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“Las que hoy son enpolvadas Garbanceras, pararan en deformes Calaveras~

“La Calavera Garbancera” (La Catrina)

José Gualdalupe Posada, 1913

“Feet, what do I need you for when I have wings to fly¢”

Frida Kahlo
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Klein Bottle
(Topology as part of the Set Theory, introduced by

Bertrand Russell in Principia Mathematica)

“Knowledge is in the end based on acknowledgement.”

Ludwig Wittgenstein
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“Life without love, is no life at all.”

Leonardo Da Vinci
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T o= fic®
" 8xK,GM,

Hawking Radiation Equation

(This formula is inscribed on his gravestone, as he wished, in Westminster Abbey,

between the graves of Sir Isaac Newton and Charles Darwin.)

“Science is not only a disciple of reason but also one of romance and passion.”

Stephen Hawking
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N. TESLA.
APPARATUS FOR TRANSMITTING, ELECTRICAL ENERGY.
APPLIOATION FILED JAN.18, 1903. BENEWED MAY 4, 1907,

1,119,732. Patented Dec. 1,1914.

WITNI?‘.\' . Nk Do LNvENTOR,
%’ m BY 644;'0.:1‘ ¥ Coofrer
ﬁl-u‘m,uw‘ ’ His  arTORNEYS.

Nikola Tesla’s patent drawing.

“The Buddhist expresses it in one way,
the Christian in another, but both say the same:
We are all one.”

Nikola Tesla
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Schrodinger Equation
(It governs the wave function of a quantum-mechanical system)

“Nothing is real unless it is observed”
John Gribbin
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Feynman Diagram

(It represents the interactions of elementary subatomic particles)

“It does not matter how many papers you have published,
if your prediction is wrong then your hypothesis is wrong. Period.”

Richard P. Feynman
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Rodriguez-Rodriguez, A. M., Blanco-Diaz, M., de la Fuente-Costa, M., Hernandez-
Sanchez, S., Escobio-Prieto, 1., & Casana, J. (2022). Review of the Quality of YouTube
Videos Recommending Exercises for the COVID-19 Lockdown. In International
Fournal of Environmental Research and Public Health (Vol. 19, Issue 13, p. 8016).
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Full texts of the above-mentioned studies are contained in the Appendix section, at the end

of the main text of this document.
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Einstein-Rosen Bridge structure connecting
disparate points in spacetime continuum.

“All thinking begins with wondering”
Socrates
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Spanish Summary

Internet ha sufrido una expansion incomparable hasta convertirse en el medio mas
importante de difusion de informacion en el mundo (Kocyigit et al., 2019). Buscar informacion
sobre salud en Internet se ha convertido en algo progresivamente comun hasta el punto de
que los usuarios suelen utilizar Internet como fuente primaria de informacion sobre temas
relacionados con la salud(Baker et al., 2021; Kocyigit et al., 2019; Sui et al., 2022). Segin
Amante et al. (2015), casi el cincuenta por ciento de los adultos en los Estados Unidos (EE.UU.)

obtienen informacion relacionada con la salud a través de Internet(Amante et al., 2015).

Como portal web popular para ver y compartir videos, YouTube es utilizada ampliamente a
nivel mundial para ver y compartir videos (Amante et al., 2015; Baran & Yilmaz Baran, 2021;
Lewis et al., 2012; Oydanich et al., 2022; Shun Zhang et al., 2020). Debido al contenido gratuito
de sus videos y a su facilidad para llegar a la poblacion, YouTube puede considerarse como
un recurso eficaz para obtener y difundir informacion relacionada con la salud y utilizarse
como una herramienta util para la educacion de los pacientes (Chang & Park, 2021; Jessen et

al., 2022; Katz & Nandi, 2021; Warren, Wisener, et al., 2021).

Sin embargo, existen dudas razonables sobre la calidad, la fiabilidad y el contenido de los
videos (Piskin et al., 2021; Shun Zhang et al., 2020). El sistema de carga de YouTube, permite
incluir videos sin control ni escrutinio previos. Es por ello necesario verificar la calidad, el
contenido y la exactitud de la informacion compartida (McMahon et al., 2022; Yildiz & Toros,
2021). Los videos de YouTube pueden compartir informacion de alta calidad relacionada con
la salud pero también suscitan preocupacion por los riesgos de proporcionar informacion de
baja evidencia cientifica (Baran & Yilmaz Baran, 2021; Chang & Park, 2021; Culha et al., 2021;
Dubey et al., 2014; Madathil et al., 2015; Oydanich et al., 2022; Patel et al., 2022; Yildiz & Toros,

2021).
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Por lo tanto, el objetivo de esta tesis doctoral fue evaluar la calidad de los videos de YouTube
en cuanto a los ejercicios recomendados que estan relacionados con temas de gran
importancia para la poblacion general, como son los tipos de cancer mas comunes en las
mujeres y en los hombres (cancer de mama y de prostata, respectivamente), asi como los
recomendados para los periodos de confinamiento en los domicilios de la poblacion debido

a la pandemia mundial causada por el CoVid-19.

Introduccion

A 30 de junio de 2022, el 69,0% de la poblacion mundial (5.473.055.736 personas) tenia acceso
a Internet. Esto significa que la tasa de crecimiento entre los anos 2000 y 2022 ascendio al
1.416% (Internet World Stats, 2022). Cada ano aumenta la paridad de género en el uso de
Internet, segun el “Informe de Conectividad Global 2022” publicado por la Union Internacional
de Telecomunicaciones (UIT), segun el cual, a nivel mundial, el 62% de los hombres utilizaban
Internet, frente al 57% de las mujeres. La brecha de género es significativamente menor en
los paises donde una mayor proporcion de la poblacion utiliza Internet, y es mayor en los
paises con un bajo uso de Internet. Ademas, en todas las regiones del mundo, los jovenes
(entre 15 y 24 anos) son mas activos en Internet que otros grupos de edad. La mayor
aceptacion entre los jovenes es un buen augurio para la conectividad futura, especialmente
en los paises con un perfil demografico joven o paises menos desarrollados. Esto también
podria mejorar las perspectivas de desarrollo de estos paises, como indica dicho informe

(International Telecommunication Union ITU, 2022).

Internet es un recurso valioso para la difusion de informacion relacionada con la promocion
de la salud dirigida a la poblacion en general (Diaz de Ledn Castaneda & Martinez
Dominguez, 2021). La disponibilidad de esta informacion en la web ha aumentado de forma
exponencial en la ultima década. Un estudio realizado en 2018 mostro que los adultos de
EE.UU. buscaron en la web informacion sobre salud un 59% mas que en 2013 (Weber
Shandwick AND KRC Research., 2018). El estudio también reveld que, actualmente, el 55% de
las personas que buscan informacion sobre atencion médica confian mas en Internet que
hace 5 anos. Mas del 67% de los estadounidenses buscan informacion relacionada con la salud

en las redes sociales.
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Diversos estudios han analizado el impacto positivo de los recursos cargados en las redes
sociales relacionados con la salud y como estos pueden repercutir en la poblacion en cuanto
a la mejora de la informacion relativa a sus enfermedades y al conocimiento sobre el
afrontamiento de estas, beneficiandose de la experiencia de personas que han padecido
problemas similares (Ashtari & Taylor, 2022; Giiloglu et al., 2022; Kadakia et al., 2022;

McDonough et al., 2022; Parker et al., 2021).

La reciente Encuesta de Tendencias Nacionales de Informacion Sanitaria (HINTS) informa de
que una plataforma como YouTube tiene el potencial para compartir y difundir informacion
oportuna relacionada con la salud, tanto en su funcion de repositorio de videos como de
interfaz de red social donde los usuarios pueden interactuar y socializar(Altan Salli et al.,

2020; Madathil et al., 2015).

YouTube es el segundo motor de busqueda mas popular del mundo después de Google. Es el
primer sitio web para compartir videos y se ha convertido en una de las plataformas
principales para la difusion de informacion de salud (Osman et al., 2022). El 4 de abril de 2022,
YouTube tenia 2.560 millones de usuarios activos mensuales y se prevé que alcance los
2.854,14 millones de usuarios en 2025. Cada minuto se transmiten mas de 694 horas de video
y se cargan mas de 500 horas cada minuto, lo que refleja el creciente apetito por el contenido

de video digital entre los usuarios de Internet (Statista, 2022).

Segun las estadisticas publicadas, mas del 95% de los internautas interactiian regularmente
con YouTube a través de diversos dispositivos electronicos, lo que facilita la accesibilidad y
lo convirtie en una experiencia gratificante (Osman et al., 2022; Shameer et al., 2017; Steinhubl
et al., 2015). La popularidad de YouTube, su facilidad de acceso y su caracter social lo
convierten en una poderosa herramienta capaz de influir en las decisiones de las personas y

promover su bienestar.
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Mas del 81% de los usuarios de Internet buscan informacion relacionada con la salud,
especialmente en redes sociales, pero carecen de herramientas para evaluar los consejos
recibidos (Afful-Dadzie et al., 2021; Altan Salli et al., 2020; Ashtari & Taylor, 2022; Aydin &
Akyol, 2020; Brar et al., 2022; Drozd et al., 2018; Giiloglu et al., 2022; Hamzehei et al., 2018; M.
Li et al., 2022; Omnicore Agency, 2022; Osman et al., 2022; San, 2022; Shun Zhang et al., 2020).
Asi, hay que tener en cuenta la autoria, la calidad y la validez de la informacion contenida en
los videos, ya que en esas plataformas no existe una seleccion editorial ni una evaluacion de
la calidad (Atci, 2019; Bahar-Ozdemir et al., 2021). Aunque muchos videos relacionados con la
salud se consideran utiles y de alta calidad, algunos estudios revelan que no siempre es asi y
que algunos tienen contenido comercial disenado para vender productos/servicios, lo que
puede acarrear graves implicaciones sobre los consumidores y la toma de decisiones
relacionadas con la salud al no ser precisa ni estar libre de sesgos, siendo esto un aspecto que
preocupa a los proveedores de servicios sanitarios y organismos gubernamentales (Altan Sall
et al., 2020; Aydin & Akyol, 2020; Drozd et al., 2018; Hartley, 2012; Langford & Loeb, 2019;

Loeb et al., 2019, 2021).

