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1. Introduccién

1.1 La diabetes mellitus tipo 2

La Diabetes Mellitus tipo 2 (DM2) es una de las enfermedades con mayor impacto en el sistema sanitario
debido a su alta prevalencia, morbilidad por complicaciones crénicas y mortalidad. Las predicciones
para 2045 estiman que se alcancen los 783,2 millones de personas con diabetes entre 20- 79 afios, un
12,2% del total de la poblacion mundial. Esta cantidad en 2021 se situaba en 537 millones, lo que supone
un incremento del 46% [1]. Este comportamiento “epidémico” de la DM2 tiene base multifactorial,
descansando sobre una compleja predisposicion genética y epigenética, que interactlia con otra compleja
combinacion de factores sociales que determinan la incorporacién de factores de riesgo ambientales y
conductuales como el sedentarismo, la sobrealimentacion y, su consecuencia, la obesidad [2].

El estudio de Menéndez Torre et al estimd, a través de los registros asistenciales de atencién primaria
(AP), una prevalencia ajustada diagnosticada de diabetes para Espafia de 6,66% en 2016 [3], y para
Canarias de 9,72%, siendo la Comunidad Auténoma con mayor prevalencia.

La respuesta de los servicios sanitarios al cuidado de los pacientes con DM2 en Espafia, ha sido
comprometer un gasto medio anual por persona un 72,4% superior al de las personas sin diabetes
(3.110,1€ vs. 1.803,6€), siendo las hospitalizaciones y medicamentos (41,9% y 29,7%, respectivamente)
los aspectos que mas contribuyen al gasto [4].

Las hospitalizaciones estan asociadas en gran medida con la aparicion de complicaciones agudas y
crénicas, relacionadas con un control glucémico y de otros factores de riesgo cardiovascular inadecuado.
Estas complicaciones se producen a pesar de disponer de terapias de efectividad probada frente a la
DM2 recomendadas por guias de practica clinica (GPC) nacionales e internacionales [5-7]. Es posible
gue las notables diferencias observadas, tanto en Espafia como en otros paises desarrollados, entre las
recomendaciones de las GPC y las decisiones clinicas adoptadas en la practica, contribuyan a estos
resultados [8,9].

En Canarias, la evaluacion del Programa de Atencion a la DM realizada mediante la explotacién de
historias clinicas electronicas (HCE) en 2015, encontré que sélo el 42% de los pacientes obtuvo valores
de HbA1c inferiores a 7,5% [10]; 20 puntos por debajo de los resultados publicados en otras regiones
espafiolas con la misma metodologia de Big Data Analysis [4]. Estas diferencias se extienden a otros
resultados como son la prevalencia de enfermedad renal terminal asociada a DM (65x1.000.000 en
Canarias vs 20-30x1.000.000 en el conjunto de Espafia) [11,12] y la mortalidad ajustada asociada a DM
(41,8x100.000 en Canarias vs 11x100.000 en Esparia, en 2011) [13].

Es posible que a la mayor tasa de complicaciones y mortalidad contribuya ademas, el debut més precoz
de la DM2 en Canarias, que en el resto de Espafia [14], al prolongarse la exposicion a los factores de

riesgo cardiovasculares, y por tanto, favorecer la aparicion de complicaciones. A esto se une la mayor
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prevalencia en Canarias, respecto el resto de Espafia, de otros factores de riesgo cardiovasculares como
la obesidad (30%), el sobrepeso (40%), la hipercolesterolemia (32%), el sindrome metabdlico (24%) y
la hipertension (38%) [10]. Este escenario para la DM2, caracterizado por prevalencias superiores y
peores resultados de salud en Canarias, a pesar del incremento de los recursos sanitarios destinados por
el Servicio Canario de la Salud (SCS) al cuidado de las personas con DM [15], explican la necesidad de
desarrollar y evaluar intervenciones para mejorar, eficientemente, los resultados de salud de las personas

afectadas y contribuir a la sostenibilidad del SCS.

1.2 La concepcion del estudio INDICA

En el contexto expuesto en el apartado anterior, y para tratar de aportar valor desde el &mbito
investigador en Canarias, en 2010 se reunieron responsables de Unidades de Investigacion de los
diferentes hospitales de Canarias y de los Servicios Hospitalarios de Endocrinologia y Nutricion y
Nefrologia a peticion del Servicio de Evaluacion de la Direccién del SCS (SESCS). El proposito era
realizar propuestas que pudieran materializarse en un proyecto de investigacion, que tuviera como
objetivo dar respuesta a la situacion epidemioldgica y asistencial de la DM2 en Canarias, mediante el
desarrollo y evaluacién de intervenciones dirigidas a la prevencion terciaria de la DM2, siendo este el
inicio del estudio INDICA.

En el proceso de construccion del proyecto que ha posibilitado esta tesis, el estudio INDICA, se dieron
ademas una serie de circunstancias que no son habituales. Se cred un equipo de trabajo multidisciplinar
incluyendo a todas las personas o instituciones que estaban relacionadas e interesadas en la DM2 en
Canarias: profesionales sanitarios de AP, especialistas de endocrinologia, nefrologia, cardiologia,
oftalmologia y neurologia y personal investigador de las Unidades de Investigacion de los 4 hospitales
de referencia y de las dos Universidades de Canarias, representantes de las Asociaciones de Pacientes
de las islas capitalinas (Adigran y ADT) e investigadores/as de las redes nacionales de investigacion
como el CIBER de Epidemiologia y Salud Publica y el CIBER de Obesidad y Nutricién. Ademas, se
configuré un comité de expertos/as externo formado por investigadores/as de la “Health Economics
Research Centre” [centro de investigacion de economia de la salud] (HERC) y la “Clinical Trials Unit
of Primary Care” [unidad de ensayos clinicos de AP] de la Universidad de Oxford. Todos ellos
coordinados por el SESCS, que fue el encargado, a través del personal investigador de la Fundacion
Canaria Instituto de Investigacion Sanitaria de Canarias (FIISC), de solicitar la financiacién del estudio
INDICA vy aportar los métodos de investigacion para desarrollar e implementar las intervenciones a
evaluar. El equipo de investigacion de la FIISC estaba compuesto por profesionales en metodologia de
investigacion, en economia de la salud, en psicologia, antropologia, sociologia, nutricién y educacion
para la salud, asumiendo la doctoranda, la responsabilidad de coordinacion metodoldgica del proyecto,

dirigido cientificamente por el Dr. Serrano-Aguilar.

11



1.3 Intervenciones para promover cambios en los estilos de vida de las

personas con DM2

Los cambios en los estilos de vida de la poblacion a partir de las Gltimas dos décadas del siglo XX, se
consideran el factor desencadenante de lo que se ha denominado epidemia de la diabetes. A nivel
internacional, s6lo entre el 7'y 12% de los pacientes con DM2 alcanza un control adecuado para el
conjunto de factores de riesgo vascular mas importantes [8,9]; sugiriéndose que las principales causas
que explican esta limitada tasa de éxito son la inercia de los profesionales sanitarios y la pobre
adherencia de los pacientes a las recomendaciones terapéuticas [16,17].

A pesar de la disponibilidad de GPC de calidad [6,7], que informan de la relacion entre los resultados
de salud y el autocuidado de los pacientes [18,19], los informes internacionales muestran que solo el
55% de las personas con DM2 reciben educacion diabetolédgica [20] y solo el 16% se adhiere a las
actividades de autocuidado recomendadas [21].

El carécter cronico de la DM2 y la relacion de su evolucién con las decisiones cotidianas del paciente y
entorno familiar, hacen de esta un paradigma de enfermedad crénica para el desarrollo de intervenciones
de mejora de la capacitacion y fortalecimiento. Estas intervenciones deben considerar programas
integrados de cuidados centrados en el paciente [22,23].

Conseguir modificaciones en los estilos de vida, requiere que en el disefio de las intervenciones se
consideren modelos de co- creacion con las personas afectadas y los profesionales que los cuidan,
orientados especificamente para promover el cambio, definiendo el marco sobre el que deben aplicar las
diferentes intervenciones. El proceso de disefio de intervenciones de cambio de comportamiento,
generalmente implica primero determinar el enfoque amplio que se adoptara y luego trabajar en los
aspectos especificos del disefio de la intervencion [24]. Para esto es necesario definir el objetivo
conductual, la poblacion objetivo y el contexto en el que se realizara la intervencion. Es habitual que
esta actividad se realice en base al conocimiento del equipo investigador, y/o la evidencia cientifica
disponible sobre la efectividad de las intervenciones. Aunque lo 6ptimo es poder conjugarlo, con la
informacién proporcionada sobre las dificultades y barreras con las que se encuentran las personas que
son objeto de intervencion para conseguir el cambio. Toda esta informacion debe ser puesta en relacién
al modelo de comportamiento a aplicar y los factores que influyen en él.

El Modelo de Atencion al Paciente con enfermedad crénica [25-27], es un marco bien establecido y
validado que propone un enfoque integral para la atencion de enfermos crénicos, respaldado por una
mejora de los resultados funcionales y clinicos. EI modelo incluye seis componentes claves e
interdependientes, que comprenden: los recursos comunitarios, el apoyo al modelo asistencial, apoyo a
la autogestion o autocuidado, disefio del sistema de prestacion, apoyo a las decisiones y sistemas de

informacién clinica. La incorporacién de las tecnologias de la informacion y la comunicacion, mejora
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este modelo, al facilitar un ciclo completo de retroalimentacién, haciendo uso de datos e informacion
gue contribuye a generar conocimiento y experiencias sobre la gestion de este problema de salud [26].
En el disefio de las intervenciones para los pacientes con DM2 y sus familiares, en el seno del proyecto
INDICA, se aplic6 el Marco Conceptual de Cambio de Comportamiento propuesto por Michie et al [24].
Ademas, para maximizar la efectividad de las intervenciones, se incorporaron todos los componentes de
un ciclo de retroalimentacién de autogestion canalizado a través de la tecnologia, conectando a pacientes
y profesionales sanitarios bidireccionalmente, analizando el comportamiento del paciente y los datos de
salud, llevando a cabo actividades educativas para capacitarlo ante el cambio y personalizando la
informacidn que le devuelve el sistema de acuerdo al Modelo de Atencion Crénica al Paciente [25-27].
Para la adaptacion de estos modelos al problema de la DM2 se realizaron las siguientes acciones:

1) Se incorpord el conocimiento y experiencia de los expertos/as en DM2 e investigadores/as.

2) Se realiz6 un estudio cualitativo de tipo fenomenol6gico basado en los principios de la teoria
fundamentada [28]. En este estudio se exploraron las dificultades y barreras que se encuentran los
pacientes para ser adherentes a las recomendaciones de autocuidado en el contexto de Canarias, a través
de entrevistas semi- estructuradas a los pacientes y grupos focales. En concreto, se analizaron las
siguientes dimensiones: 1) Percepciones o valoraciones sobre la enfermedad; 2) Adherencia a las
recomendaciones de dieta; 3) Adherencia a las recomendaciones sobre actividad fisica; 4) Recursos que
ofrece el sistema sanitario; 5) Relacion de los profesionales sanitarios con los pacientes y 6) El uso de
las de las tecnologias de la informacién y la comunicacion (TICs) en el contexto sanitario.

3) Se estudid la evidencia cientifica disponible. Se realiz6 una revision sistematica de la
literatura sobre intervenciones a pacientes con DM2 en AP para promover cambios en el estilo de vida.
También se realizaron otras revisiones de la literatura, de caracter no sistematico, para identificar GPC
para pacientes y experiencias de incorporacion de la perspectiva de los pacientes conjuntamente con las
TICs.

Por ultimo, las caracteristicas de las intervenciones desarrolladas se planificaron para aumentar la
validez de los datos obtenidos y la transferibilidad de las intervenciones evaluadas, fuera del marco del

proyecto de investigacion, hacia el mundo real.

1.4 Intervenciones para mejorar la gestién clinica por parte de los

profesionales sanitarios (de medicina y enfermeria), de Atencién Primaria

Ademas del paciente y sus cuidadores, el profesional sanitario (de medicina o enfermeria) constituye
otro actor fundamental en la prevencién terciaria de la DM2. Estos profesionales, trabajando en equipo,
conjuntamente con pacientes y entorno familiar, desempefian un papel importante en las decisiones del
dia a dia de los pacientes, que influyen en sus resultados de salud. Pero a pesar de la alta frecuentacion

de los pacientes con DM en Espafia (un promedio de 10 visitas anuales), los actuales tiempos de consulta
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(7- 10 minutos/ paciente) no favorecen una asistencia de calidad. Ademas, sélo un 20% de los
profesionales admite tener habilidades para gestionar con éxito la consulta de pacientes con DM2 [29],
y actualizar periédicamente los conocimientos para su gestion clinica. Las recomendaciones cambiantes
constituyen también una barrera identificada, entre otras, para una adecuada asistencia a estos pacientes
[30].

De ahi el interés creciente por desarrollar intervenciones de transferencia de conocimiento y apoyo a la
toma de decisiones a los profesionales, basadas en las TICs, que complementen su actividad asistencial.
Diferentes iniciativas han tratado de mejorar el conocimiento cientifico de profesionales, por medio de
sistemas computarizados de ayuda a las decisiones integrados en la HCE [31-33]. La transferencia de
estas iniciativas a los sistemas sanitarios sigue siendo, sin embargo, muy limitada al no disponerse de
pruebas cientificas robustas sobre su efectividad, factibilidad, aceptabilidad, usabilidad, coste-
efectividad e impactos organizativo y presupuestario [34].

El disefio de las intervenciones aplicadas a profesionales sanitarios (de medicina y enfermeria) de AP,
en el proyecto INDICA, al igual gue en la intervencion a pacientes, estuvo guiado (parcialmente) por
los determinantes del cambio de comportamiento sugeridos por Michie et al [24]. Se incluyeron las
recomendaciones sobre la incorporacion de técnicas para mejorar habilidades en la comunicacion
profesional sanitario- paciente, un sistema de avisos y recomendaciones para el apoyo a la toma de
decisiones incorporado en la HCE (basado en la evidencia cientifica) y retroalimentacion periddica sobre
los resultados, procedimentales y de salud, contrastados en relacién a los resultados de sus colegas.

Al igual que en la intervencion para los pacientes, el proceso de disefio y desarrollo de las intervenciones
a profesionales en el estudio INDICA, se nutrié de las siguientes acciones:

1) Se recogi6 el conocimiento y experiencia de los expertos en DM2 e investigadores.

2) Se realizé un estudio cualitativo, basado en la misma metodologia que el ya descrito para
pacientes, en el que se exploraron las dificultades y barreras que afrontan los profesionales
sanitarios para conseguir que los pacientes se adhieran a las recomendaciones de autocuidado.
Y las dificultades y barreras propias de los profesionales para aplicar las GPC.

3) Se analizé la evidencia cientifica disponible obtenida a partir de revisiones sistematicas de la
literatura sobre:

- Las mejores técnicas de transferencia de conocimiento a pacientes y profesionales
sanitarios.
- Herramientas de ayuda a la toma de decisiones en la gestion de la consulta de AP
mediante avisos en la HCE para mejorar la adherencia de los profesionales a las GPC.
- Herramientas de retroalimentacion de resultados en salud de los pacientes en las
consultas de AP para mejorar la adherencia de los profesionales sanitarios a las GPC.
Adicionalmente, se llevaron a cabo revisiones de la literatura, no sistematicas, de las mejores técnicas

de abordaje terapéutico en la negociacion médico paciente.
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1.5 El estudio INDICA

El estudio INDICA es un ensayo clinico controlado aleatorizado (ECA) por cluster de corte pragmatico
en el ambito de la AP, que ha querido interrumpir la inercia profesional buscando alternativas que
ayudasen a mejorar la préctica asistencial y conseguir pacientes mas empoderados y adherentes a las
recomendaciones para mejorar su estilo de vida.

En el estudio se comparan los resultados de 3 grupos diferentes de intervencion frente a un grupo de
control, en el que se evalUa la atencion habitual ofrecida por el SCS. Los grupos de intervencién son: 1)
Intervencion aplicada directamente a los pacientes y familiares (PTI); 2) Intervencion aplicada
directamente a los profesionales sanitarios (PFI) y 3) Intervencion combinada (CBI), en la que se
interviene tanto a los pacientes y familiares, como a los profesionales sanitarios.

La intervencion aplicada directamente a los pacientes, tiene como objetivo inicial mejorar su
conocimiento sobre la enfermedad y su adherencia a las recomendaciones terapéuticas realizadas por
los profesionales sanitarios. Para esto se ha intentado involucrar a pacientes y familiares (implicados en
los habitos alimenticios de los pacientes) en actividades de formacion grupal, y se les han dado
herramientas para mejorar su autocontrol mediante un apoyo contintio favorecido por la incorporacion
de las TICs en el disefio de las intervenciones. Esto se ha hecho con la intencién de favorecer una mejor
toma de decisiones compartidas con los profesionales sanitarios que los atienden, para alcanzar el
objetivo intermedio de mejorar el autocuidado de los pacientes, y como objetivo final mejorar sus
resultados en salud.

La intervencion aplicada directamente a los profesionales sanitarios tiene como uno sus objetivos, que
sean mas adherentes a la aplicacion de las GPC, proporcionandoles herramientas de ayuda para mejorar
su nivel de conocimiento sobre la enfermedad y la toma de decisiones clinicas. Otro objetivo, es
promover entre los profesionales la aplicacion de técnicas de negociacion médico - paciente y la toma
de decisiones compartidas con las que puedan mejorar la asistencia y en ultima instancia, los resultados
en salud de los pacientes. En todos los componentes de la intervencion se ha buscado el apoyo de las
TICs para facilitar su aplicacién y ofrecer un apoyo continuo en el tiempo.

Los criterios de inclusion y exclusion del estudio, han sido elegidos en base a la premisa de que se iban
a evaluar intervenciones para la prevencion terciaria de la DM2. Por lo que se incluyeron pacientes de
entre 18 y 65, sin complicaciones, independientemente de su nivel de control de la HbAlc. La decision
de incluir tanto pacientes controlados, con niveles de HbAlc < 7%, como no controlados, con niveles
de HbAlc >7%; siendo el nivel de HbAlc la medida de resultado principal del ECA, se realiz6 a pesar
de ser conscientes de la limitada magnitud de los cambios a observar en los pacientes con niveles de
HbA1c bajo control. Sin embargo, el estudio INDICA fue disefiado no solo para mejorar los niveles de
HbA1c en los pacientes no controlados, sino para contribuir a mantener el nivel de control a medida que

avanza la enfermedad. Esta razén explica la laxitud de los criterios de inclusion, aunque esta decision
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no impidio planificar la realizacion de andlisis por subgrupos con suficiente potencia estadistica como
para evaluar el efecto diferencial de las intervenciones en los pacientes controlados y no controlados
basalmente.

Las medidas de resultado del estudio INDICA incluyen diferentes tipos de variables: resultados clinicos,
antropomeétricos, calidad de vida relacionada con la salud, cambios en el conocimiento y
empoderamiento, entre otras medidas proporcionadas por los propios pacientes. Entre los parametros
clinicos se incluyeron algunos de naturaleza analitica obtenidos a partir de analisis de sangre y orina, y
los obtenidos en las pruebas oftalmoldgicas de diagnostico [retinografias y tomografia de coherencia
Optica (OCT)]. Otros parametros clinicos incluyeron las medidas antropométricas (peso y talla), tension
arterial e indice tobillo/ brazo, ademéas de recogerse la aparicion de complicaciones micro y
macrovasculares. Entre las medidas reportadas por los pacientes, se incluyeron el cambio en la calidad
de vida relacionada con la salud, el conocimiento, el empoderamiento, la adherencia a recomendaciones
de estilo de vida y variables afectivas. También en los profesionales se midié el cambio en el nivel de
conocimiento y empoderamiento. Todas estas variables fueron medidas en diferentes momentos hasta
los dos afios de seguimiento, si bien, aquellas relacionadas con las complicaciones vasculares, requieren
de una evaluacién a mas largo plazo, para poder detectar diferencias.

El analisis coste-efectividad es especialmente relevante en la evaluacion de intervenciones mediadas por
las TICs dirigidas a personas con enfermedades cronicas prevalentes. Al igual que acontece con los
programas de salud publica, las intervenciones sobre problemas de salud de gran prevalencia, no solo
deben demostrar su efectividad sino también su coste-efectividad para contribuir simultdneamente tanto
a la mejora de la salud de las personas afectadas, como a la sostenibilidad del sistema publico de salud.
En este tipo de intervenciones el mayor coste se atribuye al desarrollo de las intervenciones,
reduciéndose progresivamente el coste/paciente a medida que se aplica a un mayor nimero de pacientes.
En la actualidad, el estudio INDICA sigue estando activo con publicaciones de objetivos secundarios y
consiguiendo financiacion para abordar nuevos objetivos. Las actividades complementarias mas
destacadas, son las siguientes:

- INDICA-DOS: Seguimiento en el largo plazo de las medidas de resultado del estudio
INDICA. Se realiza nueva medicion de resultados a los 5 afios de incluido el paciente en el
estudio. Esto supone una fortaleza frente a la mayoria de los ensayos que evalan en el corto
plazo (6 meses/1 afio), y no permiten observar la necesidad de establecer un calendario de
refuerzo cuando el efecto de las intervenciones decae.

Ademas, en el seguimiento a largo plazo se incorporan medidas de resultado finales como
complicaciones micro y macro vasculares y la muerte.

o Proyecto PI116/00769: Efectividad y coste-efectividad de intervenciones
complejas de transferencia de conocimiento basadas en TICs a 5 afios, para
mejorar la salud en pacientes con DM2 (INDICA-DOS). Financiado por el
Instituto de Salud Carlos Il
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o Proyecto PIFUN34/17: Efectividad y coste-efectividad a 5 afios de
intervenciones complejas de transferencia de resultados basadas en TICS para
mejorar la salud en pacientes con DM2, evaluados mediante explotacion de
registros clinicos electrénicos y entrevista telefonica (INDICA-DOS).
Financiado por Funcanis

NOVAME: Este proyecto tiene por objetivo aprovechar el conocimiento generado en
INDICA para dar un paso mas en el uso de la tecnologia y ofrecer una nueva herramienta a
los pacientes en forma de app. NOVAME combina el catalogo de conocimiento puesto a
disposicién de los pacientes mediante videos, infografias y presentaciones con el apoyo de
un coach online. Este papel esta realizado por una enfermera educadora en diabetes que
motiva y resuelve las dudas de los pacientes a través de la aplicacién.

o Proyecto PIFUN32/17. Evaluacion del impacto de una aplicaciéon movil de
salud para mejorar el autocontrol y los resultados de salud de los pacientes con
DM2: estudio piloto "Novame". Financiado por Funcanis.

GesPeDia: Es una herramienta de apoyo a la toma de decisiones de mesogestion generada
a partir de INDICA, que trabaja sobre la informacion ofrecida por la HCE. Pretende
incorporar a un nuevo actor en la toma de decisiones que puede venir representado por el
endocrino consultor, la direccién de los centros de AP o las Gerencias de AP. GesPeDia
ofrece un conjunto de indicadores agregados de proceso y resultado a nivel de cupo, es decir,
a nivel de equipo de atencion familiar (medicina y enfermeria). Y un analisis
individualizado a nivel de paciente en relacion a los diferentes parametros clinicos y su
cumplimiento. GesPeDia pretende ser una ayuda para evaluar y monitorizar de forma
integrada, tanto 1) la calidad del desempefio profesional (y sus necesidades de formacion);
como 2) los resultados de salud de las personas afectadas por DM2.

o Proyecto: ST22/04: Tmpacto de la pandemia por Covid-19 sobre la gestion
clinicay los resultados de salud de las personas con DM2 en la AP de Canarias.
Proyecto GesPeDia-INDICA. Financiado por la FIISC

IMPACT-T2D: Es un estudio multicéntrico de &mbito nacional sobre genética de la DM2
en el contexto de la Convocatoria del Carlos 111 de Medicina Personalizada que hara uso de
las bases de datos de INDICA y de las muestras de ADN almacenadas de sus pacientes. En
particular, de aquellas que pertenecen a las personas que han tenido un inicio relativamente
temprano de la enfermedad (< 57 afios) y sin obesidad (IMC < 27).

o Proyecto PMP21/00069: ImpactT2D: una estrategia genOmica para
implementar medicina de precision en la DM2. Financia Instituto de Salud

Carlos 111.
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3. Hipdtesis

Hipotesis general

La hipdtesis general del estudio INDICA es que la combinacién de intervenciones de transferencia de

conocimiento mediadas por las TICs para apoyar las decisiones, mejoraran eficientemente los

conocimientos y conductas de gestion de la DM2 por parte de los pacientes (y familiares) y de los

profesionales sanitarios (medicina y enfermeria) de AP; consiguiendo mejorar, eficientemente y a largo

plazo, los resultados de salud de los pacientes con DM2.

Hipotesis especificas:

1.

La intervencion multicomponente de transferencia de conocimientos y modificacion de
conducta, mediada por las TICs, y aplicada a pacientes, mejorardn su grado de conocimiento
sobre la DM2 y la adherencia de los pacientes a las recomendaciones de autocuidado. Esto hara
que mejoren sus resultados de salud clinicos y autopercibidos.

La intervencion multicomponente de transferencia de conocimientos y toma de decisiones
compartidas, mediada por las TICs, y aplicada a los profesionales sanitarios de AP, favorecera
una mejor atencion sanitaria con una mayor adherencia de los profesionales a aplicar las
recomendaciones basadas en la evidencia sobre el manejo de pacientes con DM2. También
mejorara la comunicacion de los profesionales con sus pacientes aplicando métodos de toma de
decisiones compartidas. Esto hara que mejoren tanto los resultados de salud clinicos como los
autopercibidos por los pacientes.

La aplicacion conjunta de las dos intervenciones anteriormente descritas, conseguird un mayor
efecto que la aplicacion de cualquiera de las intervenciones por separado.

El efecto de las intervenciones aplicadas tanto a pacientes, como a profesionales sanitarios, sera
mayor en el grupo de pacientes niveles de HbA1c basal no controlada basalmente.

Estas intervenciones son coste-efectivas frente a la atencidn habitual realizada en AP.
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4. Objetivos

Obijetivo general

Evaluar mediante un ensayo clinico aleatorizado y controlado (estudio INDICA), la efectividad y coste-
efectividad de intervenciones multicomponentes de transferencia de conocimiento mediadas por las
TICs, aplicadas a pacientes con DM2 (y familiares) y a profesionales sanitarios (medicina y enfermeria)
de AP, de forma independiente y combinada, para mejorar sus conocimientos y conductas de gestion de
la DM2 consiguiendo mejorar los resultados de salud clinicos y autopercibidos de los pacientes, respecto
al grupo de control.

Obijetivos especificos:

1) Evaluar el efecto de las intervenciones de INDICA, para disminuir el valor de la medida de
resultado principal (HbA1c), respecto al grupo de control.

2) Evaluar el efecto de las intervenciones de INDICA, en el resto de resultados clinicos de los
pacientes con DM2 (medidas antropométricas y medidas de laboratorio), respecto al grupo de
control

3) Evaluar el efecto de las intervenciones de INDICA, en los resultados autopercibidos por los
pacientes con DM2 (medidas cognitivas- actitudinales, medidas de comportamiento, medidas
afectivas, calidad de vida relacionada con la salud y percepcion de sintomas), respecto al grupo
de control.

4) Analizar el efecto de las intervenciones de INDICA, segun el grado de control de la HbAlc
basal, respecto al grupo de control.

5) Evaluar el coste-efectividad de las diferentes intervenciones, a corto y medio plazo, desde la

perspectiva de los servicios de salud.
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5. Resultados

A continuacion, se expone el listado de las publicaciones incluidas en esta tesis por compendio. La
primera publicacion es el protocolo del ECA del estudio INDICA, la segunda contiene el efecto de las
intervenciones de INDICA sobre las medidas de resultado clinicas, mientras que la tercera contiene el
efecto de las intervenciones de INDICA sobre las medidas de resultado autopercibidas por los pacientes

(PROM). Por ultimo, se publico el analisis coste-efectividad de las intervenciones.
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Abstract

Background: Type 2 diabetes mellitus is a chronic disease whose health outcomes are related to patients and
healthcare professionals’ decision-making. The Diabetes Intervention study in the Canary Islands (INDICA study) aims
to evaluate the effectiveness and cost-effectiveness of educational interventions supported by new technology
decision tools for type 2 diabetes patients and primary care professionals in the Canary Islands.

Methods/design: The INDICA study is an open, community-based, multicenter, clinical controlled trial with random
allocation by clusters to one of three interventions or to usual care. The setting is primary care where physicians
and nurses are invited to participate. Patients with diabetes diagnosis, 18-65 years of age, and regular users of
mobile phone were randomly selected. Patients with severe comorbidities were excluded. The clusters are primary
healthcare practices with enough professionals and available places to provide the intervention. The calculated
sample size was 2,300 patients.
Patients in group 1 are receiving an educational group program of eight sessions every 3 months led by trained
nurses and monitored by means of logs and a web-based platform and tailored semi-automated SMS for continuous
support. Primary care professionals in group 2 are receiving a short educational program to update their diabetes
knowledge, which includes a decision support tool embedded into the electronic clinical record and a monthly
feedback report of patients’ results. Group 3 is receiving a combination of the interventions for patients and professionals.
The primary endpoint is the change in HbA1c in 2 years. Secondary endpoints are cardiovascular risk factors,
macrovascular and microvascular diabetes complications, quality of life, psychological outcomes, diabetes knowledge,
and healthcare utilization. Data is being collected from interviews, questionnaires, clinical examinations, and records.
Generalized linear mixed models with repeated time measurements will be used to analyze changes in outcomes.
The cost-effectiveness analysis, from the healthcare services perspective, involves direct medical costs per
quality-adjusted life year gained and two periods, a ‘within-trial’ period and a lifetime Markov model. Deterministic and
probabilistic sensitivity analyses are planned.
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for chronic patients.
Trial registration: Clinical Trialgov NCT01657227

Type 2 diabetes mellitus

Discussion: This ongoing trial aims to set up the implementation of evidence-based programs in the clinical setting

Keywords: Behavior modification, Care management, Decision support aids, Electronic communication,
Knowledge transfer, Mobile phone technology, Multicomponent intervention, Primary care,

Background

Type 2 diabetes mellitus (T2DM) is a paradigmatic chronic
disease in which health outcomes are related to patients’
decision-making on adherence to life-style changes and
pharmacologic recommendations. Besides patients, other
relevant stakeholders, such as family members, as well as
healthcare professionals, mainly at the primary care level,
also play a relevant role in supporting patients’ decision-
making.

In the Canary Islands, Spain, the prevalence of T2DM
in the population over 15 years is 7.74%, slightly higher
than the Spanish average (6.99%) [1]. However, the Can-
ary Islands have an increased prevalence of diabetes-
related end-stage renal disease [2-4] and diabetes-related
mortality [5], when compared to the rest of Spain, with
65 vs 20-30 cases/million population and 7.8% vs 2.5%,
respectively. This happens despite the fact that patients
with diabetes mellitus (DM) have a mean number of ten
visits/year to their primary care physician/nurse in the
Canary Islands [6]. Furthermore, public healthcare re-
sources earmarked to care for people with diabetes in
the Canary Islands increased from 2.13% in 1998 to 5.9%
in 2004 [7].

Despite the availability of evidence-based clinical practice
guidelines [8,9] and clinical trials reporting better health
outcomes linked to interventions promoting patients’ self-
care [10,11], international reports still show that only 55%
of people with T2DM receive diabetes education [12]; 16%
adhere to recommended self-management activities [13],
37% meet the glycated hemoglobin (HbAlc) target of
7.0%, and only 7% meet combined glycemic, lipid, and
blood pressure goals [14-17].

The socio-economic and public health consequences
of T2DM in the Canary Islands prompted the Canary
Islands Health Service (CIHS) to assess the effective-
ness and efficiency of new interventions to improve
both patient healthcare outcomes and the sustaina-
bility of publicly funded healthcare services. In this
context, information and communication technology
(ICT) offers the opportunity of efficiently supporting
knowledge transfer and behavior modification inter-
ventions to improve decision-making by T2DM pa-
tients [18-22] and healthcare professionals [23-25].
Indeed, more than 70% of Canary Island families and

90% of inhabitants have daily access to internet and
mobile phones, respectively [26].

Although there are many publications addressing the
use of different ICT applications to support patient and
professional decision-making [23,27], few studies have
assessed the health and economic impact of complex
interventions by means of large and long-term ran-
domized clinical trials reporting on effectiveness and
cost-effectiveness.

The Diabetes Intervention study in the Canary Islands
(INDICA study) is a randomized controlled trial (RCT)
that assesses the effectiveness and cost-effectiveness of
three different complex interventions for knowledge
transfer and behavior modification of patients, families,
and healthcare professionals (physicians and nurses) at
the primary care level in the Canary Islands. The interven-
tions include a diabetes-coaching system using a combin-
ation of conventional educational workshops with mobile
phones, a patient web-based platform, electronic decision
aids, and periodic feedback on patients’ outcomes to guide
them and healthcare professionals in decision-making
related to T2DM management.

We hypothesize that this combination of conventional
educational activities complemented with timely and
continuous ICT decision support tools will efficiently
improve disease management skills and behavior, both
in patients and in healthcare professionals, in addition to
health outcomes (HbAlc change over 2 years) in T2DM
patients.

Methods

Trial design

The INDICA study is an open, community-based, mul-
ticenter, clinical controlled trial with random alloca-
tion by clusters to usual care or one of the following
different interventions of knowledge transfer and be-
havior modification.

Group 1 corresponds to intervention only for patients
and family members, group 2 to intervention only for
healthcare professionals at primary care, and group 3 is a
combined intervention for patients and professionals. In the
control group, neither patients/families nor physicians/
nurses receive any additional educational or supporting ac-
tivities beyond the usual activities provided by the CIHS.

29



Ramallo-Farina et al. Implementation Science (2015) 10:47

Subjects
Patient inclusion criteria

1) Patients with T2DM diagnosed at least 1 year prior
to study enrolment

2) 18-65 years of age

3) Formal consent to participate in the study

4) Regular use of mobile phone

Patient exclusion criteria

1) Chronic kidney disease > stage 3b, as defined by the
National Kidney Foundation’s Kidney Disease
Outcomes and Quality Improvement Initiative
(KDOQI), urinary albumin to creatinine ratio
(UACR) = 300 mg/g, and/or urinary protein
excretion = 300 mg/24 h.

2) Acute coronary syndrome (documented angina or
myocardial infarction) or stroke in the last 6 months
or class III or IV heart failure, according to the New
York Heart Association (NYHA).

3) Proliferative diabetic retinopathy or clinically
significant diabetic macular edema requiring
previous treatment with retinal photocoagulation,
vitrectomy, or intravitreal injections of anti-vascular
endothelial growth factor or triamcinolone acetonide
6 months prior to study inclusion.

4) Uncorrected severe hearing or visual impairment or
corrected visual acuity < 20/40 by any cause.

5) Diabetic foot with ulcers > 2 according to the
Wagner scale.

6) Liver cirrhosis

7) Cancer unless disease free 5 years after diagnosis

8) Other terminal illnesses

9) Intellectual retardation, dementia, psychotic diseases

10) Active substance abuse, alcohol, or drugs (must be
sober for 1 year)

11) Pregnancy

12) Insufficient (Spanish) language skills

13) Physical disability limiting participation in group
education activities

14) Concurrent participation in another clinical trial or
any other investigational study.

