios en el caso de los antidiabéticos
y antihipertensivos. En todos los grupos farmacolégicos hubo una
mayor proporcion de mujeres que de hombres. El cilculo del MPR
mostré adherencias al tratamiento que oscilaron entre un 44 y un
72% de los pacientes, en el caso de los nuevos usuarios de hipolipi-
demiantes y antidiabéticos, respectivamente (tabla 1).

Tabla 1

Incidencia de nuevos usuarios en monoterapia oral de antidiabéticos, hipolipide-
miantes y antihipertensivos en pacientes de 65 afios o mds de la Cohorte EpiChron
entre el 1 de julio y el 31 de diciembre de 2010, segiin edad y sexo, y adherencia
terapéutica a cada uno de los grupos farmacolégicos

Antidiabéticos Hipolipidemiantes Antihipertensivos

Sexo (n, %)
Mujer 1.555 (52,7) 4.220(59,6) 3.449 (55,8)
Hombre 1.395 (47,3) 2.856(40,4) 2.733(44,2)
Edad (n, %)
65-74 1.213 (41,1) 3.497 (49,4) 2.422(39,2)
75-84 1.301 (44,1) 2.826 (39,9) 2.731(44,2)
> 85 436 (14,8) 753 (10,7) 1.029 (16,6)
Adherencia al tratamiento® (%)
Si 72,4 44,3 50,7

4 Medida como tasa de utilizacién de la medicacion (MPR). Un paciente se consi-
deré adherente si MPR >80%.

Tabla 2

Efecto del sexo, la edad, el nimero de fairmacos prescritos, el nimero de enfermeda-
des crénicasy la presencia de enfermedad mental sobre la adherencia al tratamiento
en nuevos usuarios en monoterapia oral de antidiabéticos, hipolipidemiantes o
antihipertensivos

OR (IC 95%)? p
Antidiabéticos
Sexo (mujer vs. hombre) 1,01 (0,862-1,19) 0,883
Edad
75-84 vs. 65-74 0,960 (0,812-1,13) 0,630
>85 vs. 65-74 0,832 (0,655-1,06) 0,133
N.° farmacos de coprescritos 0,959 (0,942-0,977) <0,001
N.° de enfermedades crénicas 1,079 (1,05-1,11) <0,001
Presencia de enfermedad mental 0,864 (0,712-1,05) 0,137
Hipolipidemiantes
Sexo (mujer vs. hombre) 0,812 (0,731-0,902) <0,001
Edad
75-84 vs. 65-74 0,858 (0,770-0,957) 0,006
>85 vs. 65-74 0,675 (0,563-0,809) <0,001
N.° de farmacos coprescritos 1,02 (1,01-1,03) 0,002
N.° de enfermedades crénicas 1,07 (1,05-1,09) <0,001
Presencia de enfermedad mental 0,924 (0,813-1,05) 0,221
Antihipertensivos
Sexo (mujer vs. hombre) 0,877 (0,785-0,980) 0,021
Edad
75-84 vs. 65-74 1,01 (0,897-1,13) 0,878
>85 vs. 65-74 0,949 (0,808-1,12) 0,529
N.° de farmacos coprescritos 1,01 (0,999-1,03) 0,072
N.° de enfermedades crénicas 1,03 (1,01-1,05) 0,001
Presencia de enfermedad mental 1,01 (0,881-1,16) 0,893

3 Para cada variable explicativa se proporciona el odds ratio (OR) de ser adherente,
acompaiiado de su intervalo de confianza al 95%.

El modelo de regresién logistica aplicado en el grupo de nuevos
usuarios de antidiabéticos mostré que la adherencia al tratamiento
disminuye en un 4,1% por cada farmaco coprescrito a los antidia-
béticos, mientras que por cada comorbilidad crénica concomitante
aumenta la probabilidad de ser adherente en un 7,9% (tabla 2). Por
el contrario, el sexo, la edad y la presencia de enfermedad mental no
modificaron la adherencia a este grupo farmacolégico. En el grupo
de nuevos consumidores de hipolipidemiantes, se observé que ser
mujer disminuye la probabilidad de ser adherente en un 18,8% en
comparacién con ser hombre. Los pacientes entre 75 y 84 afios pre-
sentaron una probabilidad de ser adherentes un 14,2% menor que
el grupo de referencia de 65 a 74 afios, mientras que en el caso
de los mayores de 85 afios esta probabilidad fue un 32,5% menor.
Cada comorbilidad crénica adicional presentada por los pacientes
con hipolipidemiantes aumenté la probabilidad de ser adherente
un 6,7%, y con cada farmaco coprescrito se vio aumentada en un
2,2%. Por altimo, los modelos de regresién logistica revelaron una
probabilidad un 12,3% menor de ser adherentes a los antihiperten-
sivos en el caso de las mujeres. La probabilidad de ser adherentes
aumenté en un 3,5% con cada comorbilidad crénica afiadida, mien-
tras que no se observé relacién con la edad, nimero de farmacos
coprescritos ni presencia de enfermedad mental.

Discusion

Este trabajo estudia la adherencia terapéutica al tratamiento
de 3de las enfermedades crénicas mas prevalentes en poblacién
aragonesa de 65 aflos o mas, como son la hipertensién arterial, la
hipercolesterolemia y la diabetes mellitus de tipo 2, asi como los
factores que la condicionan.

A pesar de la importancia de un buen cumplimiento terapéu-
tico en el tratamiento de estas enfermedades crénicas, en nuestro
estudio se observa en general una baja adherencia al tratamiento,
sobre todo en el caso de los hipolipidemiantes y los antihiperten-
sivos, en los que aproximadamente solo uno de cada 2 pacientes
es adherente. Este hecho puede traducirse en un aumento de las
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complicaciones de la enfermedad a largo plazo y en un aumento de
la morbimortalidad'2. Otros estudios han arrojado niveles mayores
de adherencia al tratamiento hipolipidemiante, como uno realizado
en pacientes con enfermedad coronaria, donde la adherencia fue
de un 79,8% de los casos a los 400 dias de seguimiento!>. En otro
estudio realizado en el afilo 2010, se report6 una adherencia al trata-
miento con antihipertensivos del 79,8%, pero esta fue medida con la
técnica deladosis diaria definida'. Esto, junto con posibles diferen-
cias en los criterios de inclusion de los pacientes, podria justificar
en parte las diferencias observadas con nuestro estudio.

Por el contrario, las cifras de adherencia a antidiabéticos revela-
ron que casi 3 de cada 4 pacientes son adherentes a su tratamiento.
En un estudio de 2011 se encontraron resultados similares, con una
adherencia alos antidiabéticos también superior a la observada con
los hipolipidemiantes (68,6 vs. 57,5%)'°.

Con relacién a los factores que influyen en la adherencia, se
observé que en el grupo de nuevos usuarios de antihipertensivos
e hipolipidemiantes la adherencia fue mayor en los hombres que
en las mujeres. Este hecho ha sido interpretado por algunos auto-
res considerando que la menor adherencia en mujeres es debido
al papel de cuidadora principal de la familia, de forma que tie-
nen menos tiempo y energia para su propio cuidado personal’S.
En cuanto a la edad, Gnicamente se relacioné de forma significativa
con la probabilidad de adherencia en el grupo de hipolipidemian-
tes, en el que a mayor edad se observé una disminucién drastica de
la adherencia. En este sentido, no hay consenso sobre el papel de la
edad en la adherencia, ya que en algunos estudios se ha observado
un aumento de la adherencia conforme aumenta la edad, mientras
que otros indican lo contrario'”. Por otra parte, no existen estudios
que investiguen las causas de la falta de adherencia a los hipoli-
pidemiantes en prevencién primaria. Algunas hipétesis sobre este
hecho que se han propuesto recientemente especulan sobre que la
falta de adherencia a estos farmacos podria ser debida a los efectos
adversos sufridos por los pacientes y no reconocidos por los profe-
sionales como tales, de forma que los propios pacientes abandonan
el tratamiento al no encontrarse bien con la toma de los farmacos.

Ademas del sexo y la edad, también se han relacionado con la
adherencia el nimero de farmacos y las comorbilidades concomi-
tantes, la presencia de sintomatologia, el hecho de que se trate de
un tratamiento curativo o preventivo, el conocimiento de la enfer-
medad y la presencia de enfermedad mental, entre otros. La falta
de motivacién y la disminucién de la atencién y la memoria han
sido valorados también como causa de baja adherencia en algunos
estudios!4, aunque en nuestro caso no se han estudiado estos fac-
tores, ya que no se dispone de informacién al respecto. En nuestro
estudio, el efecto sobre la adherencia de otros firmacos adminis-
trados de forma simultanea no fue consistente. En la bibliografia
se ha observado cémo la complejidad del tratamiento es inversa-
mente proporcional ala adherencia'“. En un estudio realizado sobre
adherencia al tratamiento con antihipertensivos en Nueva Jersey se
observé que tener prescritos mas de 8 farmacos disminuia la pro-
babilidad de adherencia'®. De forma similar, en un estudio en la
comunidad auténoma de Aragén en 2010 también se concluy6 que
la polifarmacia se asocia a una baja adherencia al tratamiento. Entre
los factores que se han relacionado en este aspecto con una dismi-
nucién de laadherencia destacan la prescripcién de un gran nimero
de farmacos, la dispensacion de medicacién de forma no sincroni-
zada, la frecuencia de la administracion, la variabilidad en las dosis
y las instrucciones especiales a la hora de tomar la medicacién'®.

Al contrario del efecto del nimero de fairmacos coprescritos, que
no fue consistente, si que se observa en este estudio un aumento de
la adherencia terapéutica conforme aumenta el nimero de enfer-
medades crénicas que presenta el paciente, independientemente
del grupo farmacolégico estudiado. La adherencia al tratamiento
aumento6 en término medio entre un 3 y un 8% por cada comor-
bilidad crénica adicional. El efecto sobre la adherencia terapéutica

de la presencia de miltiples enfermedades crénicas o multimor-
bilidad ha sido ampliamente estudiado, valorandose la presencia
de asociaciones positivas entre enfermedades y la adherencia a
la medicacién antihipertensiva'®. En un estudio sobre hipolipi-
demiantes, la adherencia aument6 del 56% en los pacientes con
una sola comorbilidad crénica al 72% en pacientes con 30 mas
comorbilidades?°. Por el contrario, algunos estudios han demos-
trado que la presencia de otras comorbilidades estd asociada a
una disminucién de la adherencia?! 2. En otro trabajo, se observé
que las comorbilidades que requerian un consumo regular de
medicamentos no afectaron el cumplimiento de los pacientes con
antihipertensivos?2. También se ha sefialado que la sintomatologia
influye de forma positiva en el cumplimiento terapéutico ya que,
al presentar sintomatologia, los pacientes son mas conscientes de
la enfermedad y toman la medicacién para evitarla, por lo que se
adhieren mas al tratamiento establecido. Asi, es facil de entender
que existan altas tasas de incumplimiento en procesos asintomati-
cos como la dislipidemia?3. Otra de las causas de buena adherencia
puede ser que el consumo de este tipo de farmacos se deba a una
prevencién secundaria. En varios estudios se ha observado que en
prevencién primaria existe una mayor tasa de no cumplimiento
que en la prevencién secundaria, asi como que la presencia de
comorbilidades cardiovasculares o complicaciones derivadas de la
enfermedad mejoran laadherencia?4?°. Se ha observado una mayor
adherencia al tratamiento de la hipertensién arterial en pacien-
tes con mayor riesgo cardiovascular, probablemente debido a una
mayor conciencia de la importancia del tratamiento por parte tanto
del paciente como de su médico de Atencién Primaria, asi como a
una mayor motivacién para seguir el curso del tratamiento'4.

La heterogeneidad en los resultados y conclusiones de los dife-
rentes estudios puede estar relacionada con el hecho de que la
adherencia a la medicacién es un fenémeno complejo influido por
varios factores, incluyendo el conocimiento sobre la enfermedad,
la actitud de los pacientes, el entorno socioeconémico, los proble-
mas del sistema de salud, la relacién médico-paciente y el papel de
los farmacéuticos®226. Este hecho se ha corroborado en un estudio
basado en entrevistas a pacientes con diabetes mellitus de tipo 2,
que sefiala que la mayoria de estos pacientes entienden la impor-
tancia de tomar medicamentos y al mismo tiempo reconocen la
importancia de estar adecuadamente informados sobre su enfer-
medad, las comorbilidades y los beneficios de la medicacién?’.

Fortalezas y limitaciones

La principal fortaleza de este estudio es que se trata de un estu-
dio de base poblacional a gran escala realizado en una cohorte
validada para investigacion en enfermedades crénicas y farmaco-
epidemiologia, en la que los datos son tratados mediante un control
de calidad continuo. Ademas, la inclusién en el estudio tnica-
mente de pacientes de nueva prescripcion de cada uno de los
farmacos estudiados minimiza el riesgo de aparicién de sesgos de
confusion.

Entre las principales limitaciones destaca que, para medir la
adherencia al tratamiento, se considera que cada paciente consume
un comprimido del fairmaco al dia. La mayor dosificacion diaria en
algunos casos produciria una sobrestimacién de la adherencia, ya
que los pacientes con mdas de una dispensacién pueden dejar de
tomar la medicacién o consumirla de forma incorrecta y ser con-
siderados adherentes. También puede ocurrir lo contrario y que
la dosis diaria sea menor a un comprimido, que haga que la receta
dispensada dure mas dias de lo calculado y se produzca una infraes-
timacién de la adherencia. Ademas, se supone que la dispensacién
para la misma enfermedad es igual para todos los pacientes, lo que
no se corresponde con la practica clinica en la que la prescripcién
se realiza de forma individualizada seg(n la tolerabilidad de cada
paciente, los comportamientos de la enfermedad o las interacciones
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con otros farmacos28. El método del calculo del MPR para valorar la
adherencia asume que los comprimidos dispensados son consumi-
dos por el paciente, aunque este método se acepta como estandar
para medir la adherencia debido a la dificultad que supone medir
el consumo real de la medicacién?®. Por otra parte, se descono-
cen tanto las causas de la interrupcién del tratamiento, que podria
deberse a la aparicion de efectos adversos o a la percepcién de una
baja eficacia?%-3%, como las indicaciones del tratamiento para valo-
rar de forma mas exhaustiva la adherencia terapéutica. Asimismo,
este estudio no incluye informacién sobre algunas otras variables
que también podrian influir la adherencia al tratamiento, como son
la funcién fisica, la fragilidad o la discapacidad.

Conclusiones

Los resultados obtenidos ponen de manifiesto una adherencia
subéptima al tratamiento en las 3 enfermedades crénicas estudia-
das. En cuanto a los factores que modulan la adherencia, se ha
observado que la adherencia aumenta con el nimero de enferme-
dades crénicas, mientras que el sexo, la edad, la enfermedad mental
y el nimero de farmacos no presentan un efecto consistente sobre la
adherencia. Este estudio es exploratorio e invita a la realizacién de
otros para valorar la adherencia terapéutica en el caso de combina-
ciones de firmacos y, de forma mas exhaustiva, el papel que ejercen
factores como los efectos adversos, el conocimiento del paciente
sobre la importancia del correcto tratamiento de las enfermedades
crénicas, el entorno social del paciente, o si se trata de prevencién
primaria o secundaria. Los resultados obtenidos podrian ayudar
a la puesta en marcha de actuaciones sobre el paciente dirigidas
amejorar la adherencia terapéutica a las enfermedades crénicas y a
evitar asi las consecuencias negativas del incumplimiento terapéu-
tico ya que, como afirma la OMS, mejorar la adherencia terapéutica
puede tener un mayor impacto en la salud que cualquier avance en
las terapias.
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3.3. Articulo 3

Moreno-Juste A, Poblador-Plou B, Aza-Pascual-Salcedo MM, Gonzalez-Rubio F, Malo S, Librero
Lépez J, Pico-Soler V, Giménez Labrador E, Mucherino S, Orlando V, Menditto E, Prados-Torres
A, Gimeno-Miguel A. Initial therapy, regimen change and persistence in a Spanish cohort of
newly treated type 2 diabetes patients: a retrospective, observational study using real-world

data. International Journal of Environmental Research and Public Health 2020;17 (10):3742.