Los profesionales, instituciones y organizaciones sanitarias han de proporcionar material
beneficioso para los pacientes y personas que buscan informacion completa y fiable en
Internet(Aydin & Akyol, 2020). Los resultados de las busquedas en YouTube se basan en la
popularidad y la relevancia mas que en la calidad del contenido, lo cual hace que los usuarios
estén cada vez mas expuestos a contenidos no verificados y potencialmente enganosos que

podrian promover habitos/actividades poco saludables (Osman et al., 2022).

Articulo 1

Segun el informe Globocan 2020, el cancer de mama es el mas comun en general, con una
incidencia de 2.261.419 mujeres en 2020, con una mayor incidencia en los paises desarrollados
(The Global Cancer Observatory, 2020; Zhuang et al., 2020). Como tratamiento, las pacientes
se someten a diferentes tipos de cirugia, incluyendo la mastectomia y/o la reconstruccion
mamaria (American Cancer Society, 2021; Siegel et al., 2021) lo que conlleva una
inmovilizacion prolongada causada por el miedo y/o el dolor (Reigle & Zhang, 2018). La

debilidad y la limitacion de la amplitud de movimiento del brazo se consideran como unas de
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las principales complicaciones postoperatorias (American Cancer Society, 2019, 2021) cuyos
efectos perjudican seriamente su calidad de vida (Reigle & Zhang, 2018; Richmond et al.,

2018).

Las mujeres que padecen cancer de mama consultan en Youtube informacion detallada sobre
los ejercicios recomendados (Ashtari & Taylor, 2022; Brar et al., 2021; Giiloglu et al., 2022; M.
Li et al., 2022; Osman et al., 2022; San, 2022). Debido a que los ejercicios durante el cuidado
postoperatorio mejoran la percepcion del dolor y contribuyen a mejorar la calidad de vida, la
Seccion de Oncologia de la Asociacion Americana de Fisioterapia (APTA) (Worthen A., 2022),
en colaboracion con la Sociedad Americana del Cancer (ACS), recomienda un programa de
ejercicios postoperatorios (American Cancer Society, 2019, 2021). También Gautam et al.,
recomendaron un programa de ejercicios domésticos con el objetivo de mejorar los sintomas
en la extremidad superior afectada, conducentes a mejorar su calidad de vida (Gautam et al.,

2011; Zhou et al., 2019).

Articulo 2

Segun Globocan 2020, el cancer de prostata es el cuarto cancer mas comun en general, con
una incidencia de 1.414.259 en hombres, mostrando una mayor incidencia en los paises
desarrollados. El cancer de prostata es una de las principales causas de enfermedad y
mortalidad entre los hombres, con 375.304 fallecidos cada ano (Siegel et al., 2021; The Global
Cancer Observatory, 2020). La prostatectomia radical es un tratamiento comutn para prevenir
la metastasis. Aunque la mortalidad tras la prostatectomia radical es baja (supervivencia a 5
anos: 95%), la morbilidad es alta (Hodges et al., 2020). El tratamiento quirurgico que implica
la extirpacion de la prostata puede provocar disfuncion eréctil temporal o permanente e
incontinencia urinaria, con un impacto considerable en la calidad de vida (Aydin Sayilan &
Ozbas, 2018; de Lira et al., 2019; O’Callaghan et al., 2017; Pan et al., 2019; Radadiya et al., 2020).
Casi el 80% de los hombres experimentan incontinencia después de la prostatectomia radical

(Hodges et al., 2020).
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El tratamiento de la incontinencia implica métodos terapéuticos conductuales no invasivos
que consisten en la modificacion de la dieta, el entrenamiento de la vejiga, los ejercicios
musculares del suelo pélvico, la biorretroalimentacion y la estimulacion eléctrica funcional

(Aydin Sayilan & Ozbas, 2018; de Lira et al., 2019; Pan et al., 2019; Prota et al., 2012).

Articulo 3

A finales de 2019, un nuevo coronavirus conocido como SARS-CoV-2 (COVID-19) surgio
repentinamente en Wuhan, China (Bulut & Kato, 2020). Este virus se manifiesta como una
neumonia debido a que ataca la parte inferior del tracto respiratorio en los seres humanos
(Shah et al., 2020). El 31 de enero de 2020 se declar6 una emergencia de salud publica
internacional. Hasta el 23 de septiembre de 2022, el COVID-19 habia causado mas de
610.866.075 casos confirmados y mas de 6.510.139 muertes tras haberse propagado por todo
el mundo (World Health Organization, 2022). La mayoria de los paises adoptaron politicas de
confinamiento de la poblacion en sus hogares. Los periodos prolongados de confinamiento
domiciliario pueden hacer que mantenerse fisicamente activo sea un gran reto (World Health
Organization, 20202). Los confinamientos podrian ser fuentes de estrés anadido y también
podrian suponer un reto para la salud mental de los ciudadanos, contribuyendo a los
sintomas de ansiedad y depresion(Burtscher et al., 2020), ademas de aumentar otros
comportamientos de riesgo para la salud. Durante los confinamientos una estrategia
sanitaria proactiva deberia centrarse en evitar el comportamiento sedentario (Zieff et al.,
2021). La OMS define la actividad fisica como cualquier movimiento del cuerpo producido por
sus musculos que requiere un consumo de energia (World Health Organization, 2020b). Se
considera que la inactividad fisica constituye el cuarto factor de riesgo mas importante de
mortalidad (6% de las muertes en todo el mundo) y agrava la prevalencia de las enfermedades

no transmisibles (World Health Organization, 2010).

La OMS recomienda en su pagina web, para las personas confinadas sin ninguna enfermedad
respiratoria, 150 min de actividad fisica de intensidad moderada a la semana o 75 min de
mayor intensidad, o ambas opciones combinadas. Ademas, la OMS recomienda “Seguir una
clase de ejercicio en linea. Aproveche la gran cantidad de clases de ejercicio en linea. Muchas de

ellas son gratuitas v pueden encontrarse en YouTube. Si no tiene experiencia en la realizacion de
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estos ejercicios, sea prudente y consciente de sus propias limitaciones™ (World Health

Organization, 2020?2).

El uso de videos de ejercicios orientados al fomento y la realizacion de la actividades fisicas
a través de internet, redes sociales y dispositivos digitales, son opciones factibles para
mantener la salud mental y la forma fisica durante los periodos de reclusion (Chen et al.,
2020; Gunasekeran et al., 2021; Kraus et al., 2021; Tajudeen et al., 2021). Sin embargo, no hay
datos sobre la calidad de los videos disponibles, lo que es especialmente relevante en los
periodos de confinamiento. Los videos subidos con contenido de salud presentan el riesgo
de mostrar informacion enganosa/inexacta a los usuarios (Aydin & Akyol, 2020), y la autoria,
la calidad y la validez de la informacion de los videos son temas a considerar (Atci, 2019; Brar

et al., 2021, 2022; Giiloglu et al., 2022; M. Li et al., 2022; Osman et al., 2022; San, 2022).

Materiales y Métodos

Se realizaron varias busquedas en el portal web Attp://www.youtube.com/ utilizando los
términos de busqueda que se muestran en la Tabla 1. Se seleccionaron los primeros 150 videos
disponibles para los tres articulos incluidos en este trabajo. Se pretendia replicar una
estrategia de busqueda sencilla que pudiera ser realizada por cualquier persona en YouTube.
No se aplicé ninguna restriccion a la busqueda mediante filtros, por lo que YouTube ordend
los resultados por su relevancia segun el algoritmo de clasificacion activo en cada dia
concreto. Todos los videos se agregaron a una hoja de calculo y se analizaron para detectar

duplicidades, asi como para aplicar los criterios de exclusion (Tabla 1).

Finalmente, se incluyeron 51, 133 y 68 videos respectivamente en cada investigacion (Articulo
1-A1-, Articulo 2 -A2- y Articulo 3 -A3-) y fueron visionados, analizados y evaluados de forma
independiente por dos investigadores diferentes en cada caso durante un periodo de 5
semanas. Estos examinadores eran miembros de un grupo de investigacion de sus
correspondientes universidades con una larga e intensa experiencia en investigacion en

salud. La Fig.1 muestra las estrategias de busqueda que se llevaron a cabo durante las
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diferentes fases de la revision, segun Preferred Reporting Items for Systematic reviews and

Meta-Analyses (PRISMA) (Moher et al., 2009).

Medidas de resultados

Se obtuvieron las estadisticas descriptivas de los tres conjuntos de datos. Las variables que
se incluyeron para este analisis fueron: la duracion del video, el niimero de visualizaciones,
los dias online, el ratio de visualizaciones (visualizaciones/dia), el nimero de “Me gusta”, el
numero de “No me gusta”, el nimero de Suscriptores, el ratio de “Me gusta” (N° de “Me
gusta”/dia), el ratio de “No me gusta” (N° de “No me gusta”/dia) y el Indice de Potencia del
Video (en %). Los mismos indicadores se obtuvieron para las escalas de calidad mencionadas
anteriormente, que son Puntuacion de la Escala Quality Criteria for Consumer Health

Information Questionnaire (DISCERN), puntuacion de HonCode y puntuacion de GOS.

Para la evaluacion de la concordancia entre examinadores, se calculo el Indice de Correlacion
Intraclase (ICC) en los tres articulos con un indice de confianza del 95% basado en la
calificacion media (k = 2), la consistencia, el modelo aleatorio de dos vias y el método de

correlacion de Pearson. El nivel de significacion se fijo en p<o.05.

Segun las diferentes caracteristicas de los videos, se clasificaron en diferentes grupos
atendiendo a la fuente de produccion y continente de origen. Ademas, se recogio el nimero
de ejercicios en comparacion con el correspondiente Gold-standard considerado para cada

articulo.