Primary care professionals

The unit of recruitment for primary care professionals
was the Family Care Unit (FCU), composed of a family
physician and a nurse. Given the interventions’ nature
and the organizational characteristics in primary care at
CIHS, it was agreed that physicians and nurses working
together as FCUs independently sign the informed con-
sent to participate. Family physicians and nurses either
planning or awaiting placement changes among primary

Page 3 of 15

healthcare practices (PHCP) in the first 6 months after
project initiation were excluded.

Only PHCP with at least eight FCUs and availability
of appropriate places to provide group sessions were
included.

Setting and recruitment

PHCP were randomly recruited in four of the seven
Canary Islands (Tenerife, Gran Canaria, Lanzarote, and
La Palma). Tenerife and Gran Canaria are the main and
most populated islands, providing 12 PHCP each (four
from metropolitan areas, four from the south, and four
from the north). La Palma and Lanzarote are less popu-
lated islands and provided four PHCP each. The Human
Resources Department of the CIHS at every island sup-
plied us with an updated list of publicly available phys-
ician/nurses for every selected PHCP. FCUs’ recruitment
in PHCPs was supported by informative meetings pre-
ceded by meetings with local health authorities as well as
with the directors of all selected PHCP on every island. In
these meetings, a 60—80-min presentation describing the
study objectives, planned time frame and tasks to be de-
veloped by healthcare professionals, expected resources
utilization, and funding procedures were detailed.

After FCUs agreed and consented to participate, the
electronic clinical records (ECR) of all potentially eligible
patients in the selected FCU were screened to verify all
inclusion and exclusion criteria. Once identified, patients
received a phone call to explain the study objectives,
informing that they might be eligible to participate and
inviting them to an initial meeting in their respective
PHCP. In this meeting, the study staff provided face-to-
face extended information about the study, confirmed
patient eligibility, and invited them to sign individual pa-
tient informed consent.

When a participant physician/nurse left their practice,
they were excluded from the study and replaced by the
new physician/nurse. In groups 2 and 3, the educational
intervention was given to the new healthcare professionals
on an individual level. Their corresponding patients were
kept in the study without changes.

Random assignment

Randomization was applied at different levels in every is-
land included in the trial. Three different strata or geo-
graphic areas were set in Tenerife and Gran Canaria
(metropolitan, northern, and southern areas). Four PHCP
were randomly allocated to every stratum. Each PHCP
was assigned to one of the three interventions or control
arms by block permutation. La Palma and Lanzarote were
geographically divided into four zones with only one
PHCP available in each zone. Each of these PHCP was
randomly assigned to one of the study arms. In every is-
land, all arms were equally distributed.

30



Ramallo-Farina et al. Implementation Science (2015) 10:47

Six FCUs were randomly selected from all those con-
senting participants at each PHCP. From all patients ful-
filling inclusion criteria and consenting to participate in
each PHCP, 15 were randomly selected per FCU. Excep-
tionally, more than six FCUs or more than 15 patients
per FCU were selected, in order to recruit 90 patients at
every PHCP.

While PHCP randomization was performed using
block permutation at three different levels, second (FCUs)
and third (patients) stage randomizations were performed
by simple generation from a list of random numbers.
PHCP assignment to interventions or control group was
performed by the data manager.

In order to prevent potential contamination among study
interventions, all FCUs at every PHCP were allocated to
the same study group.

Blinding

Participating FCUs were not told about their intervention
assignment (groups 1-4) until the last patient agreed to
participate at every FCU. To warrant patient participation
and cooperation, interventions could neither be blinded to
patients nor to healthcare professionals. Data analysis will
be blinded to the intervention assignment.

Interventions

The study will assess the effectiveness and cost-
effectiveness of three different complex interventions
of knowledge transfer and decision guiding for primary
care healthcare professionals and/or patients and fam-
ilies, according to intervention assignment (Figure 1).
These three interventions are compared with a control
group receiving usual care.

Patient interventions

Groups 1 and 3 receive a complex intervention of know-
ledge transfer and behavior modification combining the
following: A) an educational and interactive group pro-
gram plus continuous monitoring by means of B) daily
use of paper workbooks and weekly utilization of a web-
based platform and C) tailored semi-automated mobile
phone messages.

A) Interactive educational group program:
Patients accompanied, if appropriate, by one family
member responsible for buying food and cooking
and serving meals are invited to receive a set of
eight quarterly 3-h group sessions during the 2 years
of intervention. The aim of this program is to
empower patients in self-control and monitoring
as well as to involve relevant family members in
supporting appropriate decisions about nutritional,
pharmacologic, and physical activity issues. An
experienced nurse, trained in diabetes education,
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conducts every session, with groups of ten patients
and their corresponding family members. Every
session contains theoretic and practical interactively
delivered activities about the most important diabetes
topics: understanding T2DM, cooking, understanding
nutritional food labels, glycemic target, foot care, drug
adherence, tobacco, stress management, exercise,
chronic complications, etc., according to Funnel
et al.’s recommendations [28]. The specific contents
and procedures of every session were developed based
on several systematic literature reviews. The best
documented and assessed educational interventions
that provided valid and longer term data on
improvements in relevant T2DM health outcomes
were selected [29-31]. In every session, interactive
activities are used to reinforce knowledge transfer
and self-motivation. The first session included
information and training about the adequate use of
the other components of the intervention, such as
the web platform, the workbooks, and the short
message service (SMS) sent to mobile phones. In
order to develop an educational tool for future use
in research or clinical practice, these sessions are
video recorded, after consent of all group participants.
This recording is available on-line to patients.

B) Patient logs for continuous self-monitoring and
periodic reporting:
To provide continuous support to patients and to
reinforce self-care and lifestyle changes, two different
types of workbooks were developed, which show
patients the dynamics and relationships of food intake,
physical activity, and medication adherence with
blood glucose levels. Patients are invited to use a
paper-supported workbook and a web workbook
embedded in a patient web-based platform. The paper
version gathers daily information on the amount of
physical activity, nutritional intake, medication
adherence, mood, blood pressure, and blood glucose
levels. In addition, this information is summarized
and filled in, weekly, in the web workbook, to allow
for continuous monitoring and feedback by means
of automated SMS. Once the web-based questionnaire
is completed, graphical feedback is displayed in the
web platform, showing the variation in all selected
variables over time. The web platform also offers
additional information on diabetes self-management
extracted from the contents of the group educational
program. Additionally, every month, patients are
requested to complete a longer, web-based
questionnaire, collecting information on tobacco
use, foot care, and weight control. This monthly
questionnaire is also used to provide continuous
feedback in the form of automated SMS (see
below). A free phone service is available to fill in
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Figure 1 Recruitment according to intervention assignment.

the online workbooks, as an alternative to the
website access.

C) Tailored semi-automated mobile phone messages for
continuous patient support:
Mobile phones are used to warrant reception of
tailored continuous support by means of semi-
automatic periodic delivery of predefined SMS to
support diabetes self-management about healthy
diet, tobacco use, physical activity, treatment
adherence, stress management, and foot care [18].
SMS contents are progressively fitted according to
the topics discussed in the successive group sessions
and to the degree of achievement of the different

targets required to attain adequate self-management.
SMS are sent weekly, focused on two different
targets each week (eight targets per month). Specific
SMS are selected according to a computer algorithm
that reviews patient compliance for every target
monthly. Compliance is classified as either ‘adequate
control; ‘partial improvement; or ‘inadequate
control’ for every target. The eight targets with the
poorest results are selected monthly, on a two-per-
week basis. Two messages a week are sent when targets
attained ‘adequate control’ or ‘partial improvement.’
For targets under ‘inadequate control, four messages a
week are activated. In addition, all patients receive one
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general education SMS and another as a reminder to
complete questionnaires every week, up to a maximum
of one SMS a day. The ICT-based interventions
(components B and C of the patient intervention)
were designed according to the best available evidence
by means of a literature review [18,20,32,33].

Interventions for primary care physicians and nurses
Primary care professionals (physicians and nurses)
assigned to groups 2 and 3 receive a complex interven-
tion of knowledge transfer and decision-making com-
posed of the following: A) an educational and interactive
group program, B) continuous support by means of an
automated decision aid tool embedded into the elec-
tronic clinical record of patients included, and C) peri-
odic feedback on process and outcome measures for all
T2DM patients of the corresponding FCU.

A) Educational interactive group intervention for FCUs:
The six FCUs (physician-nurse couples) selected in
every PHCP received 5 hours of education, in two
interactive sessions, 3 months apart. The objectives
and contents of the first session are designed to
update evidence-based clinical knowledge on T2DM
management, improve communication and
negotiation abilities, and develop skills to promote
patient-centered care [34] and shared decision-making
[29]. Role-playing exercises with a set of short
video-films representing different types of complex
sham patients are used to deliver this intervention.
The session also includes an explanation about the
use of the automated decision aid tool (see below).
The second session is designed to promote shared
decision-making and motivational interviewing
methods in the context of the patient-centered
care model [29,34]. Shared decision-making is
promoted throughout the sessions to help patients
explore and identify their personal preferences.
These sessions are led by an endocrinologist and a
primary care physician with proven expertise in
communication skills and patient-centered care
methods [35-37]. They are video-recorded in order
to standardize training and to ensure intervention
reliability [38].

The evidence-based information to update knowledge
on clinical management for T2DM was obtained from
the clinical practice guidelines (CPG) of the National
Institute for Health and Clinical Excellence of the
United Kingdom (NICE) [9] and was complemented
with those developed by the American Diabetes
Association (ADA) [8]. These two guidelines were
selected after a process that included 1) a systematic
search of guidelines in several databases (MEDLINE,
PREMEDLINE, Trip Database, GuiaSalud (CPG
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database in Spain), and National Guideline
Clearinghouse) and 2) the assessment of their
quality by means of the AGREE instrument and
their degree of updating [39]. Contents from
these two CPG were collapsed and contextualized
to obtain the INDICA CPG.

B) Decision support tool embedded in the ECR:

Physicians and nurses have access to an automated
decision support tool (DST) built by means of a
computational algorithm from the previously
developed INDICA CPG and integrated into the
primary care ECR to adapt the recommendations to
the specific needs of every patient included. This
DST is passively activated, providing dynamic and
interactive support for clinical management of
decision-making. The tool is made available for the
15 patients included in every FCU [23-25]. As
previously mentioned, the DST takes into
consideration both the best available scientific
knowledge [8,9] and relevant clinical information
of every patient stored in the ECR (blood pressure,
glucose, and cholesterol levels; renal function,
comorbidities, missed tests or appointments, etc.).

C) Feedback screen:

Every month, physicians and nurses in participating
FCUs receive feedback, consisting of a computer
screen displaying a personalized graphical summary
of relevant processes and outcome indicators
compared to mean results obtained by participating
PHCP [25]. Every month, this informative screen is
automatically displayed when the healthcare
professional switches on his/her work PC. The
screen displays combined indicators, periodically
generated by automated proprietary analytical
models from the ECR of all T2DM patients in the
FCU and not just the 15 study participants.

Process indicators assessed include the
measurements HbAlc, blood pressure, body mass
index (BMI), and lipid profile, as well as the
performance of periodic screening for retinopathy
and nephropathy, according to the INDICA CPG
recommendations. Outcome indicators are based
on the levels of HbAlc, blood pressure, BMI, and
every component of the lipid profile. Outcome
indicators are classified into three levels depending
on whether the patients are in the expected target,
not in target but better than the previous visits, or
out of target and with no improvement. An overall
severity indicator is also calculated by taking into
consideration the number of outcome indicators
out of the expected goal by patient. For every
indicator displayed on the screen, mean reference
values obtained from all FCUs at the same PHCP
are used as dynamic comparators.
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Ethics

The Scientific and Ethics Committees of both the
University Hospital of Canarias and the University
Hospital Nuestra Senora de la Candelaria approved
the study protocol. Moreover, a Data Safety and Mon-
itoring Board was appointed to review and monitor
the study procedures and potential adverse events.
The study is being performed in accordance with Good
Clinical Practice standards, applicable local regulatory re-
quirements, and the recommendations of the Declaration
of Helsinki.

Endpoints

Primary endpoint

The primary endpoint of the study is the mean change
in HbAlc from baseline until 24 months later. We con-
sidered a change in HbAlc of 0.4 percentage points to
be clinically significant [40]. In addition to the measure-
ments at baseline and at 24 months, HbAlc is also mea-
sured at 3, 6, 12, and 18 months (Table 1).

Secondary endpoints
A broad set of secondary outcomes are measured
(Table 1), including the following:

— Cardiovascular risk factors: mean change of BMI,
waist circumference, and waist-to-hip ratio, systolic
and diastolic blood pressure, total cholesterol and its
fractions (low-density lipoprotein (LDL), high-
density lipoprotein (HDL), and nonHDL), and tri-
glycerides. Blood pressure is measured twice in one
arm (right when possible) in a sitting position, with
a digital sphygmomanometer trademark OMRON®©
model M6, and the average of the two readings will
be recorded. Smoking status is determined by self-
report of whether the subject currently smoked.

— Macrovascular diabetes complications: new ischemic
heart events (angor pectoris, myocardial infarction,
surgical or percutaneous coronary
revascularization), hospitalization for congestive
heart failure, peripheral artery disease (surgical or
percutaneous peripheral arterial revascularization,
nontraumatic lower limb amputation), carotid
stenosis fulfilling criteria for endarterectomy, or
confirmed ischemic or hemorrhagic stroke. The
annual occurrence of cardiovascular events, surgical
procedures, or hospitalization is verified by
reviewing the medical records.

— Microvascular diabetes complications: Incidence
and progression of diabetic nephropathy: mean
change in UACR, UACR 2 30 mg/g, mean change
in estimated glomerular filtration rate (eGFR),
eGFR < 60 mL/min/1.73 m” and need for renal
replacement therapy (dialysis or renal transplantation).
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Table 1 Outcome measurements according to periods of
follow-up and type of collection

Time Outcome measurements

Outcomes measured on patients

MO, M3, M6, M12, M18,
M24 (F to F)

Demographic data, health history, history
of DM, DM health status, current
medications, risk factors for complications
of poorly controlled DM

Laboratory measurements

MO, M12, M24 (CT) HbA1c; fasting glucose; total cholesterol;

HDL, LDL, and non-HDL cholesterol;
triglycerides; serum creatinine; albumin/
creatinine ratio; and glomerular filtration rate

M3, M18 (CT)
M6 (CT)

HbA1¢, fasting glucose

HbA1c, fasting glucose, total cholesterol,
HDL, LDL cholesterol, and triglycerides

Anthropometric measurements

MO, M3, M6, M12, M18,
M24 (F to F)

BMI, waist/hip ratio, systolic and diastolic
blood pressure, heart rate

Macro and microvascular complications

M0, M12, M24 (F to F, ECR)  Incidence of new ischemic heart events,
hospitalization for congestive heart failure,
peripheral artery disease, carotid stenosis
fulfilling criteria for endarterectomy or
confirmed ischemic or hemorrhagic stroke,
incidence or progression of diabetic
retinopathy, incidence or progression of
diabetic nephropathy

Eye examination

M3, M24 (CT) Retinography and macular examination by

Instruments used for self-reported outcomes measures

MO, M12,M24  (SRI) ADDQoL-19, BDHI, DES-SF, DDS2, DIATEK,
IPAQ, MEDAS, STALS, INDICA-LSQ

(FtoF)  EQ-50-5 L, MMAS
M6, M18 (SRI) ADDQoL-19, IPAQ, MEDAS
(FtoF)  EQ-5D-5 L, MMAS

Healthcare utilization

MO, M3, M6, M12, M18,
M24 (F to F, ECR)

Visits to primary care services, nurses,
specialists; hospital admissions, emergency
room visits, laboratory procedures, and
other diagnostic tests; medication

Satisfaction

M24 (SRI) INDICA-SATP

Outcomes measured on physicians and nurses

MO (Fto F) Demographic data, years in practice,
practice descriptors

MO, T3 (SRI) INDICA-KNOW, LATCon

M24 (SRI) INDICA-SATC

BMI: body mass index; F to F: face to face interview; CT: dlinical test; DM: diabetes
mellitus; ECR: electronic clinical records; HDL: high-density lipoprotein;
LDL: low-density lipoprotein; OCT: optical coherence tomography;

SRI: self-reported interview.

Note: see description of the questionnaires in Table 2.
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Incidence and progression of diabetic retinopathy,
according to the results of a retinography, and
incidence and progression of diabetic macular
edema, according to the results of an optical
coherence tomography (OCT) and a retinography,
are measured at months 3 and 24 of the study.
Incidence of diabetic polyneuropathy is measured
using the Michigan Neuropathy Screening
Instrument (MNSI), an emergent instrument used

to assess distal diabetic peripheral polyneuropathy.

Only the 15-item self-administered MNSI, which
is scored by adding up abnormal responses [41]
will be applied. MNSI was translated into and
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back-translated from Spanish for its use in the
INDICA study.

Health-related quality of life (HRQoL), distress,
anxiety, depression, satisfaction with the
interventions, health behaviors, and changes in
knowledge about diabetes self-management: all
instruments selected to measure these outcomes are
reported in Table 2.

Attitude toward concordance and knowledge about
the clinical management of diabetes: these
instruments, reported in Table 2, are used to
evaluate the interventions on physicians and nurses
included in groups 2 and 3.

Table 2 Instruments used for self-reported outcomes measures
Instruments

Outcome measurements

Outcomes measured on patients

EQ-5D-5L [59]

ADDQoL-19, Audit of Diabetes-
Dependent Quality of life [60]

DDS2, Diabetes Distress Scale [61]

STAIS, State Trait Anxiety Inventory [62]

BOHI, the Beck Depression Inventory Il [63]

DES-SF, Diabetes Empowerment
Scale-Short Form [64]

IPAQ, Intemational Physical Activity
Questionnaire. [65]

MEDAS, Mediterranean Diet Adherence
Screener [66]

MMAS, Morisky Medication Adherence
Scale [67]

INDICA-SATP

Diatek

INDICA-LSQ

Generic HRQoL questionnaire. The self-reported description assesses five domains: mobility, self-care,
usual activity, pain/discomfort, and anxiety/depression

Specific HRQoL questionnaire for DM. It assesses 19 domains: leisure activities, working life, travel, holiday,
physical activities, family life, social life, personal life, sex life, physical appearance, self-confidence,
motivation, reaction from others, feelings about the future, financial situation, living conditions,
reliance on others, freedom to eat, and freedom to drink

It is a validated two-item diabetes distress-screening instrument that asks respondents to rate on a
six-point scale the degree of distress caused by the two following items: (1) feeling overwhelmed by
the demands of living with diabetes and (2) feeling that | am often failing with my diabetes regimen

It is a self-description questionnaire including two non-dependent scales, the applied state-anxiety scale
(STAI State) and the trait-anxiety scale (STAI Trait). It assesses transient emotional state or condition as
characterized by subjective feelings of tension and apprehension that can fluctuate in time and
intensity

It is a validated 21-item self-report inventory that measures depressive symptoms such as sadness,
pessimism, suicidal thoughts or wishes, tiredness or fatigue, loss of energy, and loss of pleasure,
among others

This questionnaire assesses patient empowerment on T2DM management, including eight items with
responses on a five-point Likert scale

This questionnaire checks physical activity and provides information on the time spent on walking,
moderate-intensity activities, and vigorous and sedentary activities

This questionnaire assesses diet recommendation adherence. It consists of 14 targets for food
consumption rated with one point for each target achieved

This questionnaire assesses the medication adherence, including a four-item self-report measure with
an established concurrent and predictive validity

Patient satisfaction and usability of the web portal and the mobile phone communication system are
assessed with a specific instrument created in the context of this project

It is a specific instrument created in the context of this project, to assess potential changes in patient
knowledge about DM based on the CPG INDICA

It is a specific instrument created in the context of this project used to assess attitudinal changes of
patients regarding lifestyles, based in the Transtheoretic Model of Behavior Change [68]

Outcomes measured on physicians and nurses

LATCon, Leeds Attitude toward
Concordance scale [69]

INDICA-KNOW

INDICA-SATC

Itis a 12-tem self-reported scale to assess patients’ and health professionals’ attitudes toward concordance
in medicine-taking

Knowledge change among healthcare professionals will be measured with the aid of an instrument
with 20 questions based on the contents of the INDICA CPG

Acceptability and usability of the DST and the feedback screen is measured according to four different
dimensions: acceptability of interactions and time devoted using the software communication
technology, impact on patients, impact on the clinician’s practice, and communications issues such as
quality of feedback and formats used [70]

DST: decision support tool.
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Healthcare utilization Costs because of the clinical
management of T2DM in all groups will be assessed
from the healthcare services perspective, including the
costs related to the development and use of all compo-
nents for each intervention assessed (group sessions,
ICT system, SMS services, computer-assisted aids, etc.).
The analysis will also include costs because of patient
contacts with primary care services, hospital admissions
and length of stay, outpatient visits, emergency atten-
dances, and prescribed medications. The volume of re-
source used for each cost component will be measured
with the aid of patient questionnaires and ECR; unit
costs will be taken from standard published sources
when available and from the specific providers.

Measurement procedures
Information needed from patients are being collected by
several procedures, including face-to-face interviews,
clinical examinations, analysis of data stored in the ECR,
downloading of information from the INDICA web plat-
form, and self-completed questionnaires. Results of la-
boratory tests will be downloaded from ECR by trained
staff blinded to patient group assignment.

Information needed from FCUs is being obtained by means
of personal interviews and self-reported questionnaires.

The planning of information collection for every out-
come measured throughout the project is shown in
Table 1.

Biochemical determinations

Blood and urine samples are being collected after an
overnight fast, by research nurses, using the available fa-
cilities of the participating PHCPs. After centrifugation,
samples are being immediately transported to the bio-
chemistry laboratory of the corresponding reference hos-
pital. HbAlc is being quantified according to the
Diabetes Control and Complications Trial assay. LDL
cholesterol will be estimated using the Friedewald for-
mula, and nonHDL cholesterol will be calculated as the
difference between total cholesterol and HDL choles-
terol. Estimated glomerular filtration rate will be calcu-
lated using the Modification of Diet of Renal Disease
formula (MDRD4).

Biological samples for future research questions

To facilitate efficient answers to potential future research
questions on T2DM in the Canarian population, urine
and blood samples of patients are being frozen and stored.
This will enable collating a collection of biological speci-
mens from a wide and representative sample of the overall
T2DM population in the Canary Islands. Urine and serum
samples are being obtained at baseline and 24 months,
while DNA samples are only being obtained at baseline.
Every patient will be specifically informed and asked to
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consent to storage of DNA and nonDNA biological sam-
ples. These samples are being stored in the biobanks of
the hospitals of the Canary Islands belonging to the Span-
ish National Biobanks Network. This process is in accord-
ance with prevailing Spanish laws on protection of
personal data [42], patient autonomy [43], and biomedical
research [44]. These materials will subsequently be used
to search for genetic or biological markers that could ei-
ther characterize the T2DM patient population or predict
clinical disease course.

Statistical methods

Generalized linear mixed models with repeated time
measurements will be used to analyze changes in out-
comes over time. To compare the three interventions
and the control group after different follow-up periods
(Baseline, 3, 6, 12, 18, and 24 months), the intervention
groups will be treated as a ‘factor within.” First, we will
examine whether the intervention in Groups 1 and 2 are
better than usual care, and then, we will examine
whether the most intensive intervention (group 3) is bet-
ter than less intensive interventions (groups 1 and 2).
The purpose of these analyses is to obtain preliminary
estimates regarding the incremental benefits of the inter-
vention components [45]. For multiple comparisons, the
P value will be adjusted with Bonferroni correction (Pc
Z corrected value). In addition, the models will include a
subset of covariates that are imbalanced at baseline. To
identify the covariates to be included in the model, we
will first fit separate models including each covariate,
one at a time. The final model will include those covari-
ates such that their inclusion changes the estimates’
treatment effect by at least 10%. As suggested in the
CONSORT statement, decisions about covariates will
not be based on P value [46,47].

To incorporate the effect of cluster analysis, a multi-
level model (MLM) approach will be implemented.
MLM adjusts for the clustering effects across three
levels (patients, FCU, and PHCP) of the hierarchical data
structure.

For the main intention-to-treat analysis comparing
outcomes, all patients will be included. Standard imput-
ation methods (i.e., mean value imputation, last observa-
tion carried forward) will be used to impute missing
data depending on the pattern of missing data. All tests
will be two-sided with a type I error of 5%. Statistical
analyses will be performed using Statistical Package for
social Sciences (SPSS v.21, Chicago, IL, USA).

Sample size calculation We estimated that 393 patients
per arm (total in the study=1,572) were needed to de-
tect an absolute difference in Hbalc of 0.4%, assuming a
common standard deviation of 1.4% [40], a two-tailed
power of 90%, and an alpha of 0.05. After an additional
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adjustment for clustering of patients within FCU by the
design effect [48], assuming 15 patients per FCU and an
intra-class correlation coefficient of 0.01 (interquartile
range: 0 to 0.032) based on data from the literature [49],
the estimated number of patients per arm was 448 (total
in the study = 1,792). Although the unit of allocation was
the PHCPs, these are formed of several healthcare cen-
ters throughout the territory that only share administra-
tive management and some services. Also, this effect
was already controlled by means of the stratification.
Therefore, we considered that the intra-class correlation
within PHCP was insignificant, and we used instead the
intra-class correlation for FCU, that is, among patients
served by the same FCU. Although small, we consider
that this correlation is significant.

However, sample size was increased by an additional
30% to accommodate for expected losses to follow-up
and to warrant the presence of each arm in the study in
the different islands. Hence, we aimed for a total sample
size of 2,330.

Cost-effectiveness analysis

We will undertake a detailed analysis of the cost and the
cost-effectiveness of each of the four groups in compari-
son to the others. Our analysis will conform to accepted
economic evaluation methods. We will estimate cost and
cost-effectiveness for the ‘within-trial' period (2 years/
short-run model) and also over the expected lifetime of
the patient (lifetime/long-run model).

Short-run model The cost-effectiveness measures in
the two-year model will be the incremental cost per
quality-adjusted life year (QALY) gained. QALYs will be
calculated based on the HRQoL data collected during
the trial. HRQoL will be measured according to the EQ-
5D-5 L, which will be collected at baseline and at each
follow-up visit for each individual patient. Patient-
specific utility profiles will be constructed assuming a
straight line relation between each of the patients’ EQ-
5D-5 L scores at each follow-up point. The QALYs expe-
rienced by each patient from baseline to 2 years will be
calculated as the area underneath this profile. We will
investigate differences in baseline characteristics and, if
necessary, use regression methods to control for them.
As explained above, costs included in the analysis are those
incurred by the healthcare service. Cost-effectiveness
will be calculated as the incremental cost-effectiveness
ratio (ICER) by dividing the estimated differences in
costs by the differences in effects observed. Nonpara-
metric methods to calculate confidence intervals around
the ICER based on bootstrapped estimates of the mean
cost and effect differences will be used. The bootstrap
replications will also be used to construct a cost-
effectiveness acceptability curve, which will reveal the
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probability that each alternative is cost-effective at
2 years for different values of willingness to pay for an
additional unit of effectiveness. We will also subject the
results to extensive deterministic (one-, two-, and multi-
way) sensitivity analysis.

Long-run model The interventions under evaluation in
this study are likely to have an impact beyond the trial
period. To capture these potential effects, we will ex-
trapolate the results to an extended time horizon in the
analysis, ie., considering the remaining life expectancy
of the patients.

We will consider the potential application of the Centers
for Disease Control-Research Triangle Institute (CDC-
RTI) Diabetes Cost-Effectiveness Model [50] to estimate
long-term outcomes in our population. The CDC-RTI
Diabetes Cost-Effectiveness Model is a validated simula-
tion model of disease progression and cost-effectiveness
for T2DM based on data from the UK Prospective Dia-
betes Study (UKPDS) [51] and other sources. The aim of
this model is to simulate the development of T2DM-
related complications on three microvascular disease
paths (nephropathy, neuropathy, and retinopathy) and
two macrovascular disease paths (coronary heart disease
and stroke). The model structure is based on a Markov
model which simulates the progression of a patient based
on estimated transition probabilities between possible dis-
ease states. In the CDC-RTI Diabetes Cost-Effectiveness
Model, transition probabilities depend on risk factors—
including HbAlc and cholesterol concentrations.

Following decisions about model structure to estimate
future outcomes, a list of parameter estimates required
for the model will be developed. Data from the trial will
be used to input the model in order to estimate the
long-term cost-effectiveness of the different alternatives,
alongside relevant data from the published literature.
The specific details of the data to be used to populate
the model will be determined following the development
of the structure and the systematic literature searches to
identify available evidence. The cost-effectiveness meas-
ure will again be expressed in terms of the ICER for each
alternative after discarding dominated strategies. We will
undertake deterministic (one-, two-, and multiway) and
probabilistic sensitivity analysis, the latter assuming ap-
propriate distributions and parameter values [52].

Duration of fieldwork

Fieldwork is estimated to last 3 years. The first year to
complete recruitment of patients and healthcare pro-
viders in primary care and the following 2 years for
follow-up and measurement. As interventions are main-
tained over time, the period of intervention and follow-
up overlap (Figure 1).
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Monitoring

Trial monitoring is the responsibility of a research team
in charge of all quality control activities, assessing adher-
ence to the trial protocol: timely work plan execution and
comprehensiveness of data acquisition and data quality
(databases have been designed to avoid downloading in-
appropriate values for every variable). The interactive
group sessions for patients and family members, as well as
those for primary care physicians and nurses, are being re-
corded to monitor the quality of the intervention and its
adherence to the predefined script.

Trial status
Recruitment is complete and the trial is ongoing.

Discussion

The ongoing INDICA study is a four-arm RCT involving
all main actors playing a role in decision-making in
T2DM (patients, families, physician and nurses). The
INDICA study will assess the comparative effectiveness
and cost-effectiveness of usual care for T2DM patients
against three multicomponent education and coaching
interventions. These interventions combine conventional
group educational and training activities with different
ICT-based interventions to guide the decisions of T2DM
patients, families, and primary care healthcare profes-
sionals, according to evidence-based guidelines. The pri-
mary analysis is aimed at comparing the mean 24-month
HbAlc (operationalized as HbAlc % change from base-
line) among patients with T2DM whose PHCPs were
assigned to the usual care group with the mean 24-
month HbAlc % change among patients with T2DM
whose PHCPs were assigned to the three different inter-
vention groups. The study used cluster randomization to
reduce the risk of contamination bias, since the educa-
tional parts of the multicomponent interventions for pa-
tients and healthcare professionals were applied to
groups.

The importance of glucose control in T2DM has been
confirmed in a meta-analysis [53]. The high incidence of
macrovascular complications, such as myocardial infarc-
tion, stroke, and lower-limb amputations, are a major
cause of disability, mortality, and economic losses. Micro-
vascular complications, including retinopathy, neuropathy,
and kidney disease also account for a highly significant
morbidity, mortality, and economic burden [54] among
patients with T2DM. The incidence of these complications
and their healthcare and social and economic conse-
quences is higher in the Canary Islands than in the rest of
Spain and most western countries [2-4].

The interventions assessed by the INDICA study are
based on the conceptual framework of behavioral change
and patient-centered care [29,34]. There is increasing
evidence that good self-care is related to improved

Page 11 of 15

T2DM outcomes [10,11,55,56]. Provider education and
continuous feedback to patients and the use of reminders
have been associated with improvements in provider ad-
herence to guidelines and with clinically significant im-
provements in patient outcomes [10,11,55,56]. Although
ICT-based studies to improve diabetes self-management
have grown rapidly, there is a substantial discrepancy be-
tween the demand for this healthcare delivery mode and
the scientific evidence supporting its efficacy and cost-
effectiveness. Most published studies are focused on single
interventions exclusively aimed at patients and are limited
by methodologic deficiencies related to small-sample sizes
and inconsistent selection of outcomes and measurement
instruments, as well as short follow-up periods [57]. Al-
though several studies assessing the effectiveness of ICT-
based interventions on diabetes outcomes have reported
small but significant effect-sizes [18-22,58], very few have
assessed cost-effectiveness. Cost-effectiveness is especially
relevant for the assessment of ICT-based interventions
aimed at prevalent chronic diseases, given that the highest
costs of the interventions correspond to the development
of ICT applications whose effectiveness will become
blurred over time as well as with their use by thousands of
patients and physicians. In the current times of financial
crisis, interventions not only have to prove effectiveness
but also cost-effectiveness to reduce uncertainty in health-
care policy decision-making to contribute to the economic
sustainability of public healthcare services. Consequently,
while much is promised by electronic communications
and tele-health interventions, there is a lack of robust in-
formation to support decisions at patient, clinician, and
healthcare policy decision-maker level.

The current worldwide availability of mobile phones
and internet use across socio-economic, gender, and age
groups, combined with their unique ability to process
and communicate data in real-time, make them an ideal
platform to create simple, effective, and real-time dia-
betes management programs that can be used for large
groups of patients. Few previous studies of electronic
communication interventions for T2DM are random-
ized, include a control group, or involve more than one
treatment group to evaluate complex or multicompo-
nent interventions for all actors involved, not only from
the effectiveness perspective but also the assessment of
cost-effectiveness. This approach will improve transfer-
ability by extending the usefulness of the expected re-
sults beyond patients and clinicians in primary care to
healthcare policy decision-makers.
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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a chronic disease in which health outcomes are related to decision making
by patients and health care professionals.

Objective: This study aims to assess the effectiveness of internet-based multicomponent interventions to support decision
making of all actors involved in the care of patients with T2DM in primary care.

Methods: The INDICA study is an open, community-based, multicenter trial with random allocation to usual care or the
intervention for patients, the intervention for health care professionals in primary care, or the combined intervention for both. In
the intervention for patients, participants received an educational group program and were monitored and supported by logs, a
web-based platform, and automated SMS. Those in the intervention for professionals also received an educational program, a
decision support tool embedded in the electronic clinical record, and periodic feedback about patients’ results. A total of 2334
people with T2DM, regardless of glycated hemoglobin (HbA, ) levels and without diabetes-related complications, were included.
The primary end point was change in HbA ;_ level. The main analysis was performed using multilevel mixed models.

Results: For the overall sample, the intervention for patients attained a significant mean reduction in HbA . levels of 0.27 (95%
CI 0.45to 0.10) at month 3 and 0.26 (95% CI 0.44 to 0.08) at month 6 compared with usual care, which remained marginally
significant at month 12. A clinically relevant reduction in HbA,  level was observed in 35.6% (191/537) of patients in the
intervention for patients and 26.0% (152/586) of those in usual care at month 12 (P=.006). In the combined intervention, HbA .
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reduction was significant until month 18 (181/557, 32.6% vs 140/586, 23.9%; P=.009). Considering the subgroup of patients
uncontrolled at baseline, all interventions produced significant reductions in HbA, . levels across the entire study period: 0.49
(95% CI 0.70 to 0.27) for the intervention for patients, 0.35(95% CI 0.59 to 0.14) for the intervention for professionals, and
0.35 (95% CI 0.57 to 0.13) for the combined intervention. Differences in HbA,, for the area under the curve considering the
entire period were significant for the intervention for patients and the combined intervention compared with usual care (P=.03
for both). Compared with usual care, the intervention for professionals and the combined intervention had significant longer-term
reductions in systolic and diastolic blood pressure.

Conclusions: In uncontrolled patients, the intervention for patients at baseline provided clinically relevant and significant
longer-term reductions of HbA,. levels. The intervention for professionals and combined intervention also improved the

cardiovascular risk profile of patients.