Background: The World Health Organization considers the non-adherence to medication a
significant issue with global impact, especially in chronic conditions such as type 2 diabetes. We
aim to study antidiabetic treatment initiation, add-on, treatment switching, and medication

persistence.

Method: We conducted an observational study on 4247 individuals initiating antidiabetic
treatment between 2013 and 2014 in the EpiChron Cohort (Spain). We used Cox regression
models to estimate the likelihood of non-persistence after a one-year follow-up, expressed as

hazard ratios (HRs).

Results: Metformin was the most frequently used first-line antidiabetic (80% of cases);
combination treatment was the second most common treatment in adults aged 40-79 years,
while dipeptidyl peptidase-4 inhibitors were the second most common in individuals in their 80s
and over, and in patients with renal disease. Individuals initiated on metformin were less likely
to present addition and switching events compared with any other antidiabetic. Almost 70% of
individuals initiated on monotherapy were persistent. Subjects aged 40 and over (HR 0.53-0.63),
living in rural (HR 0.79) or more deprived areas (HR 0.77-0.82), or receiving polypharmacy (HR

0.84), were less likely to show discontinuation.

Conclusion: Our findings could help identify the population at risk of discontinuation, and o_er
them closer monitoring for proper integrated management to improve prognosis and health

outcomes.
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Abstract: The World Health Organization considers the non-adherence to medication a significant
issue with global impact, especially in chronic conditions such as type 2 diabetes. We aim to
study antidiabetic treatment initiation, add-on, treatment switching, and medication persistence.
We conducted an observational study on 4247 individuals initiating antidiabetic treatment between
2013 and 2014 in the EpiChron Cohort (Spain). We used Cox regression models to estimate
the likelihood of non-persistence after a one-year follow-up, expressed as hazard ratios (HRs).
Metformin was the most frequently used first-line antidiabetic (80% of cases); combination treatment
was the second most common treatment in adults aged 40-79 years, while dipeptidyl peptidase-4
inhibitors were the second most common in individuals in their 80s and over, and in patients with
renal disease. Individuals initiated on metformin were less likely to present addition and switching
events compared with any other antidiabetic. Almost 70% of individuals initiated on monotherapy
were persistent. Subjects aged 40 and over (HR 0.53-0.63), living in rural (HR 0.79) or more deprived
areas (HR 0.77-0.82), or receiving polypharmacy (HR 0.84), were less likely to show discontinuation.
Our findings could help identify the population at risk of discontinuation, and offer them closer
monitoring for proper integrated management to improve prognosis and health outcomes.
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1. Introduction

The term diabetes encompasses a major group of chronic diseases with some of the highest
prevalence rates and associated mortality risks, as reported by the World Health Organization
(WHO) [1]. Various studies report that the incidence of type 2 diabetes (T2D) increased in most
populations until the early 2000s, tending to be more stable or even decreasing after approximately
2005 [2]. Its prevalence in adults (85-95% T2D) has almost doubled between 1980 and 2014 worldwide [3].
The factors potentially contributing to diabetes incidence and prevalence variances are numerous,
and could explain the differences among populations and over time. These factors include, but are not
limited to, lifestyle behaviors (such as poor diet, insomnia, and low physical activity), obesity, higher
life expectancy, and changes on the diagnostic criteria of diabetes during the last years [2,4]. In 2015,
374 million people in the world were estimated to have T2D [5], and it has been estimated that T2D
prevalence will increase in the near future [6]. Although roughly 6.6-7.0% of the adult population in
Spain has been diagnosed with T2D [7], many patients are unaware of their condition, and its real
prevalence could be much higher, almost doubling current estimates in some studies [8].

Diabetes represents a large economic burden for healthcare systems. A contributing factor to its
economic impact is the rise in the expenditure of patented, branded medicines [9]. Over the past years,
new oral antidiabetic drugs have been developed and introduced in the market, such as sodium-glucose
co-transporter 2 (SGLT2) inhibitors, dipeptidyl peptidase-4 inhibitors (DPP-4i), and glucagon-like
peptide-1 (GLP-1) receptor agonists, among others. This situation makes it necessary to conduct
pharmaco-epidemiological studies to explore their usage patterns in clinical practice (e.g., first-choice
drugs for treatment initiation, drug switching, and add-on therapy) and the factors that could influence
treatment adherence.

One of the main goals of public health systems is to improve the clinical management of patients
with T2D. In this sense, ensuring proper medication adherence should be one of their priorities,
as sub-optimal adherence to treatment is associated with lower effectiveness of therapeutic strategies,
poorer quality of life, and higher risk of morbidity and mortality [10]. Treatment adherence in
developed countries is reported to be around 50% in populations with chronic diseases [11,12].
Medication adherence, defined as the process by which patients take their medication as prescribed,
entails three essential elements: initiation, implementation, and discontinuation [10]. The early
discontinuation of the dispensed treatment is referred to as non-persistence [10,13]. Thus, it is crucial
to identify which factors can lead to sub-optimal persistence in the treatment of T2D, which could be
influenced by gender [14], age [15], medication class [16], concomitant polypharmacy [17], comorbidity
burden [18], and patient education and beliefs, among others [19].

The increasing availability of real-world data (RWD), routinely collected during the care process
from hospital and primary care electronic health records (EHRs), clinical-administrative databases,
and pharmacy billing records, represents an opportunity to conduct large-scale population studies to
generate real-world evidence in the field of healthcare research. This type of data has already been
leveraged to analyze the treatment patterns of diabetes in real-life conditions in countries such as
Italy [20], France [21], England, and Wales [22].

In Spain, the EPICHRONIC II project aimed to study the utilization patterns of new oral
antidiabetic drugs and the factors related to medication adherence through the use of RWD [23].
The aims of this sub-study of the EPICHRONIC 1II project were as follows: (i) to describe the utilization
patterns of initiation antidiabetics for the management of a Spanish cohort of newly treated T2D
patients; (ii) to analyze the changes in therapeutic regimens during the one-year period after treatment
initiation (i.e., treatment switching and add-on therapy); and (iii) to investigate the socio-demographic
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and clinical factors related to non-persistence after a one-year follow-up. The results could clarify
whether pharmacologic treatment of T2D is in line with existing clinical guidelines and to identify the
individuals who could benefit from a closer monitoring to improve their medication adherence and,
therefore, T2D health outcomes.

2. Materials and Methods

2.1. Study Design and Population

We conducted a retrospective, observational study based on the EpiChron Cohort. This cohort
links the demographic and clinical information from EHRs and pharmacy billing records of all the public
health system users in the Spanish region of Aragon (i.e., 1,144,816 individuals in 2015). A description of
the cohort profile and the data sources was published elsewhere [24]. The Institutional Review Board of
Aragon (CEICA) approved the research protocol of this study (PI17/0361) and waived the requirement
to obtain informed consent from patients as all the information used was pseudoanonymised.

We studied all the individuals of the cohort aged 15 years and over who received at least one
prescription of an antidiabetic drug between 1 October 2013 and 30 September 2014 (enrolment period;
n = 65,167). The date of the first antidiabetic prescription was defined as the index date. Only subjects
who had at least two years of valid data before and one year after the index date were included in the
study. The new users of oral antidiabetics were identified as subjects without any recorded prescription
during the two previous years to the index date.

We analyzed the antidiabetic agents included in the Anatomical Therapeutic Chemical (ATC)
Classification System code A10B. New users were classified in different categories based on the
first chemical subgroup they received during the enrolment period: metformin (ATC A10BA);
sulfonylureas (A10BB); DPP-4i (A10BH); repaglinide (A10BX); and other monotherapy treatments
including alpha-glucosidase inhibitors (A10BF), thiazolidinediones (A10BG), or GLP-1 receptor agonists
(A10BJ). SGLT2 inhibitors were not commercialized during the study period, and thus were not analyzed.
Subjects receiving drugs from the ATC code A10BD (i.e., combinations of oral blood glucose-lowering
drugs) were classified as fixed combination therapy, considering each of their single active agents.
Individuals receiving two different drugs with an overlapping period of at least 15 days were classified
as free-combination therapy, following the line of previous studies [20,25]. We excluded from the
analysis subjects with a single prescription (i.e., spot users), those lacking a T2D diagnosis in their
EHRs during the study period, and those in which socio-demographic and clinical information was
unavailable (Figure 1). Individuals were followed for 365 days from treatment initiation to analyze the
antidiabetics dispensation patterns.

2.2. Study Variables and Outcomes

For each subject, we assessed the following socio-demographic variables: age at the index date
(i.e., 15-39, 40-59, 60-79, and >80 years), gender, administrative health area (urban—those that
concentrate in one of its municipalities at least 80% of the population of the area, and rural—the rest),
deprivation index of the area according to 26 socio-economic indicators and categorized from least
(Q1) to most (Q4) deprived [26], and immigration status (native or immigrant). We also analyzed
the number of drugs dispensed simultaneously (referred to as concomitant drugs), the number of
comorbidities accompanying T2D (0, 14, or >5 conditions), and the presence of chronic renal failure.
For the assessment of drugs dispensed to the patient, we considered all of the medications except for
drugs within the anatomical groups J (systemic anti-infectives) and V (various). Subjects were classified
as having no polypharmacy (0-5 drugs), polypharmacy (6-9 drugs), or excessive polypharmacy
(>10 drugs).
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Individuals of the EpiChron Cohort aged 15
years and older with a dispensation of an oral
antidiabetic drug (AD) during the study period

(n=65,167)

Excluded:
- Dispensation of AD during the two previous years or no data available (n= 58,449)
- No diagnosis of diabetes in electronic health records (n= 1677)

- Only one dispensation of AD (spot users) (n=294)
- No data available for a complete year after first dispensation of AD (n= 131)
- No socio-demographic or clinical data available (n= 369)

Study population
(n=4247)

Data available for analysis

Objective i (n= 4247) Excluded:
- Initiated on polytherapy (n=482)

- Initiated on monotherapy other than metformin,
DPP-4 inhibitors, repaglinide or sulfonylurea (n=9)

Objective ii (n=3756)

Excluded:
- Treatment switching (n= 224)
Objective iii (n=3241) - Add-on therapy (n=291)

Figure 1. Flow chart of the study population.

Comorbidity diagnoses were extracted from primary care and hospital EHRs and coded according
to the International Classification of Primary Care (ICPC) and to the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), respectively. Diagnoses were then
grouped in expanded diagnostic clusters (EDCs) using the Johns Hopkins ACG@© System (version 11.0,
The Johns Hopkins University, Baltimore, MD, US) [27]. For this study, we only considered the 114
EDCs defined as chronic in the study by Salisbury et al. [28], as well as rhinitis (EDC ALL03), according
to recent WHO indications [29], and acute lower respiratory tract infection (EDC RES02), as it can lead
to chronic sequelae. Diabetes was not considered in the total count because it was the index disease for
all subjects.

We analyzed initiation treatment patterns (objective i) considering all the new users initiated
on any antidiabetic drug (n = 4247). The evaluation of treatment switching and add-on therapy
(objective ii) only included cases initiated on monotherapy treatment with metformin, DPP-4i,
repaglinide, or sulfonylurea (n = 3756). Treatment switching was defined as the discontinuation of
initial antidiabetic drugs followed by the initiation of an alternative agent from a different drug class.
Subjects returning to their initial therapy within 15 days of switching were classified according to their
initial therapy and not as switchers. Add-on therapy was defined as receiving an antidiabetic drug
from a different therapeutic class while continuing on the initial treatment. Each active agent was
considered individually for add-on therapy evaluation even when included in fixed combinations
of drugs.

For the evaluation of medication persistence (objective iii), we only considered cases initiated on
monotherapy with metformin, DPP-4i, repaglinide, or sulfonylurea and without treatment switching
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or add-on therapy during the follow-up period (1 = 3241). We defined persistence as continuous
treatment dispensation during 365 days from the index date. Medication persistence was assessed at the
fourth ATC level (i.e., drug class level). Persistence was estimated by measuring the time gap between
consecutive drug dispensations. Subjects were censored if the permitted gap was exceeded without
receiving a new prescription or upon reaching the end of the study period (if they had been persistent
throughout the follow-up period). The number of days covered by medication supplies was estimated
based on the number of defined daily doses (DDDs) per dispensed package, assuming dosages for drugs
from each ATC code followed the WHO recommendations; except for repaglinide, for which a dose
of three pills per day was assumed. Subjects were considered as non-persistent (i.e., discontinuer) if
he/she presented a gap of >90 days between two dispensations [30-33]. Discontinuers were categorized
as users who restarted antidiabetic therapy after a period of discontinuation higher than the maximum
permissible gap, or users who simply discontinued treatment without receiving any further prescription
after the end of the maximum permissible gap.

2.3. Statistical Analysis

We conducted a descriptive analysis of our subjects’ characteristics and of the initial AD treatment
patterns. Time to treatment switching or add-on was calculated as the median number of days
accompanied by the interquartile range (IQR). We used chi-square tests and unpaired t-tests for the
comparison of categorical and numerical variables, respectively. Persistence rates were estimated
using the Kaplan—-Meier method, and we used the log-rank test to assess statistical differences among
curves. We used Cox regression models to estimate the likelihood of discontinuation over one year
after treatment initiation, based on the studied socio-demographic and clinical variables. In the models,
we analyzed the effect of the following variables: age, gender, living area (urban/rural), deprivation
index of the area, number of concomitant drugs, number of comorbidities, presence of chronic renal
failure, and drugs used for initiation. For the analysis of each variable, the model was controlled for
the rest of factors as potential confounders. We calculated crude and adjusted hazard ratios (HRs),
accompanied by their respective 95% confidence intervals (Cls). Statistical significance was set at
p < 0.05. Statistical analyses were conducted using STATA software (Version 12.0, StataCorp LLC,
College Station, TX, USA).

3. Results

3.1. Characteristics of Study Population and Antidiabetic Therapy

The final study population was comprised of 4247 participants with T2D (57.6% men, mean age of
64.6 + 12.8 years; Table 1). The vast majority of our patients were natives (95% vs. 5.0% immigrants,
p = 0.025), more than half of them lived in urban areas (58.6%), and one in three (30.3%) lived in the most
(Q4) deprived areas. At treatment initiation, most of the individuals were not diagnosed with chronic
renal failure (94.4% vs. 5.6%, p < 0.001). Only 6.4% of them did not present any other chronic diseases,
59.3% suffered from one to four chronic diseases, and 34.3% had more than five chronic diseases in
addition to T2D. More than half of the subjects (51%) had polypharmacy or excessive polypharmacy.