Para evaluar la popularidad de los videos analizados en los tres articulos, se emple6 el Video
Power Index (VPI) (Atci, 2019; Aydin & Akyol, 2020; Gad et al., 2022; Gun et al., 2022), que

puede definirse segun la siguiente formula:

Nede Likes o
(Nede Likes + N de Dislikes)

VPI (%) = 100
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También se evaluo la popularidad de los videos utilizando el View Ratio (Braczynski et al.,
2021; Cakmak & Mantoglu, 2021; McMahon et al., 2022; Pamukcu & Izci Duran, 2021) que se

define como sigue:

N2 de Visualizaciones

View Ratio (n) = Dias Online

La calidad educativa del contenido de los videos seleccionados se determind mediante la
herramienta DISCERN (Bahar-Ozdemir et al., 2021; Cakmak & Mantoglu, 2021; Charnock,
1998; Di Bello et al., 2022) y el Global Quality Scale (GQS) (Kunze et al., 2019; Marwah et al.,

2021; Steeb et al., 2022).

El cuestionario DISCERN fue creado por la Division de Salud Publica y Atencion Primaria de
la Universidad de Oxford, Londres, para medir la calidad de la informacion relativa a los
tratamientos de salud y se publico por primera vez en 1999. Puntuaciones mas altas indican
mayor calidad (Azak et al., 2022; Bahar-Ozdemir et al., 2021; Charnock et al., 1999; Memioglu

& Ozyasar, 2022; Oydanich et al., 2022; Shungu et al., 2021).

El GOS evalua la calidad general del contenido de los recursos en linea. Se asigna un punto
por cada uno de los 5 criterios identificables presentes en un video, siendo 5 la maxima
calidad educativa (Kunze et al., 2019). Esta escala cubre la accesibilidad y la calidad de la
informacion, el flujo general de la informacion y la utilidad que tendria para un usuario (Azak
et al., 2022; Bahar-Ozdemir et al., 2021; Duran & Kizilkan, 2021; Erdem & Karaca, 2018; Esen

et al., 2019; Memioglu & Ozyasar, 2022; Pamukcu & Izci Duran, 2021; Steeb et al., 2022).

Los videos de los Articulos 1y 3 también fueron evaluados con la herramienta HONCode,
desarrollada por la Fundacion Health on the Net (Boyer, 2013; HONcode: E-Guide for Health
Consumers, 2020); una organizacion sin animo de lucro acreditada por las Naciones Unidas,
que elaboré el codigo de conducta para estandarizar la fiabilidad de la informacion
médica/sanitaria en linea (Boyer, 2013; Boyer et al., 1998). E1 HONCode es la herramienta de
evaluacion mas utilizada para la fiabilidad y credibilidad de la informacion que se puede

encontrar en los sitios web relacionados con la salud (Fahy et al., 2014). No pretende calificar
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la calidad de la informacion contenida en un sitio web, sino que establece una serie de reglas
para que los editores de sitios web cumplan con las normas éticas basicas de suministro de
informacion y ayuden a garantizar que los visitantes sean siempre conscientes del propdsito

y la fuente de los datos que estan viendo (Boyer, 2013; Efe et al., 2021; Wilkens et al., 2022).

Analisis Estadistico

La Inteligencia Artificial (IA) es el estudio de problemas complejos de procesamiento de
informacion. Su objetivo es identificar problemas ttiles de procesamiento de la informacion
y dar cuenta abstracta de como resolverlos. Dicha explicacion se denomina “método” y se
corresponde con un conocido teorema en matematicas (Marr, 1977). Cada vez hay mas interés
por la aplicacion de las técnicas de IA en la bioinformatica ya que estos problemas necesitan
una nueva forma de ser abordados, dada la intratabilidad de los enfoques actuales o la falta
de una forma fundamentada e inteligente de explotar los datos biologicos (Hamet &

Tremblay, 2017; Narayanan et al., 2002).

El aprendizaje automatico (Machine Learning -ML-), cuyos métodos también se denominan
algoritmos de clustering, es un campo dentro del area de la IA que proporciona a los sistemas
la capacidad de aprender y mejorar automaticamente, basandose en la experiencia. Estos
sistemas transforman los datos en informacion con la que aprenden a tomar decisiones. Este
proceso, llevado a cabo por un algoritmo, trata de analizar y explorar los datos en busca de
patrones ocultos. La aplicacion de la IA en medicina tiene un importante componente virtual
que esta representado por el ML (también llamado Deep Learning -DL-). Existen tres tipos
de algoritmos de aprendizaje automatico: (i) no supervisado (capacidad de encontrar
patrones), (77) supervisado (algoritmos de clasificacion y prediccion basados en ejemplos
previos) y (iii) aprendizaje por refuerzo (uso de secuencias de recompensas/castigos en un
espacio de problemas especifico) (Hamet & Tremblay, 2017; Mak & Pichika, 2019; Mesko &
GOrog, 2020; Panch et al., 2018). En otras palabras, el aprendizaje no supervisado se centra
en descubrir la estructura subyacente o las relaciones entre las variables de un conjunto de
datos y las caracteristicas descubiertas a menudo pueden incorporarse a los modelos de
aprendizaje supervisado (Johnson et al., 2018). Al igual que el aprendizaje supervisado, los

métodos de aprendizaje automatico no supervisado existen en un continuo con otros
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métodos estadisticos como son el Analisis de Componentes Principales, el modelado de
mezclas y varios métodos de agrupacion (Johnson et al., 2018). Recientemente han surgido
algunas técnicas nuevas que requieren menos supuestos sobre el conjunto de datos, como
los algoritmos avanzados para la factorizacion matricial o tensorial (Luo et al., 2017), el

analisis topologico de datos (L. Li et al., 2015) y el aprendizaje profundo (Miotto et al., 2016).

El aprendizaje no supervisado difiere fundamentalmente del supervisado porque no se basa
en instrucciones especificas de clasificacion. En su lugar, se basa en la agrupacion autonoma
de objetos a través de la exploracion y el descubrimiento de los patrones y estructuras
subyacentes en los datos. Este enfoque se considera la forma principal en que los seres
humanos recopilamos informacion y construimos conocimiento sobre el mundo que nos
rodea. El aprendizaje no supervisado también ofrece a los humanos la capacidad de manejar
cambios imprevistos en las condiciones y ampliar el conocimiento fuera de los parametros

de entrenamiento (Jha & Topol, 2016; Lecun et al., 2015; Roohi et al., 2020).

El Analisis Factorial (AF) fue introducido en 1904 por Charles Edward Spearman (Spearman,
1904) y descrito en 1995 por Bartholomew D. J. (Bartholomew, 1995). Este método permite
crear nuevas variables (conocidas como factores o componentes) a partir de un conjunto de
variables originales, manteniendo la maxima cantidad de informacién y encontrar causas
ocultas (latentes) que son fuente de variabilidad en el conjunto de datos (Jain & Dubes, 1988;

Jolliffe, 2002).

Suponiendo que las variables de entrada estén correlacionadas, se puede representar la
misma cantidad de informacion con un niimero menor de variables. Cada variable original
debe estar correlacionada con el menor numero posible de factores y el nimero de
componentes debe mantenerse al minimo. Las saturaciones de los factores reflejan la
influencia del k%M factor comtn en la j2 variable aleatoria (Bartholomew, 1995; Bartholomew
et al., 2000; Duris et al., 2021). Existen varios métodos que pueden utilizarse para estimar las

saturaciones de los factores, conocidos como métodos de extraccion de factores.

Page 35]199



VNIVERSITAT [ o » .
VALENCIA @ Facultat e [Fisioterapia

La eleccion de un algoritmo depende de una serie de factores que incluyen, entre otros, el
tipo de datos/enfoque de aprendizaje (aprendizaje supervisado/no supervisado), la necesidad
de k-clustering, la importancia de la precision en el modelo elegido, la necesidad de rapidez
en el analisis de los datos, los datos analizados, el tamano del conjunto de datos, la necesidad
de resultados jerarquicos vy la necesidad de variables categoricas. Algunos de los métodos
mas comunes empleados en este enfoque incluyen la agrupacion de k-means, la deteccion de
anomalias o ciertos métodos estadisticos como el Analisis de Componentes Principales (PCA).
Estos enfoques utilizan datos discretos o continuos como parametro de entrada para
identificar regularidades de entrada (i.e., clustering de k-means) y/o para reducir las
representaciones dimensionales (i.e., PCA) (Celebi et al., 2013; Chu et al., 2020; Rashidi et al.,

2019; Yang et al., 2022).

Mientras que las técnicas de IA y ML se utilizan ampliamente en diferentes campos de la
atencion sanitaria, como la definicion de politicas (Bauer & Lizotte, 2021), la investigacion en
atencion primaria (Wang et al., 2021), modelos de prediccion en salud publica (Payedimarri
et al., 2021), catastrofes y emergencias de salud publica (Lu et al., 2022), medios sociales y
salud mental (Laacke et al., 2021), imagenes médicas (Lei et al., 2021), salud cardiovascular
(Soto et al., 2021), etc., en este trabajo se utiliza el método PCA para aplicaciones de clustering.

Otros métodos conocidos son el método de maxima verosimilitud o el de minimos cuadrados.

Karl Pearson presentd por primera vez el PCA en 1901 (Pearson, 1901), que pretende
transformar los datos de entrada multidimensionales de forma que los datos de salida se
obtengan a partir de las direcciones lineales mas importantes, ignorando las menos
significativas. Asi, se extraen las direcciones caracteristicas de los datos originales y, al

mismo tiempo, se reducen las dimensiones de los datos.

Este es uno de los métodos basicos de compresion de datos: las n variables originales pueden
representarse con un numero menor de m variables, pero explicando la mayor parte de la
variabilidad del conjunto de datos original. La coleccion de nuevas variables (conocidas como
Componentes Principales -PCs-) consiste en una combinacion lineal de las variables
originales. La primera PCs describe la mayor parte de la variabilidad del conjunto de datos

original. Las otras PCs contribuyen a la varianza global, siempre con una proporcion menor.
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Todos los pares de PCs son perpendiculares entre si (Bro & Smilde, 2014; Duris et al., 2021;
Gewers et al., 2021; Jolliffe, 2002). PCA y k-means son métodos no supervisados que utilizan
datos discretos o continuos como sus parametros de entrada para identificar regularidades
de entrada (i.e., clusteres), por lo que su objetivo es agrupar un conjunto de datos médicos
para caracterizar subpoblaciones de una enfermedad basada en varios parametros clinicos
de entrada conocidos y/o la reduccion de la dimensionalidad del conjunto de datos (Rashidi

et al., 2019; Ryu et al., 2021).