Trial Registration: ClinicalTrials.gov NCT01657227; https://clinicaltrials.gov/ct2/show/NCT01657227

(JMIR Mhealth Uhealth 2020;8(11):¢18922) doi: 10.2196/18922
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Introduction

Background

Type 2 diabetes mellitus (T2DM) is a chronic condition in which
long-term health outcomes are related to patients’ adherence to
lifestyle modifications and pharmacologic treatments. Other
stakeholders, such as relatives and primary health care
professionals, are also involved in guiding patients’ decisions.

Although the prevalence of T2DM in the Canary Islands is
slightly higher than the average in Spain [1], the incidence of
chronic diabetes-related complications [2,3] and mortality [4]
is much greater. This occurs despite a continuous increase in
diabetes-related public expenditure [5].

Regardless of the widespread availability of evidence-based
clinical practice guidelines (CPGs) to care for T2DM, patients’
access to effective educational interventions [6] and adherence
to self-management activities remains limited internationally

[7].

To address these unmet needs, many publications have reported
on the effectiveness of using information and communications
technology (ICT) applications to support decision making by
patients and professionals [8-12], reporting favorable short-term
effects on blood glucose control [11,12]. The effectiveness of
other biological, cognitive, behavioral, or emotional outcome
measures remains controversial [11]. Few large randomized
controlled trials (RCTs) have assessed the long-term
effectiveness of multicomponent ICT-based interventions, not
only for patients but also for all stakeholders involved in
diabetes management.

Objectives
The INDICA study is a cluster RCT conducted in the Canary
Islands that assesses the effectiveness and cost-effectiveness of

multicomponent interventions to support decision making for
the main actors involved in the management of T2DM (patients,

https://mhealth joir.org/2020/11/e18922

relatives, and primary health care professionals) in a large
number of primary health care practices (PHCPs) [13]. We
hypothesized that combining conventional educational activities
with different ICT-based decision support tools would efficiently
improve health outcomes in patients with T2DM. The main
purpose of this study is to evaluate the long-term clinical
effectiveness (24 months) of these multicomponent interventions
compared with usual care on glycated hemoglobin (HbA ;).

Methods

Study Design

The INDICA study is an open, community-based pragmatic,
multicenter, clinical controlled trial with random allocation by
clusters to usual care or to one of the following 3 interventions
of knowledge transfer and behavior modification:

Group 1 included interventions for patients and a family
member (intervention for patients)

Group 2 included interventions for health care professionals
(physicians and nurses) at primary care (intervention for
professionals)

Group 3 combined the interventions for patients and
professionals (combined intervention)

In the usual care or control group, neither patients or families
nor physicians or nurses received any additional educational or
supporting activities beyond the usual activities provided by
the PHCP. The full study protocol has been reported elsewhere
[13].

Study Participants

The INDICA study included patients with T2DM aged between
18 and 65 years, diagnosed at least 1 year before study
enrollment, without diabetes-related complications, and who

regularly used a mobile phone (Textbox 1 provides more
details).
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Textbox 1. Patients’ inclusion and exclusion criteria.

Ramallo-Farifia et al

Patient inclusion criteria:

Aged between 18 and 65 years
Formal consent to participate in the study

Regular usage of mobile phone

Patient exclusion criteria:

to the New York Heart Association

Diabetic foot with ulcers > 2 according to the Wagner scale
« Liver cirrhosis
Cancer, unless disease free 5 years after diagnosis
Other terminal illnesses
Intellectual retardation, dementia, and psychotic diseases
+  Active substance abuse, alcohol, or drugs (must be sober for 1 year)
Pregnancy
Insufficient (Spanish) language skills
Physical disability limiting participation in group education activities

Patients with type 2 diabetes mellitus diagnosed at least 1 year before study enrollment

+  Chronic kidney disease > stage 3b, as defined by the National Kidney Foundation’s Kidney Disease Outcomes and Quality Improvement Initiative,
urinary albumin to creatinine ratio > 300 mg/g, or urinary protein excretion > 300 mg/24 hours

Acute coronary syndrome (documented angina or myocardial infarction) or stroke in the last 6 months or class III or IV heart failure, according
Proliferative diabetic retinopathy or clinically significant diabetic macular edema requiring previous treatment with retinal photocoagulation,

vitrectomy, or intravitreal injections of antivascular endothelial growth factor or triamcinolone acetonide 6 months before study inclusion

Uncorrected severe hearing or visual impairment or corrected visual acuity < 20/40 by any cause

« Concurrent participation in another clinical trial or any other investigational study

The family care unit (FCU) in each PHCP, comprising a family
physician and a nurse responsible for the same set of patients,
was the unit of recruitment. FCUs either planning or awaiting
placement changes among PHCP in the first 6 months after
project initiation were excluded.

All PHCPs included had to have at least eight FCUs and the
availability of appropriate places to provide educational group
sessions.

Setting and Recruitment

PHCPs were recruited in 4 Canary Islands (Tenerife, Gran
Canaria, Lanzarote, and La Palma). FCUs were randomly
selected from all consenting FCUs at each PHCP. The electronic
clinical records (ECRs) of all potentially eligible patients in all
selected FCUs were screened to verify inclusion and exclusion
criteria. Finally, eligible patients were randomly selected per
FCU.

Random Assignment

Randomization was performed at different levels. First, 3
different strata were created according to the geographical areas
in the more populated islands (Tenerife and Gran Canaria).
Second, 4 PHCP (clusters) were randomly allocated to every
geographical stratum, and block permutation was used to assign
PHCPs to the study arms (in total 12 PHCPs for each island),
with PHCP as the sampling unit. La Palma and Lanzarote (less

https://mhealth joir.org/2020/11/e18922

populated islands) were geographically divided into 4 zones
with only 1 eligible PHCP available in each zone, which was
randomly assigned to one of the study arms. On every island,
all arms were equally distributed. A total of 6 FCUs were
randomly selected from all those consenting to participate in
each PHCP. Furthermore, 15 patients were randomly selected
from all patients fulfilling the inclusion criteria and consenting
to participate in each FCU. Exceptionally, more than 6 FCUs
or more than 15 patients per FCU were selected to recruit 90
patients at every PHCP.

FCU and patient randomizations were performed by simple
generation from a list of random numbers.

Cluster allocation avoids contamination bias among participants,
also facilitating logistics in group interventions.

Interventions

Patient Interventions

Patients recruited to the intervention for patients and combined
intervention groups received a complex intervention of
knowledge transfer and behavior modification, informed by
conceptual frameworks of behavioral change [14]. Key
determinants of behavior change suggested by Michie et al [14]
were considered for intervention design and implementation,
including social and professional role and identity, knowledge,
skills, beliefs about capabilities, beliefs about consequences,

TMIR Mhealth Uhealth 2020 | vol. 8 | iss. 1118922 [p. 3
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motivation and goals, memory, attention and decision processes,
environmental context and resources, social influences, emotion,
and action planning. Linked to these construct domains,
interventions included all techniques judged as effective by the
same authors [14], combining (1) a conventional group
educational program with a set of 8 quarterly 3-hour group
sessions; (2) monitoring of physical activity, diet, drug
adherence, mood, blood pressure, and blood glucose readings
by daily usage of paper workbooks, complemented by weekly
access to a website to download paper workbook data
(Multimedia Appendix 1); and (3) continuous personalized
feedback by semiautomated mobile phone messages based on
the results from the website.

Interventions for Primary Care Professionals

Primary care professionals recruited to the intervention for
professionals and combined intervention groups received a
complex intervention of knowledge transfer and decision
support, partially addressing the determinants of behavior
change suggested by Michie et al [14] for its design and

Figure 1. Arm’s intervention timeline and follow-up points.
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implementation, including only techniques to improve skills,
environmental changes, prompts and cues by means of electronic
clinical guidelines linked to the ECR, processes for encouraging
and supporting doctors and nurses, persuasive communication,
and periodic feedback on outcomes compared with other
colleagues. The interventions combined (1) an educational and
interactive group program of 2 sessions to update clinical
management and promote patient-centered care; (2) an
automated decision aid tool based on a CPG for T2DM,
embedded into the ECR (Multimedia Appendix 2); and (3)
monthly computerized graphic feedback, displaying a set of
processes and outcome indicators for all patients with T2DM
of the corresponding FCU.

To maintain the fidelity of interventions, a manual was
developed for each intervention. Furthermore, all group sessions
were recorded and reviewed.

Both interventions were applied during the 2 years of follow-up
(Figure 1).
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Duration of Fieldwork
Fieldwork took place between February 2013 and October 2016.  Primary End Point

The first year was devoted to the recruitment of patients and
health care providers and the following 2 years to the
intervention and follow-up. As interventions were maintained
over time, the intervention and follow-up periods overlapped.

https://mhealth joir.org/2020/11/e18922

The primary outcome was the mean change in HbA;. levels
from baseline to 24 months of follow-up. HbA,. was also
measured at 3, 6, 12, and 18 months. We considered a change
inHbA,_ of 0.4% as clinically significant [15], justbetween the
thresholds of 0.3% reported by National Institute for Health and
Care Excellence [16] and 0.5% by the United Kingdom
Prospective Diabetes Study [17].
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Secondary End Points

BMI, weight, waist circumference, waist-to-hip ratio, systolic
blood pressure (SBP), and diastolic blood pressure (DBP) were
also assessed at baseline and after 3, 6, 12, 18, and 24 months.
Total, high-density lipoprotein (HDL), and low-density
lipoprotein (LDL) cholesterol, triglycerides, and fasting serum
glucose were assessed at baseline and after 6, 12, and 24 months.
Serum creatinine and glomerular filtration rate were measured
at baseline and at 12 and 24 months. Demographic data and
disease history were recorded at baseline. Health status and
current medications were also recorded at each follow-up.

Statistical Analysis

The main analysis for primary and secondary end points were
multilevel mixed models including the baseline value of the
dependent variable and the time elapsed since diagnosis (in
years) as covariates. The null hypothesis for each end point is
that the mean change with regard to the usual care arm and the
interactions between each arm and time (follow-up) are the
same across arms and equal to zero. The alternative hypothesis
is that the changes are not equal to zero. First-level variables
are those corresponding to each measurement along follow-up
(repeated time measurements), the second level includes
patients’ variables, and third-level variables correspond to
PHCPs. The mean change was estimated at the observation
level. The effect that identifies the intervention arm was
considered fixed for the PHCPs, whereas the intercept was
considered random. The model also included an interaction term
between arm and month, allowing for differences in the
intervention effect between follow-up assessments [18]. In
addition, to summarize the global treatment effect throughout
the whole study period, differences were also calculated for the
area under the curve (AUC) of HbA, . and other continuous
variables between the different interventions and the usual care
group. Furthermore, we examined whether the most intensive
intervention, the combined intervention group (intervention for
patients plus intervention for professionals), was better than the
intervention for patients and intervention for professionals
groups on their own.

The adjusted estimated mean was calculated for each moment
of follow-up compared with baseline, and its significance was
calculated using the model already set out.

A post hoc analysis was performed for the primary end point,
HbA, ., considering the patient subsample with baseline HbA .
higher than 7%.

https://mhealth joir.org/2020/11/e18922
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To accommodate missing values in the effect analyses, the
multiple imputation procedure in Stata 15.0 software (Stata
Corporation) was used [19], with results based on 100 imputed
data sets. This procedure saves cases for the analysis and can
be considered an intention-to-treat analysis. Analysis under
multiple imputation is valid for randomly missed data [20]. The
model of imputation used and further details on data analysis
are outlined in Multimedia Appendix 3. A threshold of .05 was
used to define the statistical significance of those tests.

Sample Size Calculation

We estimated the sample size requirement of 448 patients per
study arm to detect an absolute difference in HbA, . of 0.4%,
assuming a common standard deviation of 1.4% [15], a
two-tailed power of 90%, an alpha of .05, and an adjustment
for clustering of patients within the FCU by the design effect
[21], 15 patients per FCU, and an intraclass correlation
coefficient (ICC) 0of 0.01 (interquartile range 0-0.032) [22]. The
intraclass correlation within PHCPs was insignificant as they
are formed of several FCUs sharing administrative management
and some additional services whose potential effects were
already controlled by means of the stratification. Despite this
consideration, the sample size was increased by an additional
30% to accommodate for expected losses to follow-up and to
warrant the presence of each study arm in all islands. Hence,
we aimed to obtain a total sample size of 2330.

Ethics Approval and Consent to Participate

All participants provided written informed consent. The
scientific and ethics committees of both the University Hospital
of Canarias and the University Hospital Nuestra Sefiora de la
Candelaria approved the study protocol. The study was
performed in accordance with Good Clinical Practice standards,

applicable local regulatory requirements, and the
recommendations of the Declaration of Helsinki.

Results

Study Participants

A total of 32 PHCPs with a mean of 6.6 (SD 0.9) FCUs were
included (211 professionals), with 8 PHCPs allocated to each
of the 4 study arms. Every PHCP enrolled a mean of 72.9 (SD
14.1) patients (12 patients per FCU), totaling 2334 patients.
Figure 2 shows the flowchart for the patients taking part.
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.

Table 1 shows the patients’ baseline characteristics according
to the intervention assignment. The mean age of the whole
population was 55.7 (SD 7.1) years, with 51.9% (1212/2334)
being women. The mean basal HbA . value was 7.3% (SD 1.5).
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Overall, 53.4% (1246/2334) of patients had HbA . levels within
the accepted therapeutic goal (<7%). There were no statistically
significant differences among the groups in terms of their

baseline characteristics.
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Table 1. Baseline characteristics of patients.

Ramallo-Farifia et al

Characteristics PTI (n=537) PFI® (n=654) CBI® (0=557) uc? (n=586)
Age (years), mean (SD) 55.9(7.0) 56.2(7.0) 55.5(.1) 55.2(7.3)
Gender (male), n (%) 284 (52.9) 288 (44.0) 264 (47.4) 286 (48.8)
Smoking status, n (%)
Current smokers 114 (21.2) 156 (23.9) 109 (19.6) 145 (24.7)
Former smokers 223 (41.5) 280 (42.8) 225 (40.4) 240 (41.0)
Nonsmoker 200 (37.2) 218 (33.3) 223 (40.0) 201 (34.3)
Education, n (%)
Primary or less 323 (60.2) 409 (62.5) 347 (62.3) 379 (64.7)
High school 159 (29.6) 176 (26.9) 147 (26.4) 157 (26.8)
Bachelor’s degree or higher 55(10.2) 69 (10.6) 63 (11.3) 50 (8.5)
Income per person in the household per month, n (%)
<€250 (US $325) 118 (21.9) 139 21.2) 121 21.7) 146 (24.9)
€250-€499 (US $325-$649) 229 (42.7) 323 (49.4) 272 (48.8) 264 (45.1)
€500-€649 (US $650-$844) 86 (16.0) 99 (15.2) 122(142) 96 (16.3)
>€750 (US $975) 104 (19.4) 93 (14.2) 64 (15.3) 80 (13.7)
BMI categories, n (%)
Nomnal or underweight (<25) 52(9.7) 58 (8.9) 45(8.1) 44 (7.5)
Preobese (<30) 164 (30.5) 183 (28.0) 181 (32.5) 197 (33.6)
Obese class 1 (<35) 200 (37.2) 227 (34.7) 175 (31.4) 195 (33.3)
Obese class 2 (<40) 77 (14.3) 122 (18.7) 103 (18.5) 99 (16.9)
Obese class 3 or 4 (240) 44(8.2) 64 (9.8) 53(9.5) 51(8.7)
BMI (kg/in?), mean (SD) 31.6(5.7) 32.4(6.0) 321(5.8) 32.1(6.0)
Duration of diabetes (years), mean (SD) 8.4 (6.8) 8.2(6.1) 8.9 (6.3) 8.6 (6.8)
Diabetes treatment, n (%)
Only lifestyle 40 (7.5) 60 (9.2) 26 (4.7) 53(9.0)
Oral 394 (73.4) 445 (68.0) 413 (74.1) 395 (67.4)
Hijectable nsalii e GLEA) 12(22) 17 (2.6) 17(3.1) 25 (43)
Oral+injectable 85(15.8) 114 (17.4) 98 (17.6) 98 (16.7)
Do not know/not answered 6(1.1) 18 (2.8) 3(0.5) 15(2.6)
HbAkf categories, n (%)
<% 258 (48.0) 351 (53.7) 241 (43.3) 304 (51.9)
7.0%-8.0% 146 (27.2) 165 (25.2) 165 (29.6) 141 (24.1)
8.1%-9.0% 66 (12.3) 75 (11.5) 82(14.7) 67(11.4)
>9.0% 67 (12.5) 63 (9.6) 69 (12.4) 74 (12.6)
HbA; . (%), mean (SD) 73 (1.5) 7.2(14) 7.4 (L.5) 73 (L.5)
Comorbidities, n (%)
Hypertension 323 (60.3) 434 (66.4) 363 (65.2) 382 (67.1)
Hypercholesterolemia 353 (65.7) 448 (68.0) 349 (62.7) 367 (64.0)
Coronary artery disease 32(6.0) 39 (6.0) 26 (4.67) 27(3.9)
Ietus 12(22) 5(0.8) 13(23) 14 (2.1)
Thyroid gland disorders 68 (12.7) 76 (11.6) 57(9.7) 57(11.8)
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?PTL intervention only for patients and family members.

OPFI: intervention only for health care professionals at primary care.
°CBI: combined intervention for patients and professionals.

4UC: usual care or control group.

°GLP-1: glucagon-like peptide-1.

beAl,:: glycated hemoglobin.

The rate of attendance at educational sessions is also shown in
Figure 2. The mean number of sessions attended by patients in
the intervention for patients and combined intervention groups
was 4.3 (SD 2.7) and 4.2 (SD 2.8), respectively. Overall, 87.5%
(470/537) of the patients assigned to the intervention for patients
group attended the first of the 8 educational sessions, which
decreased to 59.2% (318/537) in the second session and to
45.8% (246/537) in the last session. In the combined intervention
group, attendance rates were 73.4% (409/557), 57.8% (322/557),
and 47.2% (263/557), respectively. All patients in the
intervention groups received SMS during the 2 years of
follow-up and had access to the web platform that contained
the video recordings of all group sessions in addition to other
educational materials. The average number of web-based
questionnaires filled in by each patient was 16.3 (SD 29.4) in
the intervention for patients group and 9.9 (SD 23.1) in the
combined intervention group. These differences were
statistically significant (P<.001) at the 2-year follow-up.

Primary End Point: HbAlc

Multimedia Appendix 4 shows the adjusted differences in the
mean HbA . levels at each follow-up evaluation and the adjusted
differences in AUCs of HbA, . throughout the whole study for
each intervention group, in comparison with the usual care
group. Compared with usual care, intervention for patients
achieved a significant mean HbA, reduction of 0.27 (95% CI
0.45 to 0.10) at month 3 and 0.26 (95% CI 0.44 to 0.08) at
month 6. Differences between intervention for patients and usual
care groups were marginally significant at 12 months (P=.07).
There were no statistically significant differences in mean HbA .
levels in the intervention for professionals and combined
intervention groups, when compared with the usual care group.
With regard to the AUC of HbA,, the effect of intervention for
patients was marginally significant compared with usual care
(P=.06), considering all the follow-up sessions.

The mean levels of HbA,. across the study and their adjusted
differences with regard to baseline values are shown in
Multimedia Appendix 5 by the study arm. Mean HbA, . levels
of the intervention for patients group significantly improved
during the first 12 months of follow-up, showing a maximal
reduction at month 3 (0.35; 95% CI 048 to 0.22). The
differences gradually diminished over time until they
disappeared at months 18 and 24.

At month 3, a clinically relevant reduction in HbA,_ (at least
0.4%) was observed in 38.6% (207/537) of participants in the
intervention for patients group and only in 20.3% (119/586) of
patients with usual care (P<.001; Multimedia Appendix 6).
Differences between both groups in the proportion of subjects
with a clinically significant decrease in HbA, . remained

statistically significant until month 12 (191/537, 35.6% vs
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152/586, 26.0%; P=.006) and marginally significant until month
18. The percentage of patients with clinically relevant decrease
in HbA,. was also significantly greater in the combined
intervention group than in the usual care group at months 3, 6,
and 18.

The results of the interventions were also analyzed in the
relevant subgroup of uncontrolled patients with baseline HbA,
>7%. As shown in Multimedia Appendix 7, for this subgroup,
the differences in the HbA, reduction between the intervention
for patients and usual care groups were statistically significant,
favoring the intervention for patients group from months 3 to
12. The differences in HbA,;. AUC between the intervention
groups and the usual care group considering the entire period
were statistically significant for the intervention for patients
and combined intervention: 0.26 (95% CI 0.48 to 0.04) and
0.25 (95% CI 0.47 to 0.03), respectively. For the intervention
for professionals group, the differences were marginally
statistically significant (P=.09).

All interventions led to a significant reduction in HbA ;. among
subjects with baseline HbA,_ levels >7% across the entire study
period (Multimedia Appendix 8). The differences at 24 months
were 0.49 (95% CI 0.70 to 0.27) for intervention for patients,
0.35(95% CI 0.59 to 0.14) for intervention for professionals,
and 0.35 (95% CI 0.57 to 0.13) for combined intervention
(Multimedia Appendix 8). Patients with usual care showed
significant decreases in HbA,_ at months 12, 18, and 24.

Finally, in the subgroup with baseline HbA, levels >7%, the
proportion of subjects with clinically significant reductions in
HDbA, (20.4%) was greater in the intervention for patients group
than in the usual care group until month 12 (140/263, 53.1% vs
116/269, 43.2%; P=.049). The differences between the combined
intervention and the usual care groups were significant at month
3 (Multimedia Appendix 6).

Secondary End Points

Compared with usual care, the intervention for professionals
group had significantly lower SBP at months 3 and 18 and the
combined intervention group had significantly lower SBP at
month 24 (Multimedia Appendix 4). Compared with their
respective baseline values, mean SBP fell significantly in all
study groups, but the difference was greatest for the combined
intervention group at 24 months ( 7.5 mm Hg; 95% CI 9.8 to
5.2; Multimedia Appendix 5). For DBP, compared with usual
care, we found significant reductions at months 3 and 24 for
intervention for professionals and at months 12 and 24 for
combined intervention (Multimedia Appendix 4). When
compared with baseline, all groups improved; the maximum
reduction was at 24 months for the combined intervention group,
with a fall of 6.7 mm Hg (95% CI 8.2 to 5.3; Multimedia
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Appendix 5). The intervention for patients did not lead to a
significant decrease in blood pressure compared with usual care
(Multimedia Appendix 4).

Comparisons in BMI between the intervention for patients and
usual care groups only attained statistically significant
differences at month 3. None of the other interventions achieved
greater BMI reductions than those observed for usual care
(Multimedia Appendix 4). Compared with the baseline values,
the mean values of BMI decreased in the intervention for
professionals group throughout the follow-up and in the usual
care group at months 3 and 24. The intervention for patients
group experienced the greatest improvement and showed a

statistically significant reduction at month 24: 0.78 kg/m2 (95%
CI 1.0to 0.6; Multimedia Appendix 5).

Multimedia Appendices 4 and 5 contain detailed biochemical,
clinical, and anthropometric data for the whole sample.
Multimedia Appendices 7 and 8 contain these data for the
subgroup with basal HbA, . >7%.

All 4 groups showed statistically significant improvements in
total and LDL cholesterol levels at the end of follow-up. The
differences between the intervention and usual care groups were
not statistically significant. HDL cholesterol and triglyceride
levels did not reveal clinically relevant changes.

We did not detect statistically significant differences in the
comparison of intervention for patients and intervention for
professionals groups in relation to the most intensive
intervention in the combined intervention group regarding the
primary or secondary outcomes in the AUC over the follow-up
period, except for BMI, which had a difference in area of —0.29

(95% CI—0.57 to 0.01) l‘:g/m2 in favor of the intervention for
patients group.

For most clinical results, ICC values were low in every PHCP.
Variance homogeneity was verified and thus reflected a very
small effect associated with PHCP for intervention and control
groups (similar clinical results among PHCP in every study
arm). The ICC at the patient level was broad, accounting for
considerable variations among individuals. Considering both
ICC values, the results from the INDICA study appear to have
good external validity.

Discussion

Principal Findings

The INDICA study assessed the effectiveness of
multicomponent interventions to support decision making for
the main actors involved in the management of T2DM (patients,
relatives, and primary health care professionals) in many PHCPs
[13]. We hypothesized that combining conventional educational
activities with different ICT-based decision support tools would
improve HbA,_ at long term (24 months) compared with usual
care.

This study revealed that the intervention for patients group
achieved a significant but temporary reduction of HbA,,
compared with the usual care group, which lasted for 6 months,
with a gradual dilution effect from then onward. Interventions

https://mhealth joir.org/2020/11/e18922
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focused on health care professionals and on both patients and
health care professionals did not translate into a significant
lowering of HbA,., in comparison with usual care, when
evaluated in the whole study population. Even so, more than
30% of the participants belonging to the intervention for patients
and combined intervention groups attained statistically and
clinically relevant reductions in HbA;. (>0.4%). These
percentages were significantly greater than those observed in
the control group at 12 months (for the intervention for patients
group) and 18 months (for the combined intervention group).

It must be noted that, with the intention of assessing the
effectiveness of the intervention for all patients with T2DM,
the INDICA study did not limit inclusion of participants by
their HbA, level. Therefore, the study’s power to find clinically
relevant differences for the main outcome measures could have
been insufficient, according to Jackson et al [23], as only 50.6%
(1180/2334) of all participants had baseline HbA,,
concentrations >7% (mean 7.3%, SD 1.5). Nonetheless, the
study’s sample size provided statistical power to examine the
results of patients with worse metabolic control, allowing the
comparison with other studies that limited recruitment to patients
with poor metabolic control.

As expected, the magnitude and duration of the intervention
effect was greater among patients with baseline HbA;. >7%,
mainly for the intervention for patients group, which showed a
statistically significant reduction in HbA ., in comparison with
usual care, although the difference disappeared at 18 months.
Moreover, considering the differences in the AUC values of
HbA,, our results provide evidence of effectiveness for both
the intervention for patients and the combined intervention
throughout the study period. These results support previous
findings reporting greater effects for interventions on patients
with higher baseline HbA,. levels [24,25]. Similarly, the
effectiveness of quality improvement strategies exclusively
focused on health care providers seems to be beneficial only
among patients with HbA . levels >8% [26].

The Mobile Diabetes Intervention Study (MDIS) published by
Quinn et al [27] also reported a higher reduction in HbA ;. over
1 year among patients with T2DM (with baseline HbA . =9.1%)
by means of a multicomponent behavioral intervention
exclusively for patients, without detecting effects on other
relevant outcomes such as blood pressure or lipid levels.

Although MDIS provided evidence of sustained 12-month
treatment difference in HbA;, rather than regression to the
mean, the INDICA results, for the whole sample, show a
progressive effect reduction close to the baseline HbA, . values.
Similar to MDIS, the observed reduction in HbA,. in the
INDICA subgroup with baseline HbA; >7% remained stable
over the long term. However, evidence of long-term
effectiveness of these complex interventions is not well stated
yet because of the reduced number of studies providing results
at 12 months of follow-up and beyond [28,29].

Several systematic reviews found that interventions based on
ICTs led to significant improvements of 4% to 5% in HbA,.
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compared with usual care [12,28,30,31], with effect differences
according to the type of ICT used (internet, automated SMS,
and apps) [11,12,32]. In contrast, smaller effects than those
reported in our study for the intervention for patients and
combined intervention groups were published for individual
and group education among patients with HbA,_ levels >8%
[33,34].

Beyond the reported effects on HbA,., we also found an
improvement in blood pressure monitoring for patients included
in the 2 groups with intervening health professionals. Long-term
reductions compared with the baseline were observed in SBP
and DBP, with statistically significant differences in relation to
usual care. These combined effects on HbA,, SBP, and DBP,
together with the improvement observed for BMI, might
contribute to enhanced cardiovascular risk [35,36], suggesting
the overall value of these comprehensive approach strategies
addressing multiple components and actors involved in T2DM
management [37]. Although some outcomes, such as the
improvement of blood pressure, might require the involvement
of health care providers, others, such as the reduction in HbA,
will depend largely on the patients’ intervention. Thus, our
findings provide long-term evidence on the effectiveness of
multicomponent interventions to empower patients and support
clinical decision making to improve T2DM outcomes beyond
that published by Taylor et al [29] in their systematic review
for self-management interventions for patients with chronic
conditions. The potential expected clinical benefits, associated
with the overall metabolic and cardiovascular risk improvement
provided by INDICA over 2 years, could be estimated in the
longer-term follow-up on both microvascular and macrovascular
complications and mortality [38].

Conceptual Frameworks

The assessed interventions were informed by conceptual
frameworks of behavioral change [14] and applied to a large
and heterogeneous sample of patients, caregivers, and
professionals. The INDICA intervention characteristics were
planned to increase the validity of the obtained data and the
transferability of the interventions assessed. The key
determinants of behavior change suggested by Michie et al [14]
were considered for the INDICA interventions, with a higher
degree of adherence in their design and implementation in the
case of interventions for patients than for professionals, which
could help explain the magnitude of the effect observed for
HbA,;. among intervention groups. Furthermore, time
constraints, staff turnover, and self-perception of work overload
among health professionals limited the possibility of going
deeper into the following dimensions: professional role,
motivation and goals, social and professional influences,
emotions, and action planning. A detailed description of the
complex behavior change interventions applied was reported
elsewhere [13] to promote replication at other sites. Other
potential explanations for the unexpected differences between
the intervention for patients and combined intervention groups
were the higher attendance rate of patient and family members
in the educational group sessions and a significantly higher rate
of web questionnaire completion observed in the intervention
for patients group. This higher rate of questionnaire completion
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was key to adjusting the individualized components of SMS
messages, providing an extended exposure to web-based
educational material. The high turnover among health care
professionals in most PHCPs included in the study, as occurs
in the real world, could also account for the lesser effect of the
intervention for professionals and the combined intervention.

To maximize effectiveness, the INDICA interventions
incorporated all the components of a technology-enabled
self-management feedback cycle, connecting patients and the
research team by using bidirectional communication, analyzing
patient-provided behavior and health data, tailoring education,
and personalizing feedback according to the eHealth Enhanced
Chronic Care Model [24,39,40].

Strengths and Limitations

This study has some limitations. First, it was difficult to obtain
a full data set because of the high number of control visits and
the duration of follow-up for many patients. Robust imputation
techniques [19] were used to minimize the impact of missing
data. Second, as previously mentioned, the high turnover among
primary care professionals included in the study could explain
the smaller than expected impact of the intervention for
professionals and the combined intervention. Third, the fact
that around 49.4% (1154/2334) of the whole patient sample had
baseline HbA ;. <7% and only around 23.0% (536/2334) had
basal HbA, levels 28% clearly limits the ability of interventions
to reduce HbA, . Fortunately, the available sample size was
sufficient to find valid evidence. Fourth, similar to other reported
findings [23,26,41], our usual care group was not a proper
control group; it was subject to repetitive and intensive
follow-up activities, including 6 different follow-up visits over
the study to apply all prespecified questionnaires, in addition
to clinical and laboratory tests. This intense follow-up activity
could act as an intervention in itself, as patients might focus on
important topics on which they had to pay attention. Fifth,
INDICA interventions were not fully theory-based, making it
more difficult to understand as to what works across contexts,
populations, and behaviors. Finally, the INDICA study was not
designed to test the efficacy of every component of the complex
interventions assessed.

The strengths of the INDICA study include the pragmatic
character of the trial and its wide sample size; the random
assignment by clusters; the engagement, as research subjects,
of all actors involved in management decisions; and the
follow-up duration. Moreover, all educational group sessions
and coaching activities by SMS were recorded to monitor and
assess homogeneity, educator fidelity to interventions, and
quality delivery. Educational workshops and periodic feedback
to health care professionals were equally delivered to all
participants in the intervention for professionals and the
combined intervention.

The INDICA findings highlight the importance of conducting
trials with long follow-up periods and sufficient statistical power
to assess interventions of limited expected effect sizes but of
high potential efficiency. ICT-supported interventions enable
its extended and continuous usage by thousands of people in
need to complement and spread interventions beyond the limited
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capacity of the health care systems to deliver usual care. We
should be careful, however, to generalize the findings of

Ramallo-Farifia et al

needed to support health policy decision making in cases of
limited funding to support all assessed interventions.

INDICA. Interventions took place through PHCPs and were
largely implemented through electronic communications. Health
and digital literacy levels of the assessed population might vary
with regard to other settings. Moreover, health care professionals
were subject to differences in workload, interest and training
in ICT used to support patients, access to CPG, and specialist
support.

Theory-based research on complex interventions to promote
behavior change is also needed, rather than theory-inspired
research, if we are to achieve a sound scientific basis for the
development and reporting of such interventions. Comparative
effectiveness assessment among components of complex
interventions is also of interest, although it will require
additional funding.

The potential effects of all these factors on the different study

R £ Finally, qualitative research is also needed to better understand
arms were minimized by randomization.

the relationships between patient and professional

Future Research characteristics, their engagement, and the observed results.

Future research on the effectiveness of these complex
interventions should be complemented by the analysis of
patients’  self-reported  outcomes and  intervention
cost-effectiveness to fully inform clinical and health policy
decision making. The effectiveness of these interventions should
also be assessed after longer follow-up periods to allow the
measurement of relevant clinical (micro and macrovascular)
outcomes, together with the assessment of potential longer-term
reinforcement of the most cost-effective interventions in the
short term. The use of real-world data will efficiently help to
provide this valuable information. Effectiveness and
cost-effectiveness assessment according to patients’ clinical
risk and health literacy levels are also highly relevant. Additional
evidence on cost-effectiveness and budget impact analysis is

Conclusions

We found that INDICA interventions improved long-term
metabolic control in patients with T2DM with uncontrolled
basal HbA,. values compared with the usual care group. We
also found moderate but clinically and statistically significant
effects on blood pressure reduction, contributing to reduced
overall cardiovascular risk. The increasing access to computers,
internet, and mobile phones, together with improvements in
digital literacy, regardless of social status, sex, and age, make
these complex interventions appropriate instruments to improve
patient empowerment in the continuous management of their
chronic diseases by tailoring interventions to individual needs
and extending patient support beyond the limited capacities of
conventional office-based care.
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Multimedia Appendix 1.

Screenshots of patients’ website
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Estds en: Inicioc Datos Autoseguimiento

P1. iCon qué frecuencia ha consumido los siguientes alimentos durante la semana pasada?

No lo he = .
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Multimedia Appendix 2.

Representative screenshots of automated decision aid tool embedded into the
electronic clinical record.
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Message that include the evaluation of the patient’s health and recommendations
based on the specific needs of every patient.
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Valorar inicio de tratamiento
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Multimedia Appendix 3.

Multiple imputation model.

Description of Missing data

Percentage of missing data in primary endpoint, across observations

The percentage of missing data is maximum at 18 months, and decline a little at 24
months. The percentage is always less than 40%. There are a 4.5% (105/2,334) of
patients with missing data in all the observations at follow-up (except in baseline).

n (%)
HbA1c, baseline
Non missing data 2250 (96.4)
Missing data 84 (3.6)
HbA1c, 3 months ‘
Non missing data 1794 (76.9)
Missing data 540 (23.1)
HbA1c, 6 months
Non missing data ' 1641 (70.3)
Missing data 693 (29.7)
HbA1c, 12 months .
Non missing data 1662 (71.2)
Missing data 672 (28.8)
HbA1c, 18 months
Non missing data ' 1562 (66.9)
Missing data 772 (33.1)
HbA1c, 24 months
Non missing data 1590 (68.1)
Missing data 744 (31.9)

Mechanisms causing missing data

Rubin [1] classified missing data problems into three categories. In his theory every data
point has some likelihood of being missing. The process that governs these probabilities
is called the missing data mechanism or response mechanism.