Initial treatment with monotherapy was observed in 88.7% of cases, whereas 11.3% of them
received combination therapy at initiation (Table 1). Metformin was the most commonly dispensed
monotherapy drug, accounting for 80.5% of prescriptions, followed by DPP-4i (5.2%); repaglinide
(1.5%); sulfonylureas (1.2%); and other monotherapy treatments (0.2%) such as alpha glucosidase
inhibitors, thiazolidinediones, and GLP-1 analogues. The most frequently dispensed fixed combinations
(data not shown) combined metformin with sitagliptin (197 cases), with vildagliptin (126 cases) or with
linagliptin (54 cases).
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Characteristics Monotherapy Combination Therapy Total p-Value €
Metformin DPP-4i 2 Repaglinide  Sulfonylureas Other? Fixed Free
N (%) 3420 (80.5%) 221 (5.2%) 65 (1.5%) 50 (1.2%) 9 (0.2%) 354 (8.3%) 128 (3.0%) 4247 (100%)
Age (years)
Mean + SD @ 64.2 +12.6 71.6 +13.3 729 £11.8 71.6 +14.3 77.6 £59 61.6 +12.5 64.2 +11.8 64.6 +12.8 <0.001
Age interval (n, %)

15-39 99 (85.3%) 5 (4.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 10 (8.6%) 2 (1.7%) 116 (100%)

40-59 1135 (81.6%) 35 (2.5%) 14 (1.0%) 12 (0.9%) 0 (0.0%) 152 (10.9%) 43 (3.1%) 1391 (100%)

60-79 1750 (82.3%) 103 (4.8%) 27 (1.3%) 18 (0.9%) 6 (0.3%) 158 (7.4%) 64 (3.0%) 2126 (100%)

>80 436 (71.0%) 78 (12.7%) 24 (3.9%) 20 (3.3%) 3 (0.5%) 34 (5.5%) 19 (3.1%) 614 (100%)
Gender (1, %) 0.079

Women 1468 (81.5%) 101 (5.6%) 33 (1.8%) 20 (1.1%) 5(0.3%) 128 (7.1%) 47 (2.6%) 1802 (100%)

Men 1952 (79.8%) 120 (4.9%) 32 (1.3%) 30 (1.2%) 4 (0.2%) 226 (9.2%) 81 (3.3%) 2445 (100%)
Residence area (11, %) 0.008

Urban 2027 (81.5%) 140 (5.6%) 31 (1.3%) 34 (1.4%) 4 (0.2%) 190 (7.6%) 62 (2.5%) 2488 (100%)

Rural 1393 (79.2%) 81 (4.6%) 34 (1.9%) 16 (0.9%) 5(0.3%) 164 (9.3%) 66 (3.8%) 1759 (100%)
Depriv. index € (1, %) 0.295

Q1 798 (79.5%) 56 (5.6%) 16 (1.6%) 15 (1.5%) 2(0.2%) 83 (8.3%) 34 (3.4%) 1004 (100%)

Q2 893 (83.1%) 56 (5.2%) 17 (1.6%) 6 (0.6%) 3(0.3%) 68 (6.3%) 32 (3.0%) 1075 (100%)

Q3 692 (78.6%) 48 (5.5%) 18 (2.1%) 11 (1.3%) 1(0.1%) 81 (9.2%) 29 (3.3%) 880 (100%)

Q4 1037 (80.5%) 61 (4.7%) 14 (1.1%) 18 (1.4%) 3(0.2%) 122 (9.5%) 33 (2.6%) 1288 (100%)
Immigrant status (11, %) 0.025

Native 3266 (80.7%) 214 (5.3%) 63 (1.6%) 48 (1.2%) 9 (0.2%) 331 (8.2%) 115 (2.8%) 4046 (100%)

Immigrant 154 (76.6%) 7 (3.5%) 2 (1.0%) 2 (1.0%) 0 (0.0%) 23 (11.4%) 13 (6.5%) 201 (100%)

Concomitant drugs

Mean + SD 62+42 82+47 81+54 59+41 59+3.1 51+4.6 45+4.6 62+44 <0.001

0-5 1661 (79.8%) 65 (3.1%) 25 (1.2%) 29 (1.4%) 4 (0.2%) 218 (10.5%) 80 (3.8%) 2082 (100%)

69 1051 (83.8%) 75 (6.0%) 13 (1.0%) 8 (0.6%) 3(0.2%) 72 (5.7%) 33 (2.6%) 1255 (100%)

>10 708 (77.8%) 81 (8.9%) 27 (3.0%) 13 (1.4%) 2(0.2%) 64 (7.0%) 15 (1.7%) 910 (100%)
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Table 1. Cont.

Characteristics Monotherapy Combination Therapy Total p-Value €
Metformin DPP-4i 2 Repaglinide  Sulfonylureas Other? Fixed Free
Comorbidities
Mean + SD 39+26 51+31 51+4.0 40+25 34+17 33+3.0 3.0+24 39+27 <0.001
0 199 (73.4%) 6(2.2%) 4 (1.5%) 3(1.1%) 0 (0.0%) 45 (16.6%) 14 (5.2%) 271 (100%)
1-4 2046 (81.2%) 98 (3.9%) 33 (1.3%) 29 (1.2%) 7 (0.3%) 218 (8.7%) 88 (3.5%) 2519 (100%)
>5 1175 (80.7%) 117 (8.0%) 28 (1.9%) 18 (1.2%) 2(0.1%) 91 (6.3%) 26 (1.8%) 1457 (100%)
Chronic renal failure <0.001
No 3297 (82.2%) 166 (4.1%) 44 (1.1%) 39 (1.0%) 8 (0.2%) 335 (8.4%) 120 (3.0%) 4009 (100%)
Yes 123 (51.7%) 55 (23.1%) 21 (8.8%) 11 (4.6%) 1 (0.4%) 19 (8.0%) 8 (3.4%) 238 (100%)

2 DPP-4i, dipeptidyl peptidase-4 inhibitors; ® other monotherapy: alpha glucosidase inhibitors (ATC A10BF), thiazolidinediones (ATC A10BG), and glucagon-like peptide-1 (GLP-1)
receptor agonists (ATC A10B]);  p-value less than 0.05 was statistically significant; 4 standard deviation; ¢ deprivation index of the area calculated according to 26 socio-economic indicators

and categorized from least (Q1) to most (Q4) deprived.
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Metformin in monotherapy was the most frequently dispensed drug in all age groups. In patients
aged 15-39, metformin, DPP-4i, and combination therapy were the only treatments dispensed.
Fixed combination therapies were most used in the group aged 40-59, while the oldest group aged
>80 received more DPP-4i in monotherapy than any other age group. Combination therapy was more
frequently dispensed in men (12.5%), immigrants (17.9%), and subjects from rural (13.1%) and more
deprived (Q3, 12.5% and Q4, 12.1%) areas.

New users showed a mean number of 6.2 + 4.4 concomitant drugs, although the medication
burden was much higher in patients who initiated their treatment with DPP-4i (8.2 + 4.7 drugs) and
repaglinide (8.1 + 5.4 drugs). Another remarkable difference in the pattern of dispensation depending
on the number of concomitant drugs was that 14.3%, 8.3%, and 8.7% of patients treated with 0-5, 6-9,
and 10 or more concomitant drugs, respectively, received combination therapy:.

Similarly, the burden of comorbidity was higher in patients who initiated their treatment with
repaglinide (5.1 + 4.0 diseases) and DPP-4i (5.1 + 3.1 diseases). An initial treatment based on
combination therapy was more frequent in individuals without additional comorbidities to T2D,
while DPP-4i was more frequently dispensed in patients with more than five comorbidities (8.0% of
the patients). The presence of chronic renal failure at treatment initiation influenced the choice
of the antidiabetic treatment; only 51.7% of patients with chronic renal failure received metformin
prescriptions, compared with the 82.2% of patients without this disease (p < 0.001). The dispensation
of DPP-4i, repaglinide, and sulfonylurea was higher in individuals with chronic renal failure.

3.2. Changes in Therapy Regimen

During the one-year follow-up, 6.0% of new users of antidiabetics switched to another treatment
(Table 2). The initial treatment with more switching was repaglinide (7.7%), closely followed by DDP-4i
(7.2%), sulfonylurea (6.0%), and metformin (5.8%). Most treatment switches in patients initiated on
metformin were made towards the use of DDP-4i, followed by sulfonylureas and repaglinide. Patients
treated with DPP-4i switched mostly to metformin (43.8%), followed by sulfonylurea (25.0%) and
repaglinide (25.0%).

Table 2. Treatment switching and add-on therapy patterns among new users of antidiabetic drugs
initiated on monotherapy (objective ii).

Initial Total Type of Treatment Switching/Add-On Therapy (i, % P)
Therapy (n,%?  Metformin DPP-4i¢ Repaglinide Sulfonylureas Otherd  Polytherapy Insulin
Total

(n = 3756)

Switchers  224(6.0)  9(40) 128(57.1)  25(11.2) 47 (20.8) 1(0.4) 9 (4.0) 5(2.2)
Add-on 291(77)  25(8.6) 204 (70.1) 17 (5.8) 16 (5.5) 3(1.0) 6(2.1) 20 (6.9)

Metformin

(n = 3420)

Switchers 200 (5.8) - 127 (63.5) 21 (10.5) 43 (21.5) 1(0.5) 5(2.5) 3(1.5)
Add-on 256 (7.5) - 204 (79.7) 12 (4.7) 16 (6.3) 2(0.8) 5(2.0) 17 (6.6)
DPP-4i
(n=221)

Switchers 16 (7.2) 7 (43.8) - 4(25.0) 4(25.0) 0(0.0) 1(6.3) 0(0.0)
Add-on 29 (13.1)  22(75.9) - 5(17.2) 0(0.0) 1(3.5) 0(0.0) 13.5)

Repaglinide
(n = 65)

Switchers 5(7.7) 1(20.0) 1(20.0) - 0(0.0) 0(0.0) 1(20.0) 2 (40.0)

Add-on 6(9.2) 3(50.0) 0(0.0) 0(0.0) 0(0.0) 1(16.7) 2(33.3)
Sulfonylurea
(n =50)

Switchers 3(6.0) 1(33.3) 0(0.0) 0(0.0) - 0(0.0) 2(66.7) 0(0.0)

Add-on 0(0.0) - - - - - - -

2 The denominators used for the proportion estimates presented in this column correspond to the figures of the
column “Initial therapy”; ® the denominators used for the proportion estimates presented in these rows correspond
to the figures of the same row of the column “Total”; ¢ dipeptidyl peptidase-4 inhibitors; ¢ other monotherapy:
alpha glucosidase inhibitors (ATC A10BF), thiazolidinediones (ATC A10BG), and glucagon-like peptide-1 (GLP-1)

receptor agonists (ATC A10B]).
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Overall, 7.8% of the study population received add-on therapy during follow-up. Among subjects
initially treated with metformin, the add-ons mainly included DPP-4i (79.9%), followed by insulin
(6.6%) and sulfonylureas (6.3%). Patients initially treated with DPP-4i had metformin and repaglinide
added in 75.9% and 17.2% of cases, respectively. Among individuals on sulfonylurea, no additions to the
initial treatment were observed, and only six patients on repaglinide treatment received add-on therapy.

3.3. Medication Persistence

We included 3241 subjects in the Kaplan—Meier persistence analysis (Table 3); 69.0% of them were
still taking their initial treatment after one year from treatment initiation. Persistence rates varied
within the different monotherapy treatment groups, being higher for DPP-4i (76.7%), followed by
metformin (68.8%), sulfonylureas (63.8%), and repaglinide (61.1%), although these differences were not
significant. The median time to discontinuation was 108 days, varying from 79 days in subjects initiated
with DPP-4i to 150 days in those with sulfonylureas. Time to treatment switching was (median, IQR)
55 (21-145) days, and time to add-on therapy was 85 (40-200) days, with significant differences among
monotherapy treatment groups.

Table 3. Persistence and discontinuation among new users of antidiabetic drugs and time to
discontinuation, treatment switching or add-on therapy, by initial monotherapy treatment (objectives ii

and iii).
Initial Monotherapy Treatment
Metformin DPP-4i?  Repaglinide Sulfonylureas Total p-Value ?
Frequency (N, %) 0.068
Persistence 2038 (68.8%) 135 (76.7%) 33 (61.1%) 30 (63.8%) 2236 (69.0%)

Discontinuation 926 (31.2%) 41 (23.3%) 21 (38.9%) 17 (36.2%) 1005 (31.0%)
Days to (median,

IQR ©)

Discontinuation 108 (25-206) 79 (57-195) 133 (30-226) 150 (62-231) 108 (25-206) 0.507
—_ 98.5

Switching 5521-140) 5o on 6 (3-15) 25 (2-73) 55 (21-145) 0.054
159

Add-on 84(39-199) ;o %y 315(2039) - 85 (40-200) 0.025

2 Dipeptidyl peptidase-4 inhibitors;  p-values less than 0.05 were considered statistically significant; ¢ IQR,
interquartile range.

The Cox regression analysis (Table 4) revealed that older patients associated a lower risk of
treatment discontinuation, compared with the age group of 15-39 years. Individuals living in rural
areas had 21% less risk of being discontinuers than patients living in an urban area, and those
living in less deprived (Q1) areas were more likely to be discontinuers than those from Q2-Q4 areas.
Subjects with a dispensation of 6-9 drugs presented 16% lower risk of discontinuation compared with
those with up to five drugs. The rest of the potential predictors (i.e., gender, number of comorbidities,
presence of chronic renal failure, and drug used at initiation) were not significantly associated with
treatment persistence, although individuals initiated on DPP-4i were 27% less likely (p = 0.052) to be
non-persistent compared with those initiated on metformin.
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Table 4. Predictors of treatment discontinuation to initial antidiabetic therapy at one year post-initiation

(objective iii).

Variables Crude HR ? (95% CI) p-Value Adjusted HR? (95% CI)  p-Value ¢
Age (years)
15-39 Reference Reference
40-59 0.59 (0.43-0.81) 0.001 0.63 (0.46-0.86) 0.004
60-79 0.49 (0.36-0.67) <0.001 0.53 (0.38-0.72) <0.001
>80 0.50 (0.36-0.71) <0.001 0.55 (0.39-0.78) 0.001
Gender
Men Reference Reference
Women 1.10 (0.97-1.24) 0.138 1.14 (1.00-1.29) 0.053
Area of living
Urban Reference Reference
Rural 0.77 (0.67-0.87) <0.001 0.79 (0.69-0.90) <0.001
Deprivation index d
Q1 Reference Reference
Q2 0.77 (0.65-0.91) 0.003 0.79 (0.66-0.94) 0.007
Q3 0.78 (0.65-0.93) 0.007 0.82 (0.68-0.98) 0.031
Q4 0.75 (0.64-0.89) 0.001 0.77 (0.65-0.91) 0.002
Concomitant drugs
0-5 Reference Reference
6-9 0.79 (0.68-0.91) 0.001 0.84 (0.72-0.99) 0.034
>10 0.92 (0.78-1.08) 0.295 1.03 (0.85-1.25) 0.783
Comorbidities
0 Reference Reference
14 0.91 (0.70-1.19) 0.503 1.02 (0.78-1.34) 0.870
>5 0.79 (0.60-1.05) 0.103 0.92 (0.68-1.26) 0.611
Chronic renal failure
No Reference Reference
Yes 0.97 (0.73-1.28) 0.804 1.08 (0.80-1.46) 0.599
Initial therapy
Metformin Reference Reference
DPP-4i € 0.72 (0.52-0.98) 0.036 0.73 (0.53-1.00) 0.052
Repaglinide 1.29 (0.84-1.99) 0.242 1.32 (0.85-2.07) 0.216
Sulfonylureas 1.16 (0.72-1.88) 0.539 1.10 (0.68-1.80) 0.698

2 Crude hazard ratios (HRs) calculated using Cox regression analysis; ® hazard ratios adjusted by the rest of
predictors;  p-values less than 0.05 were considered statistically significant; 4 deprivation index of the area calculated
according to 26 socio-economic indicators and categorized from less (Q1) to most (Q4) deprived; ¢ dipeptidyl
peptidase-4 inhibitors.

4. Discussion

This study showed that electronic health records can be a valuable information source for
pharmaco-epidemiological studies. Studies like ours, which a focus on initiation, implementation,
and discontinuation in patients with T2D, are of extreme importance, with the potential to provide tools
for adherence-enhancing interventions in daily clinical practice [34]. Our results offer a comprehensive
overview of the utilization patterns of antidiabetics and the factors affecting medication adherence in a
Spanish cohort of new users of antidiabetic drugs from a real-world setting.

Metformin was by far the most frequently used drug in monotherapy at treatment initiation
(80.5% of cases), in line with the recommendations of the European Association for the Study of
Diabetes [35] and of the American Diabetes Association [36]. The use of metformin as a first-line
antidiabetic drug has also been reported in other European countries such as the United Kingdom
(80% of cases) [22], Italy (70%) [20], and France (62%) [37]. In contrast, in other countries like Japan,
DPP-4i has been reported as the most prevalent outpatient antidiabetic monotherapy, followed by
metformin [38]. In our study, metformin was the first line medication choice for patients with chronic
renal failure, although with a lower prevalence than in patients without this condition. This was
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expected, as metformin can be prescribed initially in patients with glomerular filtration rates over
45 mL/min/1.73 m?, and the dose of metformin is usually adapted to the patient’s kidney function,
as indicated by various clinical guidelines [39-42]. The use of metformin was followed far behind
by DPP-4i, repaglinide, and sulfonylureas. The choice of these alternatives as initial antidiabetic
treatments could be related to cases where the use of metformin was contraindicated [36]. For instance,
we observed that our oldest individuals and those with renal disease, both at higher risk for lactic
acidosis, received DPP-4i more frequently than other groups, which might be partly explained by the
perception that DPP-4i is a safer treatment option, with the subsequent avoidance of metformin [38].