Los pasos basicos del ACP incluyen la construccion de la matriz de correlacion a partir de los
datos originales, el calculo de los valores propios correspondientes, la alineacion a partir de
los mayores (A1> A2>--->An), el calculo de los vectores propios de la matriz de correlacion
correspondientes a sus valores propios (v1,v2....,un), el calculo de la variabilidad del conjunto
de datos original (6?), la determinacion del nimero de PCs que podrian representar las
variables originales en funcion de la variabilidad y la transferencia de los datos originales a
una nueva base de referencia segtin la rotacion de los factores (Método de rotacion ortogonal
Varimax) (Bro & Smilde, 2014; Duris et al., 2021; Gewers et al., 2021; Salih Hasan & Abdulazeez,
2021; Shahid et al., 2015; Yeung & Ruzzo, 2001). El PCA también puede eliminar la informacion

redundante en las caracteristicas fusionadas de grandes conjuntos de datos (Yu et al., 2022).

El nimero de nuevas variables puede determinarse mediante el criterio de valores propios
(regla de Kaiser), cuando los factores que tienen sus valores propios A>7 se consideran
significativos (Jolliffe, 2006b). Asi, se utilizan las PCs que en conjunto explican el mayor
porcentaje posible de la varianza total, o en base a una representacion grafica, el llamado
erafico Scree Plot, donde se puede ver un punto de inflexion y se deben utilizar las PCs
anteriores a este punto de inflexion (Duris et al., 2021; Gewers et al., 2021; Shahid et al., 2015;

Yeung & Ruzzo, 2001).

Para el conjunto de datos de cada uno de los articulos se realizaron diferentes analisis
estadisticos diferentes. Uno de ellos, que fue modelado sobre técnicas de aprendizaje
automatico de ML, considera un problema de clasificacion binaria y divide mediante PCA

(Jain & Dubes, 1988; Z. Zhang & Castelld, 2017) el conjunto de datos en dos grupos: “C7” o
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“Videos relevantes” y “C2” o “Videos no relevantes”. Asi, la agrupacion de los puntos del
conjunto de datos se realiza utilizando algoritmos de ML no supervisado (Fisher et al., 2022;

Lau et al., 2022; Rodriguez et al., 2021; Ryu et al., 2021).

La idea fundamental del PCA es mapear un espacio de caracteristicas j-dimensional en un
espacio i-dimensional, donde 7 <j (Dweekat & Lam, 2022). Para este estudio, dos dimensiones
(PCA1 vy PCA2) fueron suficientes para agrupar los datos de cada articulo para ser
representados graficamente, con una pérdida minima de la informacion del conjunto de

datos original (Beam & Kohane, 2018).

Para establecer qué variables distinguen mejor los grupos en los que se dividen los videos en

cada articulo, se utilizaron:

I. DISCERN: Los videos clasificados en el grupo “C7/Relevant Videos™ son aquellos
cuyas puntuaciones son mayores que la media; lo contrario define el segundo

grupo, “C2/Not relevant videos”.
II. Numero de Ejercicios: Comparable con la variable anterior.

III.  PCA: Lavariable binaria define ambos grupos tras un analisis de componentes
principales con un algoritmo £-means. Con esto, los grupos C7y (2 se definen
por la variabilidad de la informacion sin pérdida de informacion previa. En
consecuencia, en estos casos no se pierde informacion al reducir las

dimensiones a solo dos PCs.

Para estos analisis, se utilizaron algoritmos de agrupacion para obtener el menor nimero de
dimensiones que mejor dividiera los videos en dos clisteres diferentes. La precision se
establecio mediante la conocida como validacion “Leave-One-Out Cross Validation” (LOOCV)
(Vehtari et al., 2017) con el uso del clasificador “Nearest Neighbor Classifier” (NNC) (Kataria &
Singh, 2008). El ratio de Fisher (FR) se utilizo para determinar el poder de discriminacion de

las variables. Cuanto mayor es el FR, mas discriminatorias son, lo que es consecuencia de su
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baja dispersion intra-clase y su alta distancia inter-clase. En el caso de una clasificacion

binaria, el FR de una variable “;” viene determinado por:

(.ujl - #jz)z
0}'12 + 0}'22

donde uji es la medida del centro de masas de la distribucion de probabilidad de la variable

33l

7" en el grupo “i” (i = 1, 2), mientras que oji es la medida de la dispersion dentro de ese grupo.

Ademas de los FR, también se calcularon para ellos los factores de correlacion de Spearman,
Kendall y Pearson, que revelan la importancia, o poder de discriminacion, de estas variables
segun los criterios de clasificacion (Bonett & Wright, 2000; Croux et al., 2010; Puth et al.,

2015).

De acuerdo con el PCA, Henri Kaiser (1970) presenté una medida de adecuacion muestral
(Kaiser, 1970, 1982).para las matrices de datos de AF que fue adaptada posteriormente por
Kaiser y Rice (1974). Este factor, conocido como el indice Kaiser-Meyer-Olkin (KMO), se
utiliz6 para determinar la normalidad multivariante y la adecuacion de la muestra (Kaiser,
1982). Con el objetivo de evaluar la validez del constructo, la adecuacion de la muestra para
el AF se realizo mediante la prueba de esfericidad de Bartlett (Bartlett, 1951). Ademas, se
comprobo la potencia estadistica del analisis realizado mediante la combinacion del analisis
PCA 'y el indice KMO (Jackson, 1991; Park, 2021). La potencia estadistica de estos dos analisis
combinados indica que el analisis PCA permite clasificar los videos en dos grupos (C7, videos
de alta calidad, y Cz2, videos de baja calidad) sin que se pierda informacion sobre ninguna de
las variables consideradas en todo el estudio, lo que permite analizar la calidad de los videos
a través de las dos PCs, en lugar de tener que hacerlo a través de todas las variables del
estudio ya que su nivel de relacion con las principales variables que evaluan la calidad de los
videos es maximo y los valores p revelan una relacion alta y estadisticamente significativa
(Kaiser, 1970, 1982; Kambhatla & Leen, 1997; Salih Hasan & Abdulazeez, 2021; Yu et al., 2022;
T. Zhang & Yang, 2016; X. Zhang et al., 2022; Z. Zhang & Castello, 2017)

Page 39]199



VNIVERSITAT [ o » .
VALENCIA @ Facultat e [Fisioterapia

RESULTADOS

Tras recoger los datos de los videos, las listas se asignaron a dos investigadores
independientes para su analisis. Se realizo un analisis ICC para los resultados de cada
investigador y los datos utilizados para el analisis de cada video fueron la media de las
puntuaciones asignadas por cada uno de los investigadores, incluyendo las puntuaciones
HONCode, GQS y DISCERN. Los datos basicos de las estadisticas descriptivas de los
resultados medios de VPI, HONCode, GQS y DISCERN se muestran en la Tabla 3. Con el
mencionado intervalo de confianza del 95%, y el nivel de significacion fijado en p<o0,05, los
valores resultantes se clasifican en la Tabla 2 (Koo & Li, 2016). La concordancia entre
investigadores, para los articulos incluidos en este estudio, obtuvo una puntuacion de 0.9860

en el Articulo 1, de 0.9505 en el Articulo 2 y de 0.9299 en el Articulo 3.

Para el Articulo 1 se utilizo la version ampliada de la escala DISCERN, mientras que para los
Articulos 2y 3 se utilizo la version reducida. Con el fin de facilitar la comparacion de estos
resultados, se aplicd un cambio de escala a los resultados del Articulo 1, pasando de una escala
de 0-80 a una escala de o-5. Los resultados se muestran en la Tabla 5. En esta tabla, se puede
observar que, en el Articulo 1y en el Articulo 3, las Instituciones Académicas obtienen la
puntuacion mas alta (3.52 y 3.25, respectivamente) y las Instituciones Sanitarias obtienen la
segunda puntuacion mas alta (3.43 y 2.83, respectivamente). En el Articulo 2, estos dos tipos
de instituciones obtienen la misma puntuacion (3.88, ambos) por detras de las ONGs que
obtienen la puntuacion mas alta (4.33). Los medios de comunicacion y las personas no
vinculadas al ambito sanitario obtienen las puntuaciones mas bajas en los tres articulos y,

solo en el tercero, las ONGs se incluyen también en el grupo de resultados mas bajos.

En cuanto al continente origen de los videos, en el Articulo 1 la puntuacion mas alta la
obtienen los videos producidos en América (3.23), seguidos de cerca por los producidos en
Europa (3.22). En el Articulo 2 y en el Articulo 3, los videos producidos en Australia obtienen
la puntuacion mas alta (3.55 y 3.50, respectivamente), seguidos por los videos producidos en
Europa (3.40 y 2.58, respectivamente). En los tres articulos, los videos producidos en Africa
obtienen la puntuacion mas baja de todos (0.00, 0.00 y 2.00, respectivamente), al igual que

con las puntuaciones de GQS.
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La Tabla 6 muestra los resultados medios de las puntuaciones GQS segun la fuente de
produccion (autor) y el continente de origen en cada uno de los articulos de esta
investigacion. En dicha Tabla 6 se puede observar que las Instituciones Académicas, las
Instituciones Sanitarias y las ONGs obtienen las puntuaciones mas altas (en diferente orden,
pero siempre estos tres tipos de autorias) en la escala GQS. Las Instituciones Académicas
obtienen la mayor puntuacion en el Articulo 1 (3.83) y en el Articulo 2 (4.00, mismo resultado
que las ONGs), seguidas en ambos casos por las Instituciones Sanitarias (3.74 en el Articulo 1
y 3.77 en el Articulo 2). En el Articulo 3, las Instituciones Sanitarias obtienen la puntuacion
mas alta (3.33), seguidas por las ONGs y las Instituciones Académicas, que obtienen
puntuaciones cercanas (3.06 y 3.00, respectivamente). En los tres articulos, las puntuaciones
mas bajas las obtienen las personas no vinculadas al ambito sanitario (3.16, 2.82 y 1.84,
respectivamente), seguidos de los Medios de Comunicacion (3.31, 2.96 y 2.42,

respectivamente).