There are three typical mechanism causing missing data: missing completely at random
(MCAR), missing at random (MAR) and missing not at random (MNAR).

The data are said to be MCAR if the probability of being missing data depends only on the
overall probability of being missing: the probability is the same for all cases and is
unrelated to the data. When the mechanism is MCAR this causes enlarged standard errors
due the reduced sample size, but does not cause bias. In this situation we can analyze the
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incomplete datasets. While it would be convenient, MCAR is often unrealistic. If the
mechanism of missing data depends on observed data, we would have to reject MCAR and
if we analyze the incomplete sample we would be assuming important bias effects.

The data are MAR if the missingness probability depends on observed information,
including any design factors. If only depends on the observed data, then the missing data
are missing at random given the observed data. MAR is more realistic than MCAR. In the
presence of MAR, methods such as multiple imputation of full information direct
maximum likelihood may lead to unbiased results. But nevertheless, methods such as
listwise delection, mean imputation or last observation carried forward should be avoided.

Finally, the data are MNAR if the missingness probability depends on unobserved
information, including the value missing itself. MNAR implies that the probability of
being missing varies for reason that are unknown to us. MNAR is difficult to detect
because in practice it’s impossible discard the existence of MNAR, since we would not
have observations related with missing data.

Evaluating if missing data is MCAR in INDICA dataset.

The mechanism is not MCAR if the missing data depending on observed variables. For
data to be missing completely at random, the probability that Xi is missing is unrelated to
the value of other variables in the analysis.

So, we checked if the probabily of missing observations depends on observable variables:

1) Hbalc across observations depending on missing data at baseline for Hbalc.
Those patients that not have HbA1lc at baseline, have worse levels at month 24 (P=.03).

In the rest of the follow-ups no differences are find.

Non missing data | Missing data

Variables at baseline at baseline
(N=2250) (N=84) p

Mean (SD) Mean (SD)

HbA1c, 3 months (N1=1721y N2=73) 7.11 (1.33) 7.3 (1.33) 24
HbA1c, 6 months (N1=1590 y N2=51) 7.17 (1.33) 7.45 (1.25) 13
HbA1c, 12 months (N1=1610 y N2=52) 7.24 (1.39) 7.26 (1.30) 90
HbA1c, 18 months (N1=1510 y N2=52) 7.28 (1.39) 7.74 (1.81) .08
HbA1c, 24 months (N1=1534 y N2=56) 7.29 (1.36) 7.68 (1.28) .03

N1: total number of patients with non missing data at each variable and with non missing data at baseline.
N2: total number of patients with non missing data at each variable and with missing data at baseline.

2) Hbalc across observations depending on missing data at month 24 for Hbalc.
Those patients that not have HbA1lc at month 24, have worse levels at baseline (P=.006),

month 3 (P=.02), month 12 (P=.016) and month 24 (P=.007).

‘ Variables ‘ Non missing ‘ Missing data at | P |
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data at month month 24
24 (N=1590) (N=744)
Mean (SD) Mean (SD)
HbA1c, baseline (N1=1534 y N2=716) 7.21(1.4) 7.41 (1.61) .006
HbA1c, 3 months (N1=1313 y N2=481) 7.07 (1.28) 7.25 (1.43) .02
HbA1c, 6 months (N1=1262 y N2=379) 7.18 (1.32) 7.17 (1.36) 91
HbA1c, 12 months (N1=1292 y N2=370) 7.19 (1.33) 7.4 (1.54) .016
HbA1c, 18 months (N1=1238 y N2=324) 7.24 (1.35) 7.51(1.6) .007

N1: total number of patients with non missing data at each variable and with non missing data at month
24. N2: total number of patients with non missing data at each variable and with missing data at month

24,

3) Missing data across Hbalc depending on age.
Those patients with missing data in Hbalc are younger that patients with non missing
data at baseline and 24 months.

Variables Il\lglslerll::ls:l(rltli gazt: (;i]t Missing ((j;t:ga::)baseline p
Age, mean (SD) 55.81 (7.07) 52.69 (8.24) <.001
Non missing at month 24 Missing at month 24
(N=1590) (N=744)
Age, mean (SD) 56.09 (6.82) 54.86 (7.73) <.001
4) Missing data across Hbalc depending on smoker at baseline.
Smokers at baseline have more missing data in Hbalc at month 6, 12, 18 and 24.
Variables l;l)g;ler]r::ls;sl(r&i g:;t:; ;\)t Missing El;i:;}t)baseline P
n(%) n(%)
Smoker Vs Non smoker at baseline 077
Non smoker, N=1810 1752(96.8) 58(3.2)
Smoker, N=524 498(95) 26(5)
Non missing data at Missing data at month 3
month 3 (N=1794) (N=540)
n(%) n(%)
Smoker Vs Non smoker at month 3 227
Non smoker, N=1810 1402(77.5) 408(22.5)
Smoker, N=524 392(74.8) 132(25.2)
Non missing data at Missing data at month 6
month 6 (N=1641) (N=693)
n(%) n(%)




Smoker Vs Non smoker at month 6 <.001
Non smoker, N=1810 1312(72.5) 498(27.5)
Smoker, N=524 329(62.8) 195(37.2)
Non missing data at Missing data at month
month 12 (N=1662) 12 (N=672)
n(%) n(%)
Smoker Vs Non smoker at month 12 <.001
Non smoker, N=1810 1326(73.3) 484(26.7)
Smoker, N=524 336(64.1) 188(35.9)
Non missing data at Missing data at month
month 18 (N=1562) 18 (N=772)
n(%) n(%)
Smoker Vs Non smoker at month 18 <.001
Non smoker, N=1810 1259(69.6) 551(30.4)
Smoker, N=524 303(57.8) 221(42.2)
Non missing data at Missing data at month
month 24 (N=1590) 24 (N=744)
n(%) n(%)
Smoker Vs Non smoker at month 24 <.001
Non smoker, N=1810 1266(69.9) 544(30.1)
Smoker, N=524 324(61.8) 200(38.2)

5) Missing data at Hbalc in month 24 depending on smoker at PHCP.

The percentage of missing data depends on PHCP in a 3.64% (Figure 1). There are some

PHCP with almost 50% of missing data.

Figure 1. Percentage of missing data at 24 months in Hbalc.
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Missing data Hba1c on month 24 depending on PHCP
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6) Hbalc at month 24 depending on several variables.

The missing datra of Hbalc at month 24 can be partially explained by a multilevel logistic
model, using Hbalc baseline, age, smoker and sex as covariates.

OR B Std. Error z value Pr(>|z|)
(Intercept) 0.92 -0.082 0.449 -0.183 86
HbA1c baseline 1.0715 0.069 0.031 2.223 .03
Age, years 0.978 -0.022 0.007 -3.382 .001
Smoker at baseline 1.418 0.349 0.11 3.166 .002
Women 0.869 -0.14 0.094 -1.481 14

ICCPHCP = 3.7%

Conclusion about mechanism

As our missing data are related to observable data, MCAR is not a mechanism plausible in
our study. Since we have a lot of observed variables related with missing, the mechanism
Missing not at Random (MNARY) is not plausible either. When the likelihood of missing
data is related to observed variables, but not to unobserved variables, the missing data
mechanism is referred to as missing at random (MAR) and this is the pattern in our
missing data. Nevertheless, we cannot determinate if the mechanism is MNAR, because
by definition the missing data are unknown and it can therefore not be assessed if the
observed data can predict the unknown data.

When the likelihood of missing data is related to observed variables, but not to
unobserved variables, the missing data mechanism is referred to as missing at random
(MAR). Since we have a lot of observed variables related with missing, the mechanism
Missing not at Random (MNAR) is not plausible. Nevertheless, we cannot determinate if
the mechanism is MAR or MNAR, because by definition the missing data are unknown
and it can therefore not be assessed if the observed data can predict the unknown data.
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Evaluating if missing data is monotone

The missing data is monotone if its columns can be reordered such that for any patient
(a) if a data is missing all data after this value are also missing, and (b) if a data is
observed all data before of this value are also are observed. In the presence of MAR,
methods such as multiple imputation or full information direct maximum likelihood may
lead to unbiased results. If missing data is not monotone, to avoid bias, a multiple
imputation should be conducted using the chained equations or the MCMC method.

The missing data in INDICA is not Monotone because there are a total of 1159 patients
with observations after at least one missing data. For this reason we used the chained
equation method which is the most appropriate.

Figure 2. Monotone missing data
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INDICA study Example of monotone missing data

Monotone

X5
*Blue is observed data, red is missing data.
References

1. Rubin D. 1976. Inference and Missing Data. Biometrika 63 (3): 581-592.
doi:10.2307/2335739

Description of mechanism for imputation of missed data.

Multiple imputation was performed by means of mi impute chained using the software
Stata 15.0. Imputations were performed in a differentiated way for each of the four
treatment groups. The following variables were considered regular and used as
predictors to perform imputations: age of onset of the study, sex, baseline smoker
status, oral anti-diabetics and basic health area. A total of 136 variables were imputed.
Imputation of variables was organized starting from those that had less data lost (e.g.
age of onset of the diabetes or level of studies). Each variable was imputed in
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chronological order: baseline first and afterwards 3, 6, 12, 18 and 24 months. As a
general rule, the latest available information of the variable to impute was used. When
information from other variables was used the information from the same time moment
was used. The imputation was not performed using secondary variables as random
effects without fixed effects being used. A total of 100 imputations was performed for
every missed data. For some variables the variable ZBS was not used as predictor due to
convergence problems because of problems of full separation in the logistic or ordinal

models.

The following table shows the order of imputation of the variables, the variables used in
the imputation, the prediction model and the number of lost data for this variable.

Imputed < ; . 5 Imputation o
variable Variables used in the imputation Model N missed
1 Duration of PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 6
Diabetes treatment baseline
(years)
2 Education PHCP, Age, Sex, Smoking status baseline, Diabetes |Ologit 24
treatment baseline, Duration of Diabetes
3 Laboral Status | PHCP, Age, Sex, Smoking status baseline, Diabetes |Logit 43
treatment baseline, Duration of Diabetes
4 BM], baseline PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 5
treatment baseline, Duration of Diabetes, Laboral
Status baseline
5 BMI, 3 months |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 478
treatment 3 months, Duration of Diabetes, Laboral
Status baseline, BMI baseline
6 BMI, 6 months |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 567
treatment 6 months, Duration of Diabetes, Laboral
Status baseline, BMI 3 months
7 BMI, 12 months | PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 669
treatment 12 months, Duration of Diabetes,
Laboral Status baseline, BMI 6 months
8 BMI, 18 months |PHCP, Age, Sex, Smoking status baseline, Diabetes | Pmm, knn(3) 744
treatment 18 months, Duration of Diabetes,
Laboral Status baseline, BMI 12 months
9 BMI, 24 months |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 667
treatment 24 months, Duration of Diabetes,
Laboral Status baseline, BMI 18 months
10 |Waist PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 65
circumference, |treatment baseline, Duration of Diabetes, Laboral
baseline Status baseline, BMI baseline
11 |Waist PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 485
circumference, |treatment 3 months, Duration of Diabetes, Laboral
3 months Status baseline, BMI 3 months, Waist
Circumference baseline
12 |Waist PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 574
circumference, |treatment 6 months, Duration of Diabetes, Laboral
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Imputed . . . . Imputation .
variable Variables used in the imputation Model N missed
6 months Status baseline, BMI 6 months, Waist
Circumference 3 months
13 [Waist PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 665
circumference, |treatment 12 months, Duration of Diabetes,
12 months Laboral Status baseline, BMI 12 months, Waist
Circumference 6 months
14 |Waist PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 747
circumference, |treatment 18 months, Duration of Diabetes,
18 months Laboral Status baseline, BMI 18 months, Waist
Circumference 12 months
15 |Waist PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 666
circumference, |treatment 24 months, Duration of Diabetes,
24 months Laboral Status baseline, BMI 24 months, Waist
Circumference 18 months
16 |Waist to hip PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 66
ratio, Baseline |treatment baseline, Duration of Diabetes, Laboral
Status baseline, BMI baseline, Waist
Circumference baseline
17 |Waist to hip PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 485
ratio, 3 months |treatment 3 months, Duration of Diabetes, Laboral
Status baseline, BMI 3 months, waist
circumference 3 months, Waist to Hip Ratio
baseline
18 |[Waist to hip PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 575
ratio, 6 months |treatment 6 months, Duration of Diabetes, Laboral
Status baseline, BMI 6 months, waist
circumference 6 months, Waist to Hip Ratio 3
months
19 |[Waist to hip PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 669
ratio, 12 treatment 12 months, Duration of Diabetes,
months Laboral Status baseline, BMI 12 months, waist
circumference 12 months, Waist to Hip Ratio 6
months
20 |Waistto hip PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 747
ratio, 18 treatment 18 months, Duration of Diabetes,
months Laboral Status baseline, BMI 18 months, waist
circumference 18 months, Waist to Hip Ratio 12
months
21 [Waist to hip PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 667
ratio, 24 treatment 24 months, Duration of Diabetes,
months Laboral Status baseline, BMI 24 months, waist
circumference 24 months, Waist to Hip Ratio 18
months
22 | Systolic blood PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 68
pressure, treatment baseline, Duration of Diabetes, Laboral
baseline Status baseline, BMI baseline
23 |[Systolic blood PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 467

pressure, 3
months

treatment 3 months, Duration of Diabetes, Laboral
Status baseline, BMI 3 months, SBP baseline
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Imputed . . . . Imputation .
variable Variables used in the imputation Model N missed
24 |Systolic blood PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 567
pressure, 6 treatment 6 months, Duration of Diabetes, Laboral
months Status baseline, BMI 6 months, SBP 3 months
25 |[Systolic blood PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 665
pressure, 12 treatment 12 months, Duration of Diabetes,
months Laboral Status baseline, BMI 12 months, SBP 6
months
26 |Systolic blood PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 746
pressure, 18 treatment 18 months, Duration of Diabetes,
months Laboral Status baseline, BMI 18 months, SBP 12
months
27 |Systolic blood PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 663
pressure, 24 treatment 24 months, Duration of Diabetes,
months Laboral Status baseline, BMI 24 months, SBP 18
months
28 |Diastolic blood |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 68
pressure, treatment baseline, Duration of Diabetes, Laboral
baseline Status baseline, BMI baseline, SBP baseline
29 |Diastolic blood |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 467
pressure, 3 treatment 3 months, Duration of Diabetes, Laboral
months Status baseline, BMI 3 months, SBP 3 months, DBP
baseline
30 |Diastolicblood |PHCP Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 567
pressure, 6 treatment 6 months, Duration of Diabetes, Laboral
months Status baseline, BMI 6 months, SBP 6 months, DBP
3 months
31 |[Diastolicblood |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 665
pressure, 12 treatment 12 months, Duration of Diabetes,
months Laboral Status baseline, BMI 12 months, SBP 12
months, DBP 6 months
32 |Diastolicblood |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 745
pressure, 18 treatment 18 months, Duration of Diabetes,
months Laboral Status baseline, BMI 18 months, SBP 18
months, DBP 12 months
33 |[Diastolic blood |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 663
pressure, 24 treatment 24 months, Duration of Diabetes,
months Laboral Status baseline, BMI 24 months, SBP 24
months, DBP 18 months
34 |Hbalc, baseline |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 84
treatment baseline, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI baseline,
SBP baseline, Morisky Scale baseline, ADDQoL
baseline
35 |HbalC,3 PHCP, Age, Sex, Smoking status 3 months, Pmm, knn(3) 538
months Diabetes treatment 3 months, Duration of

Diabetes, Laboral Status baseline, Education
baseline, BMI 3 months, SBP 3 months, Morisky
Scale baseline, ADDQoL baseline, HbA1lc baseline
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::g‘;::;g Variables used in the imputation Imlell;tggon N missed
36 |[HbalC, 6 PHCP, Age, Sex, Smoking status 6 months, Pmm, knn(3) 689
months Diabetes treatment 6 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 6 months, SBP 6 months, Morisky
Scale 6 months, ADDQoL 6 months, HbAlc 3
months
37 |HbalC, 12 PHCP, Age, Sex, Smoking status 12 months, Pmm, knn(3) 665
months Diabetes treatment 12 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 12 months, SBP 12 months,
Morisky Scale 12 months, ADDQoL 12 months,
HbA1c 6 months
38 |HbalC, 18 PHCP, Age, Sex, Smoking status 18 months, Pmm, knn(3) 768
months Diabetes treatment 18 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 18 months, SBP 18 months,
Morisky Scale 18 months, ADDQoL 18 months,
HbA1c 12 months
39 |HbalC, 24 PHCP, Age, Sex, Smoking status 24 months, Pmm, knn(3) 737
months Diabetes treatment 24 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 24 months, SBP 24 months,
Morisky Scale 24 months, ADDQoL 24 months,
HbA1lc 18 months
40 |Fastingserum |PHCP, Age, Sex, Smoking status baseline, Diabetes |Pmm, knn(3) 44
glucose, treatment baseline, Duration of Diabetes, Laboral
baseline Status baseline, Education baseline, BMI baseline,
SBP baseline, Morisky Scale baseline, ADDQoL
baseline, HbA1c baseline
41 |Fastingserum |PHCP, Age, Sex, Smoking status 6 months, Diabetes | Pmm, knn(3) 667
glucose, 6 treatment 6 months, Duration of Diabetes, Laboral
months Status baseline, Education baseline, BMI 6 months,
SBP 6 months, Morisky Scale 6 months, ADDQoL 6
months, HbAlc 6 months, Fasting serum glucose
baseline
47 |Fasting serum |PHCP, Age, Sex, Smoking status 12 months, Pmm, knn(3) 446
glucose, 12 Diabetes treatment 12 months, Duration of
months Diabetes, Laboral Status baseline, Education
baseline, BMI 12 months, SBP 12 months,
Morisky Scak 12 months, ADDQoL 12 months,
HbA1c 12 months, Fasting serum glucose 6
months
43 |Fasting serum |PHCP, Age, Sex, Smoking status 24 months, Pmm, knn(3) 705
glucose, 24 Diabetes treatment 24 months, Duration of
months Diabetes, Laboral Status baseline, Education

baseline, BMI 24 months, SBP 24 months,
Morisky Scale 24 months, ADDQoL 24 months,
HbA1c 24 months, Fasting serum glucose 12
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Imputed
variable

Variables used in the imputation

Imputation
Model

N missed

months

44

Total
cholesterol,
baseline

PHCP, Age, Sex, Smoking status baseline, Diabetes
treatment baseline, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI baseline,
SBP baseline, Morisky Scale baseline, ADDQoL
baseline, HbA1c baseline, Fasting serum glucose
baseline

Pmm, knn(3)

45

Total
cholesterol, 6
months

PHCP, Age, Sex, Smoking status 6 months, Diabetes
treatment 6 months, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI 6 months,
SBP 6 months, Morisky Scale 6 months, ADDQoL 6
months, HbAlc 6 months, Fasting serum glucose 6
months, Total colesterol baseline

Pmm, knn(3)

676

46

Total
cholesterol, 12
months

PHCP, Age, Sex, Smoking status 12 months,
Diabetes treatment 12 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 12 months, SBP 12 months,
Morisky Scal 12 months, ADDQoL 12 months,
HbA1c 12 months, Fasting serum glucose 12
months, Total colesterol 6 months

Pmm, knn(3)

460

47

Total
cholesterol, 24
months

PHCP, Age, Sex, Smoking status 24 months,
Diabetes treatment 24 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 24 months, SBP 24 months,
Morisky Scale 24 months, ADDQoL 24 months,
HbA1lc 24 months, Fasting serum glucose 24
months, Total colesterol 12 months

Pmm, knn(3)

705

48

LDL, baseline

PHCP, Age, Sex, Smoking status baseline, Diabetes
treatment baseline, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI baseline,
SBP baseline, Morisky Scale baseline, ADDQoL
baseline, HbA1c baseline, Fasting serum glucose
baseline, Total colesterol baseline

Pmm, knn(3)

102

49

LDL, 6 months

PHCP, Age, Sex, Smoking status 6 months, Diabetes
treatment 6 months, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI 6 months,
SBP 6 months, Morisky Scale 6 months, ADDQoL 6
months, HbAlc 6 months, Fasting serum glucose 6
months, Total colesterol 6 months, LDL baseline

Pmm, knn(3)

736

50

LDL, 12 months

PHCP, Age, Sex, Smoking status 12 months,
Diabetes treatment 12 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 12 months, SBP 12 months,
Morisky Scale 12 months, ADDQoL 12 months,
HbA1c 12 months, Fasting serum glucose 12
months, Total colesterol 12 months, LDL 6 months

Pmm, knn(3)

550

51

LDL, 24 months

PHCP, Age, Sex, Smoking status 24 months,
Diabetes treatment 24 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 24 months, SBP 24 months,
Morisky Scale 24 months, ADDQoL 24 months,
HbA1lc 24 months, Fasting serum glucose 24

Pmm, knn(3)

765
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Imputed
variable

Variables used in the imputation

Imputation
Model

N missed

months, Total colesterol 24 months, LDL 12
months

52

HDL, baseline

PHCP, Age, Sex, Smoking status baseline, Diabetes
treatment baseline, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI baseline,
SBP baseline, Morisky Scale baseline, ADDQoL
baseline, HbA1c baseline, Fasting serum glucose
baseline, Total colesterol baseline, LDL baseline,
Waist to hip ratio baseline, Waist circumference
baseline

Pmm, knn(3)

53

HDL, 6 months

PHCP, Age, Sex, Smoking status 6 months, Diabetes
treatment 6 months, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI 6 months,
SBP 6 months, Morisky Scale 6 months, ADDQoL 6
months, HbA1c 6 months, Fasting serum glucose 6
months, Total colesterol 6 months, LDL 6 months,
Waist to hip ratio 6 months, Waist circumference
6 months, HDL baseline

Pmm, knn(3)

701

54

HDL, 12 months

PHCP, Age, Sex, Smoking status 12 months,
Diabetes treatment 12 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 12 months, SBP 12 months,
Morisky Scale 12 months, ADDQoL 12 months,
HbA1c 12 months, Fasting serum glucose 12
months, Total colesterol 12 months, LDL 12
months, Waist to hip ratio 12 months, Waist
circumference 12 months, HDL 6 months

Pmm, knn(3)

493

55

HDL, 24 months

PHCP, Age, Sex, Smoking status 24 months,
Diabetes treatment 24 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 24 months, SBP 24 months,
Morisky Scale 24 months, ADDQoL 24 months,
HbA1lc 24 months, Fasting serum glucose 24
months, Total colesterol 24 months, LDL 24
months, Waist to hip ratio 24 months, Waist
circumference 24 months, HDL 12 months

Pmm, knn(3)

720

56

Triglycerides,
Baseline

PHCP, Age, Sex, Smoking status baseline, Diabetes
treatment baseline, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI baseline,
SBP baseline, Morisky Scale baseline, ADDQoL
baseline, HbA1c baseline, Fasting serum glucose
baseline, Total colesterol baseline, LDL baseline,
Waist to hip ratio baseline, Waist circumference
baseline, HDL baseline

Pmm, knn(3)

49

57

Triglycerides, 6
months

PHCP, Age, Sex, Smoking status 6 months, Diabetes
treatment 6 months, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI 6 months,
SBP 6 months, Morisky Scale 6 months, ADDQoL 6
months, HbAlc 6 months, Fasting serum glucose 6
months, Total colesterol 6 months, LDL 6 months,
Waist to hip ratio 6 months, Waist circumference
6 months, HDL 6 months, Triglycerides baseline

Pmm, knn(3)

681
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Imputed
variable

Variables used in the imputation

Imputation
Model

N missed

58

Triglycerides,
12 months

PHCP, Age, Sex, Smoking status 12 months,
Diabetes treatment 12 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 12 months, SBP 12 months,
Morisky Scale 12 months, ADDQoL 12 months,
HbA1c 12 months, Fasting serum glucose 12
months, Total colesterol 12 months, LDL 12
months, Waist to hip ratio 12 months, Waist
circumference 12 months, HDL 12 months,
Triglycerides 6 months

Pmm, knn(3)

461

59

Triglycerides,
24 months

PHCP, Age, Sex, Smoking status 24 months,
Diabetes treatment 24 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 24 months, SBP 24 months, Morisky
Scale 24 months, ADDQoL 24 months, HbAlc 24
months, Fasting serum glucose 24 months, Total
colesterol 24 months, LDL 24 months, Waist to hip
ratio 24 months, Waist circumference 24 months,
HDL 24 months, Triglycerides 12 months

Pmm, knn(3)

700

60

Serum
Creatinine,
baseline

PHCP, Age, Sex, Smoking status baseline, Diabetes
treatment baseline, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI baseline,
SBP baseline, Morisky Scale baseline, ADDQoL
baseline, HbA1c baseline, Fasting serum glucose
baseline, Total colesterol baseline, LDL baseline,
Triglycerides baseline

Pmm, knn(3)

55

61

Serum
Creatinine, 12
months

PHCP, Age, Sex, Smoking status 12 months,
Diabetes treatment 12 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 12 months, SBP 12 months,
Morisky Scale 12 months, ADDQoL 12 months,
HbA1c 12 months, Fasting serum glucose 12
months, Total colesterol 12 months, LDL 12
months, Triglycerides 12 months, Serum
Creatinine baseline

Pmm, knn(3)

467

62

Serum
Creatinine, 24
months

PHCP, Age, Sex, Smoking status 24 months,
Diabetes treatment 24 months, Duration of
Diabetes, Laboral Status baseline, Education
baseline, BMI 24 months, SBP 24 months,
Morisky Scale 24 months, ADDQoL 24 months,
HbA1c 24 months, Fasting serum glucose 24
months, Total colesterol 24 months, LDL 24
months, Triglycerides 24 months, Serum
Creatinine 12 months

Pmm, knn(3)

699

63

Glomerular
filtration rate,
Baseline

PHCP, Age, Sex, Smoking status baseline, Diabetes
treatment baseline, Duration of Diabetes, Laboral
Status baseline, Education baseline, BMI baseline,
SBP baseline, Morisky Scale baseline, ADDQoL
baseline, HbA1c baseline, Fasting serum glucose
baseline, Total colesterol baseline, LDL baseline,
Triglycerides baseline, Serum Creatinine baseline

Pmm, knn(3)
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::g‘;::;g Variables used in the imputation Imlell;tggon N missed
64 |Glomerular PHCP, Age, Sex, Smoking status 12 months, Pmm, knn(3) 468
filtration rate, Diabetes treatment 12 months, Duration of
12 months Diabetes, Laboral Status baseline, Education
baseline, BMI 12 months, SBP 12 months,
Morisky Scale 12 months, ADDQoL 12 months,
HbA1c 12 months, Fasting serum glucose 12
months, Total colesterol 12 months, LDL 12
months, Triglycerides 12 months, Serum
Creatinine baseline, Glomerular filtration rate
baseline
65 |Glomerular PHCP, Age, Sex, Smoking status 24 months, Pmm, knn(3) 705
filtration rate, Diabetes treatment 24 months, Duration of
24 months Diabetes, Laboral Status baseline, Education

baseline, BMI 24 months, SBP 24 months,
Morisky Scale 24 months, ADDQoL 24 months,
HbA1c 24 months, Fasting serum glucose 24
months, Total colesterol 24 months, LDL 24
months, Triglycerides 24 months, Serum

Creatinine 24 months, Glomerular filtration rate 12

months
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ABSTRACT

Objective This study assesses the effectiveness

of different interventions of knowledge transfer and
behaviour modification to improve type 2 diabetes mellitus
patients’ (T2DM) reported outcomes measures (PROMs) in
the long-term. Design: open, community-based pragmatic,
multicentre, controlled trial with random allocation

by clusters to usual care (UC) or to one of the three
interventions.

Participants A total of 2334 patients with uncomplicated
T2DM and 211 healthcare professionals were included of
32 primary care centres.

Setting Primary Care Centers in Canary Islands (Spain).
Intervention The intervention for patients (PTI) included
an educational group programme, logs and a web-based
platform for monitoring and automated short message
service (SMS). The intervention for professionals (PFl)
included an educational programme, a decision support
tool embedded into the electronic clinical record and
periodic feedback about patients’ results. A third group
received both PTl and PFl (combined intervention, CBl).
Outcome measure Cognitive-attitudinal, behavioural,
affective and health-related quality of life (HQoL) variables.
Results Compared with UC at 24 months, the PTI

group significantly improved knowledge (p=0.005),
self-empowerment (p=0.002), adherence to dietary
recommendations (p<0.001) and distress (p=0.01). The
PFI group improved at 24 months in distress (p=0.03)
and at 12 months there were improvements in depression
(p=0.003), anxiety (p=0.05), HQoL (p=0.005) and self-
empowerment (p<0.001). The CBI group improved at 24
months in self-empowerment (p=0.008) and adherence
to dietary recommendations (p=0.004) and at 12 months
in knowledge (p=0.008), depression (p=0.006), anxiety

Strengths and limitations of this study

» The INDICA study provides randomised evidence
on the effectiveness of complex interventions to
improve outcomes in patients with type 2 diabe-
tes mellitus, with a longer follow-up than previous
studies.

» All relevant stakeholders in the community are in-
volved in the INDICA study (patients and family care-
givers and primary care professionals).

» The trial included a large sample of patients with
type 2 diabetes regardless of their baseline HbAlc
level, reinforcing the external validity of the results.

» The INDICA interventions with information and com-
munication technology-based components favour
applicability and access, in a cost-effective manner,
fo a growing number of patients.

» A limitation in the use of patient-reported outcome
measures is the absence of well-established em-
pirically derived minimum clinically significant
differences

improvements were also observed at 24 months in the
proportion of patients who quit smoking for PTI and CBI
(41.5% in PTl and 42.3% in CBl vs 21.2% in the UC
group).

Conclusions Assessed interventions to improve PROMs
in T2DM attain effectiveness for knowledge, self-
empowerment, distress, diet adherence and tobacco
cessation. PTI produced the most lasting benefits.

Trial registration number ClinicalTrials.gov

NCT01657227 (6 August 2012) https://clinicaltrials.gov/
Drvolanda Ramalo-Farii;  (P=0.003), istress (3=0.01), HOoL (p<0.007) and el i wegsl e et &
yramfar@sescs.es neuropathic symptoms (p=0.02). Statistically significant .
BMJ Ramallo-Farifia Y, et al. BMJ Open 2021;11:2050804. doi:10.1136/bmjopen-2021-050804 1
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INTRODUCTION
Many patients with type 2 diabetes mellitus (T2DM)
do not achieve the recommended treatment goals for
glycaemic control.! This might be due to inappropriate
healthcare access and/or clinical management. More-
over, psychological and emotional aspects, such as knowl-
edge of the disease or diabetes-related distress, are also
important issues for an appropriate self-management and
glycaemic control.?® Previous research has shown the
value of patient-reported outcome measures (PROMs) to
monitor these variables in diabetes,* which contribute to
patient empowerment and patient-centred care.” PROMs
are generally assessed with standardised, validated ques-
tionnaires aimed to measure patients’ perception of their
health status, perceived level of impairment, disability or
health-related quality of life.®

Interventions that aim to empower people with chronic
illnesses and specifically diabetes have included distinct
strategies such as educational programmes, websites,
support phone calls, text messages and other technolog-
ical resources,* " in order to improve patients’ diabetes
knowledge, self-management, psychological outcomes
and health status. However, the results obtained have been
mixed, with a considerable number of studies showing
no effect of the interventions.”'" The INDICA study is
a pragmatic, clusterrandomised controlled trial with
2years follow-up that assesses the effectiveness and cost-
effectiveness of multicomponent interventions for knowl-
edge transfer and behaviour modification of patients with
T2DM, their families and healthcare professionals (physi-
cians and nurses) in a large number of Primary Care
Health Practices (PHCP). These interventions combine
conventional group educational and training activities
with different information and communication tech-
nology (ICT)-based interventions to guide the decisions of
the main actors involved in the management of T2DM."
The intervention for patients (PTI) included an educa-
tional group programme led by trained nurses, consisting
of eight face-to-face sessions (one every 3months over
2years); continuous selfmonitoring by means of logs
and a web-based platform; and tailored automated SMS
to provide continuous support to patients and to rein-
force self-care and lifestyle changes. The intervention for
professionals (PFI) included an educational programme
to update their diabetes knowledge, a decision support
tool embedded into the electronic clinical record (ECR)
with recommendations based on the best available scien-
tific knowledge, adapted to the specific needs of every
patient, and periodic feedback about patients’ results.

The results on the effectiveness of these interventions
on clinical outcomes can be seen in Ramallo-Farina et al.'
and the cost-effectiveness evaluation can be reviewed in
Garcia-Pérez et al'* The aim of this article is to report
the effect of the INDICA interventions on a set of PROMs
assessed in the trial: cognitive-attitudinal (knowledge,
empowerment), behavioural (adherence to the dietary
recommendation, medication and tobacco use), affec-
tive (anxiety, depression, distress) and health-related

quality of life dimensions. These outcomes are commonly
targeted for most diabetes interventions because of their
association with critical, longer term outcomes, such
as functional ca acity,'5 complicatjons,""lR mortality,m

9 - . 9
healthcare costs™ and quality of life.?!

METHODS

Trial design

The INDICA study is an open, community-based prag-
matic, multicentre, controlled trial with random allo-
cation by clusters to usual care (UC) or one of three
multicomponent interventions of knowledge transfer
and behaviour modification. One intervention was aimed
at patient and family members (PTI); another interven-
tion was aimed at primary care healthcare professionals
(physicians and nurses) (PFI) and the third intervention
combined the other two (CBI). In the control group,
both patients/families and physicians/nurses received
the usual activities provided by the PHCP. The full study
protocol has been published before.'?

Study participants

The INDICA study included adults aged 18-65 years who
had been diagnosed with T2DM at least 1year before, did
not have any diabetes-related complications, and used a
mobile phone regularly12 Family Care Units (FCU) in
each PHCP, comprised of a family physician and a nurse,
were the recruitment unit. All PHCPs included had to
have at least eight FCUs and the availability of appro-
priate facilities to provide educational group sessions.
FCUs planning or awaiting placement changes among
PHCP in the first 6months after the project began were
excluded.

Setting and recruitment

PHCPs were randomly selected in the islands of Tenerife,
Gran Canaria, Lanzarote, and La Palma (Canary Islands,
Spain). Moreover, FCUs were randomly selected from all
consenting FCUs at each PHCP. The ECRs of all poten-
tially eligible patients in selected FCUs were screened to
verify inclusion and exclusion criteria.

Patient and public involvement

Patients were actively involved in the design of the trial.
Two associations of patients with T2DM in the Canary
Islands were included from the beginning of the study
as part of the research team, with an active participa-
tion in the design of the interventions and selection of
the outcomes measured. In the same way, primary care
professionals and clinical management staff participated
in the elaboration of the protocol. The patients and
professionals included in the study could express their
satisfaction with the interventions through a question-
naire, as well as through focus groups and in-depth inter-
views that will be the objective of another publication.
Finally, we established a commitment with patients and

2 Ramallo-Farina Y, et al. BMJ Open 2021;11:e050804. doi:10.1136/bmjopen-2021-050804
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healthcare professionals to share the results with them in
an easy-to-understand way.