Sulfonylureas have been shown to be the second option after metformin in populations from
Italy [20], Ireland [43], and Canada [44]. Nonetheless, a recent study comparing antidiabetic treatment
patterns among different regions showed that sulfonylurea prescription as a second-line treatment had
decreased, as opposed to the substantial increase of DPP-4i prescription from 2007 to 2011 in France,
the United Kingdom, and Spain [45]. The limited dispensation of other antidiabetic classes in our
study, like GLP-1 receptor agonists and SGLT2 inhibitors, could be partially explained by the fact that
we only included newly diagnosed and treated T2D patients, and that not all the classes of GLP-1
receptor agonists were commercialized during the study period. SGLT2 inhibitors were not included
in our study because they were not introduced in the Spanish market until after mid-2015.

Combination therapy, which is not recommended at initiation in clinical guidelines except for in
patients with high levels of glycated hemoglobin (HbAlc), was dispensed as first-line treatment in
11.3% of our subjects [36]. Individuals aged 40-59 and immigrants were the population groups that
most commonly received combination treatment. This could be because of a greater proportion of
individuals with HbAlc values >9% in these groups, which, according to guidelines, would justify the
initiation with combination therapy to more expeditiously achieve the targeted HbAlc values [36].

During the one-year follow-up, 7.8% of the cohort received a second antidiabetic drug after
treatment initiation, whereas 6% of subjects switched to another antidiabetic therapy. These events
probably responded to the presence of contraindications, side effects, or lack of effectiveness of
the first-choice treatment [35,36]. Individuals initiated on metformin were less likely to present
addition and switching events compared with those initiated on any other alternative antidiabetic drug.
The lower incidence of treatment adjustments in patients on metformin suggests that using this drug at
initiation could prove beneficial in reducing the risk of suboptimal glycemic control and/or of adverse
drug events compared with other antidiabetic classes [46]. Some individuals initiated on metformin
received add-on insulin while maintaining metformin, in agreement with the recommendations set by
guidelines when treatment intensification is needed [35,36].

Despite current recommendations on the use of metformin as a first-line antidiabetic,
unless clinically contraindicated [35,36], a noteworthy proportion of patients receiving alternative
oral agents at initiation eventually switched to metformin or had it added to their basal treatments.
In line with previous studies [38], DPP-4i represented the most frequent add-on and switch treatments.
DPP-4i could be preferable in cases where metformin is contraindicated or not tolerated, or in cases
with a higher risk of hypoglycemia associated with the use of sulfonylureas [35].

The high persistence rate found in our study (almost 70% of cases) is consistent with the 41-81%
reported in a recent meta-analysis [47] and similar to the 79% showed by Italian [20] and Canadian
populations [48], although these last two studies included treatment switching and add-on therapy
cases in the persistence analysis. The four monotherapy treatments analyzed in our study did not
show significant differences regarding persistence rates. Nonetheless, individuals initiated on DPP-4i
presented 27% lower risk of discontinuation after 12 months of treatment, in line with previous studies
reporting higher persistence in DPP-4i users compared with those using the rest of the antidiabetic
drug classes [49,50].

Treatment persistence is a result of several determining factors including effectiveness, tolerability,
safety, superior utility, and treatment costs [50]. Regardless of the drug used, prescribing physicians
might also play an important role in medication persistence in relation to their empathy with the patient
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and the type and quality of the information given to him/her. However, this factor could not be included
in our analyses. Cox regression analysis showed that subjects aged 40 and over (compared with
younger individuals), those living in rural and more deprived areas, and those receiving polypharmacy
were less likely to discontinue their initial antidiabetic therapy after one year post-initiation.

There is no consensus in the existing literature on the influence of age on treatment
discontinuation [51]. Adherence has been reported to increase with age in some studies [49,52],
whereas the opposite has also been observed in other published works [4,20,51,53]. The effect
of concomitant polypharmacy on medication adherence is also controversial. We observed that
polymedicated patients receiving 6-9 simultaneous drugs were less likely to be discontinuers than
non-polymedicated ones. A plausible explanation for this could be that patients with a greater number
of comorbid conditions might be more knowledgeable in diabetes and its complications, which would
encourage them to continue their diabetes treatment regimens [54]. However, a negative influence on
medication adherence of polypharmacy has also been observed [20,49,51]. The effect of comorbidity
on medication adherence in diabetic patients is also inconsistent across the existing literature [52].

The relationship found in our study between living area and the risk of treatment discontinuation
is consistent with previous studies. Higher non-adherence risks in patients living in urban compared
with rural areas have also been observed in Italian [20] and Canadian [48,55] populations. The risk
of treatment discontinuation could be related to higher levels of anxiety, increased consumption of
processed foods, lower physical activity, and less sleep time, typical of urban areas [56]. Data suggest
that regular control, perception of long-term treatment benefit, reduction of treatment complexity,
use of preparations with minimal adverse effects, and appropriate re-imbursement could greatly
increase persistence in oral antidiabetic therapies [57].

Strengths and Limitations

The main strength of this study is its large sample size, which included almost all T2D patients
in the reference population initiating oral antidiabetic treatment. Furthermore, to the best of our
knowledge, this is the first study of its kind conducted in Spain. We extracted all our variables from
patient EHRs and pharmacy billing records, making the analyses more reliable and accurate than
when using self-reported information. In this regard, cohort data underwent continuous quality
control checks to ensure their rigor for research purposes. In the analysis of factors associated with
non-persistence, we performed a comprehensive adjustment for covariates.

One of the most important limitations of the study lies in the absence of a standard method to assess
medication persistence (e.g., time gap, definition of new user), which compels us to be cautious in the
interpretation and comparison of results to those obtained in other studies. Although the measurement
method for the estimation of medication persistence had been previously validated [20,54], persistence
could have been overestimated in patients who picked up their medication from the pharmacy, but did
not take it at home. Another limitation lies in the unavailability of variables that could have been of
specific interest for the study, such as lifestyle habits (e.g., smoking and drinking behavior, diet quality,
level of physical exercise), glycated hemoglobin, C-peptide values, and glomerular filtration rates,
or the totality of drugs prescribed (and not only those finally dispensed to the patient). It would also
have been interesting to analyze dose changes over the first year, but this was impossible as information
on drug dosage was unavailable. Thus, a comprehensive assessment of predictors for treatment
discontinuation, switching, or add-on was not viable. Moreover, SGLT2 inhibitors were not included
as they were unavailable in the market during the study period. Moreover, our results could have
been different if we had used a longer follow-up period, as we know that the drug utilization pattern
can vary over time in a population owing to factors related to prescribers, patients, the pharmaceutical
industry, or the social and political contexts. Nonetheless, this study sheds light on the patterns of
antidiabetic drugs in new users, as well as on the factors associated with a greater or lesser probability
of treatment discontinuation, so that our results could contribute to increase our knowledge in the field.
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5. Conclusions

Diabetes is a disease with a high clinical and social impact; therefore, its proper management and
control is a priority for health systems. This study provides real-world evidence that the utilization
pattern of oral antidiabetic drugs in T2D patients in Spain is consistent with the recommendations of
international clinical guidelines. Our findings might help identify individuals in which medication
persistence shows room for improvement (i.e., younger patients and those living in urban/less deprived
areas). These patients could benefit from a closer monitoring of their antidiabetic treatment from
primary care to improve treatment effectiveness and glycemic control, and reduce the likelihood
of chronic complications. The implementation of person-centered approaches is crucial, especially
by giving patients the opportunity to better understand what diabetes is, how it evolves over time,
and the importance of following clinical recommendations. Continuous educational activities within a
multidisciplinary, integrated management program of T2D patients could potentially lead to better
health outcomes.
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3.4. Articulo 4

Moreno Juste A, Menditto E, Orlando V, Monetti VM, Gimeno Miguel A, Gonzalez Rubio F, Aza-
Pascual-Salcedo MM, Cahir C, Prados Torres A, Riccardi G. Treatment Patterns of Diabetes in

Italy: A Population-Based Study. Frontiers in Pharmacology. 2019;10:870.

Background: The steady increase in type 2 diabetes prevalence and the availability of new
antidiabetic drugs (AD) have risen the use of these drugs with a change in the patterns of specific
drug utilization. The complexity of this treatment is due to successive treatment initiation,
switching and addition in order to maintain glycaemic control. The aim of this study was to
describe the utilization patterns of ADs at initiation, treatment addition, and switching profiles

and to measure factors influencing persistence to therapy.

Methods: Retrospective observational study. Data were retrieved from the Campania Regional
Database for Medication Consumption. Population consisted of patients receiving at least one
prescription of ADs between January 1 and December 31, 2016. We calculated time to treatment
switching or add-on as median number of days and interquartile range (IQR). Persistence rates
were estimated using the Kaplan—Meier method. We used Cox regression models to estimate
the likelihood of non-persistence over 1 year of follow-up. Hazard ratios and 95% confidence

intervals were calculated.

Results: Of 14,679 patients, 86.9% started with monotherapy and 13.1% with combination
therapy. Most common initial treatment was metformin in both monotherapy and combination
therapy. First-line prescription of sulfonylurea was observed in 6.9% of patients aged 60-79
years and in 10.8% of patients aged 280 years. Patients starting with metformin showed fewer
treatment modifications (10.4%) compared to patients initiating with sulfonylureas (35.2%).
Newer ADs were utilized during treatment progression. Patients who initiated with sulfonylurea
were approximately 70% more likely to discontinue treatment compared to those initiated on
metformin. Oldest age group (=80 years) was more likely to be non-persistent, and likelihood of
non-persistence was highest in polymedicated patients. Patients changing therapy were more

likely to be persistent.

Conclusions: Our results show that treatment of T2D in Italy is consistent with clinical guidelines.
Even if newer ADs were utilized during disease progression, they seem not to be preferred in
patients with a higher comorbidity score, although these patients could benefit from this kind
of treatment. Our study highlights patients’ characteristics that might help identify those who

would benefit from counselling from their health-care practitioner on better AD usage.
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Background: The steady increase in type 2 diabetes prevalence and the availability
of new antidiabetic drugs (AD) have risen the use of these drugs with a change in the
patterns of specific drug utilization. The complexity of this treatment is due to successive
treatment initiation, switching and addition in order to maintain glycaemic control. The
aim of this study was to describe the utilization patterns of ADs at initiation, treatment
addition, and switching profiles and to measure factors influencing persistence to therapy.

Methods: Retrospective observational study. Data were retrieved from the Campania
Regional Database for Medication Consumption. Population consisted of patients
receiving at least one prescription of ADs between January 1 and December 31, 2016.
We calculated time to treatment switching or add-on as median number of days and
interquartile range (IQR). Persistence rates were estimated using the Kaplan—Meier
method. We used Cox regression models to estimate the likelihood of non-persistence
over 1 year of follow-up. Hazard ratios and 95% confidence intervals were calculated.

Results: Of 14,679 patients, 86.9% started with monotherapy and 13.1% with
combination therapy. Most common initial treatment was metformin in both monotherapy
and combination therapy. First-line prescription of sulfonylurea was observed in 6.9% of
patients aged 60-79 years and in 10.8% of patients aged >80 years. Patients starting with
metformin showed fewer treatment modifications (10.4%) compared to patients initiating
with sulfonylureas (35.2%). Newer ADs were utilized during treatment progression.
Patients who initiated with sulfonylurea were approximately 70% more likely to discontinue
treatment compared to those initiated on metformin. Oldest age group (=80 years)
was more likely to be non-persistent, and likelihood of non-persistence was highest in
polymedicated patients. Patients changing therapy were more likely to be persistent.

Conclusions: Our results show that treatment of T2D in Italy is consistent with clinical
guidelines. Even if newer ADs were utilized during disease progression, they seem not to
be preferred in patients with a higher comorbidity score, although these patients could
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benefit from this kind of treatment. Our study highlights patients’ characteristics that might
help identify those who would benefit from counselling from their health-care practitioner

on better AD usage.

Keywords: antidiabetic drugs, pattern, treatment switching, treatment addition, persistence

INTRODUCTION

Type 2 diabetes (T2D) is widely considered one of the world’s
largest human health problems, as documented by its growing
prevalence in recent decades (Baviera et al., 2011). In 2016, it was
reported that more than 3.2 million people in Italy suffer from
diabetes, 5.3% of the total population (Gargiulo et al., 2017).
Over the last decade, several new antidiabetic drugs (ADs), with
varying clinical efficacy, profiles, and costs, are being introduced
in the market, enabling physicians to tailor therapy for each
individual patient (Grimes et al., 2015; Orlando et al., 2015).
The steady increase in T2D prevalence and the availability of
these new medicines have resulted in increased AD utilization
and related costs worldwide, with a number of studies showing
a change in specific drug utilization patterns and an increase in
prescribing for T2D over time (Grimes et al., 2015; Rafaniello
et al, 2015). In addition, the treatment of T2D of each patient
changes by successive initiating, adding, and switching of drugs
with different mechanisms in order to maintain glycemic control
(Lamberts et al., 2011), and these factors increase the complexity
of the treatment. Therefore, suboptimal glycemic control can be
influenced by the healthcare practitioner whether it be a general
practitioner (GP) or diabetologist (Khunti et al., 2018). In Italy,
reimbursement legislation does not allow GPs to prescribe
autonomously new ADs, such as SGLT2 inhibitors or GLP-1Ras,
without an official specialist’s approval. This could influence
the choice of treatment at initiation and the trend of drug
utilization observed. Another key factor for long-term success
of pharmacotherapy in T2D is the dependence on patients
continuing to take their medications as prescribed (O’Shea
et al,, 2015). The term “medication persistence” refers to the act
of conforming to a recommendation of continuing treatment
for the prescribed length of time (Vrijens et al., 2012). Early
discontinuation of the prescribed treatment is defined “non-
persistence” Suboptimal persistence can lead to compromised
health outcomes (e.g., higher risk of hospitalizations and
emergency room visits, increased morbidity, and premature
mortality) and wasted time and money with serious economic
consequences (Rascati et al., 2017). This is highly relevant in the
treatment of T2D given that this condition is chronic and typically
requires long-term commitment to therapeutic regimens to
gain and maintain glycemic control and, consequently, prevent
complications (Gregoire et al., 2010).

On the other hand, comorbidity is present in most patients
with T2D, and studies have suggested that increased number and
severity of comorbid diseases may, in turn, affect persistence and
adherence to antidiabetic medication (O’Shea and Teeling, 2013;
O’Shea et al., 2015; Simard et al., 2015).

In light of the recent introduction on the market of new
antidiabetics, the aim of this study was i) to describe the utilization
patterns of ADs at initiation, ii) to describe treatment addition
and switching (i.e., regimen change) profiles, and iii) to measure
persistence and investigate factors related to non-persistence.

METHODOLOGY
Study Design and Population

It was conducted a retrospective observational non-interventional
administrative database study in the primary care setting of
Campania, one of the largest Italian regions situated in the
south of the country representing about 10% (i.e., 5.9 million
inhabitants) of the Italian population. As in all other Italian
regions, health care services (free or at a nominal charge) are
provided to all citizens and legal foreign residents through Local
Health Units (LHUs). About 99% of them are covered by the
public healthcare system.

The source population consisted of people living in the area
of four LHUs, representing about 60% of the total Campania
population. All the patients that had these characteristics were
included in the study: i) patients aged 40 years and older;
ii) patients who had received at least one prescription of antidiabetic
drugs between January 1 and December 31, 2016; iii) patients who
were alive and registered in the list of LHUs for at least 2 years
before and after the index date (i.e., the date of first prescription of
an AD); and iv) patients without any recorded AD prescription in
the two years preceding the index date. Patients receiving only one
prescription (spot users) are excluded from the analysis.

Data Source

Data necessary for the study were retrieved from the Campania
Regional Database for Medication Consumption containing
records of drugs dispensed by community pharmacies and
reimbursed by Local Health Authorities (LHUs). This database
provides the following information for each prescription:
anonymous patient code, date of dispensation, Anatomical
Therapeutic Chemical (ATC) code, number of Defined Daily
Doses (DDD), number of packages dispensed, and drug price.
The database is matched, by record-linkage analysis, to the civil
registry to collect demographic information. This database has
been used previously in drug-utilization studies (Iolascon et al.,
2013; Casula et al., 2014; Iolascon et al., 2016; Putignano et al.,
2017). Data sources were matched by record linkage analysis
through a unique and anonymous personal identification code.
Such code was created by a database manager, uninvolved in
the data analysis, preventing patient identification. Permission
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use anonymized data to this study was granted to the
researchers of the Centro di Ricerca in Farmacoeconomia e
Farmacoutilizzazione (CIRFF) by the governance board of Unita
del Farmaco della Regione Campania. The CIRFF has a regional
decree that allow for conducting research by making secondary
use of administrative data (DGRC n 276 23/05/2017). The article
does not contain clinical studies, and all patients’ data were fully
anonymized and were analysed retrospectively. For this type
of study, formal consent is not required according to current
national law from Italian Medicines Agency.