En cuanto al origen de los videos, en el Articulo 1los videos producidos en Europa recibieron
las puntuaciones mas altas (3.79), seguidos de los producidos en América (3.52). Como ocurrio
en la escala DISCERN, en el Articulo 2 y en el Articulo 3, los videos producidos en Australia
recibieron las puntuaciones mas altas (3.55 y 3.50, respectivamente), seguidos de los

producidos en Europa (3.40 y 2.54, respectivamente).

El nivel de calidad de los videos puede clasificarse como se muestra en la Tabla 7 tanto para
los valores de DISCERN como de GQS (Charnock et al., 1999; Erdem & Karaca, 2018; Esen et

al., 2019; Kunze et al., 2019; Yalkin et al., 2022).

En cuanto a los resultados del HONCode, en el Articulo 1, las Instituciones Académicas
recibieron la puntuacion mas alta (62.96), seguidas de las ONG (28.78) v los Medios de
Comunicacion la mas baja (10.40). En el Articulo 3, las Instituciones Sanitarias recibieron la
puntuacion mas alta (72.33), seguidas de las ONG (67.43) y las Instituciones Académicas (66.63)
y las personas no vinculadas al ambito sanitario la puntuacion mas baja (53.06). Segun su
origen, en el Articulo 1 los videos con mejor puntuacion son los producidos en Asia (50.69),

seguidos de los videos de Europa (45.03). En el Articulo 3, los videos de Australia recibieron
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la puntuacion mas alta (69.00). Como ya se ha explicado, el instrumento HONCode no estaba
disponible para el Articulo 2, razon por la cual no hay resultados de dicha herramienta para

este segundo articulo. Todos estos resultados se muestran en la Tabla 8.

Los coeficientes de correlacion de Pearson para las variables GQS y HONCode respecto de la

variable DISCERN se muestran en la Tabla o.

El indice KMO, para la adecuacion de la muestra, se realizo para comprobar la conformidad
del tamano de la muestra antes de aplicar el AF (Pechenizkiy et al., 2004). El resultado de esta
prueba mostro que el valor KMO alcanzo 0.916 en el Articulo 1, 0.872 en el Articulo 2y 0.845
en el Articulo 3, datos que se muestran en la Tabla 11, en la que también se muestran las
varianzas explicadas totales del PCA para cada articulo. Segun esto, se puede determinar que
los tamanos de las muestras eran, segun Kaiser y su indicador KMO, “Meritorios” para estos
conjuntos de datos. Se han representado también los Scree Plots que muestran la variacion
explicada para cada PC en orden descendente (Figura 2, Figura 4 y Figura 6), que se utiliza en
el andlisis PCA para elegir el nimero de PCs (Abdi & Williams, 2010; Duri§ et al., 2021;
Eastment & Krzanowski, 1982; Gewers et al., 2021; Hasan & Tahir, 2010; Horn, 1965; Ivosev et
al., 2008; Kanyongo, 2005; Ledesma et al., 2015; Qu et al., 2002; Shahid et al., 2015; Silva et al.,

2020; Yeung & Ruzzo, 2001; Z. Zhang & Castelld, 2017; Zhu & Ghodsi, 2006).

Representado graficamente cada video por un punto en un sistema de ejes coordenados
donde cada eje es una de las PCs (Gewers et al., 2021; Jolliffe, 20062; Mahmoudi et al., 2021;
Saerens et al., 2004; Yu et al., 2022) se permite una clara visualizacion de la autoorganizacion
a la que se somelen los videos sin ninguna intervencion manual. La clara diferenciacion de
las nubes de puntos en las que se agrupan los videos de alta calidad, por un lado, y los de baja
calidad, por otro, muestran claramente que esta agrupacion natural permite una

visualizacion intuitiva de los niveles de calidad de cada una de las nubes de puntos.
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DISCUSION

Esta tesis se realizo con el fin de comprender mejor la naturaleza de la informacion a la que
acceden los pacientes en una plataforma masiva en linea cuyo uso es cada vez mayor. El
creciente uso de las nuevas tecnologias y la gran cantidad de contenidos disponibles han
convertido a Internet en una importante fuente de informacion sanitaria tanto para los
profesionales de la salud (que las utilizan con mayor frecuencia para comunicarse con los
pacientes y lograr la necesaria adherencia e interaccion en los procesos sanitarios) como para
los pacientes (que las utilizan como fuente de informacion). Los videos son una fuente de
informacion sencilla, atractiva y asequible, con una gran capacidad de difusion disponible,
pero que no esta sujeta a ningan tipo de inspeccion. En consecuencia, esto puede llevar a que

se transmitan mensajes erroneos e incluso perjudiciales para los usuarios.

En el caso de los videos analizados, la mayor parte de ellos fueron producidos por
Instituciones Sanitarias, lo que puede considerarse como una garantia, debido a que se
encuentran en los primeros lugares de las escalas de calidad. En el caso del Articulo 3, los
videos producidos por Instituciones Sanitarias representaron un pequeno porcentaje del
total, pero también alcanzaron puntuaciones muy altas en el analisis de calidad, lo que puede

considerarse una garantia de la informacion compartida en esos videos.

La concordancia inter-investigadores para estos estudios fue calculada mediante el ICC (Koo
& Li, 2016) y puntud, respectivamente para los tres articulos, 0.9860, 0.9505 y 0.9299,
apuntando hacia una concordancia “Excelente”, segun los intervalos del ICC mostrados en la

Tabla 2.

La duracion media de los videos evaluados en esta tesis doctoral fue de 9:42 min para el
Articulo 1, 14:42 min para el Articulo 2 y 10:37 min para el Articulo 3, lo que se alinea con
estudios anteriores que informaron de una duracion media de 6:17-10:35 min (Gokcen &
Gumussuyu, 2019; Kuru & Erken, 2020), excepto en el Articulo 2 ya que tiene la mayor
desviacion estandar y ademas el 63.91% de los videos tienen una duracion inferior a 10:00
min, lo que senala una alta similitud con estudios anteriores. No se encontré ninguna relacion

estadisticamente significativa entre la duracion de los videos y su calidad o popularidad, al
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contrario que en el estudio de Akif Aydin, que encontraron que los videos con mayor duracion
y mayor VPI parecian estar asociados con puntuaciones de mayor calidad (Aydin & Akyol,

2020).

Aunque el nimero de ejercicios recomendados podria ser mayor, las puntuaciones de los
videos son “Alta” y “Media” en las escalas de calidad que se consideraron para los articulos,
lo que coincide con otros autores (Akyol & Karahan, 2020; Altan Salli et al., 2020; Karakoyun
& Yildirim, 2021; Meteran et al., 2022; Morra et al., 2022; Nangia et al., 2020; Navarro et al.,
2021; Onder & Zengin, 2021; Salman & Bayar, 2021). En cuanto al nimero de ejercicios
recomendados analizados en cada uno de los articulos, se obtuvieron los siguientes

resultados:

Articulo 1

La Seccion de Oncologia de la Asociacion Americana de Fisioterapia (APTA), en colaboracion
con la Sociedad Americana del Cancer (ACS), recomienda un programa de siete ejercicios. De
estos siete, los videos analizados muestran una media de 1.75 ejercicios (lo que representa el
25% de los ejercicios recomendados). Los videos que obtuvieron una puntuacion de Alta

calidad muestran un 30% de los ejercicios recomendados (media de 2.10 ejercicios).

Articulo 2

El nimero medio de ejercicios recomendados, segiin las normas estandarizadas, es de 1.93

ejercicios. Los videos de muy alta calidad muestran una media de 3.58 ejercicios.

Articulo 3

De los 12 ¢jercicios sugeridos por la OMS, los videos disponibles en YouTube relativos a la
actividad fisica durante el confinamiento causado por el CoVid-19 s6lo muestran una media
de 1.72 ejercicios, 2.83 en los videos de alta calidad, no habiendo ningtn video que haya

mostrado mas de 5 ejercicios.
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CONCLUSIONES

De la informacion obtenida en la recogida de datos y de los diferentes analisis estadisticos
realizados para estos tres estudios que componen el objeto de investigacion de esta tesis, se

pueden extraer las siguientes conclusiones:

Articulo 1

La calidad de la informacion ofrecida en YouTube sobre los ejercicios postoperatorios de
hombro recomendados para pacientes con cancer de mama, segin las puntuaciones

obtenidas en las escalas de calidad, es “Alta”.

Articulo 2

La calidad de los videos en YouTube sobre los ejercicios recomendados para el suelo pélvico
de los pacientes con cancer de prostata tras una prostatectomia, segin las puntuaciones

obtenidas en las escalas de calidad, es “Alta”.

Articulo 3

La calidad de los videos disponibles en YouTube relativos a la actividad fisica durante el
bloqueo de CoVid-19 es ligeramente inferior a la de los dos articulos anteriores y no refleja
las recomendaciones de la OMS. No obstante, segtin las escalas de calidad, la calidad de estos

videos es “Media”.
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LIMITACIONES Y PERSPECTIVAS FUTURAS

Limitaciones

Con el fin de simular el comportamiento estandar de los usuarios, no se realizaron busquedas
en modo incognito para evitar la influencia del historial de navegacion y la ubicacion
geografica. Aunque el contenido de YouTube cambia con el tiempo, estos analisis representan
el estado de los videos en un momento concreto. Solo se incluyeron en los articulos los videos
alos que se accedio directamente en YouTube al utilizar los términos de busqueda indicados

en la Tabla 1. En los analisis realizados se excluyeron los enlaces externos a otros sitios web.

Debido a que esta tesis doctoral trato de reproducir el comportamiento de btisqueda tipico
del usuario medio, las busquedas se limitaron a los primeros 150 videos. Como otros estudios
han explicado anteriormente, la mayoria de los internautas no prestan atencion mas alla de

los primeros 50 resultados de busqueda.