Random assignment
Randomisation was applied at different levels. First, three
different strata were created according to the geographic
areas in the more populated islands (Tenerife and Gran
Canaria). Second, four PHCP (clusters) were randomly
allocated to every geographical stratum and block permu-
tation was used to assign PHCPs to the study arms; the
PHCP being the sampling unit. La Palma and Lanzarote
(less populated islands) were geographically divided into
four zones with only one eligible PHCP available in each
zone randomly assigned to one of the study arms. In every
island, all arms were equally distributed. Six FCUs were
randomly selected, from all those consenting to partici-
pate in each PHCP. From all patients fulfilling inclusion
criteria and consenting to participate in each PHCP, 15
were randomly selected per FCU. Exceptionally, more
than six FCUs or more than 15 patients per FCU were
selected, to try to recruit 90 patients in every PHCP.
However, it was not possible to attain this objective of 90
patients in all PHCPs as there were insufficient patients
in all FCU selected that complied with the inclusion and
exclusion criteria.

FCU and patient randomisation were performed by
simple generation from a list of random numbers.

Interventions

Patient interventions

Patients recruited to the PTI and CBI groups received
a complex intervention of knowledge transfer and
behaviour informed by conceptual
frameworks of behavioural change.'® The intervention
combined: (1) an eightsession, conventional, group

modification,

educational programme given by a nurse specialised in
diabetes; (2) monitoring of physical activity, diet, drug
adherence, mood, blood pressure and blood glucose
readings by daily use of paper workbooks, complemented
by weekly access to a website platform to upload paper
workbook data; and (3) continuous, personalised feed-
back by semiautomated mobile phone messages (SMS),
modified according to the website information.

Interventions for primary care professionals

Primary care professionals recruited to the PFI and
CBI groups received a complex intervention of knowl-
edge transfer and decision support, informed by the
determinants of behaviour change suggested by Michie
et al? for its design and implementation. The interven-
tion included: (1) an educational and interactive group
programme of two sessions to update clinical manage-
ment information and promote patient-centred care; (2)
an automated decision aid tool, based on a Clinical Prac-
tice Guide (CPG) for T2DM embedded into the ECR;
and (3) monthly computerised graphic feedback, which
displayed a set of processes and outcome indicators for all
patients with T2DM of the corresponding FCU compared

with other FCU in their setting and the FCU with the
best results. Both interventions were applied during the
2years follow-up.

Duration of fieldwork

Fieldwork took place between February 2013 and October
2016. The first year and the following 2 years were devoted
to recruitment of patients and healthcare providers, and
intervention and follow-up, respectively. As interventions
were maintained over time, intervention and follow-up
periods overlapped.

Outcomes
Cognitive-attitudinal outcomes
To assess potential changes in patient knowledge about
T2DM and its self-management, we developed a specific
instrument created in the context of this project,
Diabetes Knowledge Test (DIATEK), which consisted of
30 questions. Each item has four response options and
only one correct answer. Items examined risk factors for
disease development and deterioration, objective values
for biochemical parameters; recommendations on nutri-
tion, physical activity, drug use and self-management. The
total score, obtained by adding all correct responses, and
ranging from 0 to 30, was later rescaled from 0 to 10.
The Diabetes Empowerment Scale-Short Form (DES-
SF)QZ is a validated questionnaire designed to evaluate
psychosocial self-efficacy in diabetes. DES-SF is the
short form of the original DES, which includes eight
items (need for change, developing a plan, overcoming
barriers, asking for support, supporting oneself, coping
with emotion, motivating oneself and making diabetes
care choices appropriate for one’s priorities and circum-
stances) with responses on a five-point Likert scale and an
overall range from eight to 40, according to increasing
patient empowerment.

Behavioural outcomes
The Mediterranean Diet Adherence Screener (‘MEDAS)24
is a validated questionnaire to assess dietary recom-
mendation adherence, which consists of 14 targets for
food consumption, rated with one point for each target
attained. According to the final score, patients are classi-
fied as having low (0-6 points), moderate (7-10) or high
adherence (11-14 points) to the Mediterranean diet. .

The Morisky Medication Adherence Scale (MGLS)™
assesses drug-treatment adherence, by means of a vali-
dated four-item self-report instrument and a final score
ranging from 0 to 4. Patients are considered adherent,
only if they obtain four points.

Smoking status was monitored from baseline and during
follow-up, to check for potential cessation throughout the
study.

Affective outcomes )

The State Trait Anxiety Inventory (STAL-S)® is a validated
patient-reporting questionnaire that includes two non-
dependent scales; the applied state-anxiety scale (STAI
State) and the trait-anxiety scale (STAI Trait). It assesses
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transient emotional state or condition as characterised by
subjective feelings of tension and apprehension that can
fluctuate in time and intensity. The STAI-S includes 20
items, with each item scored on a four-point Likert scale.
Anxiety is defined by a cut-off point=30.

The Beck Depression Inventory II (BDI-II)W consists
of 21 items scored on a four-point scale from 0 (‘not at
all’) to 3 (‘most of the time’). The items assess depression
symptoms in the last 2weeks. All item scores are added to
a maximum score of 63. A BDI-II score of =14 indicates
mild depressive symptoms.

The Diabetes Distress Scale (DDSQ)28 is a validated
two-item diabetes distress-screening instrument that asks
respondents to rate, on a six-point scale, the degree of
distress caused by the two following items: (1) feeling
overwhelmed by the demands of living with diabetes
and (2) feeling that I am often failing with my diabetes
regimen. High diabetes distress can be identified by an
average score =3 or more, low distress by scores under 2,
and moderate distress by the scores in between.

Health-related quality of life and symptoms
The Audit of Diabetes-Dependent Quality of life
(ADDQOL—IQ)Q(J is a specific health-related quality of
life (HRQoL) questionnaire for diabetes. It assesses 19
domains, each with its impact and importance index to
provide an integrated score for each domain. The sum of
the score in each domain forms the global score (range:
-9 to 3). The lower the score, the worse the quality of life.
The Michigan Neuropathy Screening Instrument
(MNSI)SO is an instrument that measures the incidence of
distal diabetic peripheral polyneuropathy. It is composed
of 15 self-administered items, in which the abnormal
responses are added. A score of seven or more is consid-
ered abnormal.

Satisfaction

An ad-hoc self-completed questionnaire Patient Satisfaction
with INDICA (INDICA-SATP) was developed to measure
satisfaction with each component of the interventions in
PTI and CBI groups. It was measured in the 24-month
follow-up in patients who, having attended the group
educational programme, also used the web platform or
received the semiautomated mobile phone messages.
Satisfaction with each component was valued from 0 to 10
points, with 10 reflecting maximum satisfaction.

All information, including demographic data, overall
and personal health history, diabetes health status, current
medications, smoking status and risk factors for complica-
tions, was obtained in a face to face interview at baseline
and at 3, 6, 12, 18 and 24 months of follow-up. Similarly,
all self-administered questionnaires (ADDQolL-19, BDI-
11, DES-SF, DDS2, DIATEK, MEDAS, STAI-S, MGLS and
MNSI) were distributed and collected at baseline, and at
12 and 24 months follow-up. ADDQol-19, MEDAS and
MGLS were also applied at 6 and 18 months.

Two other questionnaires were included in the trial
registry and the published protocol,[2 the Imternational

Physical Activity Questionnaire and a scale developed
for this project to assess patients’ attitudinal changes
regarding lifestyles (INDICA-LSQ). However, the data
quality checking identified many inconsistent or mean-
ingless responses to these questionnaires, which indicates
that patients did not correctly understand the instruc-
tions. Therefore, we decided to exclude them from the
analyses.

Statistical analysis

Multilevel mixed models including the baseline value of
dependent variables and time elapsed since diagnosis (in
years) as covariates were implemented for all PROMs. First
level variables are those corresponding to each measure-
ment along follow-up (repeated time measurements).
The second level includes patient variables (the baseline
value of dependent variables and time elapsed since diag-
nosis) and third level variables correspond to PHCP in
which patients are grouped (the variable arm to which
PHCP was assigned is included in this level). The effect
that identifies the intervention arm has been considered
fixed for the different PHCP, while the intercept has been
considered random. The model also included an inter-
action term between arm and month, which allows for
differences in the intervention effect between follow-up
assessments.”! The intraclass correlation coefficient (ICC)
was obtained for each model for the PHCP and by patient
according to their PHCP. The adjusted estimated mean
was calculated for each follow-up moment compared with
baseline; and its statistical significance was calculated by
means of the model already set out. The relative improve-
ment for each follow-up was obtained as the ratio between
the adjusted difference in mean between the intervention
and control group and the mean of the control group.

A logistic regression model was implemented to
compare the proportion of patients who quit smoking at
each follow-up, by intervention arm. Only basal smokers
were included in the analysis.

Analysis was performed on an intention-to-treat basis,
that is, participants were analysed in the group to which
they were randomised. Missing values were treated by
means of multiple imputation proce(lures,32 with results
based on 100 imputed datasets (missing values from all
follow-up visits were imputed). Analysis under multiple
imputation is valid for randomly missing data.® We
compared the results of imputed and non-imputed data.
All the analyses were conducted using STATA V.15.0.%
Differences were considered statistically significant if
p<0.05.

RESULTS

Study participants

A total of 2334 patients and 211 healthcare professionals
were included. Figure 1 shows the flowchart with cluster
randomisation of patients for each intervention, atten-
dance at educational/training sessions of patients and
professionals and the number of PROMs questionnaires

4 Ramallo-Farina Y, et al. BMJ Open 2021;11:e050804. doi:10.1136/bmjopen-2021-050804
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[ Assessed for eligibility: 95 PHCP (cluster) |

> PHCP excluded (n=45) because of not complying
with criteria

Randomized: 32 of the 50 eligible PHCP

I (cluster)

l 'I Assessed for eligibility: 6402 patients |
T

Patients excluded (n=4068)

O Not meeting inclusion criteria (n=579)
C Declined to participate (n=1952)

C Not contacted (n=1537)

|
Allocated to CBI: n=8 PHCP

Analyzed in ITT analysis:
537

Analyzed in ITT analysis:
654

1
Allocated to PTI: n=8 PHCP
(537 patients) R (557 patients) iy
A the (inter (A;;c:;;g:‘:;?ﬂ. n=FHCR Attended the session (intervention (A;:;u;::;g )UC. =8 FHCE
component): component): P
Session 1: n=470; Session 2: n=318; ion 1: n=409; 2:n=322;
Session 3: n=297; Session 4: n=270; 3:n=283; 4:n=270;
Session 5: n=270; Session 6: n=224; [ Follow-up M3 Session 5: n=272; Session 6: n=282; Follow-up M3
Session 7: n=217; Session 8: n=246 Tobacco o 126 jon 7: n=219; ion 8: n=263 | Tobacco ption: 114
T | |
Follow-up M3 Follow-up M6 =
T T | o | i
MGLS: n=463 R i
olfow-up Tobacco 111 | MEDAS: n=474; MGLS: n=440
ADDQoL-19: n=345; MEDAS: n=350; I Follow-up M6 Tobacco consumption: 108
MGLS: n=342 Follow-up M12 ADDQoL-19/ MEDAS: n=367
Tobacco consumption: 70 BDI-II: n=450; DDS2: n=430; MGLS: n=365 Follow-up M12
STAI-S/ DES-SF: n=432; Tobacco 64 BDI-II: n=228; STAI-S: n=211;
Follow-up M12 DIATEK: n=454- MNSI- n=449: DDS2: n=193; DIATEK: n=240;
BDII: n=222; STAI-S: n=211; MEDAS n=448' MGLS: n=46(5' Follow-up M12 DES-SF: n=219; ADDQoL-19:
DDS2: n=190; DIATEK: n=226; ADDOOL-19: n='452 ) ' BDIH-I: n=295; STAI-S: n=287; n=231; MNSI: n=236; MEDAS:
DES-SF: n=207; ADDQoL-19: n=220; Tobaceo ¢ ion- 115 DDS2: n=284; DIATEK: n=298; n=238; MGLS: n=430
MNSI: n=223; MEDAS: n=225; T DES-SF: n=281; MGLS: n=329; Tobacco 102
MGLS: n=321 Follow-up M18 ADDQoL-19: n=294; |
Tobacco consumption: 64 ADDQoL-19/ MEDAS: n=429 MNSI/ MEDAS: n=297 Follow-up M18
Follow-up M8 I MGLS: n=445 Tobacco ¢ 'I 53 ADDQoL-19/ MEDAS: n=430
ADDQOL-19: n=297; MEDAS: n=296; | L 222c® 13 Follow-up M8 i 94
MGLS: n=290 Follow-up M24 ADDQoL-19: n=340; MEDAS: n=341; I
Tobacco ¢ 55 BDI-II n=446; STAI-S: n=428; MGLS: n=329 Follow-up M24
Follow-up M24 DDS2: n=432; DIATEK: n=457, Tobacco 51 BDII: n=451; STAI-S: n=440;
BDHII: n=362: STAL-S: n=352: DES-SF: n=439; MEDAS: n=450; 1 DDS2: n=433; DES-SF: n=444:
s ey S50 ADDQoL-19/ MNSI: n=448; Follow-up M24 DIATEK/ MNSI/ MEDAS: n=452
DDS2: n=351; DIATEK: n=367; MGLS: n=426 BDH-II/ DIATEK/ MNSI/ MEDAS: ADDQOL-19: n=451-
DES-SF: n=356; MGLS: n=348; Tobacen ion: 101 n=340; STAI-S: n=332, MGLS: n=432 '
4\3&(2%-19/ MNSI/ ME%AS: n=363 T DDS2/ DES-SF- n=336 Fabacas 105

ADDQoL-19: n=337; MGLS: n=342
Tobacco consumption: 55

Analyzed in ITT analysis:
557

Analyzed in ITT analysis:
586

Figure 1 Consolidated Standards of Reporting Trials flow diagram. ADDQoL, Audit of Diabetes-Dependent Quality of life;
BDI-Il, Beck Depression Inventory II; CBI, combined intervention for patients and professionals; DDS2, Diabetes Distress
Scale; DES-SF, Diabetes Empowerment Scale-Short Form; MEDAS, Mediterranean Diet Adherence Screener; MGLS, Morisky
Medication Adherence Scale; MNSI, Michigan Neuropathy Screening Instrument; PFl, intervention for professionals; PHCP,
Primary Care Health Practices; PTI, intervention for patients; STAI-S, State Trait Anxiety Inventory.

received for each follow-up assessment. The patients’ base-
line characteristic according to the intervention assign-
ment can be seen in Ramallo-Farina et al.'> Mean age of the
whole population was 55.7+7.1 years, with 51.9% women.
Mean baseline HbAlc was 7.3%/56 mmol/mol. From
baseline, 49.4% of patients started with HbAlc levels
within the accepted therapeutic goal (<7%/53 mmol/
mol). There were no statistically significant differences
among groups in terms of their baseline characteristics.
Intention-to-treat results (ITT), reported below, were
very similar to those obtained with non-imputed data.
Only three discrepancies were observed that will be
discussed in the corresponding outcome section. Results

at all time points are shown in table 1 (intergroup differ-
ences), tables 2 and 3 (intragroup changes).

Cognitive-attitudinal outcomes

Table 1 shows that the level of knowledge about diabetes is
significantly higher for PTI (p=0.007) and CBI (p=0.008),
compared with UC at 12 months; and for PTI (p=0.005)
at 24 months.

Patient empowerment was significantly higher for
PFI and CBI groups, compared with UC at 12 months
(p<0.001 for both comparisons). Analysis of non-imputed
data led to a p value of 0.05 for the difference between
PTI and UC, favouring the former, at this time point. At

Ramallo-Farifia Y, et al. BMJ Open 2021;11:¢050804. doi:10.1136/bmjopen-2021-050804
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24 months, PTT and CBI also attained significantly higher
scores than UC (p=0.002and p=0.008, respectively); while
differences with PFI are marginally significant.

P value
0.34
0.71
0.77
0.70
0.11
0.16

Behavioral outcomes

Table 1 shows that the PTI group is significantly more
adherent to the diet recommendations, compared with
UC, after 12 months of follow-up. There is a difference
of 0.87 (p<0.001) at 24 months. Adherence improves for
CBI from 18 months, compared with UC, with differences
of 0.7 (p=0.004) at 24 months. Adherence levels remain
moderate for all patient groups throughout follow-up
(see table 2).

No differences were found in medication adherence,
compared with UC (table 1). However, average levels of
medication adherence were significantly improved in all
four groups, despite the high baseline levels (>3) (see
table 2).

Table 3 shows the reduction in the proportion of
smokers who quit smoking during follow-up in PTT (12
months), and CBI (18 months), compared with UC.
With non-imputed data the reduction was statistically
significant from month 6 for PTI (p=0.023) and month
12 for CBI (p=0.025). The percentage of patients who
quit smoking at 24 months was 41.5% for PTI (p=0.012)
and 42.3% (p=0.012) for CBI, versus 21.2% for UC
group. There were no statistically significant differences
between groups in the baseline percentage of smokers
(p=0.99).

0.16 (-0.17 to 0.48)
~0.06 (~0.38 to 0.26)
~0.05 (-0.38 to 0.28)
~0.08 (~0.49 to 0.33)
0.35(-0.07 to 0.78)
0.31(=0.12 to 0.74)

24 Months

P value
0.02
0.23

0.39 (0.05 t0 0.72)
-0.02 (-0.35 to 0.31)
0.21(-0.13 to 0.54)

18 Months

<0.001
0.12
0.07
0.02

ICC PHCP=0.02ICC; subject|PHCP=0.32

Affective outcomes

Compared with UC, both PFI and CBI show statisti-
cally significant differences at 12 months for depres-
sion (p=0.003and p=0.006, respectively), and anxiety
(p=0.05and p=0.003, respectively) (table 1). These
differences disappear at 24 months because all groups of
patients improved (table 2).

The diabetes distress score improved significantly
compared with the UC group for CBI at 12 months
(p=0.01) and for PTT and PFI at 24 months (p=0.0land
p=0.03, respectively). The score remained marginally
significantfor CBI (table 1). Atbaseline, all patient groups
showed moderate distress, which decreased to a low level
from 12 months, except for the UC group, which did so
at 24 months (table 2).

P value
ICC PHCP=0.04; ICC subject|PHCP=0.34
0.03
0.005

0.40 (0.04 to 0.76)
0.51 (0.16 to 0.86)
0.84 (0.49 to 1.18)
~0.35 (~0.8 to 0.09)
~0.42 (~0.87 to 0.03)
—0.57 (-1.04 to -0.1)

12 Months

P value
0.60
0.56
0.88

Health-related quality of life and symptoms
HRQoL significantly improved for all intervention
groups, at 12 months, compared with UC; a difference
only maintained for PTT at 18 months (p=0.02) (table 1).
Neuropathic symptom scores were significantly lower
for the CBI group at 12 months (p=0.02) compared with
the UC group (the analysis of non-imputed data led to
a nons-significant result, p=0.12). This difference disap-
peared at 24 months (table 1). Mean baseline scores for
all groups were under 4, considerably below the cut-off
point of 7 for abnormal classification (table 4).

0.09 (-0.24 to 0.42)
—0.09 (-0.42 to 0.23)
0.03 (-0.3 to 0.35)
Neuropathic symptom (MNSI): F=59.8 P<0.001

6 Months

Health-related quality of life (ADDQoL-19): F=25.3 P<0.001

PTI

PFI
C
SF, Diabetes Empowerment Scale-Short Form; ICC, intraclass correlation coefficient; MEDAS, Mediterranean Diet Adherence Screener; MGLS, Morisky Medication Adherence Scale; MNSI,

Michigan Neuropathy Screening Instrument; PFl, intervention only for healthcare professionals at primary care; PHCP, Primary Care Health Practices; PTI, intervention only for patients and

ADDQolL, Audit of Diabetes-Dependent Quality of life; BDI-II, Beck Depression Inventory II; CBI, combined intervention for patients and professionals; DDS2, Diabetes Distress Scale; DES-
family members; STAI-S, State Trait Anxiety Inventory.

The models were adjusted by the baseline value of dependent variables and time elapsed since diagnosis.

Table 1 Continued

PTI
PFI
CBI
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Satisfaction

Table 5 shows the patients’ satisfaction with the inter-
vention received. While average scores were higher
than 9/10, in all dimensions, for the group educational
sessions, satisfaction with the web platform and SMS
obtained scores above 8.

Table 6 shows a summary of the results at 12 and 24
months. For all PROMs, ICC values were close to zero
at the PHCP levelthus reflected a very small effect asso-
ciated with PHCP for interventions and control groups
(similar results among PHCP in every arm). The ICC at
the patient level was broad, accounting for considerable
variations among individuals.

P value
<0.001

(95% CI)
~0.58 (-0.77 to ~0.39)

d with baseli
P value B-24M

np

DISCUSSION

This article assesses the effect of interventions imple-
mented by the INDICA study to improve T2DM outcomes
on several health measures self-perceived by patients in
the cognitive-attitudinal (knowledge, empowerment),
behavioural (ie, adherence to the dietary recommenda-
tions, medication and tobacco use), affective (anxiety,
depression, distress) and health-related quality of life
dimensions. The INDICA study is a pragmatic cluster-
randomised study with 2years follow-up that assesses the
effectiveness of multicomponent interventions for knowl-
edge transfer and behaviour modification of patients,
families and healthcare professionals (physicians and
nurses) at the primary care level.

At lyear follow-up, the combined intervention lead
to obtaining significant results in all outcomes except
diet and medication adherence. Relative improvements
compared with UC ranged between 9.6% (knowledge)
and 52.2% (HRQoL), with intermediate values for anxiety
(26.1%) and depression (28.7%). Significant improve-
ments in HRQoL were also obtained for the PTI and
PFI groups, although of less intensity (24.8% and 31.7%,
respectively). However, they showed different results in
the remaining variables: the PTI group improved in terms
of knowledge and behavioural outcomes (ie, diet and
smoking), while the PFI improved in regard to empower-
ment and depression, but obtained a significantly worse
result than the UC group for diet adherence.

After 2years of follow-up, there were no significant
differences in HRQoL, anxiety or depression, mainly due
to the improvement experienced by the UC groupin these
variables. The PTI group obtained the best overall results,
with significant improvements in the cognitive (ie, knowl-
edge, empowerment), affective (ie, diabetes distress) and
behavioural (ie, diet and tobacco) variables. The same
significant results were obtained for the combined inter-
vention, except for knowledge and distress. Finally, the
PFI group outperformed UC only for distress, and showed
a significantly worse result in regard to knowledge. There
were no statistically significant differences in medication
adherence during all the follow-up, although a ceiling
effect could have occurred, since all groups showed high
scores at baseline.

"

P value B-18M
0.001

ip of

-0.36 (-0.58 to -0.15)

Difference in i

Pvalue B-12M

B-6M

197 (18102.2)

18 Months 24 Months

21(19102.4)

12 Months
1, intervention only for patients and family members; STAI-S, State Trait Anyiety Inventory; UC. usual care o control group.

6 Months
B, combined intervention for patients and professionals; DDS2, Diabetes Distress Scale; DES-SF, Diabetes Empowerment Scale-Short Form; M, month; MEDAS, Mediterranean Diet Adherence Screener; MGLS, Morisky Medication Adherence Scale; PFl, intervention

dependent vaniables and time elapsed since diagnosis.

Adjusted means in each group (95% Cl)
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Table 3 Proportion of patients who stop smoking at each follow-up compared with the control group

P value
Pvalue P value P value CBIl versus
PTI (n=114) PFI (n=156) CBI (n=109) UC (n=145) global PTI versus UC PFlversus UC UC

3 Months 12.8 8.7 15.4 104 0.54 0.99 0.99 0.99

6 Months 28.5 75 24.2 154 0.003 0.11 0.22 0.99
12 Months  33.1 17.4 28.4 14.3 0.014  0.018 0:99 0.11
18 Months 36.7 19.6 37.6 18.8 0.004 0.04 0.99 0.03
24 Months 415 23.4 42.3 21.2 0.002 0.012 0.99 0.012

Only basal smokers were included in the analysis.

CBI, combined intervention for patients and professionals; PFI, intervention only for healthcare professionals at primary care; PTI, intervention

only for patients and family members; UC, usual care or control group.

Therefore, the best results were observed in both groups
including patients (PTI and CBI), similar to the findings
observed on clinical outcomes.” This is not surprising,
given the straightforward and continuous application of
these patientinterventions, and the high reported satisfac-
tion levels with all the intervention components (educa-
tional sessions, web resources and SMS). Previous studies
that combined education and training with support
phone calls, assessing interventions aimed at empowering
diabetes patients to improve self-care and outcomes,
showed inconsistent results between clinical variables
and PROMs.*” The use of one-way messages such as those
used in INDICA appears to significantly and consistently
improve HbAlc levels, although with a small-to-moderate
effect-size (-0.38%, 95% CI -0.53 to —0.23),IO In addition,
continuous advances in smart mobile technology provide
new possibilities for diabetes self-management, despite
the fact that evidence on the effectiveness of these new
functionalities remains scarce and uncertain.''

Reduction in the number of smokers in interventions
applied directly to patients (PTI and CBI) in regard to
UC that remain significant at 24 months with percent-
ages of approximately 42% which is 2.5 times the result
obtained by the most extended pharmacological inter-
vention (replacement nicotine therapy). This is according
to a meta-analysis published recemlym’ which puts this
reduction at 16.9% of the intervened group compared
with 10.4% of the control group in studies with follow-up
varying from 6 to 24 months.

The intervention effect on professionals raises ques-
tions. At lyear of follow-up, the PFI and CBI groups
obtained improvements in psychological variables not
affected by the intervention targeted exclusively at
patients (PTI) (ie, empowerment, anxiety, depression).
These findings could be interpreted as the lasting result
of better shared decision-making/patient-centred care
by professionals trained in this care model. However,
the PTI group was the only group to show significant
improvements in behavioural variables (diet adherence
and tobacco consumption); while PFI obtained signifi-
cantly worse results for diet adherence from the sixth
month, and CBI did not show significant benefits for

these two outcomes until 18 months. These negative find-
ings from groups containing professionals are repeated
after 2years in the case of knowledge, a variable in which
the CBI group did not obtain significant differences. This
interpretation should be considered cautiously given the
analysis limitations, since the differences between inter-
vention groups have not been statistically contrasted. As a
recent Cochrane review”’ reported, current evidence on
the effect of interventions to promote shared decision-
making by healthcare professionals shows benefits when
decision-making is assessed by external observers but not
by patient’s assessment; furthermore, no significant effect§
were observed in most patientreported outcomes.”
Given the paucity and limited quality of available studies,
more focused research is needed to draw solid conclu-
sions about the effect of interventions aimed at profes-
sionals, and the mechanisms by which these interventions
translate into psychological, behavioural and health
changes of patients.

The assessment of clinical outcome measures in the
INDICA studym for the total sample recruited regardless
of Hb1Ac levels (only 50.6% of all participants had base-
line HbAlc concentrations>7%, with a mean of 7.3%),
showed an early and significant but temporary reduction
in HbAlc for the PTI group, compared with UC, from 3
to 6 months. Even so, more than 30% of the intervened
patients (PTI and CBI) attained statistically and clini-
cally relevant reductions in HbAlc (>0.4%); significantly
higher than UC at 12 and 18 months.

In the group of patients with baseline HbAlc greater
than 7% (uncontrolled patients), the magnitude of the
intervention effect on clinical outcomes was greater, espe-
cially in the PTI group compared with the UC group, with
significant differences up to 18 months, and a significant
area under the curve at 24 months for PTI compared
with UC." These results are supported by other studies
that report greater intervention effects in patients with
higher HbAlc levels.™® * Longer term reductions in
blood pressure were also found in the two groups in
which professionals were intervened, with smaller effects
in the remaining clinical measures (lipid profile, body
mass index, serum creatinine and glomerular filtration
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Health-related quality of life (ADDQoL-19)
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usual care or control group.

Open access

Mean (95% Cl)

Usability

Exchange of experiences with 588  9.59 (9.53 to 9.66)
participants and educator

Quality of materials 587  9.56 (9.49 to 9.64)

The sessions helped me get to know 591  9.67 (9.61 to 9.73)
my diabetes better

The sessions motivated me to look 590 9.62 (9.55 to 9.69)
after my health better

General satisfaction 589  9.70 (9.65 to 9.76)

Website platform

Access to the content 253  8.30(8.02 to 8.58)

Patient outcomes follow-up charts 215 8.37 (8.0310 8.72)

Access to videos of the sessions 216  8.76 (8.47 to 9.05)

General satisfaction 237 8.56 (8.30 to 8.82)

g il h

Semi-aut

Reading SMS 585 9.51(9.41to 9.61)

Personal satisfaction

They motivate me to look after myself 576  9.15 (9.02 to 9.28)

General

rate). Some of these results are more related to changes
in medication than lifestyles. From a cost-effectiveness
perspective, small differences were observed between
groups after 2years follow-up. The PTI was more effec-
tive and less costly than CBI and PFI, in patients with
HbA1c>7%."* This prompted the conclusion that inter-
ventions focused on patients with the highest needs
would limit the impact on the healthcare sector budget.
This study has several limitations. The high number of
instruments and measurement times increase the risk of
type 1 error, which explains the decision not to compare
intervention groups with each other. Moreover, the use
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Table 6 Significant differences compared with usual care for the three intervention groups

PTI PFI cBl
12 months 24 months 12 months 24 months 12 months 24 months
Cogpnitive/attitudinal
Knowledge (DIATEK) ™ = 1 o
Empowerment (DES-SF) > o o -
Behavioural
Diet (MEDAS) i e Lo i
Adherence (MGLS)
Smoking Z z N 2
Affective
Depression (BDI-II) i e
Anxiety (STAI-S) % =
Diabetes Distress (DDS2) i * o
HRQOL
HRQoL (ADDQoL-19) * - .
Neuropathy (MNSI) i

lRepresent worsening compare to usual care.
*P<0.05. *P<0.01. ***P<0.001.

ADDQoL, Audit of Diabetes-Dependent Quality of life; BDI-Il, Beck Depression Inventory II; CBI, combined intervention for patients and
professionals; DDS2, Diabetes Distress Scale; DES-SF, Diabetes Empowerment Scale-Short Form; MEDAS, Mediterranean Diet Adherence
Screener; MGLS, Morisky Medication Adherence Scale; MNSI, Michigan Neuropathy Screening Instrument; PFl, intervention only for
healthcare professionals at primary care; PTl, intervention only for patients and family members; STAI-S, State Trait Anxiety Inventory.

of PROMs makes it necessary to know the minimum clin-
ically significant differences of every instrument used.
This difference, however, has not been investigated for
most of them, and there is currently no consensus on
the appropriate method (distribution or anchor-based)
and/or statistics (eg, absolute vs relative reduction).*
Furthermore, the use of PROMs implies by definition
an unblind assessment of results, which is added to the
impossibility of blinding the participants regarding the
intervention. Finally, the INDICA study was not designed
to test the efficacy of every single component of the inter-
ventions assessed (eg, text messages vs patient education
vs web content). Despite these limitations, the INDICA
study presents some distinctive characteristics from other
published studies that assess the impact of interven-
tions promoting empowerment, selfmanagement and
behaviour modification to patients and professionals:
(1) a robust design (pragmatic cluster-randomised
controlled trial with a factorial design for intervention
arms) with a long follow-up (2years); (2) incorporation
of the different actors involved in disease management
(patients and family caregivers and primary care profes-
sionals; (3) greater external validity by including patients
regardless of their baseline HbAlc levels; (4) incorpora-
tion of ICT-based components to the intervention that
favours applicabilityand access, in a cost-effective manner,
to a growing number of patients; and (5) inclusion of a
large sample size with 2334 patients and 211 healthcare
professionals.

In conclusion, all the interventions assessed improved
patients HRQoL at 1year of follow-up, with differences
according to the intervention in the remaining PROMs
examined. The intervention targeted exclusively at
patients (PTI) significantly improved knowledge, empow-
erment, distress, dietary recommendation adherence and
tobacco cessation, up to 2years of follow-up. Although the
clinical relevance of these effects is uncertain, except in
the case of smoking cessation, these results are promising
since they reflect improvements in all personal domains
assessed (cognitive, attitudinal, affective, behavioural),
which highlight the importance of behavioural factors to
attain good health outcomes. The intervention on profes-
sionals improved affective variables at 1 year of follow-up,
but showed virtually no effects at 2years together with
a negative effect on diet adherence and no effect on
tobacco consumption, which emphasises the need for
more focused evaluative research on this type of interven-
tion. For both target groups (patients and professionals),
the use of ICT can be a major help to improve care
access and continuity; as well as effectiveness and cost-
effectiveness in T2DM self-management.

Author affiliations

'Canary Islands Health Research Institute Foundation (FIISC), Tenerife, Spain
“Research Network on Health Services in Chronic Diseases (REDISSEC), Tenerife,
Spain

*Department of Endocrinology and Nutrition, Insular University Hospital of Gran
Canaria, Las Palmas de Gran Canaria, Spain

12

Ramallo-Farina Y, et al. BMJ Open 2021;11:e050804. doi:10.1136/bmjopen-2021-050804

‘Jyb1iAdoo Aq pepsioid 1senb Aq ZZ0z ‘|1 Jequieaeq uo wod g uadofgy/:dpy woy pepeojumoq ‘1Z0Z JequiedeQ S| U0 $080S0-|Z0Z-uadofg/oet 0} se paysiignd jsiy :usdo rNg

109



4University Institute for Biomedical and Health Research (IUIBS), University of Las
Palmas de Gran Canaria, Las Palmas de Gran Canaria, Spain

*Evaluation Unit (SESCS), Canary Islands Health Services (SCS), Tenerife, Spain
®Health Technology Assesment Agency, Instituto de Salud Carlos Ill, Madrid, Spain

Acknowledgements We thank Prof Clare Bradley and Health Psychology Research
Limited (owners and source of the ADDQoL-19 questionnaire) for allowing the

use of their questionnaire in the INDICA Study. We also thank Jason Willis-Lee for
copyediting services during preparation of the final manuscript, and Thayli Leon
Plasencia for her help in recruiting patients.