Patterns of Utilization of ADs and
Treatment Switching and Addition

New users of ADs were stratified in different categories according
to their first prescription during the study period: metformin,
sulfonylureas, alpha-glucosidase inhibitors, dipeptidyl peptidase-4
(DPP-4) inhibitors, repaglinide, other monotherapy including
thiazolidinediones, glucagon-like peptide-1 receptor agonists (GLP-
1Ras), and sodium-glucose co-transporter-2 (SGLT2) inhibitors.
Patients to whom were prescribed combinations of oral blood
glucose-lowering drugs were classified as fixed-combination
therapy. Patients receiving prescription of two different ADs with
an overlapping period of at least 15 days were classified as free-
combination therapy, accordingly with previous studies (Overbeek
etal., 2017).

The consistency of the treatment patterns, identified by the
analysis, with clinical guidelines was independently assessed by
three clinicians from the research team with proven expertise in
the field of diabetes care (AM], FGB, and GR).

For each patient, it was assessed the following variables at
baseline: age, sex, number of concomitant drugs (polypharmacy),
area of living, use of neuro-psychiatric drugs, macro- and
microvascular complications (Cammarota et al, 2014), and
comorbidity score. The patients were stratified into three age
groups: 40-59, 60-79, and >80 years. The number of concomitant
drug was classified in three groups: 0-5 (no polypharmacy), 6-9
(polypharmacy), and =10 drugs (excessive polypharmacy). The
comorbidity score was evaluated using the RxRisk index. It is a
validated measure for determining an individual’s comorbidity
based on their medicine dispensing. It was developed using
therapeutic drug classes and medicinal agents for selected
chronic comorbidities (Pratt et al., 2018). The list of comorbidities
and drugs used in the score is summarized in Supplementary
Table 1 in the supporting information (Pratt et al., 2018),
excluding diabetes from the list as it was the index disease.

The utilization patterns of ADs were analyzed within 365 days
from treatment initiation. Treatment switching was defined as
discontinuation of initial antidiabetic drug and initiation on an
alternative agent from a different drug class. Patients switching
back to their initial therapy within 30 days were not classified
as switchers. Add-on therapy was considered as receiving
prescription of a different therapeutic class while continuing
their first treatment. In the add-on therapy evaluation, fixed-
combination was considered add-on of each single active agent.
It was also evaluated dose change (increasing or decreasing
dosage) of the initial medication within therapeutic class.

Measuring Persistence

Persistence was defined as continuation of treatment during 1
year from the index date, and it was estimated by measuring the
time gap between a drug dispensation and the following one.
Patients were considered non-persistent if the gap between two
refills was over two and a half times the duration of the preceding
prescription (grace period), based on sensitivity analyses from
previous research (Malo et al., 2017; Menditto et al., 2018). The
number of days of medication supplied was estimated based
on the number of pills and packages. Medication persistence
was measured at the drug class level. It was not considered as
an interruption the switching products within index medication
classes. Patients were censored if the gap allowed was exceeded
without purchasing a new prescription or upon reaching the
end of the study period (if they had been persistent throughout
the follow-up period). Non-persistent users were categorized as
users who restarted AD therapy after a period of discontinuation
or users who simply discontinued treatment.

Statistical Analysis

A descriptive analysis of patient characteristics and initial
treatment patterns was performed. The time to treatment
switching or add-on was calculated as median number of days
and interquartile range (IQR). Therefore, differences between
patient characteristics were compared using chi-square test for
categorical variables or unpaired t test for numerical variables,
as appropriate.

Persistence rates were estimated using the Kaplan-Meier
method. Statistical differences between curves were assessed
using the log-rank test, and Cox regression models estimated the
likelihood of non-persistence over 1 year after AD initiation and
evaluated the factors affecting persistence. Hazard ratios (HRs)
and 95% confidence intervals (95%CI) were calculated assessing
crude and adjusted associations for relevant predictors.

Data management was performed with Microsoft SQL server
(version 2018), and all analyses were performed with SPSS
software for Windows (version 17.1, SPSS Inc., Chicago, IL,
USA). P value <0.05 was considered significant.

RESULTS

Overall Study Population Characteristics

A total of 19,546 patients aged over 40 years were new users of
antidiabetic drugs. Of these, 4,867 (25.68%) were spot users,
defined as patients receiving only one prescription of the drug.
Most of them were between 60 and 79 years old. The spot
users had a monotherapy prescription in 78.6% of the patients
and 67.6% of them had a metformin prescription, followed
by sulfonylureas (Supplementary Table 2). A total of 14,679
patients were included in the study (Figure 1). A significantly
larger proportion of males were present in the cohort (54.8%
vs. 45.2%, P < 0.001), and the majority of patients were living in
an urban area (N = 91.2%). The mean age (+ SD) of the cohort
was 64 + 11.6 years. Over the 2 years prior to index date (cohort
entry), 554 patients (3.8%) had microvascular or macrovascular
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3,294,735

in study

Total population of 4 Campania region LHUs

h 4

173,349

Individuals with at least one AD prescription
between January 1 and December 31,2016

Exclusions:

*Individuals with a AD or an insulin prescription
before January 2016.

*Individuals without at least two years before
January 2016

152, 905

A

20,444

Individuals with a new AD prescription
between January 1 and December 31,2016

Exclusion of patients up to 40 years old.

1.494

4]

4.86

Incident population in study

18,950
Individuals aged 40 years old
and over
Exclusion of spotpatients.
A
14,679

FIGURE 1 | Flow chart of the study.

complications. About 18.7% of the cohort at entry used drugs
for mental health disorders. It was observed that 41.2% of the
new users of AD were prescribed up to 5 comedications, 24.1%
between 6 and 9, and 34.7% over 10. The average comorbidity
score, calculated as mean number of chronic comorbidities per
the RxRisk index, was 3.3 + 2.7 (Table 1).

Patterns of Therapy Utilization

Of the 14,679 total patients, 86.9% were initiated with
monotherapy and 13.1% with combination therapy. Among
monotherapy, metformin was the most commonly prescribed
(80.3% n = 10,246), followed by sulfonylureas (7.7% n = 982);
5% were initiated with alpha glucosidase inhibitors, 4.6% with
repaglinide, and 1.3% with dipeptidyl peptidase-4 (DPP-4)

inhibitor, and 1.1% of patients were prescribed a different
antidiabetic agent in the index date (Table 1).

The most prescribed fixed combination was metformin and
sulfonylureas (53% of the patients) followed by metformin and
sitagliptin (12.6%) (Supplementary Table 3). About 50% of
patients initiating on free combination therapy used metformin
and sulfonylureas, followed by combination of metformin and
repaglinide in 15% of cases.

Patients who initiated with repaglinide had a significant higher
percentage of micro/macrovascular complications (10.1%), a
significant higher comorbidity score (4.1 + 3.1), and a significant
higher percentage of patients aged more than 80 years (9.1%)
compared to other initiation therapies. The characteristics of
the population, stratified by type of therapy at cohort entry, are
described in Table 1.
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TABLE 1 | Demographic and clinical characteristics of new users of antidiabetics at cohort entry.

Characteristics Monotherapy N = 12,753 (86.9%) Combination therapy Total P-value
N = 1,926 (13.1%) N = 14,679
(100%)
Metformin Sulfonylureas Alpha £ DPP-4 Repaglinide °Other Fixed Free
N =10,246 N =982 glucosidase N =161 N =583 monotherapy combination combination
inhibitors N =143 N =1,426 N =500
N =638
Age (MD = SD) 63.2+11.3 66.8 £ 12.1 66.5+11.8 68.1 £ 12.1 69.5+12.4 59.0+ 10 64.8+12.2 62.8+11.3 64.0+11.6 <0.001*
40-59 4,019 (74.3%) 283 (5.2%) 180 (3.3%) 37 (0.7%). 131 (2.4%) 75 (1.4%) 482 (8.9%) 202 (3.7%) 5,409 (100%)
60-79 5,380 (69.2%) 537 (6.9%) 361 (4.6%) 92 (1.2%) 316 (4.1%) 67 (0.9%) 762 (9.8%) 257 (3.3%) 7,772 (100%)
>80 847 (56.5%) 162 (10.8%) 97 (6.5%) 32 (2.1%) 136 (9.1%) 1(0.1%) 182 (12.1%) 41 (2.7%) 1,498 (100%)
Sex 0.001*
F 4,639 (70.1%) 477 (7.2%) 304 (4.6%) 73 (1.1%) 275 (4.2%) 68 (1.0%) 591 (8.9%) 190 (2.9%) 6,617 (100%)
M 5,590 (69.6%) 504 (6.3%) 333 (4.1%) 86 (1.1%) 307 (3.8%) 74 (0.9%) 830 (10.3%) 305 (3.8%) 8,029 (100%)
Polypharmacy <0.001*
0-5 (no-polypharmacy) 4,106 (67.9%) 412 (6.8%) 204 (3.4%) 63 (1.0%) 183 (3.0%) 44 (0.7%) 752 (12.4%) 285 (4.7%) 6,049 (100%)
6-9 (polypharmacy) 2,567 (72.5%) 218 (6.2%) 146 (4.1%) 33 (0.9%) 129 (3.6%) 46 (1.3%) 304 (8.6%) 97 (2.7%) 3,540 (100%)
>10 (excessive polypharmacy) 3,573 (70.2%) 352 (6.9%) 288 (5.7%) 65 (1.3%) 271 (5.3%) 53 (1.0%) 370 (7.3%) 118 (2.3%) 5,090 (100%)
Area of living 0.047*
Rural 910 (71.7%) 93 (7.3%) 56 (4.4%) 9(0.7%) 42 (3.3%) 20 (1.6%) 107 (8.4%) 33 (2.6%) 1,270 (100%)
Urban 9,155 (69.7%) 873 (6.6%) 573 (4.4%) 150 (1.1%) 532 (4.1%) 122 (0.9%) 1,272 (9.7%) 451 (3.4%) 13,128 (100%)
Neuro-psychiatric drugs 0.019*
No 8,335 (69.8%) 786 (6.6%) 495 (4.1%) 125 (1.0%) 469 (3.9%) 118 (1.0%) 1,177 (9.9%) 429 (3.6%) 11,934 (100%)
Yes 1,911 (69.6%) 196 (7.1%) 143 (5.2%) 36 (1.3%) 114 (4.2%) 25 (0.9%) 249 (9.1%) 71 (2.6%) 2,745 (100%)
Micro/macrovascular complication <0.001*
No 9,899 (70.1%) 949 (6.7%) 613 (4.3%) 1562 (1.1%) 527 (3.7%) 139 (1.0%) 1,364 (9.7%) 482 (3.4%) 14,125 (100%)
Yes 347 (62.6%) 33 (6.0%) 25 (4.5%) 9 (1.6%) 56 (10.1%) 4 (0.7%) 62 (11.2%) 18 (3.2%) 554 (100%)
Comorbidity score 33+26 33+28 39+28 3425 41 +£31 3.0x26 28+28 25+26 33+27 <0.001*

*P-value less of 0.05 was statistically significant. £ DPP-4, dipeptidyl peptidase-4 inhibitors; °Other monotherapy, A10BG Thiazolidinediones (n = 21); A10BJ Glucagon-like peptide-1 analogue (n = 88); A10BK Sodium-glucose
co-transporter 2 (SGLT2) inhibitors (n = 34).
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Treatment Switching and Addition

Of those initiated on metformin, 10.4% had an episode of
treatment switching (Table 2). The most frequent switches
were to sulfonylureas (31.1%), repaglinide (16.5%), or SGLT-2
inhibitors (11.5%). The median time to treatment switching
when initiated on metformin was 95 days (IQR 190). Patients
in metformin treatment switched to insulin in 11.4% of the
cases, with a median time of 150 days (IQR 210). Patients
who switched from metformin to alpha-glucosidase or to
repaglinide had a significant higher co-morbidity score (4.3 +
2.8 and 4.1 * 3.2, respectively). Of the sulfonylurea cohort,
35.2% of patients switched treatment with a median time of
44.5 days (IQR 136). The majority switched to metformin
(73.1%), and 15.3% switched to DPP-4 inhibitors. Overall,
17% of patients switching therapy received a within-class
change (dose change) prior to switching therapy. Most of these
dose changes were from patients initiated on metformin. In
the within treatment class changes for the metformin and
sulfonylurea groups, dose increases were more frequent
(69%) than decreases (31%). Among patients who initiated
on metformin, 9% received treatment addition and 10.1% of
patientsinitiated on a sulfonylurea (Table 3). For the metformin
group, the most frequent additions were insulin (33.7%)
followed by sulfonylurea (26.6%), DPP-4 inhibitors (20.7%),
and SLGT-2 (10.1%). For those starting with sulfonylurea,
the most frequent addition was metformin (66.7%), followed
by insulin (31.3%). The median time to add-on therapy was
shorter in the metformin group (51.2 days, IQR 132) than
in the sulfonylurea group (90 days, IQR 182). About 25% of
patients received a dose change of their initial medication prior
to treatment add-on. Most of them were patients initiated on
metformin (95%).

Persistence

In the analysis of persistence, 11,228 patients were included.
Overall, 79% of the patients were still taking their therapy
after 12 months of treatment initiation. Persistence varied
depending on the antidiabetic agent; while 80.1% of patients
on metformin persisted with their therapy 12 months after
initiation, only 67.9% of those on sulfonylurea were persistent.
For those on metformin, the average period between the index
date and treatment discontinuation was 330 days (95%CI 328.6;
331.7), while it was 303 days (95%CI 296.6; 309.7) for those on
sulfonylurea. According to Kaplan-Meier analysis, differences
in persistence rates were observed according to the type of
treatment at initiation (log-rank, P < 0.0001) (Figure 2).

Cox regression analysis (Table 4) showed that the oldest age
group (=80 years) was more likely to be non-persistent than the
younger age group. Patients who initiated with a sulfonylurea
were approximately 70% more likely to have a period of
discontinuation compared to those initiated on metformin.
Patients living in an urban vs. a rural area were 31% more likely to
be non-persistent. The likelihood of non-persistence was highest
in the polymedicated patients taking more than 10 concomitant
drugs, while patients changing therapy (switching or addition)
were more likely to persist with treatments.

TABLE 2 | Switching patterns among new users of antidiabetic drugs initiated on either metformin or a sulphonylurea.

Treatment switching

Total
switchers

Therapy at the index date

Insulin P-value

1SGLT2

Repaglinide  Thiazolidinediones GLP-1

£DPP-4

Alpha
glucosidase

Sulfonylureas

Metformin

inhibitor

inhibitors
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(Mean = SD)

0.067

31 (31.3%)

2.2

2 (2.0%)
3.0+0.0

66 (66.7%)
28427

99 (10.1%)
2425

=982)

Sulfonylureas: (N

0.143

+2.3

Comorbidity score

(Mean = SD)

*P-value less of 0.05 was considered to be statistically significant. £ DPP-4, dipeptidyl peptidase-4 inhibitors; °GLP-1, glucagon-like peptide-1 receptor agonists; 1 SGLT-2, sodium-glucose co-transporter-2 inhibitors.