Perspectivas Futuras

Se considera necesario un proceso de verificacion/validacion de la informacion disponible
en la web, asi como programas educativos para facilitar el acceso de las personas a la
informacion mas fiable (Ahmad et al., 2020; Bahar-Ozdemir et al., 2021; Fode et al., 2020;
Warren, Sawhney, et al., 2021). Las instituciones educativas y sanitarias, asi como los
profesionales de la salud, las autoridades sanitarias gubernamentales y los responsables
politicos deben participar en el desarrollo de politicas que mejoren la informacion disponible
en la web con el objetivo de crear un impacto positivo en el comportamiento de las personas
relacionado con la salud, como se recomienda en otros estudios (Bahar-Ozdemir et al., 2021;
Brar et al., 2021; Gulve et al., 2022; Kodonas & Fardi, 2021; Warren, Sawhney, et al., 2021). Se
necesitan estrategias y politicas eficaces capaces de indicar la calidad de esta informacion
para filtrar la errénea o no rigurosa que pueda afectar a la salud de las personas. Estas
herramientas deberian ayudar a cualquier usuario/espectador a distinguir los videos de alta
y baja calidad (Enver et al., 2020; Fode et al., 2020; Yalkin et al., 2022; X. Zhang et al., 2022).

Dado que no existe una marca para identificar los videos de alta calidad, se recomienda para
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su facil identificacion que los pacientes atiendan a la fuente de produccion, ya que las
instituciones académicas, las ONG y las instituciones sanitarias muestran cifras mas altas en
las escalas de calidad. Los videos de mas alta calidad fueron subidos por fuentes académicas
y profesionales de la salud (Fode et al., 2020; Ozduran & Biiyiikcoban, 2022), por lo que estos
erupos deberian promover mas videos de alta calidad (Crutchfield et al., 2021; Goobie et al.,
2019; Giiloglu et al., 2022; Lang et al., 2022; Morra et al., 2022; Passos et al., 2020). También
seria recomendable descartar aquellos videos que contengan anuncios publicitarios y puedan

presentar algan conflicto de intereses (Brar et al., 2021; Vu et al., 2021).

Con el apoyo de técnicas de aprendizaje automatico y algoritmos de IA no supervisados, la
informatica puede hacer avanzar la medicina basada en la evidencia a través de herramientas
de apoyo (Amezcua-Prieto et al., 2020; Bauer & Lizotte, 2021; Yoldemir, 2020). Esta es una
gran oportunidad para la transformacion del sistema sanitario, ya que el coste de aumentar
la capacidad de toma de decisiones en todo el sistema sanitario no es muy elevado (Benke &
Benke, 2018; Panch et al., 2018; Schwalbe & Wahl, 2020; Singh, 2019; Thiébaut & Thiessard,

2018).

Son necesarios estudios e intervenciones que impliquen a las instituciones, guiados por los
principios de la investigacion médica traslacional, para aumentar la calidad de la informacion
sanitaria en los videos de YouTube. Mediante el desarrollo de politicas eficaces que mejoren
las conductas y comportamientos relacionados con la salud de la poblacion, se debe de
conseguir diferenciar la informacion fiable y de buena calidad, evitando los riesgos

inherentes en las busquedas de informacion relacionada con la salud en las redes sociales.
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(0+m)yY =0

Dirac Equation combining the principles of quantum mechanics and
the theory of special relativity implying the antimatter.
Referred to as he most beautiful equation known in physics which, due the
phenomenon of quantum entanglement, is known as the “Equation of Love”.

“If vou are receptive and humble,
mathematics will lead you by the hand”

Paul Dirac
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1. Abstract

The Internet has been expanded worldwide to become the most important mean to spread
information in the world (Kocyigit et al., 2019). Searching and finding health information
using the Internet has become progressively common while people often use the Internet as
a source of health information (Baker et al., 2021; Kocyigit et al., 2019; Sui et al., 2022).
According to Amante et al (2015), nearly fifty per cent of adults in the United States (US) get
health-related information on the Internet (Amante et al., 2015). As a popular video sharing
site, YouTube is extensively used all around the world for users to watch and share videos
(Amante et al., 2015; Baran & Yilmaz Baran, 2021; Lewis et al., 2012; Oydanich et al., 2022; Shun
Zhang et al., 2020). Due to the free content of its videos and its ease of reach to the population,
YouTube can be considered an effective resource for obtaining and disseminating health-
related information. Consequently, it can also be used as a useful tool for patient education
(Chang & Park, 2021; Jessen et al., 2022; Katz & Nandi, 2021; Warren, Wisener, et al., 2021).
However, there are doubts about the quality, reliability and content of the videos (Piskin et
al., 2021; Shun Zhang et al., 2020). Especially in view of YouTube’s philosophy, where anyone
can upload videos without prior check or scrutiny, and which could be used for promotional
ends, it is necessary to verify the quality, content and accuracy of the information shared in
the uploaded videos (McMahon et al., 2022; Yildiz & Toros, 2021). This means that YouTube
videos may raise concerns about the risks of providing misleading health-related
information in videos available on this platform (Baran & Yilmaz Baran, 2021; Culha et al.,

2021; Dubey et al., 2014; Madathil et al., 2015; Patel et al., 2022).
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A previous systematic review investigating eighteen pieces of research found that YouTube
can display misleading and conflicting health-related information, but, on the other hand, it
can also share high quality health-related information (Chang & Park, 2021; Oydanich et al.,
2022; Yildiz & Toros, 2021). So, digital platforms are a promising way to support physical
activity levels and may have provided an alternative for people to maintain their activity while

at home (Giiloglu et al., 2022; Kadakia et al., 2022; McDonough et al., 2022; Parker et al., 2021).

Therefore, the aim of this study was to assess the quality of YouTube videos, that any internet
user could access, regarding to the recommended exercises that are related to topics of major
importance for general population. In this regard, exercises related to the most common
types of cancer in women and men (breast cancer and prostate cancer, respectively) have
been considered, as well as those recommended for periods of confinement due to the global

pandemic caused by CoVid-19.

1.1. Article 1

The prolonged immobilization suggested after breast cancer (BC) surgery causes morbidity.
Patients search the Internet, especially social networks, for recommended exercises. The aim
of this observational study was to assess the quality of YouTube videos, accessible for any
patient, about exercises after BC surgery (Rodriguez-Rodriguez, Blanco-Diaz, Lopez-Diaz,

de la Fuente-Costa, Duenas, et al., 2021).

1.2. Article 2

Prostate cancer (PC) is a major cause of disease and mortality among men. Surgical treatment
involving the removal of the prostate may result in temporary or permanent erectile
dysfunction (ED) and urinary incontinence (UI), with considerable impact on quality of life.
(QoL) Pelvic floor muscle training (PFMT) is one of the recommended techniques for the

prevention, treatment, and rehabilitation of postoperative complications. The aim of this
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observational study was to assess the quality of YouTube videos related to exercises after
prostatectomy surgery (Rodriguez-Rodriguez, Blanco-Diaz, Lopez-Diaz, de la Fuente-Costa,

Sousa-Fraguas, et al., 2021).

1.3. Article 3

The world has been experiencing a pandemic caused by COVID-19. Insufficient physical
activity can increase the risk of illness. The aim of this study was to evaluate the quality of
YouTube videos related to home exercises during lockdown and their adherence to WHO
recommendations after replicating a simple search process that could be performed by any

individual internet user (Rodriguez-Rodriguez et al., 2022).
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Mobius strip

(Single-sided and single-edged surface that has the mathematical

property of being a non-orientable object)

“Everything has beauty,
but not everyone sees it”

Confucius
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2. Introduction

As of June 30", 2022, an estimated 69.0% of the global population, i.e., 5,473,055,736 people,
had access to the Internet. These figures mean that the growth rate between year 2000 and
2022 goes up to 1,416% (Internet World Stats, 2022). Every year the gender parily is growing
up in the usage of internet and, according to the “Global Connectivity Report 2022” published
by the International Telecommunication Union (ITU), globally, 62 per cent of all men were
using the Internet, compared with 57 per cent of all women. The gender gap is significantly
smaller in countries where a higher proportion of the population uses the Internet, and a
higher gender gap exists in countries with low Internet use. In countries where everyone is
using the Internet, by definition, there must be gender parity. The gender parity ratio (GPR)
is calculated as the proportion of women using the Internet divided by the proportion of men
using the Internet. A value smaller than 1 indicates a larger proportion among men than

among women. A value greater than 1 indicates the opposite. Values between 0.98 and 1.02
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reflect gender parity as established in the 2030 targets. Also, in all regions of the world, young
people (between 15 and 24 years old) are more active on the Internet than other age groups.
Data published in the mentioned report shows the huge divide when comparing the Internet
uptake of people of 75 years old and above, and of those between 15 and 24. Greater uptake
among the young bodes well for future connectivity, particularly in countries with a young
demographic profile. In least developed countries (LDCs) for example, where half the
population is less than 20 years old, the workforce will become more connected and digitally
skilled as this young generation joins its ranks. This in turn will improve the development
prospects of these countries, as stated in such report (International Telecommunication

Union ITU, 2022).

The Internet has the potential to be a valuable resource for the dissemination of health
promotion information to the general population, mainly in conditions with well-developed
health and digital literacy (Diaz de Leon Castaneda & Martinez Dominguez, 2021). The
availability of health information on the web has increased dramatically over the past decade.
A study in 2018 showed that adults in the United States looked on the web for health
information 59% more than in 2013 (Weber Shandwick AND KRC Research., 2018). The study
also revealed that, currently, 55% of health care information seekers are relying more on the
internet and web-based resources for their health-related information than 5 years ago.
More than 67% of American health care information seekers mentioned that they look for
health information on social media. The importance of online resources uploaded on social
platforms has been studied among different people with different diseases and different
studies have discussed their positive impact and how patients can benefit from the emotional
and community support. People who faced similar problems can share possible solutions,
suggest how to cope with symptoms, and provide information about their disease to other

members of the group (Ashtari & Taylor, 2022).