Collaborators The INDICA team included the following members (alphabetical
order): Abraham Pérez de la Rosa (Canary Islands Health Research Institute
Foundation, FIISC), Alicia Pareja Rios (University Hospital of Canary Islands), Andrés
Sifre Perello (Molina Orosa Hospital), Angela Trinidad Gutiérrez Pérez (Primary Care
of Gran Canaria), Antonio Cabrera de Ledn (Ntra. Sra. de la Candelaria University
Hospital), Antonio Garcia Quintana (Dr. Negrin University Hospital), Armando Carrillo
Dominguez (Insular University Hospital), Bernardo Eusebio Herrera Dominguez
(General de La Palma Hospital), Carlos Sedefio Pérez (Primary Care of Tenerife),
Carlos Ramirez Alamo (Primary Care of Gran Canaria), Cecilia Lobos Soto (Insular
University Hospital), Cristina Padron Pérez (Canary Islands Health Research
Institute Foundation, FIISC), Dacil Alvarado Martel (Dr. Negrin University Hospital),
Daniel Hernandez Obregon (Dr. Negrin University Hospital), Dulce N. Herndndez
Correa (Primary Care of Gran Canaria), Elsa Espinosa Pozuelo (Diabetes Patient’
association of Tenerife), Elsa Florido Mayor (Canary Islands Health Research
Institute Foundation, FIISC), Engracia Pinilla Dominguez (Ntra. Sra. de la Candelaria
University Hospital), Fatima Herrera Garcia (University Hospital of Canary Islands),
Félix Bonilla Aguiar (Dr. José Molina Hospital), Francisco Cabrera Ldpez (Insular
University Hospital), Gloria Guerra de la Torre (Primary Care of Gran Canaria),
Gregorio Muelas Martin (Dr. Negrin University Hospital), Héctor de la Rosa Merino
(Canary Islands Health Research Institute Foundation, FIISC), Ignacio Garcia Puente
(Dr. Negrin University Hospital), Ignacio Llorente Gomez de Segura (Ntra. Sra. de la
Candelaria University Hospital), Isabel Garcia Calcerrada (Ntra. Sra. de la Candelaria
University Hospital), Jacqueline Alvarez Pérez (Canary Islands Health Research
Institute Foundation, FIISC), Jorge Federico Aldunate Page (Insular University
Hospital), Jose Antonio Garcia Dopico (University Hospital of Canary Islands), Juan
Andrés Baez Herndndez (Primary Care of La Paima), Juan José Pérez Valencia
(Primary Care of Tenerife), Julia Charlotte Wiebe (Dr. Negrin University Hospital),
Lilisbeth Perestelo Pérez (Evaluation Unit, SESCS, Canary Islands Health Service,
SCS), Leopoldo Martin Martin (Hospital General de La Palma), Luis Morcillo Herrera
(University Hospital of Canary Islands), Marcos Estupifian Ramirez (Canary Islands
Health Service, SCS), Maria Inmaculada Gonzalez Pérez (Ntra. Sra. de la Candelaria
University Hospital), Maria Isabel Visuerte Morales (University Hospital of Canary
Islands), Maria Pino Afonso Medina (Dr. Negrin University Hospital), Marta Riafio
Ruiz (Insular University Hospital), Marta Tejera Santana (Dr. Negrin University
Hospital), Mauro Boronat (Insular University Hospital), Mercedes Lorenzo Medina
(Dr. Negrin University Hospital), Miguel Juan Mora Garcia (Primary Care of Gran
Canaria), Nayra Pérez Delgado (Nfra. Sra. de la Candelaria University Hospital),
Pablo Pedrianez Martin (Dr. Negrin University Hospital), Pedro de Pablos- Velasco
(Dr. Negrin University Hospital), Pilar Peldez Alba (La Laguna University), Rafael
Valcércel (Primary Care of Tenerife), Remedios Castro Sanchez (Primary Care

of Gran Canaria), Rodrigo Abreu Gonzalez (Nira. Sra. de la Candelaria University
Hospital), Rosa Borges Trujillo (Dr. Negrin University Hospital), Victor Lorenzo
Sellarés (University Hospital of Canary Islands).

Contributors YR-F is the guarantor. YR-F, LG-P, LR-R, AMW, MR-R and PGS-A
contributed to the study design. SK-G, GM-M, CG-M, CD-A and MR-R developed the
contents and gave the educational sessions to patients. Also, SK-G, GM-M, CG-M,
CD-A and MR-R recruited participants and collected data. YR-F, MAG-B and HG-P
contributed to the statistical analyses. YR-F, AR-S, LG-P, AMW and PGS-A were part
of the writing committee of the manuscript. All authors reviewed, commented on,
and approved the final manuscript.

Funding This work was supported by the Spanish Ministry of Economy, Industry
and Competitiveness (Instituto de Salud Carlos Ill), grant number: ADE10/00032 and
PI16/00769 co-funded by the European Regional Development Fund (ERDF) “A way
to make Europe”.

Disclaimer The funders did not participate in the study design; collection,
management, analysis, and interpretation of data; writing of the report; and the
decision to submit the report for publication.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.

Patient consent for publication Not applicable.

Ethics approval Al participants provided written informed consent. The scientific
and ethics committees of both the University Hospital of Canarias (ID: 2012_44) and
the University Hospital Nuestra Sefiora de la Candelaria (ID: EPA-07/10) approved
the study protocol. The study was performed in accordance with Good Clinical
Practice standards, prevailing local regulatory requirements, and Declaration of
Helsinki recommendations.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The
datasets generated during and/or analysed during the cument study, including
deidentified participant data are available from the corresponding author on
reasonable request in the next 10 years. The study protocol is available at https://
impl dcentral.com/articles/10.1186/s13012-015-0233-1.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

5 A o

ORCID iDs

Yolanda Ramallo-Farifia http://orcid.org/0000-0002-1541-3989
Lidia Garcia-Pérez http://orcid.org/0000-0002-5626-8116
Sybille Kaiser-Girardot http://orcid.org/0000-0002-8195-1021

REFERENCES

1 Renders CM, Valk GD, Griffin SJ, et al. Interventions to improve the
management of diabetes in primary care, outpatient, and community
settings: a systematic review. Diabetes Care 2001;24:1821-33.

Al Sayah F, Majumdar SR, Williams B, et al. Health literacy and

health outcomes in diabetes: a systematic review. J Gen Intern Med

2013;28:444-52.

Pouwer F, Nefs G, Nouwen A. Adverse effects of depression on

glycemic control and health outcomes in people with diabetes: a

review. Endocrinol Metab Clin North Am 2013;42:529-44.

4 Peyrot M, Rubin RR, Lauritzen T, et al. Patient and provider

perceptions of care for diabetes: results of the cross-national dawn

study. Diabetologia 2006;49:279-88.

Skovlund SE, Lichtenberg TH, Hessler D, et al. Can the routine use of

patient-reported outcome measures improve the delivery of Person-

Centered diabetes care? A review of recent developments and a

case study. Curr Diab Rep 2019;19:84.

6 Borg S, Eeg-Olofsson K, Palaszewski B, et al. Patient-reported
outcome and experience measures for diabetes: development of
scale models, differences between patient groups and relationships
with cardiovascular and diabetes complication risk factors, in
a combined registry and survey study in Sweden. BMJ Open
2019;9:e025033.

7 Chen Y-C, Lil-C. Effectiveness of interventions using empowerment

concept for patients with chronic disease: a systematic review. JB/

Libr Syst Rev 2009;7:1179-233.

Aquino JA, Baldoni NR, Flér CR, et al. Effectiveness of individual

strategies for the empowerment of patients with diabetes mellitus:

a systematic review with meta-analysis. Prim Care Diabetes

2018;12:97-110.

Baldoni NR, Aquino JA, Sanches-Giraud C, et al. Collective

empowerment strategies for patients with diabetes mellitus:

a systematic review and meta-analysis. Prim Care Diabetes

2017;11:201-11.

10 Haider R, Sudini L, Chow CK, et al. Mobile phone text messaging
in improving glycaemic control for patients with type 2 diabetes
mellitus: a systematic review and meta-analysis. Diabetes Res Clin
Pract 2019;150:27-37.

11 Hou C, Xu Q, Diao S, et al. Mobile phone applications and self-
management of diabetes: a systematic review with meta-analysis,
meta-regression of 21 randomized trials and GRADE. Diabetes Obes
Metab 2018;20:2009-13.

12 Ramallo-Farifa Y, Garcia-Pérez L, Castilla-Rodriguez |, et al.
Effectiveness and cost-effectiveness of knowledge transfer and
behavior modification interventions in type 2 diabetes mellitus

N

w

o

-]

©

Ramallo-Farifia Y, et al. BMJ Open 2021;11:¢050804. doi:10.1136/bmjopen-2021-050804 13

‘Jyb1iAdoo Aq pepsioid 1senb Aq ZZ0z ‘|1 Jequieaeq uo wod g uadofgy/:dpy woy pepeojumoq ‘1Z0Z JequiedeQ S| U0 $080S0-|Z0Z-uadofg/oet 0} se paysiignd jsiy :usdo rNg

110



13

patients--the INDICA study: a cluster randomized controlled trial.
Implement Sci 2015;10:47.
Ramallo-Farifia Y, Garcia-Bello MA, Garcia-Pérez L, et al.

25

Morisky DE, Green LW, Levine DM. Concurrent and predictive validity
of a self-reported measure of medication adherence. Med Care
1986,24:67-74.

Effectiveness of Intemet-based multicomponent interventions 26 Spielberger CD, Gorsuch RL, Lushene R. Manual del Cuestionario de
for patients and health care professionals to improve clinical Ansiedad Estado-Rasgo (STAI). Madrid: TEA Ediciones, 1982.
outcomes in type 2 diabetes evaluated through the indica study: 27 Beck AT, Ward CH, Mendelson M, et al. An inventory for measuring
Multiarm cluster randomized controlled trial. JMIR Mhealth Uhealth depression. Arch Gen Psychiatry 1961;4:561-71.

2020;8:¢18922. 28 Fisher L, Glasgow RE, Mullan JT, et al. Development of a

14 Garcia-Pérez L, Ramallo-Farifia Y, Vallejo-Torres L. Cost- brief diabetes distress screening instrument. Ann Fam Med
effectiveness of multicomponent interventions in type 2 diabetes 2008;6:246-52.
mellitus in a cluster randomized controlled trial: the INDICA study. 29 Bradley C, Todd C, Gorton T, et al. The development of an
Primary Care Diabetes. individualized questionnaire measure of perceived impact of diabetes

15 De Rekeneire N, Resnick HE, Schwartz AV, et al. Diabetes is on quality of life: the ADDQoL. Qual Life Res 1999;8:79-91.
associated with subclinical functional limitation in nondisabled older 30 Feldman EL, Stevens MJ, Thomas PK, et al. A practical two-step
individuals: the health, aging, and body composition study. Diabetes quantitative clinical and electrophysiological assessment for the
Care 2003;26:3257-63. diagnosis and staging of diabetic neuropathy. Diabetes Care

16 Selvin E, Coresh J, Golden SH, et al. Glycemic control and 1994;17:1281-9.
coronary heart disease risk in persons with and without diabetes: 31 Finucane MM, Samet JH, Horton NJ. Translational methods in
the Atherosclerosis risk in Communities study. Arch Intem Med biostatistics: linear mixed effect regression models of alcohol
2005;165:1910-6. consumption and HIV disease progression over time. Epidemiol

17 Diabetes Control and Complications Trial Research Group, Nathan Perspect Innov 2007;4:8.

DM, Genuth S, et al. The effect of intensive treatment of diabetes 32 White IR, Royston P, Wood AM. Multiple imputation using
on the development and progression of long-term complications in chained equations: issues and guidance for practice. Stat Med
insulin-dependent diabetes mellitus. N Engl J Med 1993;329:977-86. 2011;30:377-99.

18 UK Prospective Diabetes Study (UKPDS) Group. Intensive blood- 33 Enders CK. Applied missing data analysis. New York, NY: The
glucose control with sulphonylureas or insulin compared with Guilford Press, 2010. ISBN: 9781606236390.
conventional treatment and risk of complications in patients with 34 StataCorp. Stata statistical software: release 15. College Station, TX:
type 2 diabetes (UKPDS 33). UK prospective diabetes study (UKPDS) StataCorp LLC, 2017.
group. Lancet 1998;352:837-53. 35 WuY, Yao X, Vespasiani G, et al. Correction: mobile App-Based

19 Katon WJ, Rutter C, Simon G, et al. The association of comorbid interventions to support diabetes self-management: a systematic
depression with mortality in patients with type 2 diabetes. Diabetes review of randomized controlled trials to identify functions
Care 2005;28:2668-72. associated with glycemic efficacy. JMIR Mhealth Uhealth

20 Eastman RC, Javitt JC, Herman WH, et al. Model of complications 2018;6:e20.
of NIDDM. II. Analysis of the health benefits and cost-effectiveness 36 Hartmann-Boyce J, Chepkin SC, Ye W, et al. Nicotine replacement
of treating NIDDM with the goal of normoglycemia. Diabetes Care therapy versus control for smoking cessation. Cochrane Database
1997,20:735-44. Syst Rev 2018;5:CD000146.

21 Goldney RD, Phillips PJ, Fisher LJ, et al. Diabetes, depression, and 37 Légaré F, Adekpedjou R, Stacey D, et al. Interventions for increasing
quality of life: a population study. Diabetes Care 2004,27:1066-70. the use of shared decision making by healthcare professionals.

22 Michie S, Johnston M, Francis J, et al. From theory to intervention: Cochrane Database Syst Rev 2018;7:CD006732.
mapping theoretically derived behavioural determinants to behaviour 38 Behavioural interventions for type 2 diabetes: an evidence-based
change techniques. Appl/ Psychol 2008;57:660-80. analysis. Ont Health Technol Assess Ser 2009;9:1-45.

23 Anderson RM, Fitzgerald JT, Gruppen LD, et al. The diabetes 39 Peters RM, Lui M, Patel K, et al. Improving glycemic control with
Empowerment Scale-Short form (DES-SF). Diabetes Care astandardized Text-Message and Phone-Based intervention: a
2003;26:1641-2. community implementation. JMIR Diabetes 2017;2:e15.

24 Martinez-Gonzalez MA, Garcia-Arellano A, Toledo E, et al. A 14-item 40 Masson SC, Tejani AM. Minimum clinically important differences
Mediterranean diet assessment tool and obesity indexes among identified for commonly used depression rating scales. J Clin
high-risk subjects: the PREDIMED trial. PLoS One 2012;7:43134. Epidemiol 2013;66:805-7.

14 Ramallo-Farina Y, et al. BMJ Open 2021;11:e050804. doi:10.1136/bmjopen-2021-050804

‘Jyb1iAdoo Aq pepsioid 1senb Aq ZZ0z ‘|1 Jequieaeq uo wod g uadofgy/:dpy woy pepeojumoq ‘1Z0Z JequiedeQ S| U0 $080S0-|Z0Z-uadofg/oet 0} se paysiignd jsiy :usdo rNg

111



Publicacion 4.

Cost-effectiveness of multicomponent
interventions in type 2 diabetes mellitus
in a cluster randomised controlled trial:

BM) Open

To cite: Garcia-Pérez L,
Ramallo-Farifia Y, Vallejo-

Torres L, et al. Cost-
effectiveness of multicomponent
interventions in type 2

diabetes mellitus in a cluster
randomised controlled trial:

the INDICA study. BMJ Open
2022;12:2058049. doi:10.1136/
bmjopen-2021-058049

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmijopen-2021-058049).

Received 09 October 2021
Accepted 08 March 2022

M) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
pemitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to

the INDICA study

Lidia Garcia-Pérez
Laura Vallejo-Torres

.23 Yolanda Ramallo-Farifia
,'? Leticia Rodriguez-Rodriguez,"®

123
’

Himar Gonzalez-Pacheco,' Beatriz Santos-Hernandez,’
Miguel Angel Garcia-Bello,' Ana Maria Wigner,*® Montserrat Carmona,>%¢
Pedro G Serrano-Aguilar,>®” The INDICA team

ABSTRACT

Objective To analyse the cost-effectiveness of
multicomponent interventions designed to improve
outcomes in type 2 diabetes mellitus (T2DM) in primary
care in the Canary Islands, Spain, within the INDICA
randomised clinical trial, from the public health system
perspective.

Design An economic evaluation was conducted for the
within-trial period (2 years) comparing the four arms of the
INDICA study.

Setting Primary care in the Canary Islands, Spain.
Participants 2334 patients with T2DM without
complications were included.

Interventions Interventions for patients (PTI), for primary
care professionals (PFl), for both (combined intervention
arm for patients and professionals, CBI) and usual care
(UC) as a control group.

Outcomes The main outcome was the incremental cost
per quality-adjusted life-years (QALY). Only the intervention
and the healthcare costs were included.

Analysis Multilevel models were used to estimate results,
and to measure the size and significance of incremental
changes. Missed values were treated by means of multiple
imputations procedure.

Results There were no differences between arms in
terms of costs (p=0.093), while some differences were
observed in terms of QALY after 2years of follow-up
(p=0.028). PFl and CBI arms were dominated by the

other two arms, PTl and UC. The differences between the
PTl and the UC arms were very small in terms of QALYs,
but significant in terms of healthcare costs (p=0.045).
The total cost of the PTl arm (€2571, 95%Cl €2317 to
€2826) was lower than the cost in the UC arm (€2750,
95% Cl €2506 to €2995), but this difference did not
reach statistical significance. Base case estimates of the
incremental cost per QALY indicate that the PTI strategy
was the cost-effective option.

Conclusions The INDICA intervention designed for
patients with T2DM and families is likely to be cost-
effective from the public healthcare perspective. A cost-
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Strengths and limitations of this study

» This paper presents an individual-based cost-
effectiveness analysis of the INDICA study, a large
randomised clinical trial.

» This paper analyses the cost-effectiveness of
knowledge transfer and behaviour modification in-
terventions from the public healthcare perspective
in the Canary Islands, Spain.

» The outcome was quality-adjusted life-years, esti-
mated using the EQ-5D-5L, and the costs were ob-
tained from the local healthcare providers.

» We present the results of the whole sample, 2334
individuals, and the results of the subgroup of pa-
tients with glycated haemoglobin >7%.

» From the point of view of the economic evaluation,
the main limitation is the relatively short duration of
the trial, 2years.

INTRODUCTION
Diabetes is a prevalent chronic disease with
a major global impact. A worldwide preva-
lence of 8.5% in adults, 7.3% in Europe,I
and a direct annual cost to the world higher
than USSESQI’)I)illion? % has been estimated.
The prevalence of type 2 diabetes mellitus
(T2DM) in the population aged 15 and
over in the Canary Islands is 7.74%." which
is slightly higher than the Spanish average
(6.99%).” Moreover, the Canary Islands show
a higher mortality and a higher incidence of
complications than the rest of Spain.h " This
situation has prompted the implementa-
tion of secondary prevention strategies that,
nevertheless, should be evaluated before and
after their implementa[ion.s

Given these circumstances, the INDICA

idi fa-Pé effectiveness model should explore this in the long term. study was designed with the aim of evaluatin
Lidia Garcia-Pérez; Trial registration number NCT01657227. 10y wes Segh A Fuanig
lidia.garciaperez: es evidence-based interventions. Several reviews
BMJ Garcia-Pérez L, et al. BMJ Open 2022;12:¢058049. doi:10.1136/bmjopen-2021-058049 1
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were undertaken and various relevant systematic reviews
and guidelines were identified.”" Some trials, such those
conducted by Trento et al'® were inspirational. Despite
the increasing healthcare expenditure‘3 and availability
of services'* and guidelines,h’ the adherence to recom-
mended actions of T2DM self-management and lifestyle
changes is limited.'® Furthermore, healthcare profes-
sionals and family members play an important role in
supporting patients with T2DM. There is also evidence on
the effectiveness of the information and communication
technologies (ICT) to transfer the knowledge of diseases
and support patients and professionals in their deci-
sions.'” "% Based on all this evidence, the INDICA inter-
ventions were designed, implemented and evaluated.
As both effectiveness and cost-effectiveness are criteria
for health technologies reimbursement in Spain,21 and
bearing in mind that the efficiency of complex interven-
tions is not easily transferable,zg an economic evaluation
was conducted alongside a clinical trial.

The INDICA study is a
trial (RCT) that evaluates the effectiveness and cost-
effectiveness of three different ICT-based multicompo-
nent interventions to support decision making in patients
with T2DM an(laprimary healthcare professionals in the
Canary Islands.” > Results on the effectiveness of the
interventions are reported elsewhere.” % In this paper,
we present the cost-effectiveness analyses.

randomised controlled

METHODS

Trial design

The INDICA study is an open, community-based, multi-
centre, controlled clinical trial with random cluster allo-
cation to one of four arms, one of them a control group.
We estimated the cost-effectiveness for the ‘within-trial’
period (2years) where incremental cost per quality-
adjusted life-year (QALY) was the main outcome.?* %

Ethical approval and consent to participate

All participants provided written informed consent. The
study fulfilled the regulatory requirements, Good Clinical
Practice standards, Declaration of Helsinki, and received
the approval of the Scientific and Ethics Committees
of two hospitals (University Hospital of Canarias (ID:
2012_44) and University Hospital Nuestra SEnora de
la Candelaria (ID: EPA-07/10)). General guidelines for
economic evaluation and clinical trials were followed.”
The methods were reported in the published protocol.23

Interventions

The intervention for patients and family members (PTI)
included a diabetes-coaching programme using a combi-
nation of educational workshops with automated and
personalised phone messages and a web-based platform.
The intervention for primary care healthcare profes-
sionals (physicians and nurses) (PFI) included workshops
to update clinical management, a decision support tool
nested into the electronic clinical record system; and

periodic feedback reports on patient outcomes. In the
combined intervention arm for patients and professionals
(CBI), both received the reported interventions. The
control group received usual care (UC), that is, neither
patients nor professionals received any educational inter-
vention or supporting activities beyond the usual health-
care provided by Servicio Canario de la Salud (SCS), an
organisation that is part of the National Health System
and provides public healthcare in the Canary Islands
(Spain).

Subjects

Patient inclusion criteria were T2DM diagnosed at least
Iyear prior to study enrolment, 18-65 years of age,
formal consent to participate in the study, and regular use
of a mobile phone. Patients with serious comorbidities,
insufficient (Spanish) language skills, physical disability
limiting participation in group education activities or
concurrent participation in another clinical study were
excluded.

Setting, recruitment and randomisation

The study was conducted in the primary care setting in
the Canary Islands, Spain. In the more populated islands
(Tenerife and Gran Canaria) three different strata were
created according to the geographic areas. In the less
populated islands (La Palma and Lanzarote) each island
was divided into four zones. Randomisation was applied
at different levels: Primary Care Health Practices (PHCP),
Family Care Units (FCU) and patients. First, in each strata
of Tenerife and Gran Canaria, four PHCP (clusters) were
randomly recruited, providing 12 PHCP in total. The two
other islands, La Palma and Lanzarote, provided four
PHCP each (one in each area). Block permutation was
used to assign PHCPs to study arms, with PHCP as the
sampling unit. In every island and each strata, all arms
were equally distributed. Second, six FCU, composed of a
family physician and a nurse, were randomly selected from
all those consenting to participate in each PHCP. And
thirdly, the electronic clinical records (ECR) of patients
at each participating FCU were screened and 15 patients
were randomly selected from all patients fulfilling the
inclusion criteria and consenting to participate. Cluster
allocation avoids contamination bias among participants,
also facilitating logistics in group interventions. PHCP (in
Tenerife and Gran Canaria), FCU and patient randomis-
ation were performed by simple generation from a list of
random numbers. FCUs were blinded to the intervention
assignment until the last patient was recruited.

Patient and public involvement

Patients were actively involved in design of the trial. Two
associations of patients with T2DM in the Canary Islands
were included from the beginning of the study as part
of the research team, with an active participation in the
design of the interventions and selection of the outcomes
measured. In the same way, primary care professionals
and clinical management staff participated in preparation

2
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of the protocol. The patients and professionals included
in the study could express their satisfaction with the inter-
ventions through a questionnaire, as well as through focus
groups and in-depth interviews that will be the subject of
another study. Finally, we established a commitment with
patients and healthcare professionals to share the results
with them in an easy-to-understand way.

Healthcare utilisation and costs

Direct costs were evaluated from the public health-
care service perspective (SCS). Hence the following
resources and services were included: costs related to
the development and implementation of each interven-
tion (including materials and development of ICTs) and
the use of healthcare in all arms (including UC arm),
which included the costs of contacts with primary care
services, hospital admissions, outpatient visits, emergency
visits, tests and medications. Those resources not very
commonly accessed (visits to neurologists, physiotherapy
or Doppler echocardiography, eg) were excluded from
the analysis. Resource use was collected from question-
naires completed by patients, ECR and administrative
data. Unit costs were obtained from different sources,
that is, public sources, administrative accounts and
specific suppliers (see online supplemental appendix 1
tables Al and A2 for further details). The costs of medi-
cines were obtained from the database of dispensed
medicines charged to the public healthcare sector and
included: antihypertensive drugs (ACE inhibitors, angio-
tensin receptor antagonists, calcium-channel blockers,
diuretics and beta blockers), lipid-lowering agents, anti-
thrombotic drugs, amitriptyline, duloxetine, pregabalin
and tramadol. Unit costs were adjusted for inflation when
needed. Costs are reported in Euros from 2017.

Quality-adjusted life years

Patients completed at baseline and every 6 months the
EQ-5D-5L, a generic health-related quality of life ques-
tionnaire™ that evaluates five domains: mobility, self-care,
usual activity, pain/discomfort and anxiety/depression.
Each domain is scored at one of five levels, yielding a
descriptive system that can be combined into a five-
digit number that reports the patient’s state of health.
Each EQ-5D-5L health state can be converted to a single
summary index by applying a formula that attaches
weights to each of the levels in each dimension. A number
of formulae, or value sets are available for different coun-
tries, based on the valuation of EQ-5D health states from
general population samples. In this study, the value set
estimated for Spain by Ramos-Goni ¢t al was used.” After
applying these weights, or utilities, an EQ-5D-5L index
score of 1 represents full health, a score of 0 is equiva-
lent to death and negative scores represent health states
perceived as worse than death by population. Patient-
specific utility profiles over the 2-year follow-up were
estimated assuming a straight line relation between each
patient score at each follow-up point. The QALYs from

baseline to month 24 were calculated as the area under
4
the curve.®

Sample size calculation

The sample size calculation was based on the primary
endpoint of the effectiveness study, that is, the mean
change in glycated haemoglobin (HbAlc) from baseline
to month 24. A total of 2330 patients was estimated (482
patients per arm).

Statistical methods

QALYs and costs were estimated using multilevel
models.”® The first level included patients characteris-
tics, and the second level variables correspond to PHCPs.
QALYs were adjusted by time elapsed since diagnosis
and baseline utility as covariates.™ Costs were adjusted by
age, sex and baseline utility. To estimate use of resources
a negative-binomial regression model, adjusted by time
since diagnosis and baseline resource use, was used. The
final model for each dependent variable included the
covariates that modified the treatment effect of the esti-
mates by at least 10%. As suggested in the Consolidated
Standards of Reporting Trials statement, decisions about
covariates will not be based on the p value.****

Patient characteristics were compared at baseline with a
xg test for the variable sex and using amultilevel model for
age, duration of diabetes, HbAlc and EQ-5D-5L Index.
Only the arm was included as independent variable.

Intergroup differences were considered statistically
significant if p<0.05. For multiple comparisons, the p
value was adjusted with Bonferroni correction.

Missing values were treated by means of multiple impu-
tation procedures,gn with results based on 100 imputed
datasets. The missing data patterns were published as
Multimedia Appendix in Ramallo-Farina et al® The
model of imputation used for variables involved in the
cost-effectiveness evaluation can be found in online
supplemental appendix 2. Analysis was performed on an
intention-to-treat basis.

Incremental costeffectiveness ratio (ICER), that is,
the differences between costs divided by the differences
in QALYs, was calculated when one alternative was more
(less) effective and more (less) costly than another, once
the dominated alternatives were excluded. The results
were re-estimated using alternative values for some
parameters (costs) in a deterministic one-way sensitivity
analysis (+20% of unit costs). Finally, a post hoc subgroup
analysis was conducted with only subjects with HbAlc
above the treatment target, that is, baseline HbAlc >7%.
For reference, €25000 per QALY was considered the
cost-effectiveness threshold as this is the latest value esti-
mated following robust methods in Spain.% All analyses
were conducted using STATA V.15.0 (StataCorp).

RESULTS
Between February 2013 and October 2016, 32 PHCP
and 2334 patients (mean age: 55.7+SD: 7.1 years;

Garcia-Pérez L, et al. BMJ Open 2022;12:e058049. doi:10.1136/bmjopen-2021-058049
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Table 1 Baseline characteristics of the participants in the study

PTl arm (n=537) PFlarm (n=654) CBlarm (n=557) UC arm (n=586) P value

Age (years) (mean+SD) 56.9+7.0 56.2+7.0 55.5+7.1 56.2+7.3 0.216
Sex: male (%) 52.9% 44.0 47.4 48.8 0.024
Duration of diabetes (years) (mean+SD) 8.4+6.8 8.2+6.1 8.9+6.3 8.6+6.8 0.471
Glycated haemoglobin (%) (mean+SD) 7.3+15 7.2:1.4 7415 7.3+1.5 0.224

<% 48.0 53.7 43.3 51.9

7%-8% 27.2 252 29.6 241

8%-9% 12.3 11.5 14.7 11.4

29% 12.5 9.6 12.4 12.6
EQ-5D-5L Index (mean+SD) 0.86+0.19 0.88+0.16 0.86+0.19 0.85+0.20 0.796
Sex: 2 test.

Age, duration of diabetes, glycated haemoglobin and EQ-5D-5L index: multilevel model with arm as independent variables, without

adjusting by covariates.

*Statistically significant differences between arms PTI and PFI (p=0.002).
CBI, combined intervention for patients and professionals; PFl, intervention only for healthcare professionals at primary care; PTI,
intervention only for patients and family members; UC, usual care (control group).

51.9% women) were recruited and included in the RCT.
There were no statistically significant differences among
the groups in terms of their baseline characteristics,
except for sex between the PTI and PFI arm (p=0.002)
(table 1). The flowchart of included patients by arm in
each follow-up can be seen in Ramallo-Farina et al.®

Quality-adjusted life-years

Statistically significant differences in QALYs were found
at month 18 (p=0.030) and 24 (p=0.028). The differences
are found between the CBI arm and the UC arm (1.24 vs
1.29 at 18 months; 1.63 vs 1.72 at 24 months), favouring
the UC arm; and between the CBI arm and PTI arm
(1.24 vs 1.29 at 18 months; 1.63 vs 1.71 at 24 months),
with CBI showing the lowest values (table 2). Represen-
tations of the profile of utilities for patients in each arm
for the 2year period can be found in online supplemental

appendix 1 figure Al.

Use of resources and healthcare costs

Statistically significant differences were found between
arms for the following resources: hospital admissions
(p=0.025), laboratory procedures (p<0.001), visits to
primary care (doctors and nurses) (p<0.001) and non-
hospital emergency room visits (p=0.002) (see online
supplemental appendix 1 table A3). In regard to health-
care costs, we found differences between arms in hospital
admissions (p=0.019), laboratory procedures (p=0.044),
and visits to primary care (p=0.002), but no differences
were found in the aggregated healthcare cost (excluding
INDICA interventions costs). The highest mean health-
care cost was found in the UC arm (€2750, 95% CI €2506
to €2995), followed by the CBI arm (€2698, 95% CI
€2449 to €2948), the PFI arm (€2664, 95% CI €2432 to
€2896) and, lastly, the PTI arm (€2391, 95% CI €2137
to €2646) (table 2). The only significant difference was
found in the healthcare cost between the PTI and the UC
arms (p=0.045).

Cost of INDICA interventions and total costs

The costs of INDICA interventions over the 2years of
implementation are reported in online supplemental
appendix 1 table A2. The mean intervention costs for
patients was higher than the cost for professionals (€180
vs €130). The total cost, that is the result of adding the
INDICA intervention costs and the healthcare costs,
was found to be highest in the CBI arm (€3025, 95% CI
€2776 t0 €3274) , followed by the PFI arm (€2794, 95% CI
€2562 to €3026), the UC arm (€2750, 95% CI €2506 to
€2995), and, finally, the PTI arm (€2571, 95% CI €2317
to €2826) (table 2). Although no differences in total cost
were identified among arms (p=0.093), statistically signif-
icant differences were found between two specific arms,
the PTT arm and the CBI arm (p=0.013).

Cost-effectiveness analysis: base case

Table 3 shows the incremental cost, the incremental effect
and the ICER. The PFI and the CBI arms were domi-
nated by other alternatives, so they cannot be considered
cost-effective. Between the other two arms, PTI and UC
arms, the difference in effects and costs were found to
be small and non-statistically significant (p=0.319). The
ICER is estimated at €38 486 per QALY. This ratio should
be interpreted with care since the intervention evaluated
(PTT arm) is (slightly) less effective but also less expen-
sive than the control (UC arm) and the differences in
total costs and QALYs were not found to be statistically
significant.

Cost-effectiveness analysis: sensitivity analysis

The results of the sensitivity analysis are very similar to
the base case (see online supplemental appendix 1 table
A4). The PFI and CBI arms are in all cases dominated by
the other two arms, while the PTI arm is less expensive
than the UC arm. There are only significant differences
in costs between arms when a lower cost of hospital stay

4
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QALYs per period
Period

3
E

PFl arm CBl arm UC arm P value

0-12 months 0.86 (0.84t00.88)  0.85(0.84100.87) 0.83 (0.81t00.85)t  0.86 (0.85 to 0.88) 0.087

0-24 months 1.71(167t01.75"  169(1.65t01.73) 1.63(1.59t01.68)t  1.72 (1.68 to 1.76) 0.028

Healthcare costs in 2years

Resource PTl arm PFl arm CBlarm UC arm P value

Laboratory tests 46.12 (4068 0 56.35 (51.36 to 61.34) 54.15 (48.62 10 59.69) 51.47 (46.33 to 56.61) 0.044
51.56)

Primary care visits 293.13 (205.04 to 293.13 (297.35 to 481.99 (393.78 to 263.11 (1754 to 0.002
381.21) 472.18) 570.21)t 350.92)

Emergency room visits 275.89 (191.09 to 264.88 (183.39 to 337.16 (251.86 to 251.90 (169.24 to 0.505
360.69) 346.37) 422 .46) 334.56)

Healthcare cost (without INDICA 2391.22 (2136.87 to  2663.6 (2431.57 to 2698.25 (2448.72t0  2750.44 (2506.19t0  0.191

interventions related costs) 2645.58)1 2895.63) 2947.78) 2994.69)
Total cost 2571.53 2317.17to  2793.91 (2561.86to  3025.12 (2775.55t0  2750.44 (2506.18to ~ 0.093
2825.88)" 3025.95) 3274) 2994.71)

Healthcare costs: multilevel model, adjusted by age, sex and baseline utility.

QALYs: multilevel model, adjusted by time elapsed since diagnosis and baseline utility.

*Statistically significant differences between PTI and CBI

TStatistically significant differences between CBland UC

IStatistically significant differences between PTl and UC

§Statistically significant differences between PTl and PFI

fiStatistically significant differences between PFl and UC

CBI, combined intervention for patients and professionals; Cl, Confidence interval; PFl, intervention only for healthcare professionals in primary care;
PTI, intervention only for patients and family members; QALY, quality-adjusted life-years; UC, usual care (control group).

(p=0.039) or a higher cost of the intervention on profes- all the other arms after the multilevel model adjustment

sionals (p=0.036) is assumed. (table 4). In terms of costs, statistically significant differ-
. . , ) ences were observed only in visits to primary care profes-
Analysis of subgroups: patients with baseline HbAlc >7% sionals (p=0.003) (see online supplemental appendix

The subgroup of patien.t.s with !Jaseline HbAle >7% 1 table A5). The highest average healthcare cost per
revealed some benefits of interventions. The PTTarm had patient, not including the cost of INDICA interventions,

the highest effect in terms of QALYs and is dominant over

Mean total cost (€) (95% CI) Mean QALYs (95%Cl)  Incremental cost and incremental QALYs (95% CI)

2793.88 (2561.86 to 3025.95) 1.69 (1.65 to 1.73) Dominated

ICER between PTl and UC 38486.0129 €/QALY

CBI, combined intervention for patients and professionals; Cl, Confidence interval; ICER, incremental cost-effectiveness ratio; PFI,
intervention only for healthcare professionals in primary care; PTI, Intervention only for patients and family members; QALY, quality-
adjusted life-years; UC, usual care (control group).