DISCUSSION

This study provides a comprehensive up-to-date overview of
T2D treatment patterns among patients initiating antidiabetic
therapies in a real-world context. Metformin was the most
common initial treatment (80.3%), as recommended by
international guidelines (American Diabetes Association,
2018a). By grouping patients in monotherapy with those in
combination therapy, more than 90% of the study population was
using metformin as initial therapy. The small percentage (7.7%)
of patients who initiated with sulfonylurea in monotherapy may
represent a diabetic population with metformin contraindication
(Jermendy et al., 2012; Iolascon et al., 2016; Heintjes et al., 2017;
American Diabetes Association, 2018a). It is disappointing to
note that, despite current clinical guidelines where metformin
is the first line of treatment (American Diabetes Association,
2018a), it was observed first-line prescription of sulfonylurea
in 6.9% of patients aged 60-79 years and in 10.8% of patients
aged 80 years and older. Repaglinide was also preferred in 9.1%
of those aged >80 years. A recent study, exploring T2D treatment
patterns across European countries, highlighted that repaglinide
is often prescribed in Italy, more than in other countries
(Heintjes et al., 2017). Furthermore, it is observed a very limited
use of the recently introduced drugs such as SGLT2 inhibitors
(empagliflozin) and GLP-1RAs (liraglutide), which have
demonstrated a significant reduction in cardiovascular death
(American Diabetes Association, 2018a). This less prescription
may be due to the fact that our study population includes only
new users of antidiabetics, and they are not used as first-line
prescription (American Diabetes Association, 2018a).

Most of the patients starting with a combined treatment (74%)
received a fixed-dose combination, which is only recommended
in the guidelines as a first-line treatment with a high level of
glycated haemoglobin values (American Diabetes Association,
2018a).

Our population was similar to the population diagnosed
with diabetes, because the incidence of diabetes mellitus was
higher in patients older than 60 years old, as it was observed in
2016 in Italy (Gargiulo et al., 2017). The new users of AD had
a mean comorbidity score of 3.3 + 2.7. It has been explained
that diabetes is commonly associated with hypertension arterial,
atherosclerotic cardiovascular disease (coronary heart disease,
cerebrovascular disease, or peripheral arterial disease), and
microvascular complications. Therefore, these diseases are
contributor to the direct and indirect cost of diabetes, and
controlling individual cardiovascular risk could prevent diabetes
(Arrieta et al., 2015; American Diabetes Association, 2018b). Due
to this relationship between diabetes and other cardiovascular
diseases (Arrieta et al., 2015; American Diabetes Association,
2018b), 70% of the patients in treatment with metformin had an
excessive polypharmacy. The patients were followed up over time
and regimen changes occurred in about 22% of patients, with
treatment switching (12.6%) being more frequent than treatment
addition (9.1%).

Patients that started the treatment with metformin showed
fewer treatment modifications compared to patients with
sulfonylureas (10.4% vs 35.2%), similar to studies in The
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TABLE 4 | Predictors of non-persistence to antidiabetic therapy at 1-year post-initiation.

Characteristics Unadjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value
Age

40-59 0.977 (0.895-1.066) 0.601 1.094 (0.999-1.197) 0.052
60-79 Reference Reference

>80 1.440 (1.265-1.639) <0.001 1.268 (1.109-1.449) 0.001*
Sex

Female 1.072 (0.988-1.162) 0.093 0.985 (0.906-1.071) 0.724
Male Reference Reference

Type of therapy in data index

Metformin Reference Reference

Sulfonylureas 1.770 (1.5672-1.993) <0.001 1.697 (1.500-1.920) <0.001*
Area of living

Rural Reference Reference

Urban 1.316 (1.124-1.540) 0.001 1.309 (1.117-1.533) 0.001*
Polypharmacy

0-5 (no-polypharmacy) Reference Reference

6-9 (polypharmacy) 1.122 (1.006-1.250) 0.038 1.131 (1.011-1.265) 0.032*
>10 (Excessive polypharmacy) 1.5612 (1.378-1.659) <0.001 1.505 (1.359-1.668) <0.001*
Therapy change

No Reference Reference

Yes 0.913 (0.816-1.020) 0.108 0.818 (0.728-0.919) 0.001*
Dose change

None Reference Reference

Decrease 0.552 (0.440-0.693) <0.001 0.596 (0.474-0.750) <0.001*
Increase 0.342 (0.282-0.415) <0.001 0.355 (0.291-0.432) <0.001*
Insulin addition

No Reference Reference

Yes 0.874 (0.683-1.119) 0.286 0.979 (0.760-1.262) 0.871
Neuro-psychiatric drugs

No Reference Reference

Yes 1.225 (1.111-1.352) <0.001 1.058 (0.953-1.174) 0.292

*P-value less of 0.05 was considered to be statistically significant.

Netherlands (Lamberts et al., 2011) and Korea (Noh et al., 2018).
An interesting finding is that 73.1% of patients initiated on a
sulfonylurea received metformin as a regimen change: this trend
was also observed in Irish cohort of newly diagnosed diabetes
patients (Grimesetal.,2015). Metformin accounted also for 66.7%
of treatment additions for those initiated on a sulphonylurea.
High proportion of patients received a metformin prescription

as a treatment addition. That treatment suggested that the initial
choice of sulfonylurea was not due to a contraindication to
metformin (Grimes et al., 2015).

A dose change occurred in 14.4% of the patients starting
with metformin, compared to only 2.9% of patients starting
with sulfonylurea. The observed difference could be due to the
recommendation of gradual dose increase in the initial prescription
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of metformin to avoid gastrointestinal side effects, whereas the
dose increase is not recommended in sulfonylureas for the risk of
hypoglycaemic episodes at higher doses (Grimes et al., 2015).

Patients with metformin monotherapy as initial treatment
often had an insulin treatment added to their treatment regimen.
This could be due to a need for treatment intensification keeping
metformin treatment in agreement with the diabetes guidelines
(American Diabetes Association, 2018a). Second most frequent
choice was a combination of sulfonylurea and DPP-4 inhibitors;
other newer antidiabetic agents were prescribed much less
frequently during treatment progression. A European cross-
country comparison showed that, after metformin treatment, the
most frequent combination was metformin and sulfonylurea in the
Netherlands, United Kingdom, and Spain, while in Italy the use of
multiple other treatments was observed (Overbeek et al., 2017).

Approximatively 20% of patients were non-persistent after
1 year of treatment in the current study. Similar results have
been observed in Quebec, Canada, with 79.3% of the newly
dispensed an ADs or insulin patients persistent after 1 year of
treatment (Guénette et al., 2013) and 80.8% persistent after 2
years of the initiation of the AD treatment (Dossa et al., 2015).
Therefore, in Ireland, Grimes et al. observed that 79% of patients
on metformin were persistent 12 months after initiation, while
69% of patients were persistent with a sulphonylurea (Grimes
etal., 2015). In Hungary, the 1-year rate of persistence with ADs
proved to be surprisingly low, with 47.7% of patients persistent
with metformin and 45.4% persistent with sulphonylurea
treatment (Jermendy et al., 2012). In general, persistence to
antidiabetic drugs ranged from 41.0% to 81.1% as shown in a
meta-analysis of studies, published in 2015, that examined the
adherence, persistence, and discontinuation for patients with an
AD prescription (Iglay et al., 2015). In another study in Italy, the
adherence to chronic medication was low and it was associated
with the level of education (Menditto et al., 2015). The differences
in the definition of persistence, the nature of the populations
studied, and the time periods covered could explained this range
of values in the persistence (Guénette et al., 2013).

Cox regression analysis showed that patients aged 80 years and
older compared to younger populations patients who initiated
sulfonylurea, experienced polypharmacy, and lived in an urban
area were more likely to be non-persistent.

These factors should be taken into consideration by GPs and
diabetologists when they initiate a hypoglycemic drug treatment in
older people. Moreover, in patients with these factors, persistence
to drug treatment should be monitored over time by the clinician.

However, there is no consensus on influence of these factors
on persistence to treatment in the literature, in particular the
influence of age. In some studies is shown an increase in adherence
and persistence with age, and in others the opposite is observed
(Pedan et al., 2007; Menditto et al., 2018; Moreno Juste et al.,
2019). Usually, older age is associated with increased morbidity,
frailty, and cognitive impairment, which can also increase the
discontinuation of the treatment (Menditto et al., 2018).

Also, the effect of polypharmacy is inconclusive, with some
studies showing a positive influence on persistence and others
a negative influence (O’Shea and Teeling, 2013; Moreno Juste
et al.,, 2019). To better assess the role of treatment complexity in

antidiabetic treatment, more research on persistence is necessary
in this area (Guénette et al., 2013).

Conversely, our finding of a relationship between urbanization
and reduced persistence of AD treatment is mostly consistent
with the literature. It has been reported in two studies in Quebec
that patients living in rural areas were more likely to persist
with their antidiabetic treatment compared with urban regions
(Guénette et al., 2013; Simard et al., 2015). This may be related
to a more active management of patients and better control
of the treatment in rural areas (Scala et al .,2016). Therefore,
urbanization is associated with an increased consumption of
processed foods, lower physical activity, anxiety, and lack of
sleep through residential noise, which are all risk factors for
diabetes (DenBraver et al., 2018). In relation to treatment
initiation, patients with metformin monotherapy were more
likely to remain persistent when compared with sulfonylurea
monotherapy, as observed in previous studies (Gregoire et al.,
2010; Guénette et al., 2013; O’Shea and Teeling, 2013; Grimes
et al.,, 2015; Simard et al., 2015). AD-related side effects, such
as hypoglycemic events, have been suggested to be a significant
barrier to persistence (Guénette et al., 2013). On the other hand,
patients who changed therapy and experienced dose changes
were more likely to be persistent.

STRENGTHS AND LIMITATIONS

This is the first Italian study investigating T2D treatment patterns
and including new drug classes such as GLP-1Ras or SGLT2
inhibitors. This study adds to the frame of existing knowledge
on prescription profiles of T2D drugs. Our study is based on a
data source with full coverage of T2D prescriptions for a stable
population and a region defined. In addition, this database
has multiple variables such as age, gender, co-morbidity, and
co-medications. With this analysis, characterization of the use
of antidiabetic therapy in a regional context is explored and it is
useful for exploring the dynamics of the diabetes treatment.

However, this study also has potential limitations. Firstly, the
study does not cover the entire Italian population, but in Italy,
there is a uniform health service in all different regions and it is
plausible that prescription patterns in this region are similar to the
rest of Italy. The use of administrative databases does not allow the
detection of clinical information such as changes in lifestyle (e.g.,
better diet quality and weight loss), glycated haemoglobin values,
and medical reasons for treatment discontinuation. Also, the
changes in the drug usage (e.g., pillbox use) are not documented
in administrative databases. Finally, the medication prescribed
does not ensure that the medication was taken. Nonetheless, the
measure of medication persistence used in this study has been
validated for use in others studies (Simard et al., 2015; Menditto
et al., 2017). Persistence may have been overestimated in cases
where individuals filled their prescriptions but did not take
the drug, because this database is based on patterns of drugs
dispensed, but not necessarily consumed.

Finally, it has been reported in the literature that around 60% of
patients who discontinue their AD treatment initiate a new course
of treatment within the year following discontinuation (Guénette
et al., 2013). For this reason, it cannot be assumed that patients
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who had not filled a prescription for an antidiabetic treatment in
the following year to the data index will never again take any such
treatment, so these patients cannot be classified as non-persistents.

The generalizability of our results is restricted as the healthcare
systems, reimbursement policies, and access to different treatment
options are country-specific. In this regard, further research should
focus on cross-country comparison.

CONCLUSIONS

Our study shows that treatment of T2D in Italy is in general
consistent with clinical guidelines (in particular, in relation to the
large use of metformin as first step therapy and the more prominent
use of newer antidiabetic agents during disease progression).
However, the last seem not to be preferred in patients with a higher
comorbidity score, although these patients could benefit from this
kind of treatment. In addition, it was observed that patients starting
treatment with metformin showed fewer treatment modifications
compared to patients initiating with sulfonylureas. Persistence to
treatment was relatively high in our study in comparison to others
previously published. Persistence with treatment was lower in
those receiving sulphonylureas, living in an urban area, and with
higher polypharmacy. These findings still deserve attention and
should be addressed in future treatment guidelines.

Our findings in patients’ characteristics might help identify
those patients who would benefit from counseling from their health
care practitioner on better antidiabetic drugs usage. Research
is needed to increase long-term persistence and to improve
antidiabetic drugs use and glycemic control in T2D especially
among newly diagnosed patients. Providing information based
on real-world data may be a useful way to explore the dynamics of
antidiabetic therapy within a specific context and to optimize the
use of resources for a better management of the disease.

CONTRIBUTION TO THE FIELD
STATEMENT

Type 2 diabetes (T2D) is widely considered one of the world’s
largest human health problems, as documented by its growing
prevalence in recent decade. In 2016, more than 3.2 million
people in Italy reported to suffer from diabetes, 5.3% of the total
population. Over the last decade, several new antidiabetic drugs
(ADs), such as DPP-4, SGLT2 inhibitors, and GLP-1Ras, with
varying clinical efficacy, profiles, and costs, are being introduced
in the market, enabling physicians to tailor therapy for each
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Supplementary Table 1. Rx-risk comorbidity category ATC codes

Disease

ATC code

Alcohol dependency
Allergies

Anticoagulants
Antiplatelets

Anxiety

Arrhythmia

Benign prostatic hyperplasia
Bipolar disorder

Chronic airways disease

Congestive heart failure

Dementia

Depression

Epilepsy

Glaucoma

Gastrooesophageal reflux disease
Gout

Hepatitis B

Hepatitis C

HIV

Hyperkalaemia
Hyperlipidaemia

Hypertension

Hyperthiroidism

NO07BB01-N07BB99

RO1AC01-R01AD60, ROGAD02-R06AX27, RO6AB04
B01AA03-B01AB06, BO1AEQ7, BO1AFO01, BO1AF02, BO1AX05
BO01AC04-B01AC30

NO5BA01-NO5BA12, NO5SBEO1

CO01AAO05, C01BA01-C01BDO01, CO7AAQ7
G04CA01-G04CA99, G04CBO01, G04CB02*

NO5ANO1

RO3AC02-R03DC03, RO3DX05

CO03DA02-C03DA99, C07AB02, CO7ABO7, CO7AG02, CO7AB12, CO3DA04
(CO3CAOQ1- C03CC01 and CO9AA01-CO9AX99, CO9CAO0L- CO9CX99)t

NO6DA02-N06DA04, NO6DX01

NO6AA01-NO6AGO2, NOGAX03-NO6AX11, NO6AX13-NO6AX18, NOGAX21-
NO6AX26

NO3AAQ01-NO3AX99
S01EA01-S01EBO3, SOIEC03-S01EX99
A02BA01-A02BX05
MO04AA01-M04ACO1

JOSAF08, JOSAF10, JOSAF11

JO5AB54, LO3AB10, LO3AB11, LO3ABG60, LO3AB61, JOSAE14, JOSAE11-
JO5AE12, JOSAX14, JO5AX15, JOSAX6S5, JOSABO4

JO5AEQ01-JOSAEL0, JOSAF12-J05AG05, JOSAR01-JOSAR99, JOSAX07-J0SAX09,
JO5AX12, JOSAF01-JO5AF07, JOSAF09

VO3AEO1
C10AA01-C10BX09

CO03AA01-C03BA11, CO3DB01, CO3DB99, CO3EA0L, CO09BA02—-C0O9BADY,
CO09DA02- C09DA08, C02AB01-C02ACO05, C02DB02—- C02DB99 (CO3CA01-
CO03CCO1 or CO9CAQ1- C09CX99)8

HO3BA02, HO3BBO01



Hypothiroidism
Irritable bowel syndrome

Ischaemic heart disease: angina

Ischaemic heart disease: hypertension

Incontinence
Inflammation/pain
Liver failure
Malignancies
Malnutrition

Migraine
Osteoporosis/Paget's
Pain

Pancreatic insufficiency
Parkinson's disease

Psoriasis

Psychotic illness

Pulmonary hypertension
Renal disease

Smoking cessation
Steroid-responsive disease
Transplant

Tubercolosis

HO3AA01-HO3AA02
AO07EC01-A07EC04, AOTEA01-AO07EA02, AOTEADG, LO4AA33
CO01DA02-C01DA14, C01DX16, CO8EX02

C07AA01-CO07AA06, CO7TAA08-C0O07ABO1, CO7AB02, CO7AGO1, CO8CAO01-
C08DB01, C09DB01-C09DB04, C09DX01, C09BB02—- C09BB10, C07ABO3,
C09DX03, C10BX03f

G04BD01-G04BD99

MO01AB01-MO01AHO06

AO06AD11, A07TAAlLL

LO1AAQ01-LO1XX41

BO5BA01-BO5SBA10

N02CA01-N02CX01

MO05BA01-M05BB05, M05BX03, M05BX04, GO3XC01, HO5AAQ2
NO02AA01-N02AX02, NO2AX06, NO2AX52, NO2BE51

AO09AAQ2

NO4AAQ01-N04BX02

D05AA01-D05AA99, D05BB01 D05BB02, D05AX02, DOSAC01-D05ACS1,
D05AX52

NO5AA01-NO5AB02, NOSABO6-NO5ALO7, NOSAX07-NO5AX13

C02KX01-C02KX05

B0O3XA01-B03XA03, A11CC01-A11CCO04, VO3AEO02, VO3AEOD3, VO3AEOQS
NO7BA01-NO7BA03, NOGAX12

H02AB01-HO02AB10

LO4AAQ6, LO4AAL0, LO4AALS, LOAADO1, LO4AADO2

JO4AC01-JO4AC51, JOAAMO1-J04AM9O9

tMust have at least two medicines prescribed with one of those medicines having an ATC code from C03CA01-C03CCO1 and the other having an ATC code from either CO9AA01-C09AX99 or
C09CA01-C09CX99.