YouTube is one of the most popular internet sites, in fact, YouTube is the world’s second
most popular search engine (after Google) and social media platform, it is the first video-
sharing website and also operates as a primary Internet platform for consumer-targeted
health information (Osman et al., 2022). As of April 4", 2022, YouTube had 2.56 billion active

users monthly and it is projected to reach 2,854.14 million users by 2025. More than 694 hours
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of video were streamed on YouTube every minute and more than 500 hours of video were
uploaded to YouTube every minute, reflecting the increased appetite for digital video content

among internet users (Statista, 2022).

According to published statistics, over 95% of the Internet population are regularly
interacting with YouTube via personal computers, laptops, tablets, or mobile phones which
makes the YouTube video experience much more enjoyable and available to all users on-
demand, anywhere and anytime (Osman et al., 2022; Shameer et al., 2017; Steinhubl et al.,
2015). YouTube’s popularity, ease of access, and social nature made it a powerful tool for

influencing individuals’ decisions and promoting their well-being.

YouTube is the leading and the largest video hosting platform which has been typically
utilized as a health information resource and medical education tool by Internet users
(Bahar-Ozdemir et al., 2021). A recent Health Information National Trends Survey (HINTS)
reports a substantial increase in the use of the Internet for retrieving health information.
Recent surveys have found that 8 of 10 Internet users accessed health information online.
These results suggest that a platform like YouTube has the potential to serve as an important
vehicle for sharing and disseminating timely health-related information, both in its function
as a repository of videos and as a social networking interface where users can interact and
socialize (Altan Salli et al., 2020; Madathil et al., 2015). Mamlin et al (2016) anticipated that
social media websites, such as YouTube, would be widely used for (1.) exchanging healthcare
related information between healthcare providers and consumers, (2.) facilitating peer-to-
peer support for patients, and (3.) enhancing public health surveillance (Mamlin & Tierney,

2016).

Advances in eHealth technology have cultivated transactional opportunities for patients to
access, share, and monitor health information (Paige et al., 2018). Patients and health
professionals often search on Internet for information regarding many health-related topics.
It has been proven that 81% of all Internet users search for information related with health
(Omnicore Agency, 2022). Generally, patients search for detailed information about

recommended exercises related with different pathologies. Therefore, the authorship,
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quality, and validity of the information contained in the videos must be considered (Atci,
2019). So, many patients search for medical information on internet and, also in the social

media platforms, but they lack the tools to evaluate the advice given (Drozd et al., 2018).

Although many health-related videos on YouTube are deemed educationally useful and of
high quality, some studies reveal that this is not always the case and some have commercial
content designed to sell products or services, which may have serious implications for
consumer attitudes and medical decision making (Langford & Loeb, 2019; Loeb et al., 2019,

2021).

Nowadays, the fact that people depend on Internet for health education has increased
dramatically. More than 70% of the United States adult population is using Internet as the
first source for health-related information, which leads to the appearance of the so-called e-
patient, where the Internet served as a source to obtain information that the patient failed to
obtain from his/her healthcare providers during their clinic appointment (Alefishat et al.,
2021). From these websites, patients may have access to a large amount of health-related
information which is available for free to them (Hamzehei et al., 2018). As health information
seeking on the Internet has become more popular, the number of patients using the online
platforms as a source of medical information about diseases and treatment methods has
increased accordingly (Bahar-Ozdemir et al., 2021). This means that video-sharing websites
must be understood as social media sites where there is no editorial selection or quality
assessment. Likewise, potentially harmful and inaccurate information about science and
biomedical topics can be disseminated. The kind of content stored on YouTube and the
quality of the information are unclear (Hartley, 2012). Social media has great potential to
provide easy access to medical information, but it is likely that the information received is

neither accurate nor free of bias (Altan Salli et al., 2020; Drozd et al., 2018).

One question that has been highlighted by biomedical institutions is whether YouTube
provides users and (potential) patients with accurate and helpful information or if the videos
are possibly harmful and misleading. Healthcare professionals and organizations should be
encouraged to provide more beneficial material and animated videos to people looking for

comprehensive, reliable information on Internet (Aydin & Akyol, 2020). Healthcare providers
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and government agencies have expressed their concern about the veracity and quality of the
information available on this platform, as the health-content videos uploaded by various
sources can be misleading and present inaccurate information to patients (Aydin & Akyol,
2020). YouTube’s search results are based on popularity and relevancy rather than content
quality. This creates an issue for informal or unguided learners who are increasingly exposed
to unverified and partly misleading content that could promote unhealthy habits and

activities (Osman et al., 2022).

2.1. Article 1

According to Globocan 2020 report, breast cancer (BC) is the most common cancer overall
with an incidence of 2,261,419 women in 2020 and exhibits higher incidence in developed
countries. There were over 2 million new cases in 2020 (The Global Cancer Observatory,
2020; Zhuang et al., 2020). Women with BC are often treated with different types of surgery,
including mastectomy and/or breast reconstruction (American Cancer Society, 2021; Siegel
et al., 2021) which leads to a prolonged immobilization caused by fear and/or pain (Reigle &
Zhang, 2018). The weakness and limitation of patients’ range of motion of the arm caused by
pain and stiffness are considered one of the major postoperative complications of BC
treatment (American Cancer Society, 2019, 2021) whose effects impairs their QoL (Reigle &

Zhang, 2018; Richmond et al., 2018).

Exercises during postoperative care of women with BC are important because it improves
pain perception and contributes to enhancing QoL. The Oncology Section of the American
Physical Therapy Association (APTA) (Worthen A., 2022), in collaboration with the American
Cancer Society (ACS), recommends a series of seven exercises (American Cancer Society,
2019, 2021). A home-based exercise program improved symptoms in the affected upper limb
and led to improved QoL in women (Gautam et al., 2011; Zhou et al., 2019). Generally, patients
search on Youtube for detailed information about recommended exercises for improving
their QoL (Ashtari & Taylor, 2022; Brar et al., 2021; Giiloglu et al., 2022; M. Li et al., 2022;

Osman et al., 2022; San, 2022).
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2.2. Article 2

According to Globocan 2020, prostate cancer is the fourth most common cancer overall, with
an incidence of 1,414,259 in men in 2020, exhibiting higher incidence in developed countries.
Prostate cancer is a major cause of disease and mortality among men, with 375,304 men dying
of it each vear (Siegel et al., 2021; The Global Cancer Observatory, 2020). Radical
prostatectomy (RP) is a common curative treatment to prevent metastasis. Although
mortality after RP is low (5-year survival: 95%), morbidity is high (Hodges et al., 2020).
Surgical treatment involving the removal of the prostate may result in temporary or
permanent erectile dysfunction (ED) and urinary incontinence (UI), with considerable impact
on QoL (QoL) (Aydin Sayilan & Ozbas, 2018; de Lira et al., 2019; O’Callaghan et al., 2017; Pan
et al., 2019; Radadiya et al., 2020). Depending on how continence is defined, almost 80% of

men experience incontinence after RP (Hodges et al., 2020).

Treatment of incontinence involves noninvasive behavioral therapeutic methods consisting
of diet modification, bladder training, pelvic floor muscle exercises (PFME), biofeedback, and
functional electrical stimulation (Aydin Sayilan & Ozbas, 2018). Pelvic floor exercises have
been used to improve urinary continence following RP, with good results (de Lira et al., 2019;
Prota et al., 2012). Urinary continence can be achieved through contraction training of the
pelvic floor muscles (Pan et al., 2019). PFMT is one of the recommended techniques for the
prevention, treatment, and rehabilitation of RP-related complications (de Lira et al., 2019). It
can improve Ul and ED after prostatectomy (Pan et al., 2019). Many patients search the
Internet for medical information, but they lack the tools to evaluate the advice provided
(Afful-Dadzie et al., 2021; Altan Salli et al., 2020; Ashtari & Taylor, 2022; Aydin & Akyol, 2020;
Brar et al., 2022; Drozd et al., 2018; Giiloglu et al., 2022; M. Li et al., 2022; Osman et al., 2022;

San, 2022; Shun Zhang et al., 2020).

2.3. Article 3

By the end of 2019, a novel coronavirus known as SARS-CoV-2 (COVID-19) suddenly arose in
Wuhan, China (Bulut & Kato, 2020). This virus manifests as pneumonia due to the fact that it

attacks the lower part of the respiratory tract in humans (Shah et al., 2020). An international
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public health emergency was declared on 31 January 2020. As of September 23" 2022, COVID-
19 caused over 610,866,075 confirmed cumulative cases and over 6,510,139 cumulative deaths
after being spread worldwide (World Health Organization, 2022). Most countries have
adopted mandatory home lockdown policies. However, prolonged periods of time at home
can make staying physically active a major challenge (World Health Organization, 2020a).
WHO defines physical activity (PA) as any movement of the body produced by its muscles that
requires energy consumption, including exercise and other activities that include physical
movement and are conducted as part of play, work, active transport, household chores, and
leisure activities (World Health Organization, 2020b). Self-quarantine and prolonged stays at
home could be sources of added stress and could also pose challenges for citizens’ mental
health, contributing to anxiety and depression symptoms (Burtscher et al., 2020), as well as
increase other health risk behaviours. During the COVID-19 lockdown (Zieff et al., 2021), a
proactive health strategy should be focused on avoiding sedentary behaviour. In addition,
insufficient PA constitutes the fourth most important risk factor for mortality (6% of deaths
worldwide) and severely influences the prevalence of non-communicable diseases (World

Health Organization, 2010).

Very few guidelines targeting public health in general consider PA routines on a daily basis
for people that live in different levels of isolation during the COVID-19 pandemic (Matias et
al., 2020). Home exercise, through simple, safe, and easily implementable exercises, is well
recommended to maintain good fitness levels. These exercises should include, but not be
limited to, activities for strengthening, stretching, and improving balance and control and/or

a combination of them (Chen et al., 2020).