(3]
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Table 4 Cost and effectiveness in subgroup with baseline
HbA1c >7%

Mean total cost (€) Mean QALYs Cost-
Arm  (95%Cl) (95% Cl) effectiveness
CBl 3516.44 (3207.58t0 1.62(1.59t01.67) Dominated

3825.31)

UC  3492.08 (3092.06to 1.70(1.66t0 1.73) Dominated

3892.1)

PFl  3310.96 (2981.6to 1.71(1.68t01.75) Dominated

3640.32)

PTI  3117.46 2763.4t0 1.72(1.69t0 1.75) Dominant

3471.53)

CBI, combined intervention for patients and professionals;
Cl, Confidence interval; HbA1c, glycated haemoglobin; PFI,
intervention only for healthcare professionals in primary care;
PTI, intervention only for patients and family members; QALY,
quality-adjusted life-years; UC, usual care (control group).

was found in the UC arm (€3492, 95% CI €3092 to
€3892), followed by the CBI arm (€3189, 95% CI €2881
to €3498), the PFI arm (€3181, 95% CI €2851 to €3510)
and, lastly, the PTT arm (€2937, 95% CI1 €2583 to €3291).
These costs were higher than those observed for the
entire sample. The only statistically significant difference
was found between the average cost of the PTI arm and
the average cost of the UC arm, as was the case for the
total sample. No differences between arms were found in
total cost in patients with baseline HbAIc>7% (p=0.399).
The highest total cost per patient was estimated for the
CBI arm (€3516, 95% CI €3208 to €3825), followed by
the UC arm (€3492, 95% CI €3092 to €3892), the PFI
arm (€3311, 95% CI €2982 to €3640) and, lastly, the PTI
arm (€3117, 95% CI €2763 to €3471) (see table 4).

The estimate of costs and QALYs was similar for all
imputed, non-imputed and completed data. The same
arms stayed as dominant and the same conclusion with
regard to ICER was upheld.

DISCUSSION

This paper presents the results of an economic evaluation
conducted alongside a RCT, the INDICA Study (n=2334),
in the Canary Islands, Spain, and from the healthcare
perspective. The alternatives evaluated were ICT-based
PTI and for professionals in primary care, developed to
improve selfmanagement and health outcomes in people
with T2DM and prevent serious comorbidity or advanced
complications of the disease.

The lowest mean cost was found in the PTI arm, that
is, the group where patients received a diabetes-coaching
programme combining group education workshops,
personalised phone messages and a web-based platform.
At the other end, as expected, the cost of the CBI arm,
where both PTI and for professionals were included, was
higher than in any other arm. The main costs driver was
the healthcare costs, lower in the PTI arm than in any
other arm and higher in the control group than in any

intervention arm. To be precise, the differences between
arms were partly explained due to differences in the use
of resources and costs of visits to primary care, lab tests
and hospital admissions. Regarding the effectiveness of
the interventions, although the ICT-based interventions
developed for the INDICA trial improved HbAlc and
other clinical measures after 24 months of follow~up,25
these results were not translated into large differences in
terms of QALYs between arms. Taking into account costs
and QALYs, the CBI and the PFI arms were dominated,
that is, were less effective and more costly than other alter-
natives. Meanwhile, the PTI arm was found to be slightly
less effective and less costly than the control group (non-
significant differences). The sensitivity analysis confirmed
this result. Furthermore, we estimated that the incre-
mental cost per QALY of the UC strategy compared with
the PTT arm was above the cost-effectiveness threshold in
Spain (€25 000 per QALY) S indicating that the PTT inter-
vention is likely to be a costeffective option.*” This ICER
must be cautiously interpreted given that Cls for both costs
and QALYs show uncertainty around the estimates. To
complement the results, we conducted a subgroup anal-
ysis (not included in the trial protocol) that revealed that
in the sample of patients with uncontrolled T2DM (base-
line HbAlc >7%) the PTI arm was dominant over all the
other arms. This suggests that the INDICA intervention
designed for patients and their families is likely to be more
cost-effective, especially in patients with poorly controlled
blood glucose levels. Transferability to real clinical prac-
tice of cost-effective interventions could be even more effi-
cient as their application can be extended to thousands of
patients with T2DM, with minimal cost increases.

The INDICA study was designed to be ambitious,
inspired by several systematic reviews.
reviews confirmed the pertinence of studies as INDICA.
Lian etalconducteda systematic review of cost-effectiveness
studies on self-management education programmes for
T2DM.* This review found two interesting results. First,
the number of studies of sufficiently good quality was low,
only five cost-effectiveness studies alongside clinical trials.
The longest follow-up was 12months and the largest
sample size was 1570. Consequently, from the point of
view of these two methodological characteristics, the
INDICA study is superior. The second conclusion from
Lian ef alis that the cost of these interventions is not very
high and likely to be cost-effective in the long-term. In
fact, the only study they identified that found that the
intervention was not cost-effective was conditioned by the
short-term analysis and could benefit from a long term
modelling ;malysis.s8 * More recently, Siegel et al found
strong evidence that multicomponent interventions
(involving behaviour change and education and phar-
macological therapy) compared with UC are cost-saving
or cost-effective (range of the ICERs from cost-saving to
US$58587 per QALY; median: US$2315 per QALY, based
on six stu(lies).“ Interestingly, they also found uncertain
evidence about the cost-effectiveness of a computerised
decision support system linked to ECR.

More recent

6
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Finally, the generalisability of the INDICA findings
and the transferability of its results to other settings are
not straightforward. Interventions were designed and
implemented considering the level of health and digital
literacy of the population in the Canary Islands, that is
quite similar to the average in Spain (and above the EU
mean), and the organisation of the primar?* healthcare
provision by the public system in the region.* 42;—\llhough
notall regions in Spain offer the same support to patients
with diabetes, primary healthcare is quite homogeneous
throughout the country* so the interventions could be
implemented with few modifications in regions other
than the Canary Islands. Therefore, we could conclude
that the intervention and the cost-effectiveness results
could be transferable to other regions in Spain, but the
transferability to other countries would need a thorough
analysis of the care for T2DM in other foreign settings.

Strengths and limitations

The strengths of the INDICA Study as a trial include the
pragmatic nature, its large sample size, the duration of
follow-up when compared with other trials and, espe-
cially, the high rate of patient retention at the last control
visit in month 24. There is prior evidence supporting
the effectiveness of similar interventions in the reduc-
tion of HbAlc in the short term'®***® but not in the long
term.*® The INDICA study revealed differences in clinical
outcomes between the intervention arms and the control
group that remained statistically and clinically significant
at the end of 24 months despite the gradual reduction
of effectiveness over time.”® These findings highlight the
importance of conducting trials with long follow-up and
sufficient statistical power to evaluate interventions of
limited effect sizes but of potential efficacy. In addition,
this study applied careful randomisation methods and
hierarchical modelling techniques to minimise potential
bias due to sample selection or due to baseline differ-
ences across subjects. Further explanations can be found
in the main article with the clinical results of the INDICA
study.”®

Asan economic evaluation, the mostimportant strength
comes from the quality and quantity of data on resource
use. Medication was collected from the information
system for the electronic drugs prescriptions, a very reli-
able register that includes data on prescription and collec-
tion of drugs from community pharmacists. But most data
were collected from the patients in common face-to-face
meetings to avoid recall bias, and checked against the
ECR for those considered critical as healthcare visits and
hospital admissions. These meetings also facilitated the
high rate of completed EQ-5D-5L questionnaires.

The main limitations of this study are as follows.
First, there was some degree of missing data addressed
by the robust imputation technique. Multiple Imputa-
tion methods were used instead of the technique speci-
fied in the protocol, sipce this is the best option for our
missing data patterns.'“ Related to this limitation, due to
the complexity of our models, which included multilevel

analyses and imputed data, it was not possible to apply
bootstrapping techniques that could effectively charac-
terise the uncertainty around the ICER point estimates.
This also prevented estimate of the costeffectiveness
acceptability curve. Instead, we presented the Cls for
costs and QALYs separately and conducted comprehen-
sive deterministic sensitivity analyses.

Second, we conducted the costs analysis in the frame-
work of the clinical trial. Intervention costs might differ
in real life as implementation all over the Canary Islands
would require the escalation of resources in a fragmented
territory as it is an archipelago if other criteria such as
access equity have to be taken into consideration. None-
theless, the sensitivity analysis applied to costs confirmed
the main result as reported in this study.

Third, we found some unexpected results that were
further explored. For instance, the small effect observed
in the PFI and CBI arms in comparison to PTI was poten-
tially explained by the high staff turnover noted among
primary care professionals around the time the study was
ongoing. Similarly, the unexpected results with regard
to the outcomes measured in the UC arm might be
accounted for by the intensive trial follow-up that all the
arms experienced (ie, answering questions about diet,
physical activity and self-care six times in 2years, plus
blood tests and other examinations) that could be seen
as a kind of intervention.** #* 44 Therefore, the intensity
of the follow-up in the study might have also impacted
patient behaviour in the UC arm, to the point of reducing
the differences in effects at the end of the 2-year period.

Finally, the lack of important differences in QALYs is
potentially due to two main reasons. First, it is difficult
to observe large changes when most patients included in
the study were already well controlled at baseline (49.4%
of the whole sample had an HbAlc <'7%).H Second, the
time horizon is too short to observe changes in diabetes-
related complications that are the main cause of varia-
tions in quality of life.”” We will aim to overcome these
limitations by implementing the INDICA-DOS study, a
follow-up of patients included in the INDICA study that
aims to collect outcomes and healthcare costs in the
longer term. This information will be useful to comple-
ment the within-trial economic evaluation presented in

this paper with a lifetime Markov model.? %

Conclusions

In summary, the multicomponent intervention designed
by INDICA for patients with T2DM and their families
is likely to be a cost-effective option, and particularly
so in patients with not so well controlled TD2M (base-
line HbAlc >7%). This kind of intervention is likely to
be effective, cost-effective and, if focused on those with
the highest needs, its impact on the public health budget
would be limited.
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Table Al. Health care resources included in the analysis and their unit costs

Unit cost (€) Source

Hospital stay (*) 5171.77 Assumption based on Crespo et al. 2013
Lab test by general practitioner 15 Assumption based on eSalud
Lab test by specialist 20 Assumption based on eSalud
Retinography 100 Assumption base on several sources
o e Public tariff, Servicio Canario de la Salud
Visit to general practitioner 28.78
(2017)
L : Public tariff, Servicio Canario de la Salud
Visit to nurse at primary care 26.62
(2017)
. . . Assumption based on public tariff, Servicio
Visit to endocrinologist 110 Canario de la Salud (2017)
Public tariff, Servicio Canario de la Salud

Visit to accident & emergency 227.78 2017)

Unit costs varied depending on the medication. The source was the
database of dispensed medicines in community pharmacy offices.
(*) As the mean stay of INDICA patients was 9 days, the unit cost reported by Crespo et al. (Av Diabetol. 2013)
is considered adequate for the estimation of hospital stay costs.

Medication

Sources:

-Crespo C, Brosa M, Soria-Juan A, Lopez-Alba A, Lopez-Martinez N, Soriac B. Costes directos de la diabetes
mellitus y de sus complicaciones en Espana (Estudio SECCAID: Spain estimated cost Ciberdem-Cabimer in
Diabetes). Av Diabetol. 2013:29(6):182-189.

-Servicio Canario de la Salud. Resolucién de 29 de marzo de 2017, del Director, por la que se modifica la cuantia
de los precios publicos de servicios sanitarios previstos en el Decreto 81/2009, de 16 de junio, por el que se
establecen los precios piiblicos de los servicios sanitarios prestados por el Servicio Canario de la Salud y se fijan
sus cuantias. Boletin Oficial de Canarias nim. 67. Miércoles 5 de abril de 2017. Available at:
http://www.gobiernodecanarias.org/boc/2017/067/002.html [7/8/2020].

-Gisbert, R and Brosa, M. Spanish Health Costs and cost-effectiveness ratios Database: eSalud [Internet].
Barcelona: Oblikue Consulting, S.L.; 2007: [latest update: 2018; date of access: 9/4/2019]. Available at:
http://www.oblikue.com/bddcostes/
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Table A2. Cost of INDICA interventions (€)

Resource Patients Professionals Both
Time dedicated to developing the materials used by the study 20163 O 20163
nurses (educators)

Time spent by other professionals on reviewing the materials 1523 (-) 1523
Training in empowerment received by the nurses 229 ) 229
Training in emotional management received by the nurses 414 -) 414
Time for educational workshops to patients and their relatives 27824 © 27804
by nurses

Laptops 3620 -) 3620
Printed materials for group education 780 (-) 780
Transport by nurses to visit centres 5004 (-) 5004
Diaries for patients 7910 -) 7910
Video recording of educational workshops given by nurses 1091 -) 1091
Website with educational materials for the patients 12120 (-) 12120
SMSs sent to patients 16119 (-) 16119
Time dedicated to developing the materials: review of studies

and design of INDICA guideline for GPs © A4 4460
Edition and printing of INDICA guideline (-) 1292 1292
Development and maintenance of computerized decision o 26477 26477
support system

Development of feedback system (-) 7284 7284
Folders for professionals in primary care (-) 1452 1452
S:rt:nng for training workshops for professionals in primary o 1741 1741
Training workshops of professionals in primary care

(introduction to INDICA guideline and shared decision (-) 2500 2500
making)

Total cost (€) 96798 85206 182004
Number of patients 537 654 557
Mean cost per patient (€) 180.26 130.28 326.76
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Figure A1. EQ-5D-5L Index profile per arm
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Table A3. Adjusted mean (95%CI) of use of for all foll p per arm. Negati regression model

Resource PTIarm PFI arm CBI arm UC arm p-value
Hospital stays 0,09 (0.06100.12)° 0.10 (00710 0.13) 0.08 (0.04100.11)° 01501210018 0.025
Lab tests by general practitioner 204 (188 0 2.19)¢ 2,60 (247 10 2.74)° 251 (234102.68)" 212(1.98 102.27) <0.001
Lab tests by specialist 0.77 (06210092) 0.85(0.71 10 0.98) 0.85 (07010 1.0) 09509110109 0373
Retinography 120 (1.08 10 132) 129 (118 10 138) L18(107 0 1.31) LIS(L00125) 0323
Visits to general practitioner 596(5.5610636%1C  808(1530859)T 9739310 10.67)" 535(4.93105.71) <0.001
Visits to nurse at primary care 459 (407 0511y 5715240617 731 (678107.86)" 4,66 (4.17105.15) <0.001
Visits to endocrinologist 03903010 0.48) 0.46 (03710 0.53) 0.45 (036 100.55) 04303510052  0.693
:’e';:e‘;’ accident & emergency (outpatient g5 (77 1.13ye 0.86 (07010 1.02)¢ 113 (094 10 1.31)° 0.78 (0.6210 0.94) 0.002
Visit to accident & emergency (hospital) 033 (0.25 t0 0.40) 0.29(0.2310035) 0.36 (028 100.43) 03302710 04) 0577

Negative-binomial regression model, adjusted by time since diagnosis and baseline resource usc.

Statistically significant differences between arms: a, UC and PTI; b, UC and CBI; ¢, UC and PFL; d, CBIand PTL ¢, PFI and PTI: f, CBI and PFI.

CBI. Combined intervention for patients and professionals: PFI, Intervention only for health care professionals in primary care: PTL. Intervention only for patients and family members: UC,

usual care (control group).
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Table A4. Results of the one-way sensitivity analysis

Costs (€) Mean (95%CI) PTIvs UC
Unit cost 5 Increment  Incremental ICER
Resource © PFI arm CBI arm* PTIarm UC arm p-value alcast QALYs (€QALY)
s 2683Q467210 (22791412;'5(0 U926 BWIBQINLIN (oo ol o
3% 2898.79) UL 10271421y 10 2824.04) : = i 23
Hospital stay
3107.11
2004.48 (2653.62 2663.45 (238666 2903.04 (2637.74
620612 i a4 4 Eashii Dl oaer messs 00065 5152366
2786.00 (255397 30176 276797 256541 (23110  2744.06 (2499.73
12 0095  -178652 000465 3841978
L sty 103018.2) 103267.22) 10 2819.81) 10 2988.39)
ﬁre:c?:ilmer o WOLBEs9Ts  JUEG L as7esimiaa M6SIOSRE (00 ous ooos  3ss3a
103033.71) s 1}>;0 10 2831.96) 103001.02) L A . =
6 Zoodeasssy LSS 0542031448 2M6S9QS2T o oo oooues 331763
— 10 3022.09) L 10 2822.35) 10 2090.44)
specialist
279735 (256489 302838 27784  2574.64 (231986 275429 (2509.61
U 10 3020.82) 0 3278.37) 102829.41) 0209897) 009 179655 000465 3863548
w  vesonss  JELS asnsiomsr mmM@s o 970 oooses 3865355
10 3000.98) L 10 2802.32) 102972.09) . 03 L 633
Retinography e
21930 258774 M 2505.49 (234142 2773.56 (25297
120 10 3051.05) e 10 2849.56) wa0t7dy 002 178063 000465 3820335
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pop  ZMeBES2LI9 OB 67702885 SIS 00 esoss ocoues 3970742
- 102972.4) e 67)" 10 2785.04) 102959.85) : e o :
Visit to general :
practitioner 3080.72 e -
284106260223 080 260631 21554 2779.03 (2528.20
3454 el (28245410 i aae | 00N 274 000465 3714495
3336.91)
2130 276369 253676 (22793%4625610 2547.60 Q20815 2727194 (48862 104 8025 000465 3876344
- 102090.61) el 102797.22) 102967.25) - - : -
Visit to nurse at 5 G
s 2411258679 200095 550530 (233606 2772.96 (25236
3194 At @iz el ooy 0083 ITISTZ 000465 3ISTS)
3320.62)
g Tseasessear  JUOB 256704031203 4512050006 (00 oo oooes 3829656
103020.13) Al 102821.15) 102989.17) 03 : ; 38296
Visit to 3269.21)
endocrinologist 3039.22
280892 257633 03 25835 (232846 2764.64 (2519.79
132 e 278911 0 e S 0092 -I81146 000465 3895613
3289.34)
122  280Q38I60 (2%13527410 2SL8T Q0091 2S6LI (3093 516 910105 000465 4518387
: 2821.25) st 102612.83) 10 2814.65) ; : : 3
Visit to accident i
egeay 2607.18 (2363.74 271563 238107211776 259202 (2337.16
34 e L (251638 to e e ateweC 028 210951 00m6s 4536581
3034.93)
Cost of INDICA 2959.77
interventions Mo 279‘;:'2&2{;')“ @020 PVBEHLE 27?3;;}‘7‘:‘;' B 0132 214966 000465 4622025
(PTIand CBI - A0S 3209.34) 83 g
Garcia-Pérez L, et al. BMJ Open 2022; 12:¢058049. doi: 10.1136/bmjopen-2021-058049
s B g oy i 0 ot M el e g gy e sawopen
arm) 20631 279391 (2561.86 309047 (28409 2607.58 (235322 2750.44 (2506.18
39211 10 3025.95) 103340.04) 10 2861.93) w2007y 008 cl42866  <000d65 3072387
10422 27678525358 295977 27102 257153 (231717 275044 (2506.18
Costof INDICA 5174 10 2999.89) 103209.34) 10 2825.88) o3agyy  WEOL GNEAE 06T Ben
interventions
(PFl and CBI
15634-  2819.97(2587.92 300047 (28409 257153 (231717  2750.44 (2506.18
) 39211 3052.01) 10334004 102825 88)* w0200471) 0036 248442 000465 5342839
*Arm dominated

Statistically significant differences between arms: * PTI and CBI: ®, CBI and UC.
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Table AS5. Adjusted mean (95%CT) of healthcare costs per arm (€) in the subgroup with baseline HbAlc >7 %. Multilevel model

Resource PTIarm PFIarm CBI arm UC arm p-value
Hospital stays 586,27 (G243 084011 61988 (T6980862T) oy e 0020 91146 (604.52101218.40)  0.104
Laboratory tests 46.64(40.21 to 53.08) 58.26 (52.78 t0 63.75) 53.05(49.021058.89)  54.29 (48,3310 60.25) 0.142
Retinography 124.54 (10746 10 141.62) 12822 (11334 to 143.09) :f?g;’m‘” 12 11899 (103.39t0134.59) 0987
Primary care visits 297.26 (269.301032522)'  385.42 (350.11 0 420.73) 22:'23)&456'8' © 287.97 (256.2810319.66)  0.003
Specialist visits 40.90(30.3210 51.45) 57.91 (43.2710 72.54) 54.19(40.9910 6739)  58.58 (4.711072.46) 0371
Accident & emergency visits 26082 (191.1010348.53) 27562 (203.01 t0 348.24) iﬁz;zss.m © 278.52(209.9410347.10) 0738

o 1571772 (140085 to 1655.37 (145779 to 1635.11 (1469.55 to 177071 (1591.67 to
Medication 1742.69) 1852.04) 1800.67) 1948.75) 8L
Healtheare cost (without INDICA  2937.20 (2583.14 to 3180.68 (285132 to 3189.32 (2880.50 to 3492.08 (3092.06 to P
interventions related costs) 329127 3510.04) 3498.13) 3892.10) :
INDICA interventions related 180.26 13028 32676 0

3117.46 2763 40 to 3516.44 (3207.58 to

Total cost e 331096 2981610 3640.32) 310 3492.08 (3092.06 t0 3892.1) 0399

Multilevel model, adjusted by age, sex and baseline ufility.

Statistically significant differences between arms: a, UC and PTI; b, UC and CBI; d, CBI and PTI; ¢, PFland PTL

CBI, Combined intervention for patients and professionals; PFI, Intervention only for health care professionals at primary care; PTI, Intervention only for patients and family members; UC,

usual care (control group).
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Appendix 2. Description of mechanism for imputation of missed data.

Multiple imputation was performed by means of mi impute chained using the software Stata 15.0. Imputations were
performed in a differentiated way for each of the four treatment groups. The following variables were considered regular and
used as predictors to perform imputations: age of onset of the study, sex, baseline smoker status and baseline diabetes
treatment. A total of 79 variables were imputed. Each variable was imputed in chronological order: baseline first and
afterwards 3, 6, 12, 18 and 24 months. As a general rule, the latest available information of the variable to impute was used.
When information from other variables was used the information from the same time moment was used. The imputation was
not performed using secondary variables as random effects without fixed effects being used. A total of 90 imputations was
performed for every missed data. For some imputations, predictor variables were omitted due to convergence problems.

The following table shows the order of imputation of the variables, the variables used in the imputation, the prediction model

and the number of lost data for this variable.

Imputed variable Variables used in the imputation Imputation Model | N missed

1 Mobility EQ-5D-5L., Age, Sex, Diabetes treatment baseline, Duration of mlogit 21
baseline Diabetes

2 Mobility EQ-5D-5L, 6 | Age. Sex, Diabetes treatment baseline, Duration of mlogit 573
months Diabetes, Mobility EQ-5D-5L baseline

3 Mobility EQ-5D-5L, 12 | Age, Sex, Diabetes treatment baseline, Duration of mlogit 670
months Diabetes, Mobility EQ-5D-5L 6 months

4 Mobility EQ-5D-5L, 18 | Age. Sex, Diabetes treatment baseline, Duration of mlogit 745
months Diabetes, Mobility EQ-5D-5L 12 months

5 Mobility EQ-5D-5L, 24 | Age, Sex, Diabetes treatment baseline, Duration of mlogit 671
months Diabetes, Mobility EQ-5D-5L 18 months

6 Self-care EQ-5D-5L, Age. Sex, Diabetes treatment baseline, Duration of mlogit 27
baseline Diabetes, Mobility EQ-5D-5L baseline

7 Self-care EQ-5SD-5L, 6 | Age, Sex, Diabetes treatment baseline, Duration of mlogit 577
months Diabetes, Mobility EQ-5D-5L 6 months

8 Self-care EQ-5D-5L, 18| Age. Sex, Diabetes treatment baseline, Duration of mlogit 743
months Diabetes, Mobility EQ-5D-5L 18 months

9 Usual activities EQ-5D- | Age, Sex, Diabetes treatment baseline, Mobility EQ- | mlogit 25
5L, baseline 5D-5L baseline

10 |Usual activities EQ-5D- | Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 578
5L, 6 months 5D-5L 6 months

11 |Usual activities EQ-5D- | Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 671
SL, 12 months 5D-5L 12 months

12 |Usual activities EQ-5D- | Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 750
5L, 18 months 5D-5L 18 months

13 |Usual activities EQ-5D- | Age, Sex, Diabetes treatment baseline mlogit 677
5L, 24 months

14 |Pain/Discomfort EQ- | Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 22
5D-5L, baseline 5D-5L baseline

15 |Pain/Discomfort EQ- | Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 575
5D-5L, 6 months 5D-5L 6 months, Pain/Discomfort EQ-5D-5L baseline
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Imputed variable Variables used in the imputation Imputation Model | N missed
16 |Pain/Discomfort EQ- Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 670
5D-5L, 12 months 5D-5L 12 months, Pain/Discomfort EQ-5D-5L 6
months
17 |Pain/Discomfort EQ- | Age, Sex, Diabetes treatment baseline, Mobility EQ- | mlogit 743
5SD-5L, 18 months 5D-5L 18 months, Pain/Discomfort EQ-5D-5L 12
months
18  |Pain/Discomfort EQ- | Age, Sex, Diabetes treatment baseline, Mobility EQ- | mlogit 672
5SD-5L, 24 months 5D-5L 24 months, Pain/Discomfort EQ-5D-5L 18
months
19 | Anxiety/Depression Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 32
EQ-5D-5L, baseline 5D-5L Baseline, Usual activities EQ-5D-5L Baseline,
Pain/Discomfort EQ-5D-5L baseline
20 | Anxiety/Depression Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 575
EQ-5D-5L, 6 months 5D-5L 6 months, Usual activities EQ-5D-5L 6 months,
Pain/Discomfort EQ-5D-5L 6 months,
Anxiety/Depression EQ-5D-5L baseline
21 |Anxiety/Depression Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 670
EQ-5D-5L, 12 months  |5D-5L 12 months, Usual activities EQ-5D-5L 12
months, Pain/Discomfort EQ-5D-5L 12 months,
Anxiety/Depression EQ-5D-5L 6 months
22 |Anxiety/Depression Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 745
EQ-5D-5L, 18 months |5D-5L 18 months, Usual activities EQ-5D-5L 18
months, Pain/Discomfort EQ-5D-5L 18 months,
Anxiety/Depression EQ-5D-5L 12 months
23 |Anxiety/Depression Age, Sex, Diabetes treatment baseline, Mobility EQ- mlogit 671
EQ-5D-5L, 24 months | 5D-5L 24 months, Usual activities EQ-5D-5L 24
months, Pain/Discomfort EQ-5D-5L 24 months,
Anxiety/Depression EQ-5D-5L 18 months
24 |VASEQ-5D-5L, Age, Sex, Diabetes treatment baseline, Mobility EQ- poisson 47
baseline 5D-5L baseline, Usual activities EQ-5D-5L baseline,
Pain/Discomfort EQ-5D-5L baseline,
Anxiety/Depression EQ-5D-5L baseline
25 VAS EQ-5D-5L, 6 Age, Sex, Diabetes treatment baseline, Mobility EQ- poisson 584
months 5D-5L 6 months, Self-care EQ-5D-5L 6 months, Usual
activities EQ-5D-5L 6 months, Pain/Discomfort EQ-
5D-5L 6 months, Anxiety/Depression EQ-5D-5L 6
months, VAS EQ-5D-5L baseline
26 |VASEQ-5D-5L, 12 Age, Smoking status baseline, Mobility EQ-5D-5L 12 | poisson 686
months months, Pain/Discomfort EQ-5D-5L 12 months,
Anxiety/Depression EQ-5D-5L 12 months, VAS EQ-
5D-5L 6 months
27 |VASEQ-5D-5L, 18 Age, Sex, Diabetes treatment baseline, Smoking status | poisson 746
months baseline, Mobility EQ-5D-5L 18 months, Self-care EQ-
5D-5L 18 months, Usual activities EQ-5D-5L 18
months, Pain/Discomfort EQ-5D-5L 18 months,
Anxiety/Depression EQ-5D-5L 18 months, VAS EQ-
5D-5L 12 months
28 |VASEQ-5D-5L, 24 Age, Sex, Diabetes treatment baseline, Smoking status | poisson 679
months baseline, Mobility EQ-5D-5L 24 months, Usual
activities EQ-5D-5L 24 months, Pain/Discomfort EQ-
5D-5L 24 months, Anxiety/Depression EQ-5D-5L 24
months, VAS EQ-5D-5L 18 months
29 |Lab tests by general Age, Sex, Diabetes treatment baseline, Smoking status | poisson 70
practitioner, baseline | baseline, Comorbidity baseline, Pain/Discomfort EQ-
5D-5L baseline, VAS EQ-5D-5L baseline
30 |Lab tests by general Age, Sex, Smoking status baseline, Comorbidity 490
practitioner, 3 months | baseline, Pain/Discomfort EQ-5D-5L 6 months, VAS
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EQ-5D-5L 6 months, Lab tests by general practitioner
baseline
31 |Lab tests by general Age, Sex, Smoking status baseline, Comorbidity poisson 593
practitioner, 6 months | baseline, Pain/Discomfort EQ-5D-5L 6 months, VAS
EQ-5D-5L 6 months, Lab tests by general practitioner
3 months
32 |Lab tests by general Age, Comorbidity 12 months, Pain/Discomfort EQ-5D- | poisson 670
practitioner, 12 months |5L 12 months, Lab tests by general practitioner 6
months
33 |Lab tests by general Age, Sex, Diabetes treatment baseline, Smoking status | poisson 746
practitioner, 18 months |baseline, Comorbidity 12 months, Pain/Discomfort EQ-
5D-5L 18 months, VAS EQ-5D-5L 18 months, Lab
tests by general practitioner 12 months
34 |Lab tests by general Age, Sex, Comorbidity 24 months, Lab tests by general | poisson 676
practitioner, 24 months | practitioner 18 months
35 |Lab tests by specialist, |Age, Diabetes treatment baseline, Comorbidity baseline | poisson 83
baseline
36 |Lab tests by specialist, |Age, Sex, Comorbidity baseline, Lab tests by specialist 539
3 months baseline
37 |Lab tests by specialist, |Age, Sex, Diabetes treatment baseline, Smoking status | poisson 597
6 months baseline, Comorbidity baseline, Lab tests by specialist
3 months
38 |Lab tests by specialist, |Sex, Smoking status baseline, Comorbidity 12 months, |poisson 676
12 months Lab tests by specialist 6 months
39 |Lab tests by specialist, |Sex, Diabetes treatment baseline, Smoking status poisson 748
18 months baseline, Comorbidity 12 months, Lab tests by
specialist 12 months
40  |Lab tests by specialist, |Age, Sex, Diabetes treatment baseline, Comorbidity 24 | poisson 677
24 months months, Lab tests by specialist 18 months
41  |Retinography, baseline |Age, Sex, Diabetes treatment baseline, Smoking status | poisson 78
baseline, Comorbidity baseline
42 |Retinography, 3 months | Sex, Smoking status baseline, Comorbidity baseline, poisson 497
Retinography baseline
43 |Retinography, 6 months | Age, Sex, Diabetes treatment baseline, Smoking status | poisson 593
baseline, Comorbidity baseline, Retinography 3 months
44 |Retinography, 12 Age, Smoking status baseline, Comorbidity 12 months | poisson 669
months
45 |Retinography, 18 Age. Smoking status baseline, Comorbidity 12 months | poisson 745
months
46  |Retinography, 24 Age, Sex, Diabetes treatment baseline, Smoking status | poisson 676
months baseline, Comorbidity 24 months, Retinography 18
months
47 | Visits to general Age, Sex, Diabetes treatment baseline, Comorbidity poisson 147
practitioner, baseline  |baseline, Usual activities EQ-5D-5L baseline,
Pain/Discomfort EQ-5D-5L baseline,
Anxiety/Depression EQ-5D-5L baseline

Garcia-Pérez L, et al. BMJ Open 2022; 12:e058049. doi: 10.1136/bmjopen-2021-058049

130



Supplemental material

BMJ Publishing Group Limited (BMYJ) disclaims all liability and responsibility anising from any reliance

placed on this supplemental material which has been supplied by the author(s)