8Can have medicine dispensed with an ATC code CO3CA01-C03CCO01 or C09AA01-C09AX99, but not both, as this would indicate chronic heart failure.

fiCombination product for hyperlipidaemia and ischaemic heart disease: hypertension. N/A, not applicable.



Supplementary Table 2. Characteristics of subjects receiving only one prescription of antidiabetic drugs in the observation period (spot therapy).

Characteristics

Monotherapy
N=3825 (78.6%0)

Combination Therapy

N=1042 (21.4%)

Total Metformin
N=4867  N=2585 (67.6%)

Sulfonylureas
N=559 (14.6%)

Alpha glucosidase
inhibitors
N=194 (5.1%)

Repaglinide
N= 268 (7.0%)

DPP-4

inhibitor
N=153 (4.0%)

Other

monotherapy
N= 66 (1.7%)

Fixed Combination
N=929 (89.1%)

Free Combination
N=113 (10.8%)

Age

(MD#SD) 61.6+19.4 61.3+17.8 63.7£19.0 65.7£17.9 68.9 + 16.7 58.9+26.4 57.9+20.8 59.1+22.3 60.7+20.1

Age
40-59 1332 (27.3%) 773 (29.8%) 141 (25.2%) 40 (20.6%) 53 (19.7%) 29 (19.0%.) 15 (22.7%) 246 (26.4%) 35 (30.7%)
60-79 2136 (43.7%) 1159 (44.7%) 248 (44.3%) 94 (48.5%) 124 (46.1%) 57 (37.3%) 34 (51.5%) 366 (39.2%) 54 (47.4%)
>80 803 (16.4%) 358 (13.8%) 114 (20.4%) 41 (21.1%) 77 (28.6%) 33 (21.6%) 6 (9.1%) 161 (17.3%) 13 (11.4%)

Sex
F 2501 (51.2%) 1362(52.7%) 280 (50.1%) 114 (58.8%) 125 (46.6%) 83 (54.2%) 35 (53.0%) 452 (48.7%) 50 (44.2%)
M 2366 (48.4%) 1223 (47.3%) 279 (49.9%) 80 (41.2%) 143 (53.4%) 70 (54.1%) 31 (47.0%) 477 (51.3%) 63 (55.8%)

Supplementary Table 3. Distribution of fixed combinations at treatment initiation by ATC code

ATC N (%0)

A10BDO02 (Metformin and sulfonylureas) 756 (53%)

A10BDO05 (Metformin and pioglitazone) 72 (5%)

A10BDO06 (Glimepiride and pioglitazone) 6 (0.4%)

A10BDO07 (Metformin and sitagliptin) 180 (12.6%)

A10BDO08 (Metformin and vildagliptin) 148 (10.4%)

A10BD09 (Pioglitazone and alogliptin) 10 (0.7%)

A10BD10 (Metformin and saxagliptin) 13 (0.9%)

A10BD11 (Metformin and linagliptin) 111 (7.8%)

A10BD13 (Metformin and alogliptin) 49 (3.4%)

A10BD15 (Metformin and dapagliflozin) 36 (2.5%)

A10BD16 (Metformin and canagliflozin) 21 (1.5%)

A10BD20 (Metformin and empagliflozin) 24 (1.7%)

Total

1426 (9.7%)




A sub-set analysis has been performed in a catchment area of 800,000 inhabitants where specialist ambulatory records were available.

Supplementary Table 4a. Distribution by drug class of new users of antidiabetics at cohort entry in the sub-set population

Monotherapy Combination Therapy Total
Metformin Sulfonylureas Alpha glucosidase inhibitors DPP-4 Repaglinide °Other monotherapy
3.121 (75.5%) 299 (7.2%) 134 (3.2%) 44 (1.1%) 135 (3.3%) 64 (1.5%) 379 (9.2%) 4132 (100%)

. °Other monotherapy: A10BG Thiazolidinediones, A10BJ Glucagon-like peptide-1 analogue, A10BK Sodium-glucose co-transporter 2 (SGLT2) inhibitors.

Supplementary Tableda describe pattern profile of GPs prescription at initiation and reports data for patients not receiving a diabetologist visit before GPs

prescription.

Supplementary Table 4b. Distribution by drug class of new users of antidiabetics at cohort entry in the sub-set population after a diabetologist visit

Monotherapy Combination Therapy Total
Metformin Sulfonylureas Alpha glucosidase inhibitors DPP-4 Repaglinide °Other monotherapy
58 (78.0%) 44 (6.9%) 32 (5.0%) 12 (1.9%) 17 (2.7%) 1 (0.2%) 35 (5.5%) 641 (100%)

. °Other monotherapy: A10BG Thiazolidinediones, A10BJ Glucagon-like peptide-1 analogue, A10BK Sodium-glucose co-transporter 2 (SGLT2) inhibitors.



Supplementary Table4b describe pattern profile of GPs prescription at initiation and reports data for patients receiving a diabetologist visit before GPs
prescription.

Supplementary Table 4c. Switching patterns among new users of antidiabetic drugs initiated on either metformin or a sulphonylurea in the sub-set population

Treatment switching

. Total
Therapy at the index date ) Alpha . N
Py Switchers Metformin  Sulfonylureas  glucosidase _DPP-4 Repaglinide Thiazolidine GLP-1 SGLT? Fixed
S, inhibitor diones
inhibitors
Metformin: (N=3.121) 314 (10.9%) - 117 (34.3%) 26 (7.6%) 20 (5.9%) 54 (15.8%) - 18 (5.3%)  25(7.3%) 80 (23.5%)
Sulfonylurea: (N=299) 107 (35.8%) 71 (66.4%) - 2 (1.9%) 10 (9.3%) 6 (5.6%) - - - 17 (15.9%)

Supplementary Table 4c. reports data for patients switching therapy in the sub-set population.



4. Discusion general de los trabajos aportados

Esta tesis pone de manifiesto que la multimorbilidad, definida como la presencia de dos o mas
enfermedades crénicas de forma simultdnea en un individuo, y la polifarmacia, es decir, la
prescripcion simultdnea y prolongada de multiples medicamentos en un solo individuo,
conforman una serie de patrones presentes en jovenes y adultos, tanto en hombres como en

mujeres.

La necesidad de formular estos patrones de multimorbilidad y polifarmacia derivd de la
importancia de caracterizar esta poblacion, ya que Marengoni et al. en 2011 observaron que la
prevalencia de la multimorbilidad variaba ampliamente en la poblacién general entre un 20-30%
(12). Esta realidad lleva a considerar la multimorbilidad y su consecuencia la polifarmacia, un

problema relevante desde la perspectiva de salud publica y la provisidn de servicios sanitarios.

Se han incluido en este estudio 114 enfermedades crénicas procedentes de los diagndsticos
registrados en las bases de datos de atencién primaria y hospitalaria, y no sélo las mas
prevalentes o severas, comunmente limitadas a 40 condiciones crdnicas. El hecho de que se
incluyan tanto la base de datos de atencion primaria y como la hospitalaria amplia y completa
la informacion del paciente, mas que si Unicamente se incluyera una de ellas, ajustandose en
mayor medida a la practica clinica. A través de esta base de datos, se ha estudiado la
caracterizacién de la multimorbilidad y la polifarmacia analizada a través de asociaciones
sistematicas entre enfermedades y farmacos a lo largo de la vida de los individuos. Esta
asociacion reveld la existencia de 6 patrones de multimorbilidad y polifarmacia que afectaba a
una parte importante de la poblacion. Estos patrones se denominaron: respiratorio, salud
mental, cardiometabdlico, endocrinolégico, osteometabdlico y mecanico-dolor. Las diferencias
en su composicion dependieron en parte del género y de la edad del paciente. El patrén
respiratorio y salud mental se presentaron en todas las edades y en ambos géneros. Tanto el
patrdn respiratorio, como el de salud mental y cardiometabdlico aparecieron en ambos géneros,
aunque no en todas las edades, mientras que el endocrinolégico y osteometabdlico sélo se
presentaron en mujeres, y el mecanico-dolor unicamente en hombres. A pesar del disefio
transversal del estudio, se observd que el numero de enfermedades y fdrmacos que
conformaron cada patron aumenté en nimero y complejidad conforme se incrementaba la
edad. Como ejemplo evidente destacd el patrén mental, compuesto en los jévenes por
trastornos de déficit de atencion y del desarrollo; en las edades medias se sumaron trastornos

del suefio, depresién, ansiedad, el uso de sustancias de abuso en hombres y trastornos
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neurolégicos en mujeres; y en la vejez se afiadieron a los anteriores trastornos neuroldgicos y

un componente mecanico Unicamente en el hombre.

En la mayoria de los patrones se observaron casos de cascada terapéutica, como la presencia de
antifungicos tépicos dentro del patrén respiratorio, utilizados para el tratamiento de la
candidiasis vaginal producida por la utilizacién de antibidticos. Ademds, se observaron
interacciones farmaco-farmaco como el uso de macrdlidos con inhaladores beta-adrenérgicos o
antihistaminicos, aumentando el riesgo de causar una prolongacién en el intervalo QT, y a su

vez de arritmia cardiaca.

De forma inesperada, se encontraron diferencias de género, como el caso del uso de los
inhibidores de la bomba de protones (IBPs). Estos farmacos estan recomendados en pacientes
gue toman medicamentos antiplaquetarios. Sin embargo, los IBPs no aparecieron en el patrén
cardiometabdlico de mujeres entre los 45 y 65 afios a pesar de tener prescritos antiplaquetarios,
pero si se encontraron en el patron de los hombres. Otra de las diferencias fue el uso en hombres
de los inhibidores de angiotensina Il (ARA 1) como tratamiento antihipertensivo, mientras que
en las mujeres se prescribieron para esta indicacion los inhibidores de la enzima convertidora
de la angiotensina (IECA). Esta diferencia de prescripcidn entre géneros no esta indicada en las

actuales guias de practica clinica.

Este estudio de los patrones de multimorbilidad y polifarmacia en las diferentes etapas de la
vida ayuda a conocer como se conforman estos patrones desde edad temprana, cémo la
complejidad de estos patrones aumenta conforme aumenta la edad, y cdmo se van asociando
enfermedades. A su vez permite valorar entre que enfermedades hay asociacidn sistematica y
entre cuales no, e identificar interacciones farmacolégicas y cascada terapéutica que pueden

ocurrir en un individuo.

Aunque hay que tener en cuenta que una de las principales limitaciones del estudio de patrones
de multimorbilidad y polifarmacia radica en la naturaleza transversal del estudio.
Caracterizamos los patrones de multimorbilidad para un periodo de tiempo dado, sin considerar
ni el tiempo transcurrido desde el diagndstico de cada enfermedad, ni la aparicién cronoldgica

de comorbilidades a lo largo del tiempo.

Debido a la aportacion de estudios con esta metodologia en la caracterizacién de la
multimorbilidad, se han publicado numerosos estudios sobre la presencia de asociaciones
sistematicas entre enfermedades crénicas y otros sobre asociaciones entre farmacos. Este es
uno de los primeros estudios que conecta la multimorbilidad y la polifarmacia evidenciando una

serie de asociaciones sistematicas inesperadas entre enfermedades crénicas y farmacos
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conformando una serie de patrones. Ademas, se incluyé el estudio de la poblacién joven, ya que
la multimorbilidad afecta a todas las edades, y la mayoria de estudios se centran en poblacion
mayor de 65 afios. En nuestro estudio no se incluyeron a los mayores de 65 afios, por la presencia

de multicolinealidad en el analisis factorial.

Para continuar con nuestra evaluacién de la multimorbilidad y la polifarmacia tuvimos en cuenta
que en los uUltimos afios se ha considerado, como ya hemos indicado anteriormente, que la
asociacién entre estos dos elementos implica una serie de consecuencias indeseables, como
aumento del riesgo de utilizacidon inadecuada de farmacos, aparicion de sintomatologia
secundaria al incumplimiento, infrautilizacién de farmacos eficaces, interacciones
farmacoldgicas y reacciones adversas. Esta utilizacion inadecuada de farmacos se debe en la
mayoria de los casos a una baja adherencia que afecta a la efectividad del tratamiento, a la
morbimortalidad y la calidad de vida, lo que ha dado lugar al desarrollo de numerosos estudios
a nivel europeo para valorar la adherencia terapéutica, y crear estrategias de mejora de la misma
va que las enfermedades crdnicas son las mds afectadas por una baja adherencia: se estima que
alrededor de un 50% de la poblacion que presenta una enfermedad crénica no toma su
medicacidon de la forma prescrita (38). Por esta razon, esta tesis se ha centrado en el estudio de
la adherencia en tres de las enfermedades crdnicas cardiovasculares mas prevalentes, como son
la hipertensidén arterial, diabetes mellitus tipo 2 y la dislipemia, enfermedades que se asocian

con gran frecuencia a otras enfermedades y con uso de numerosos farmacos.

En nuestros estudios, hemos observado que la adherencia terapéutica oscilé entre un 44 y un
72% de los pacientes en el caso de los nuevos usuarios de hipolipemiantes y antidiabéticos,
respectivamente, mientras que en el caso de antihipertensivos fue de 50.7%. Una adherencia
considerada subdptima para la gran relevancia de estas enfermedades en la morbimortalidad y
calidad de vida. Con la realizacién del modelo de regresion logistica binaria, se observé una
relacion no consistente entre la adherencia y la prescripciéon de otros farmacos distintos al
farmaco a estudio de forma simultdnea. En cuanto al papel de la multimorbilidad en la
adherencia de estos farmacos, se observd un aumento de la adherencia conforme aumentaba
el nimero de enfermedades crénicas que presentd el paciente, independientemente del grupo

farmacoldgico estudiado.

Para continuar con la evaluacién de la adherencia, nos centramos en estudiar la persistencia,
gue como se ha indicado anteriormente es la fase de la falta de adherencia o discontinuacion
del tratamiento. En este caso Unicamente estudiamos la persistencia en la diabetes mellitus tipo

2, debido a su alta prevalencia y ya que, en nuestro estudio sobre adherencia terapéutica en las
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enfermedades crdnicas cardiovasculares mas prevalentes, el grupo farmacolégico con una
mayor adherencia fue el de la diabetes mellitus tipo 2. Nuestra poblacién se compuso de 4,274
pacientes, con mayor proporcion de hombres (57.6%), nativos (95% vs 5% inmigrantes), que
vivian en dreas urbanas (58.6%), un 30.3% vivian en las zonas mas deprivadas y sélo habian sido
diagnosticados de insuficiencia renal crénica un 5.6%. En cuanto al nimero de comorbilidades,
un 59.3% presentd entre 1 y 4 enfermedades crdnicas, un 34.3% mas de 5 enfermedades,
mientras que solo un 6.4% de los pacientes no tuvo otra enfermedad concomitante, y mas de la
mitad de los sujetos tenian 6 o0 mas farmacos prescritos. Estos datos indican que se trata de una
poblacién con alta carga de multimorbilidad y polifarmacia, y que las caracteristicas de nuestros
pacientes fueron similares a las observadas en otros estudios donde se analizé que el género
masculino y el bajo nivel educativo y socioeconémico aumentan el riesgo de padecer diabetes

(43).

El patron de prescripcion de la diabetes mellitus tipo 2 valorado en nuestro estudio sigue las
recomendaciones de las guias de practica clinica, aunque bien es cierto, que en determinados
aspectos podria mejorar y ajustarse de forma mas especifica a las guias clinicas. Como por
ejemplo, un 8.1% de la poblacién inici6 en monoterapia con un farmaco distinto al tratamiento
de eleccion, que es la metformina segun las guias de priactica clinica actuales (76); o el inicio de
tratamiento de la diabetes mellitus con una terapia de combinaciéon en un 11.3% estando

Unicamente indicado en casos de niveles altos de la hemoglobina glicosilada (76).

En esta poblacidn en la que se inicia un tratamiento antiabético en 2013-2014, se observa una
persistencia al afio de tratamiento del 69%. Una cifra muy similar a la observada en otros
estudios (43-44). Ademas, en esta poblacion se observé que la presencia de comorbilidades no
tiene un efecto estadisticamente significativo en la persistencia, pero los pacientes que
recibieron entre 6 y 9 fdrmacos tenian menos riesgo de discontinuar que los que no tenian

polifarmacia.

En esta tesis también hemos podido realizar una comparaciéon entre el patrén de uso de
antidiabéticos y su persistencia entre Aragén y la region italiana de Campania. En cuanto al
patron de uso de antidiabéticos, el inicio de tratamiento en monoterapia y en terapia de
combinacion fue muy similar, pero en Aragon se observé una mayor prescripcion de metformina
seguida de inhibidores de DPP4 y sulfonilureas, mientras que en Campania se prescribié en
primer lugar la metformina seguido de sulfonilureas, inhibidores de alfa-glucosidasa, repaglinida
e inhibidores de DPP4. Esta diferencia en el patrén de prescripcién ya fue valorada por otros

autores observando que las sulfonilureas se consideran tratamiento de segunda opcion tras la
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prescripcion de metformina en Italia (77), Irlanda (70) y Canada (78), mientras que su
prescripcidon se ha visto disminuida desde 2007 a 2011 en Francia, Reino Unido y Espafia,
aumentando el consumo de inhibidores de la DPP4 (79). Aunque el tratamiento de segunda linea
mas frecuente fue distinto, en ambos paises se observé un menor cambio de tratamiento y
menor adicién de otro fdrmaco activo en los pacientes iniciadores con tratamiento antidiabético

en monoterapia con metformina, siguiendo las indicaciones de las guias de practica clinica.

En cuando a la persistencia al tratamiento se observaron diferencias entre los dos paises, con
una persistencia del 69% en Aragdn y 79% en Campania. Esta diferencia puede deberse a los
diferentes criterios de inclusion para el estudio de la persistencia y las unidades de medida de
la propia persistencia. Otra diferencia observada entre los dos estudios fue la relacion
contradictoria sobre la influencia de la polifarmacia en la persistencia, ya que en Aragdn los que

recibian polifarmacia tenian menos riesgo de discontinuacidn, al contrario que en Campania.

En los estudios que forman parte de esta tesis, hemos observado una relacion irregular entre la
multimorbilidad y polifarmacia con la adherencia terapéutica. En nuestro estudio de adherencia
no se observo relacién consistente entre la adherencia y la prescripcion de otros farmacos de
forma simultanea, aunque se observé que la polifarmacia disminuia el riesgo de discontinuacién
en Espafa, pero aumentaba en Italia. En el caso de la presencia de otras enfermedades crénicas
ocurrid lo contrario: en el estudio de adherencia se observé un aumento de la misma conforme
aumentaba el numero de enfermedades crénicas que presentaba el paciente
independientemente del grupo farmacoldgico estudiado, y en el estudio de persistencia no se

observé relacidn estadisticamente significativa entre ambos.

En la bibliografia se observa que el efecto de la polifarmacia en la adherencia es controvertido.
En algunos estudios, se ha observado que la polifarmacia se asocia a una baja adherencia al
tratamiento, como el estudio de Nishimura et al. en 2019 (80), un metaanalisis de 2001 (50), un
estudio en Nueva Jersey (81) y otro realizado en nuestra cohorte EpiChron en 2010 (42). En
todos ellos se indica que conforme mas complejo es el tratamiento, disminuye la adherencia
sobre todo en las personas de mayor edad, debido a la dificultad para seguir las instrucciones
del tratamiento (50). Por el contrario también se ha observado que la polifarmacia disminuye el
riesgo de discontinuacion, ya que como indicaba Rozenfeld en 2008, cuando un paciente
presenta multiples condiciones, y por lo tanto polifarmacia, es mas consciente de su estado de

salud lo que estimula a llevar un tratamiento correcto y continuo (82).

El efecto sobre la adherencia terapéutica de la presencia de multiples enfermedades crdénicas o

multimorbilidad ha sido ampliamente estudiado y es también controvertido. En algunos
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estudios se observa una asociacidon positiva entre presentar varias enfermedades y la
adherencia, como un estudio con tratamiento antihipertensivo realizado por Lee et al. en 2013
(83) u otro realizado por Latry sobre el tratamiento hipolipemiante (58). Por el contrario, algunos
estudios han demostrado que la presencia de otras comorbilidades estd asociada a una
disminucién de la adherencia (60,84). Aunque en otros estudios no se haya observado la misma
relacidn, el hecho de que los pacientes con multimorbilidad sean mas adherentes puede deberse
a multiples factores como la presencia de sintomatologia, la presencia de complicaciones que
hacen que el paciente tome adecuadamente su medicacidn, la concienciacion de la enfermedad

y la comunicacion médico-paciente (50).

Ademas hay que tener en cuenta, que la heterogeneidad en los resultados y conclusiones de los
diferentes estudios puede estar relacionada con el hecho de que la adherencia a la medicacion
es un fendmeno complejo influido por varios factores, incluyendo el conocimiento sobre la
enfermedad, la actitud de los pacientes, la informacidn que disponga el paciente sobre la
enfermedad, el entorno socioeconémico, los problemas del sistema de salud, la actitud del
médico y de enfermeria, la relacién médico-paciente y el papel de los farmacéuticos (41,84).
Este hecho se ha corroborado en un estudio basado en entrevistas a pacientes con diabetes
mellitus de tipo 2, que sefiala que la mayoria de estos pacientes entienden la importancia de
tomar medicamentos y al mismo tiempo reconocen la importancia de estar adecuadamente

informados sobre su enfermedad, las comorbilidades y los beneficios de la medicacion (85).

La principal fortaleza de esta tesis es que se trata de cuatro estudios realizados sobre bases
poblacionales a gran escala a través de dos cohortes validadas para investigacién en
enfermedades crénicas y fdrmaco-epidemiologia, en la que los datos son tratados mediante un
control de calidad continuo. En el caso de Aragdn, la cohorte EpiChron incluye un 98% de la
poblacién. Por ello mismo, estos resultados obtenidos podrian ayudar a la puesta en marcha de
actuaciones sobre el paciente dirigidas a mejorar la adherencia terapéutica en las enfermedades
cronicas y a evitar asi las consecuencias negativas del incumplimiento terapéutico ya que, como
afirma la OMS, mejorar la adherencia terapéutica puede tener un mayor impacto en la salud

que cualquier avance en las terapias.

Lineas de investigacion futura

La investigacidon sobre asociaciones entre enfermedades crdnicas y farmacos, realizada a través
de metodologias consensuadas entre la comunidad cientifica analizando la evolucidn de las

enfermedades en forma de patrones, asi como la presencia de asociaciones no aleatorias entre
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farmacos y enfermedades, puede orientar a la toma de decisiones basada en la evidencia sobre
los pacientes con multimorbilidad. A su vez, podria facilitar el disefio de estrategias y protocolos
de atencién enfocadas en grupos de enfermedades con un uso eficiente de los recursos
asistenciales, con el fin de optimizar los resultados en salud del paciente, sobre todo en atencion
primaria donde la atencién de este tipo de pacientes es mayor. Ademas, entender el modo en
el que los farmacos se asocian con la multimorbilidad puede ayudar a mejorar la prescripcion
farmacolégica e identificar de forma precoz la inapropiada, mejorando la situacién clinica de

estos pacientes tan complejos.

En los tres estudios sobre adherencia y persistencia, se ha analizado una adherencia vy
persistencia inferior al 80% en todos los grupos farmacoldgicos observados. En la bibliografia
consultada se han encontrado cifras muy similares a las nuestras. Una cifra que incita a la
reflexion, ya que las consecuencias de la no adherencia en estas enfermedades crénicas son
indeseables, derivando en complicaciones médicas diversas, lo que aumenta a su vez la

polifarmacia y la multimorbilidad.

En nuestros estudios no se ha podido evaluar la relacién entre el desarrollo de los patrones de
multimorbilidad y polifarmacia, ni la evaluaciéon de la adherencia terapéutica, con otras variables
como los distintos habitos de vida, variables socioecondémicas o de relacionadas con el propio
paciente o por el profesional. Por ello, son necesarias la puesta en marcha de otros estudios que
incluyan estas variables. Ademas, en el caso de la adherencia terapéutica seria de interés evaluar
la presencia de efectos adversos que hacen que el paciente no se tome la medicacién tras su
aparicidn, la percepcién de una baja eficacia o el objetivo de indicacién de tratamiento ya sea
para prevencidn primaria o secundaria. En varios estudios se ha observado que en prevencion
primaria existe una mayor tasa de no cumplimiento que en la prevencién secundaria, asi como
que la presencia de comorbilidades cardiovasculares o complicaciones derivadas de la
enfermedad mejoran la adherencia (52-53). Se ha observado una mayor adherencia al
tratamiento de la hipertensién arterial en pacientes con mayor riesgo cardiovascular,
probablemente debido a una mayor conciencia de la importancia del tratamiento por parte
tanto del paciente como de su médico de atencidn primaria, asi como a una mayor motivacién
para seguir el curso del tratamiento (42). También se ha sefialado que la sintomatologia influye
de forma positiva en el cumplimiento terapéutico ya que, al presentar sintomatologia, los
pacientes son mas conscientes de la enfermedad y toman la medicacion para evitarla, por lo que
se adhieren mas al tratamiento establecido (26). Asimismo, este estudio no incluye informacidn
sobre algunas otras variables que también podrian influir en la adherencia al tratamiento, como

son la funcion fisica, la fragilidad o la discapacidad (9).
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Las diferencias obtenidas sobre la influencia de la multimorbilidad y polifarmacia en la
adherencia terapéutica ponen de manifiesto la necesidad de continuar con el estudio de la
influencia de la complejidad del tratamiento y la presencia de otras enfermedades en la
adherencia terapéutica, ya que su influencia tiene un peso muy importante en la adherencia al
tratamiento, indispensable para evitar complicaciones en estos pacientes multimdrbidos tan

complejos.

Una de las principales limitaciones en el célculo de la adherencia es la ausencia de métodos
estandar para calcularla, asi como la variabilidad de la definicion de nuevo usuario o el gap
empleado para el calculo de la persistencia. Esta ausencia de consenso hace que sea mas
complicado la comparacion con otros estudios. Un protocolo comun eliminaria las diferencias
metodolégicas que dificultan la comparacién de la adherencia terapéutica y con ello se podria

estudiar de forma mdés exhaustiva.

Avanzar en esta linea de investigacidon requiere un abordaje longitudinal de la situacion y una
estandarizacién en la metodologia para aumentar la comparabilidad de los estudios. Ademas,
habria que avanzar en centrar la investigacion de la multimorbilidad en 4 grandes dreas como
las recomendadas por la Guia NICE: organizacion de la atencidn, evaluacion integral en la
comunidad, adecuacién de las actividades preventivas, y herramientas de prediccidon de la
esperanza de vida (86). Asi como, se requiere mayor evidencia sobre el equilibrio
riesgo/beneficio de los tratamientos farmacoldgicos preventivos en estos pacientes,
especialmente en los de mayor edad o fragilidad y que toman varios medicamentos de forma
continuada (87). Para la implantacion de estas medidas, los registros asistenciales suponen una

fuente incalculable de informacidn para conseguirlo.
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5. Conclusiones

— Se han observado asociaciones sistematicas entre enfermedades crénicas y fadrmacos en
forma de patrones de multimorbilidad y polifarmacia en poblacién joven y adulta de

ambos géneros.

— Se han identificado y descrito un total de 6 patrones de multimorbilidad y polifarmacia
denominados: respiratorio, salud mental, cardiometabdlico, endocrinoldgico,
osteometabdlico y mecanico-dolor. Las diferencias en su composiciéon dependieron en
parte del género y de la edad del paciente, observando un aumento de la complejidad

conforme aumentaba la edad.

— En la mayoria de patrones de multimorbilidad y polifarmacia, parte de las asociaciones
sistemdticas identificadas entre farmacos y enfermedades parecié deberse a la
existencia de interacciones farmaco-firmaco y cascada terapéutica. Se observaron

ademas diferencias de género en los patrones descritos.

— Se determind una adherencia terapéutica sub-6ptima al tratamiento de la hipertensién

arterial, dislipemia y diabetes mellitus en Espafia, con valores inferiores al 72%.

— La poblacidn espanola diagnosticada de diabetes mellitus tipo 2 presenté una alta tasa

de multimorbilidad y polifarmacia.

— El patrén de prescripcidn de la diabetes mellitus tipo 2 valorado en nuestros estudios
siguié las recomendaciones de las guias de practica clinica, aunque un 8.1% de la
poblacion espafiola inicié en monoterapia con un farmaco distinto al tratamiento de

eleccion.

— Los patrones de prescripcién de antidiabéticos en Espafia e Italia fueron muy similares,
aunque en Espana la segunda opcidn al tratamiento eran los inhibidores de DPP4 y en

Italia las sulfonilureas.

— 7 decada 10 espafiolesy 8 de cada 10 italianos con diabetes mellitus fueron persistentes

a su tratamiento antidiabético.

— El impacto de la multimorbilidad y polifarmacia sobre la adherencia y persistencia no

fue consistente.

123



Son necesarias la puesta en marcha de estrategias que valoren la influencia de la
complejidad del tratamiento y la presencia de otras enfermedades en la adherencia

terapéutica.

La atencidn centrada en el paciente es considerada fundamental para mejorar la
adherencia terapéutica a las enfermedades crdnicas y a evitar asi las consecuencias
negativas del incumplimiento terapéutico ya que, como afirma la OMS, mejorar la
adherencia terapéutica puede tener un mayor impacto en la salud que cualquier avance

en las terapias.
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6. Conclusions

— Systematic associations have been identified between chronic diseases and drugs,
suggesting the existence of patterns of multimorbidity and polypharmacy in young and

adult population and both genders.

— A total of 6 patterns of multimorbidity and polypharmacy have been found and
described: respiratory, mental health, cardiometabolic, endocrinological,
osteometabolic and mechanical-pain. Differences in the composition of these patterns
depend, in part, on the gender and age of the patient; it was found that the complexity

of the patterns increases with age.

— In most multimorbidity and polypharmacy patterns, part of the systematic associations
between drugs and chronic diseases could reveal the existence of potential drug-drug
interactions and prescription cascades. Gender differences were also observed in these

patterns.

— We observed a sub-optimal medication adherence to the treatment of arterial

hypertension, dyslipidaemia and diabetes mellitus in Spain, with values lower than 72%.

— The Spanish population with type 2 diabetes mellitus had a high rate of multimorbidity

and polypharmacy.

— The prescription pattern for the treatment of type 2 diabetes mellitus was following
clinical practice guidelines; however, 8.1% of the diabetic population in Spain started on

monotherapy with a drug other than the first-line therapy.

— Antidiabetic prescription patterns in Spain and Italy were similar, although, in Spain, the
second most common therapeutic option was Dipeptidyl Peptidase-4 (DPP4) Inhibitors

and, in ltaly, sulphonylureas.

— Seven in every ten patients with diabetes mellitus in Spain, and eight in every ten in

Italy, were persistent in their antidiabetic treatment.

— The impact of multimorbidity and polypharmacy on medication adherence and

persistence was not consistent.

— It is essential to implement strategies to assess the influence of comorbidities and

treatment’s complexity on therapeutic adherence.
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Implementation of patient-centred approaches is crucial to improve medication
adherence in patients with multiple chronic conditions and avoid the negative
consequences of non-compliance. As stated by the WHO, improving medication
adherence might have a more significant impact on health than any other therapeutic

advances.
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