BMJ Open

Imputed variable

Variables used in the imputation

Imputation Model

N missed

48

Visits to general
practitioner, 3 months

Age, Sex, Smoking status baseline, Comorbidity
baseline, Mobility EQ-5D-5L Baseline, Usual activities
EQ-5D-5L baseline, Pain/Discomfort EQ-5D-5L
baseline, Anxiety/Depression EQ-5D-5L baseline,
Visits to general practitioner baseline

poisson

505

49

Visits to general
practitioner, 6 months

Age, Sex, Diabetes treatment baseline, Smoking status
baseline, Comorbidity baseline, Mobility EQ-5D-5L 6
months, Usual activities EQ-5D-5L 6 months,
Pain/Discomfort EQ-5D-5L 6 months,
Anxiety/Depression EQ-5D-5L 6 months, VAS EQ-
5D-5L 6 months, Visits to general practitioner 3
months

poisson

615

50

Visits to general
practitioner, 12 months

Age, Sex, Diabetes treatment baseline, Smoking status
baseline, Comorbidity 12 months, Mobility EQ-5D-5L
12 months, Usual activities EQ-5D-5L 12 months,
Pain/Discomfort EQ-5D-5L 12 months,
Anxiety/Depression EQ-5D-5L 12 months, Visits to
general practitioner 6 months

poisson

667

51

Visits to general
practitioner, 18 months

Age, Sex, Diabetes treatment baseline, Smoking status
baseline, Comorbidity 12 months, Usual activities EQ-
5D-5L 12 months, Pain/Discomfort EQ-5D-5L 12
months, Anxiety/Depression EQ-5D-5L 12 months,
Visits to general practitioner 12 months

poisson

746

52

Visits to general
practitioner, 24 months

Age, Sex, Diabetes treatment baseline, Smoking status
baseline, Comorbidity 24 months, Mobility EQ-5D-5L
24 months, Pain/Discomfort EQ-5D-5L 24 months,
Anxiety/Depression EQ-5D-5L 24 months, VAS EQ-
5D-5L 24 months, Visits to general practitioner 18
months

poisson

672

53

Visits to nurse at
primary care, baseline

Age, Sex, Smoking status baseline, Comorbidity
baseline, Mobility EQ-5D-5L baseline, Usual activities
EQ-5D-5L baseline, Pain/Discomfort EQ-5D-5L
baseline, Anxiety/Depression EQ-5D-5L baseline

poisson

202

54

Visits to nurse at
primary care, 3 months

Sex, Diabetes treatment baseline, Smoking status
baseline, Comorbidity baseline, VAS EQ-5D-5L
baseline, Visits to nurse at primary care baseline

poisson

511

55

Visits to nurse at
primary care, 6 months

Age, Sex, Smoking status baseline, Comorbidity
baseline, Mobility EQ-5D-5L 6 months, Usual
activities EQ-5D-5L 6 months, Pain/Discomfort EQ-
5D-5L 6 months, Anxiety/Depression EQ-5D-5L 6
months, VAS EQ-5D-5L 6 months, Visits to nurse at
primary care 3 months

poisson

626

56

Visits to nurse at
primary care, 12
months

Age, Sex, Smoking status baseline, Comorbidity 12
months, Mobility EQ-5D-5L 12 months, Usual
activities EQ-5D-5L 12 months, Pain/Discomfort EQ-
5D-5L 12 months, Anxiety/Depression EQ-5D-5L 12
months, VAS EQ-5D-5L 12 months, Visits to nurse at
primary care 6 months

poisson

668

57

Visits to nurse at
primary care, 18
months

Sex, Comorbidity 12 months, Usual activities EQ-5D-
SL 18 months, Pain/Discomfort EQ-5D-5L 18 months,
Anxiety/Depression EQ-5D-5L 18 months, Visits to
nurse at primary care 12 months

poisson

747

58

Visits to nurse at
primary care, 24
months

Age, Sex, Comorbidity 24 months, Mobility EQ-5D-5L
24 months, Usual activities EQ-5D-5L 24 months,
Pain/Discomfort EQ-5D-5L 24 months,
Anxiety/Depression EQ-5D-5L 24 months, VAS EQ-
5D-5L 24 months, Visits to nurse at primary care 18
months

poisson

670
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59 | Visits to Age, Sex, Smoking status baseline, Comorbidity poisson 227
endocrinologist, baseline, Usual activities EQ-5D-5L baseline,
baseline Pain/Discomfort EQ-SD-5L baseline, VAS EQ-5D-5L
12 months
60 Visits to Age, Sex, Comorbidity baseline, Mobility EQ-5D-5L | poisson 524
i H baseline, Usual activities EQ-5D-5L baseline,
endocrinologist, 3| pinymyi<comfort EQ-SD-SL baseline,
months Anxiety/Depression EQ-5D-5L baseline, Visits to
endocrinologist baseline
61 | Visits to Age, Sex, Comorbidity baseline, Mobility EQ-5D-5L 6 | poisson 630
endocrinologist, 6 months, Pain/Discomfort EQ-5D-5L 6 months, VAS
months EQ-5D-5L 6 months, Visits to endocrinologist 3
months
62 | Visits to Age, Comorbidity 12 months, Mobility EQ-5D-5L 12 | poisson 668
endocrinologist, 12 months, Visits to endocrinologist 6 months
months
63 | Visits to Sex, Comorbidity 12 months, Usual activities EQ-5D- | poisson 744
endocrinologist, 18 SL 18 months, Pain/Discomfort EQ-5D-5L 18 months,
months VAS EQ-5D-5L 18 months, Visits to endocrinologist
12 months
64 | Visits to Age, Sex, Smoking status baseline, Comorbidity 12 poisson 671
endocrinologist, 24 months, Usual activities EQ-5D-5L 24 months,
months Pain/Discomfort EQ-5D-5L 24 months,
Anxiety/Depression EQ-5D-5L 24 months, VAS EQ-
5D-5L 24 months, Visits to endocrinologist 18 months
65 Visit to accident & Sex, Diabetes treatment baseline, Smoking status poisson 229
emergency (outpatient baseline, Comorbidity baseline, Usual activities EQ-
centre), baseline 5D-5L baseline, Pain/Discomfort EQ-5D-5L baseline,
Anxiety/Depression EQ-5D-5L baseline, VAS EQ-5D-
SL baseline
66 | Visit to accident & Age. Sex, Diabetes treatment baseline, Smoking status | poisson 535
emergency (outpatient | baseline, Comorbidity baseline, Pain/Discomfort EQ-
centre), 3 months 5D-5L baseline, Anxiety/Depression EQ-5D-5L
baseline, Visit to accident & emergency (outpatient
centre) baseline
67 | Visit to accident & Age, Sex, Diabetes treatment baseline, Smoking status | poisson 632
emergency (outpatiem baseline, Comorbidity baseline, Mobility EQ-5D-5L 6
centre), 6 months months, Pain/Discomfort EQ-5D-5L 6 months,
Anxiety/Depression EQ-5D-5L 6 months, Visit to
accident & emergency (outpatient centre) 3 months
68 | Visit to accident & Age, Sex, Diabetes treatment baseline, Smoking status | poisson 671
emergency (outpatient |baseline, Comorbidity 12 months, Mobility EQ-5D-5L
centre), 12 months 12 months, Usual activities EQ-5D-5L 12 months,
Pain/Discomfort EQ-5D-5L 12 months,
Anxiety/Depression EQ-5D-5L 12 months, VAS EQ-
5D-5L 12 months, Visit to accident & emergency
(outpatient centre) 6 months
69 | Visit to accident & Sex, Comorbidity 12 months, Mobility EQ-5D-5L 18 | poisson 748
emergency (outpatient | months, Pain/Discomfort EQ-5D-5L 18 months,
centre), 18 months Anxiety/Depression EQ-5D-5L 18 months, Visit to
accident & emergency (outpatient centre) 12 months
70 |Visit to accident & Age, Sex, Diabetes treatment baseline, Comorbidity 24 | poisson 672
emergency (outpatient |months, Usual activities EQ-5D-5L 24 months,
centre), 24 months Pain/Discomfort EQ-5D-5L 24 months,
Anxiety/Depression EQ-5D-5L 24 months, VAS EQ-
5D-5L 24 months, Visit to accident & emergency
(outpatient centre) 18 months
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71 | Visit to accident & Comorbidity baseline, Mobility EQ-5D-5L baseline, poisson 243
emergency (hospital), ~|Pain/Discomfort EQ-5D-5L baseline,
baseline Anxiety/Depression EQ-5D-5L baseline
72 | Visit to accident & Comorbidity baseline, Mobility EQ-5D-5L baseline, poisson 532
emergency (hospital), 3 Usual activities EQ-5D-5L baseline,
months Anxiety/Depression EQ-5D-5L baseline, VAS EQ-5D-
5L baseline
73 | Visit to accident & Age, Comorbidity baseline, Mobility EQ-5D-5L 6 poisson 630
emergency (hospital), 6 | months, Pain/Discomfort EQ-5D-5L 6 months, VAS
months EQ-5D-5L 6 months
74 | Visit to accident & Age. Sex, Diabetes treatment baseline, Smoking status | poisson 670
emergency (hospital), ~|baseline, Comorbidity 12 months, Mobility EQ-5D-5L
12 months 12 months, VAS EQ-5D-5L 12 months, Visit to
accident & emergency (hospital) 6 months
75 | Visit to accident & Age, Sex, Comorbidity 12 months, Mobility EQ-5D-5L | poisson 748
emergency (hospital), |18 months, Usual activities EQ-5D-5L 18 months,
18 months Pain/Discomfort EQ-5D-5L 18 months, VAS EQ-5D-
5L 18 months
76 | Visit to accident & Sex, Diabetes treatment baseline, Comorbidity 24 poisson 672
emergency (hospital), | months, Mobility EQ-5D-5L 24 months,
24 months Pain/Discomfort EQ-5D-5L 24 months, Visit to
accident & emergency (hospital) 18 months
77 Age, Diabetes treatment baseline, Smoking status poisson 11
Hospital stays, Baseline | baseline, Comorbidity baseline, Pain/Discomfort EQ-
5D-5L baseline, VAS EQ-5D-5L baseline, Visit to
accident & emergency (hospital) baseline
78 Age, Comorbidity 12 months, Mobility EQ-5D-5L 12 | poisson 664
Hospital stavs. 12 months, Usual activities EQ-5D-5L 12 months,
°5P:1 stays, Pain/Discomfort EQ-5D-5L 12 months,
montlis Anxiety/Depression EQ-5D-5SL 12 months, VAS EQ-
5D-5L 12 months, Visit to accident & emergency
(hospital) 12 months
79  |Hospital stays, 24 Age, Mobility EQ-5D-5L 24 months poisson 670
months
VAS, Visual Analogue Scale.
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6.

Conclusiones

A continuacion, se encuentran las conclusiones del estudio INDICA relacionadas con cada uno de los

objetivos sefialados:

1)

2)

3)

4)

En relacion a la medida de resultado principal. Solo en los grupos en los gque se intervienen
pacientes (PT1y CBI), independientemente de su nivel de control metabdlico basal, se consigue
una reduccién estadisticamente significativa de la HbAlc comparada con el grupo de control
hasta los 6 meses, diluyéndose el efecto a partir de ese momento. En estos mismos grupos, el
porcentaje de pacientes que consigue una reduccion clinicamente relevante de la HbAlc
(>0,4%), es significativamente mayor a la del grupo de control, manteniéndose esta diferencia
hasta los 12 meses en el grupo que se interviene solo a pacientes (PTI) y a los 18 meses en la
intervencion combinada (CBI).

En relacion al resto de medidas de resultado clinicas. Los grupos en los que los profesionales
son intervenidos directamente (PFI y CBI), muestran diferencias estadisticamente significativas
en la presion arterial de los pacientes, con reducciones hasta los 24 meses, respecto al grupo de
control. Y ademas, se observan pequefios cambios estadisticamente significativos, en el IMC
para PTI hasta los 6 meses y para CBI a los 18 meses. Para el resto de medidas antropométricas
o de laboratorio no se encontraron diferencias relevantes. La combinacion de estos efectos,
unido al de mejor control metab6lico podrian contribuir a disminuir el riesgo cardiovascular que
podria tener efecto en un seguimiento mas a largo plazo de las complicaciones micro y macro
vasculares y la mortalidad.

En relacion a las medidas de resultado autopercibidas por los pacientes. Durante el
seguimiento se observaron cambios estadisticamente significativos en los tres grupos
intervenidos, respecto al grupo de control, y en todas las dimensiones examinadas: todos los
pacientes intervenidos mejoraron su nivel de empoderamiento, sus niveles de angustia respecto
a laenfermedad y su calidad de vida relacionada con la salud. Los grupos en los que se intervino
directamente a los pacientes (PTI y CBI) mejoraron su grado de conocimiento respecto a la
enfermedad y su nivel de adherencia respecto a las recomendaciones sobre dieta mediterranea.
Los grupos de pacientes en los que se intervino directamente a sus profesionales (PFl y CBI)
disminuyeron su nivel de depresion y ansiedad. Y solo los pacientes del grupo CBI mejoraron
sus sintomas neuropaticos.

En relacion al habito tabaquico, este se redujo considerablemente tanto para PTI1 como para CBI.
Por tanto, se produjeron mejoras significativas en un amplio nimero de dimensiones, que salvo
para el abandono del habito tabaquico tienen una relevancia clinica incierta, aunque son
mejorias prometedoras ya que se reflejan en todos los dominios evaluados.

En relacién al grado de control de la HbA1c basal. En los pacientes no controlados basalmente

en su nivel de HbAlc, se produce una reduccion mas intensa y mas prolongada que para el total

134



de la muestra, diluyéndose a partir de los 18 meses. El efecto es mayor en los grupos en los que
se interviene directamente a los pacientes (PTI y CBI).

5) En relacion a la evaluacién de coste-efectividad, solo se encontraron pequefias diferencias en
términos de afios de vida ajustados por calidad (AVAC) entre las intervenciones comparadas,
tras dos afos de seguimiento. En pacientes no controlados en su nivel de HbAlc basal, la
intervencién solo a pacientes (PTI) fue méas efectiva y menos costosa que la intervencion a
profesionales (PFI) y la combinacion de ambas intervenciones (CBI). Esto nos hace concluir
que las intervenciones centradas en pacientes con peor control metabdlico limitarian el impacto
presupuestario de su aplicacién, y que su aplicacién podria extenderse, en un segundo nivel de
prioridad, a miles de pacientes con DM2, con un aumento minimo de los costes.

Las intervenciones disefiadas en el estudio INDICA muestran efectos clinicos, que aunque

pequefios, alcanzan la significacion estadistica y son clinicamente relevantes, y un impacto

considerable en todas las dimensiones de las PROM incluidas. La suma de estos efectos,
considerando sus costes de extension al conjunto de pacientes con DM2 a los profesionales que los
cuidan, podria tener una alta eficiencia potencial. Las intervenciones mediadas por las TICs
permiten el uso generalizado y simultaneo de miles de personas y ayudan a complementar la

actividad asistencial habitual. La aplicacion a un mayor contingente de personas afectadas y

profesionales, permitiria una mejor ratio coste- efectividad.

Los hallazgos obtenidos reflejan la necesidad de realizar ECA con periodos de seguimiento mas

largos, que permitan establecer la duracion apropiada de la aplicacion de las intervenciones y la

necesidad de establecer mecanismos de refuerzo de las mismas en el tiempo para evitar que su efecto

se diluya.
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Serrano Aguilar P, Gutiérrez-lbarluzea I, Diaz P, Imaz-lglesia |, Gonzélez-Enriquez J,
Castro JL, Espallargues M, Garcia-Armesto S, Arriola-Bolado P, Rivero-Santana A,
Perestelo-Pérez L, Gonzalez-Pacheco H, Alvarez-Pérez Y, Faraldo-Vallés MJ, Pufial-
Riobdo J, Ramallo-Farifia Y, SAnchez-Gémez LM, Asua-Batarrita J, Reviriego-Rodrigo
E, Moreno-Rodriguez A, Juarez-Rojo C, Vicente-Saiz M. Postlaunch evidence-generation
studies for medical devices in Spain: the RedETS approach to integrate real-world evidence
into decision making.
Int J Technol Assess Health Care. 2021;37(1):e63. doi: 10.1017/S0266462321000295
Factor de impacto: 1,494; Cuartil: Q3

Figueira Gongalves JM, Golpe R, Ramallo Y, Garcia Talavera I, Dacal D. Should Pulse
Oximeter Saturations Be Included in the Risk Stratification for Chronic Obstructive
Pulmonary Disease Proposed by GesEPOC? Arch Bronconeumol. 2021;57(12):774-6. doi:
10.1016/j.arbr.2021.10.004

Factor de impacto: 4,96; Cuartil: Q1
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18.

19.

20.

21.

22.

23.

24,

Hernandez Pérez JM, Figueira Gongélves JM, Ramallo Farifia Y. Alpha-1 antitrypsin as a
risk marker in SARS-CoV-2 infection. Arch Med Sci. 2021;17(4):1134-36. doi:
10.5114/aoms/136562

Factor de impacto: 1,494; Cuartil: Q3

Clavo B, Robaina F, Urrutia G, Bisshopp S, Ramallo Y, Szolna A, Caramés MA, Fiuza
MD, Linertova R. Ozone therapy versus surgery for lumbar disc herniation: A randomized
double-blind controlled trial. Complement Ther Med. 2021;59:102724. doi:
10.1016/j.ctim.2021.102724

Factor de impacto: 2,063; Cuartil: Q2

Ayala A, Forjaz MJ, Ramallo-Farifia Y, Martin-Fernandez J, Garcia-Pérez L, Bilbao A.
Response Mapping Methods to Estimate the EQ-5D-5L from the Western Ontario
McMaster Universities Osteoarthritis in Patients With Hip or Knee Osteoarthritis. Value
Health. 2021;24(6):874-883. doi: 10.1016/j.jval.2021.01.003

Factor de impacto: 4,748; Cuartil: Q1

Rodriguez Rodriguez-Caro CJ, Acosta Artiles FJ, Cejas Méndez MR, Ramallo-Farifia Y,
Fernandez Garcimartin H. Diferencias en la adecuacion de las noticias sobre suicidio en
Espana frente a Victoria (Australia): ¢resultan efectivas las intervenciones sobre los medios
de comunicacion?. Rev Esp Salud Publica. 2021;95:6202106083

Factor de impacto: 0,746; Cuartil: Q4

Wanguemert Pérez AL, Figueira Gongalves JM, Herndndez Pérez JM, Ramallo Farifia Y,
Del Castillo Rodriguez JC. Prognostic value of lung ultrasound and its link with
inflammatory biomarkers in patients with SARS-CoV-2 infection. Respir Med Res.
2021;79:100809. doi: 10.1016/j.resmer.2020.100809

Factor de impacto: 0,16; Cuartil: Q4

Gurbani N, Acosta-Sorensen M, Diaz-Pérez D, Figueira-Goncalves JM, Ramallo-Farifa
Y, Trujillo-Castilla JL. Clinical outcomes and lung ultrasound findings in COVID-19
follow up: Calm comes after the storm? Respir Med Res. 2022;82:100907. doi:
10.1016/j.resmer.2022.100907

Factor de impacto: 3,15; Cuartil: Q3

Clavo B, Rodriguez-Abreu D, Galvan S, Federico M, Martinez-Sanchez G, Ramallo-
Farifia Y, Antonelli C, Benitez G, Rey-Baltar D, Jorge 1J, Rodriguez-Esparragén F,
Serrano-Aguilar P. Long-term improvement by ozone treatment in chronic pain secondary
to chemotherapy-induced peripheral neuropathy: A preliminary report. Front Physiol.
2022;13:935269. doi: 10.3389/fphys.2022.935269

Factor de impacto: 7,75; Cuartil: Q1
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25.

26.

27.

28.

29.

30.

31.

Méndez Ojeda MM, Herrera Pérez M, Nufez JH, Aldea Perona AM, Ramallo Farifia Y,
Pais Brito JL. Evolution of the indication of arthroscopic treatment for femoroacetabular
impingement and of the indication of total hip arthroplasty in patients under 60 years of age.
Rev Esp Artrosc Cir Articul En. 2022;29(3):174-8. doi: 10.24129/j.reacae.29377.fs2106020
Factor de impacto: 0,746; Cuartil: Q4

Valcarcel-Nazco C, Ramallo-Farifia Y, Linertova R, Ramos-Gofi JM, Garcia-Pérez L,
Serrano-Aguilar P. Health-Related Quality of Life and Perceived Burden of Informal
Caregivers of Patients with Rare Diseases in Selected European Countries. Int J Environ
Res Public Health. 2022;19(13):8208. doi: 10.3390/ijerph19138208

Factor de impacto: 4,61; Cuartil: Q1

Duarte-Diaz A, Gonzéalez-Pacheco H, Rivero-Santana A, Ramallo-Farifia Y, Perestelo-
Pérez L, Alvarez-Pérez Y, Pefiate W, Carrion C, Serrano-Aguilar P, On Behalf Of The
Indica Team. Increased Patient Empowerment Is Associated with Improvement in Anxiety
and Depression Symptoms in Type 2 Diabetes Mellitus: Findings from the INDICA Study.
Int J Environ Res Public Health. 2022;19(8):4818. doi: 10.3390/ijerph19084818

Factor de impacto: 3,39; Cuartil: Q2

Duarte-Diaz A, Gonzélez-Pacheco H, Rivero-Santana A, Ramallo-Farifia Y, Perestelo-
Pérez L, Pefiate W, Carrion C, Serrano-Aguilar P; INDICA Team. Factors associated with
patient empowerment in Spanish adults with type 2 diabetes: A cross-sectional analysis.
Health Expect. 2022;25(6):2762-74. doi: 10.1111/hex.13501

Factor de impacto: 3,38; Cuartil: Q2

Figueira-Gongalves JM, Hernandez-Pérez JM, Cabrera-Lopez C, Wangliemert-Pérez AL,
Garcia-Talavera |, Ramallo-Farifia Y, Ramos-lzquierdo C, Gonzélez-Garcia LM,
Guanche-Dorta S. Characteristics of patients referred to Canary Island pneumology
outpatient services for chronic obstructive pulmonary disease: the EPOCan study. BMC Res
Notes. 2022;15(1):36. doi: 10.1186/s13104-022-05930-7

Factor de impacto: 1,34; Cuartil: Q2

Méndez Ojeda MM, Herrera Pérez M, Nufiez JH, Aldea Perona AM, Ramallo Farifia Y,
Pais Brito JL. Evolution of the indication of arthroscopic treatment for femoroacetabular
impingement and of the indication of total hip arthroplasty in patients under 60 years of age.
Rev Esp Artrosc Cir Articul En. 2022;29(3):174-8. doi: 10.24129/j.reacae.29377.f52106020
Clavo B, Rodriguez-Abreu D, Galvan S, Federico M, Martinez-Sanchez G, Ramallo-
Farifia Y, Antonelli C, Benitez G, Rey-Baltar D, Jorge 1J, Rodriguez-Esparragén F,
Serrano-Aguilar P. Long-term improvement by ozone treatment in chronic pain secondary
to chemotherapy-induced peripheral neuropathy: A preliminary report. Front Physiol. 2022;
13:935269. doi: 10.3389/fphys.2022.935269

Factor de impacto: 4.76; Cuartil: Q1
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32.

33.

34.

35.

36.

37.

Gurbani N, Acosta-Sorensen M, Diaz-Pérez D, Figueira-Goncalves JM, Ramallo-Farifia Y,
Trujillo-Castilla JL. Clinical outcomes and lung ultrasound findings in COVID-19 follow
up: Calm comes after the storm? Respir Med Res. 2022; 82:100907. doi:
10.1016/j.resmer.2022.100907

Factor de impacto: 3,15; Cuartil: Q3

Harmand MGC, Concepcion AT, Fuentes CD and Ramallo-Farifia Y. Relationship between
Benzodiazepines and Other Sedatives and Sarcopenia in Patients with Hip Fracture.
Gerontol Geriatr Res. 2022; 8(3): 1080

2023

Clavo B, Céanovas-Molina A, Ramallo-Farifia Y, Federico M, Rodriguez-Abreu D, Galvén
S, Ribeiro I, Marques da Silva SC, Navarro M, Gonzélez-Beltran D, Diaz-Garrido JA,
Cazorla-Rivero S, Rodriguez-Esparragon F, Serrano-Aguilar P. Effects of Ozone Treatment
on Health-Related Quality of Life and Toxicity Induced by Radiotherapy and
Chemotherapy in Symptomatic Cancer Survivors. International Journal of Environmental
Research and Public Health. 2023; 20(2):1479. doi: 10.3390/ijerph20021479

Factor de impacto: 4,61; Cuartil: Q2

Figueira-Gongalves JM, Hernandez-Pérez JM, Cabrera-Lopez C, Wangiiemert-Pérez AL,
Garcia-Talavera |, Ramallo-Farifia Y, Golpe R, Gonzélez-Garcia LM. Relationship
Between the Summation of GeseEPOC High-Risk Factors and the Presence of
Cardiovascular Disease. Arch Bronconeumol. 2023; 19;S0300-2896(23)00010-8. doi:
10.1016/j.arbres.2023.01.005

Factor de impacto: 6,33; Cuartil: Q1

Ayala A, Ramallo-Farifia Y, Bilbao-Gonzalez A, Forjaz MJ. Mapping the EQ-5D-5L from
the Spanish national health survey functional disability scale through Bayesian networks.
Qual Life Res. 2023; 32(6):1785-1794. doi: 10.1007/s11136-023-03351-y

Factor de impacto: 3,44; Cuartil: Q2

WangUliemert-Pérez AL, Figueira-Gongalves JM, Ramallo-Farifia Y, Guanche-Dorta S,
Golpe R. Valoracion ecografica de la dindmica diafragmaética en pacientes con enfermedad
pulmonar obstructiva crénica tras tratamiento con indacaterol/glicopirronio. Revista Clinica
Espafiola. 2023; 223(4):216-222. doi: 10.1016/j.rce.2023.01.008

Factor de impacto: 3,1; Cuartil: Q2
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38. Trujillo-Martin MM, De Armas-Castellano A, Gonzélez-Herndndez Y, Gonzéalez-Pacheco
H, Infante-Ventura D, Del Pino-Sedefio T, Ramallo-Farifia Y, Abt-Sack A, Rueda
Dominguez A, Serrano-Aguilar P. Enfriamiento del cuero cabelludo para la prevencion de
la alopecia secundaria a quimioterapia: revision sistematica y metanalisis. Rev Esp Salud
Publica. 2023; 97: €202303024. PMID: 36999663
Factor de impacto: 1,33; Cuartil: Q1

39. Duarte-Diaz A, Perestelo-Pérez L, Rivero-Santana A, Pefiate W, Alvarez-Pérez Y, Ramos-
Garcia V, Gonzalez-Pacheco H, Goya-Arteaga L, de Bonis-Braun M, Gonzélez-Martin S,
Ramallo-Farifia Y, Carrion C and Serrano-Aguilar P. The relationship between patient
empowerment and related constructs, affective symptoms and quality of life in patients with
type 2 diabetes: a systematic review and meta-analysis. Front Public Health. 2023;
11:1118324. 10.3389/fpubh.2023.1118324
Factor de impacto: 6,46; Cuartil: Q1

40. Benitez-Brito N, Gonzélez-Pacheco H, Pinto-Robayna B, Moreno-Redondo F, Diaz-
Romero C, Ramallo-Farifia Y. Preliminary assessment of the degree of food addiction
through the Spanish Yale Food Addiction Scale for Children (S-YFAS-C) in a pilot
pediatric population. J Eat Disord.2023; 11:72. 10.1186/s40337-023-00798-9
Factor de impacto: 6,46; Cuartil: Q1

Capitulos de libro

1. Libro: Notas metodoldgicas para la investigacion en Servicios de Salud en Enfermedades
Cronicas. Editores: Antonio Sarria Santamera, Maria Joao Forjaz y Maria José de Tena
Avila. Financiado por el Instituto de Salud Carlos 11 y cofinanciado por la Unién Europea
(FEDER/FSE) ISBN: 978-84-09-20854-8
o Capitulo 7. Metodologia de la investigacion en Servicios de Salud. Tipos de estudio.

Itziar Vergara, Yolanda Ramallo y Amado Rivero.

o Capitulo 8. Bioestadistica. Yolanda Ramallo, Ane Antdn, Amaia Bilbao y Urko Aguirre
o Capitulo 9. Investigacion y evaluacion de Servicios Sanitarios. José Maria Quintana,

Susana Garcia, Lilisbeth Perestelo Yolanda Ramallo

7.2 Proyectos financiados en convocatorias competitivas

A. Como investigadora principal

1. PIFUN32/17. Evaluacion del impacto de una aplicacion movil de salud para mejorar el
autocontrol y los resultados de salud de los pacientes con diabetes mellitus tipo 2: estudio

piloto "Novame".

142



Convocatoria de Financiacion de Proyectos de investigacion de la Fundacion Canaria de
Investigacion y Salud (FUNCANIS).
Investigadores: Yolanda Ramallo Farifia (Investigadora principal); Pedro Serrano Aguilar,
Ivan Castilla Rodriguez, Sybille Kaiser Giraldot, Lidia Garcia Pérez, Ignacio Llorente
Gbmez Segura, Dacil Alvarado Martel, Milagros Rico
Inicio: 01/01/2018 y Fin: 01/07/2020
Financiacién: 16.909,88 €

2. PI121/01273. Atencion centrada en la persona con enfermedad crénica en atencién primaria:
relacién con conductas de salud, calidad de vida y uso de recursos.

Convocatoria de Financiacién: Proyectos de investigacién en salud (FIS), Instituto de Salud

Carlos Il1
Investigadores: Yolanda Ramallo Farifia y Amado Rivero Santana (Co-Investigadores
principales), Ana Toledo Chavarri, Yolanda Alvarez Pérez, Himar Gonzalez Pacheco, Pilar
Hilarion Madariaga, Jose Ramon Vasquez Diaz
Inicio: 01/01/2022 y Fin: 31/12/2024
Financiacién n: 70.180 €

3. PIFIISC21/06. Eficacia y eficiencia de una intervencion escolar para la prevencién
primaria de los trastornos alimentarios (PRETA).

Convocatoria de Financiacion: Proyectos de investigacion de la Fundacion Canaria Instituto

de Investigacion Sanitaria de Canarias (FIISC)

Investigadores: Yolanda Ramallo Farifia (Investigadora principal), Candelaria Desireé Diaz
Melian, Maria Paz Lopez, Himar Gonzalez Pacheco, Laura Vallejo Torres, Josune Martin
Corral, Carina Gonzalez Gonzélez, Tasmania del Pino Sedefio, Alezandra Torres Castano,
Néstor Benitez Brito, Alicia Herndndez Rodriguez

Inicio: 01/01/2021 y Fin: 31/12/2023

Financiacion: 26.586 €

B. Como investigador colaborador

4. PIFUN12/18. Coste-efectividad de la angioplastia carotidea y colocacién de stents en la
estenosis carotidea en Canarias: Una experiencia con Real-World Data (RWD)
Investigadores: Cristina Valcarcel Nazco (IP), Manuel Maynar Moliner, Lidia Garcia Pérez,
Javier Mar Medina, Yolanda Ramallo Farifia, Enrique Bernal Delgado, Francisco Estupifian
Romero, Heliodoro Valles Gonzalez, Tobias Zander, Yesid Giovanni Garcia Vanegas.
Convocatoria de Financiacion: Fundacion Canaria Instituto de Investigacion Sanitaria de
Canarias (FIISC).

Inicio: 01/01/2019 y Fin: 31/12/2020
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Financiacién n: 13.584,42 €

PIFUN23/18. Modelado de la analgesia intraoperatoria para el disefio de estrategias de
infusion automatica de farmacos.

Investigadores: José Antonio Reboso (IP), Ana Maria Ledn Fragoso, Maria del Carmen
Martin Lorenzo, Juan Albino Méndez Pérez, Yolanda Ramallo Farifia, lvan Castilla
Rodriguez, José Francisco Gémez Gonzélez, José Luis Calvo Rollé, Esteban Jove Pérez.
Convocatoria de Financiacion: Fundacién Canaria Instituto de Investigacion Sanitaria de
Canarias (FIISC).

Inicio: 01/01/2019 y Fin: 31/12/2020

Financiacién: 19.297,60 €

P116/00769. Efectividad y coste-efectividad de intervenciones complejas de transferencia

de conocimiento basadas en TICs a 5 afios, para mejorar la salud en pacientes con DM2
(INDICA-DOS).

Investigadores: Pedro Serrano Aguilar (IP), Yolanda Ramallo Farifia, Lidia Garcia Pérez,
Montserrat Carmona Rodriguez, Armando Carrillo Dominguez, Marcos Estupifian
Ramirez, Ana Toledo Chavarri, Esperanza Escortell Mayor.

Convocatoria de Financiacion: Proyectos de investigacion en salud (FIS), Instituto de Salud

Carlos Il1

Inicio: 01/01/2017 y Fin: 31/06/2021

Financiacion: 50.215 €

P115/01377. Efectividad y coste-efectividad de una estrategia multicomponente para
implementar una guia de practica clinica y mejorar los resultados de salud en personas con
lupus

Investigadores: Maria del Mar Trujillo Martin (IP), Ifiaki Imaz Iglesia, Ifiigo Rua-Figueroa
Fernandez de Larrinoa, Pedro Serrano Aguilar, Yolanda Ramallo Farifia, Maria Pilar Garcia
Sagredo, Roberto Luis Martin Fernandez, Laura Vallejo Torres, Ana M2 de Pascual Medina.

Convocatoria de Financiacién: Proyectos de investigacién en salud (FIS), Instituto de Salud

Carlos I11

Inicio: 01/01/2016 y Fin: 31/12/2020

Financiacion: 45.980 €

PIFI1SC20/34. Prevalencia de Trastornos de Alimentacion en poblacién escolar infantil y
preadolescente de las Islas Canarias (estudio PRETA).

Convocatoria de investigacion de la Fundacion Canaria Instituto de Investigacion Sanitaria
de Canarias (FIISC).

Investigadores: Nestor Benitez Brito (IP), Yolanda Ramallo Farifia, Beatriz Leon Salas,
Tasmania del Pino Sedefio, Mercedes Murray Hurtado, Candelaria Desirée Diaz Melian,

Maria Paz Lopez, Pedro Diaz Fernandez, Pamela Alvarez Trenco, Maria José Garcia
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10.

11.

Mérida, Monica Ruiz Pons, Eva Maria Herrera Rodriguez, Pedro Guillermo Serrano
Aguilar, Carlos Diaz Romero, Lluis Serra Majem

Convocatoria de Financiacion: Fundacién Canaria Instituto de Investigacion Sanitaria de
Canarias (FIISC).

Inicio: 01/01/2021 y Fin: 31/12/2022

Financiacion: 20.160 €

PIFI1SC20/05. Utilizacion de datos sanitarios de vida real para el analisis de la adherencia
a la terapia farmacoldgica de pacientes con trastorno depresivo

Investigadores: Tasmania del Pino Sedefio (IP), Cristina Valcarcel Nazco, Isabel Hurtado
Navarro, Francisco Ramon Estupifian Romero, Gabino Suéarez Rodriguez, Beatriz Gonzélez
de Leon, Lidia Garcia Pérez, Yolanda Ramallo Farifia, Leticia Rodriguez-Rodriguez
Convocatoria de Financiacion: Fundacion Canaria Instituto de Investigacion Sanitaria de
Canarias (FIISC).

Inicio: 01/01/2021 y Fin: 31/12/2022

Financiacién: 20.160 €

PMP21/00069. ImpactT2D: una estrategia gendémica para implementar medicina de

precision en la diabetes tipo 2

Investigadores: Anna Wagner (IP), Nicolas Martel Suarez, Begofia Vega Guedes, Lidia
Garcia Pérez, Yolanda Ramallo Farifia, Cristina Valcarcel Nazco, Yeray Brito Casillas,
Veroénica Davila Batista, Ana Maria Gonzalez Lleo, Maria del Carmen Valverde Tercedor,
Alejandro Déniz Garica, Dulce Hernandez Correa

Convocatoria de Financiacion: Proyectos de investigacion en Medicina Personalizada,
Instituto de Salud Carlos 111

Inicio: 01/01/2022 y Fin: 31/12/2024

Financiacion: 140.855 €

ST22/04. Impacto de la pandemia por Covid-19 sobre la gestion clinica y los resultados de
salud de las personas con DM2 en la AP de Canarias. Proyecto GesPeDia-INDICA.
Financiado por la FIISC

Investigadores: Himar Gonzalez Pacheco (IP), Angela Gutiérrez Pérez (Co- Investigador
principal), Yolanda Ramallo Farifia, Pedro Serrano Aguilar, Sybille Kaiser Girardot, Ana
Maria Wagner, Miguel Garcia Hernandez, Yadira Gonzélez Hernandez, Juan Antonio
Lépez Rodriguez

Convocatoria de Financiacion: Fundacion Canaria Instituto de Investigacion Sanitaria de
Canarias (FIISC).

Inicio: 01/01/2023 y Fin: 31/12/2024

Financiacién: 11.792 €
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12.  PIFIISC22/25. Evaluacion del impacto clinico y econémico del programa SPICA, un
programa de integracion y coordinacién asistencial para garantizar la continuidad de
cuidados tras el alta en pacientes hospitalizados complejos
Investigadores: Cristina Valcarcel Nazco (IP), Tasmania del Pino Sedefio, Beatriz Gonzalez
de Leon, Ana Toledo Chéavarri, Aranzazu Hernandez Yumar, Elio Ramos Medina, Hermes
Chevez Alarcon, José Ramon Vazquez Diaz, Juan Antonio Lépez Rodriguez, Leticia
Rodriguez Rodriguez, Miguel Garcia Hernandez, Pili Secada Gorrin, Vanesa Martinez
Hernandez, Yadira Gonzalez Hernadndez (YGH), Yeiza Reyes Melidn y Yolanda Ramallo
Farifia
Convocatoria de Financiacion: Fundacién Canaria Instituto de Investigacion Sanitaria de
Canarias (FIISC).

Inicio: 01/01/2023 y Fin: 31/12/2025
Financiacién: 18.026,08 €

7.3 Redes de investigacion a las que pertenece

1) Red Espafiola de Agencias de Evaluacion de Tecnologia Sanitarias (RedETS) del Ministerio de
Sanidad

2) Red de enfermedades cronicas, REDISSEC- ISCIII. Instituto de Salud Carlos 111

3) Red de Investigacion en Cronicidad, Atencion Primaria y Promocién de la Salud (RICAPPS).
Instituto de Salud Carlos 111

4) Centro de Investigaciones Biomédicas de Canarias (CIBICAN), La Laguna, Tenerife, Espafia
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