WHO recommends, in a guide published on its website, for confined people without any
respiratory illness or suspect of it, 150 min a week of moderated-intensity PA or 75 min a
week of higher-intensity PA, or both options combined. In addition, WHO recommends to
“Follow an online exercise class. Take advantage of the wealth of online exercise classes. Many of
these are free and can be found on YouTube. If you have no experience performing these exercises,
be cautious and aware of your own limitations” (World Health Organization, 2020a). The use of

exercise videos and eHealth, oriented to the encouragement and the delivery of PA through
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internet, social networks, TV, and mobile technologies are feasible options to maintain
mental health and physical fitness during these important periods (Chen et al., 2020;

Gunasekeran et al., 2021; Kraus et al., 2021; Tajudeen et al., 2021).

However, there is no data about the quality of the available eHealth and exercise videos,
which is particularly relevant in this lockdown period due to COVID-19. Uploaded videos with
health content coming from different sources present the risk of showing misleading and
inaccurate information to users (Aydin & Akyol, 2020), and the authorship, the quality, and
the validity of the information in the videos are essential topics to be considered (Atci, 2019;

Brar et al., 2021, 2022; Giiloglu et al., 2022; M. Li et al., 2022; Osman et al., 2022; San, 2022).
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0,1,1,2,3,5, 8,13, 21, 34, 55, 89, 144, 233, 377, ...

(Fibonacci Sequence)

“Mathematics is the language of nature.”

Leonardo Fibonacci
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3. Materials and Methods
3.1. Search Strategy

Several searches were conducted on Attp://www.youtube.com/ using the different search
terms which are also shown in such Table 1. The first 150 videos available to viewers were
selected in the three articles included in this work. It was aimed to replicate a simple search
strategy that could be conducted by any person or YouTube user. No restriction was applied
to the search using filters; hence, YouTube sorted video results by their relevance according
to the patented ranking algorithm active on each specific day. All the videos were added to a
spreadsheet and then submitted for screening for duplicates, as well as to apply the exclusion

criteria, showed in Table 1, by the research team.
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Finally, after this process, 51, 133 and 68 videos were respectively included in each research
(Article 1 -A1-, Article 2 -A2- and Article 3 -A3-) and independently viewed, analysed and
evaluated by two different researchers in each case over a period of 5 weeks. These examiners
were members of a research group at their corresponding universities with long and

intensive experience in health topics research.

The search strategies are presented in Fig 1. which represents the flow of information

through the different phases of a systematic review according to PRISMA (Moher et al., 2009).

Article 1 Article 2 Article 3

“Quality Analysis of YouTube Videos “Quality Analysis of YouTube Videos “Review of the Quality of YouTube
Presenting Shoulder Exercises after  Presenting Pelvic Floor Exercises after Videos Recommending Exercises for

Breast Cancer Surgery” Prostatectomy Surgery” the COVID-19 Lockdown”
Search Date 31-Mar-19 24-Jan-21 03-Nov-20
E i fter b t Prostat i
Search Terms xercises after breas rostate carjcer exercises COVID Exercises Home
cancer surgery pelvic floor

- Non-English language - Non-English language - Non-English language
. . - Less than 5,000 views - Duplicated videos - Videos that didn’t show exercises
Exclusion Criteria . . ’ - ; )
- Duplicated videos - Pelvic floor exercises for women - Duplicated videos
- Related with advertisements - Related with advertisements - Related with advertisements
Videos included in
quantitative and
qualitative 51 133 68

synthesis
(meta-analysis)

Table 1. Search strategies for the articles included in the work.
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Duplicated videos
Al:n=7
A2:n=4
A3:n=21

Excluded Videos
Al:n=92
A2:n=13
A3:n=60

Videos excluded by
platforms
Al:n=0
A2:n=0
A3:n=1

T

Videosincluded in
guantitative synthesis
(meta-analysis)
Al:n=51
A2:n=133
A3:n=68

Fig 1. Flow diagram for included
videos. From: Moher D, Liberati A,
Tetzlaff J, Altman DG, The PRISMA
Group (2009). Preferred Reporting
Items for Systematic Reviews and
Meta-Analyses: The PRISMA
Statement. PLoS Med 6(7):e1000097.
doi:10.1371/journal.pmed1000097.

Figure 1. Flow diagram.
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3.2. Outcome Measures

Descriptive statistics were obtained from each video of the three datasets, calculating their
mean and establishing their minimum and maximum values along with their standard
deviation (SD). The variables that were included for this analysis were video length, number
of views, days online, views ratio (views/day), number of Likes, number of Dislikes, number
of Subscribers, Likes ratio (Likes/day), Dislikes ratio (Dislikes/day) and Video Power Index (in
%). The same indicators were obtained for the quality scales mentioned before, which are

Discern Score, Hon Score and GQS Score.

For the assessment of the concordance between examiners, the ICC was performed in the
three articles. It is a widely used test-retest, intra-rater, and inter-rater reliability index, and
it was conducted to gauge inter-examiner concordance with 95% CI based on mean rating (k
= 2), consistency, two-way random model, and Pearson’s correlation method. The level of

significance was set at <0.05.

According to different characteristics of the videos, they were categorized in different groups
attending to their production source and continent of origin. Also, their descriptive
characteristics were collected for each video: number of views (Views Count), Likes and
Dislikes Count, number of days online and their publication date, and its duration (length in

minutes and seconds).

As well, the number of exercises was collected in comparison with the corresponding gold-

standard considered for each case:
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3.2.1. Article 1

The scoring criteria for exercises were set according to recommendations by the
Oncology Section of the American Physical Therapy Association (APTA) in
collaboration with the American Cancer Society (ACS)(Cancer Research UK, 2020).
Since seven exercises are recommended, the scoring system was based on a scale of
o to 7 (1 point for each exercise coinciding with the 7 recommended by APTA)

(American Cancer Society, 2019, 2021; Worthen A., 2022).

3.2.2.Article 2

Regarding to Prostate Cancer (PC), where the treatment involving the removal of the
prostate may result in temporary or permanent erectile dysfunction (ED) and urinary
incontinence (UI), pelvic floor exercises have been used to improve urinary
continence following radical prostatectomy, with good results (de Lira et al., 2019;
Hodges et al., 2020; Milios et al., 2019; Prota et al., 2012). Pelvic floor muscle training
(PFMT) is one of the recommended techniques for the prevention, treatment, and
rehabilitation of RP-related complications (de Lira et al., 2019). It can improve UI and
ED after prostatectomy (Pan et al., 2019). The aim of PFME, first defined by Arnold
Kegel in 1948 as a behavioural therapeutic method for treating incontinence (Kegel,
1948), is to enhance muscle volume and contraction strength in case of increased
intra-abdominal pressure (Aydin Sayilan & Ozbas, 2018). According to these types of
recommended exercises, different characteristics and indicators of the videos
themselves were collected in the videos analysis in order to get much more
information and being able to analyse which kind of exercises are being described and

recommended in the videos.

3.2.3.Article 3

The World Health Organization (WHO) recommends, in a guide published on its

website, for confined people without any respiratory illness or suspect of it, 130 min
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a week of moderated-intensity PA or 75 min a week of higher-intensity PA, or both
options combined (World Health Organization, 2020a). Exercise time was calculated
by multiplying days per week and the recommended exercise time on each video and
was classified according to meeting WHO recommendations for exercises during
lockdown (150 min/week of moderate exercise, 75 min/week of vigorous exercise or
both combined). The number of exercises contained in each video that agreed with
the 12 exercises during lockdown recommended by WHO were also collected (World

Health Organization, 2020a).

For all the videos analysis carried out in the three articles, video popularity was assessed
using the Video Power Index (VPI) (Atci, 2019; Aydin & Akyol, 2020; Gad et al., 2022; Gun et

al., 2022), which can be defined according to the following formula:

Likes Count

X 100
(Likes Count + Dislikes Count)

VPI (%) =

Also, video popularity was assessed with the View Ratio (Braczynski et al., 2021; Cakmak &
Mantoglu, 2021; McMahon et al., 2022; Pamukcu & Izci Duran, 2021) which is usually defined

as follows:

Views Count

View Ratio (n) = Days Online

The educational quality of the selected videos was determined using the DISCERN
instrument (Quality Criteria for Consumer Health Information) (Bahar-Ozdemir et al., 2021;
Cakmak & Mantoglu, 2021; Charnock, 1998; Di Bello et al., 2022) and the Global Quality Scale

(GQS) (Kunze et al., 2019; Marwah et al., 2021; Steeb et al., 2022).

The DISCERN questionnaire was created by the Division of Public Health and Primary Care
at Oxford University, London, to gauge the quality of information regarding treatment
choices for health problems and was first published in 1999 (Charnock et al., 1999). In the case
of Article 1, the questionnaire consists of a total of 15 questions, in addition to an overall

quality rating. Each question represents a different quality criterion and is rated from 1 to 5
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(1: Very Poor, 2: Poor, 3: Average, 4. High, and 5: Very High quality). These 16 questions are
classified into three sections: reliability (questions 1-8), information quality on treatment
choices (questions 9-15), and overall score (question 16). Thus, the maximum total score is 80
points (Kilin¢ & Sayar, 2019). A modified 5-point DISCERN tool (Esen et al., 2019), adapted
from the original DISCERN tool for assessment of written health information by Charnock et
al., was used for Article 2 and Article 3 of this research. In these two cases, the questionnaire
consists of a total of 5 questions in addition to an overall quality rating. Each question
represents a different quality criterion, rated from 1 to 5 points (1: Very Poor, 2: Poor, 3:
Average, 4: High, and 5: Very High quality), so the maximum total score is 25 points. In both
versions of the questionnaire, higher scores indicate higher quality (Azak et al., 2022; Bahar-
Ozdemir et al., 2021; Charnock et al., 1999; Memioglu & Ozyasar, 2022; Oydanich et al., 2022;

Shungu et al., 2021)

GOS evaluates the content overall quality of online resources. One point is assigned for each
of the 5 identifiable criteria present in a video, with 5 being the highest educational quality
(Kunze et al., 2019). This scale covers accessibility and quality of the information, the overall
flow of information, and how useful it would be for a user (Azak et al., 2022; Bahar-Ozdemir
et al., 2021; Duran & Kizilkan, 2021; Erdem & Karaca, 2018; Esen et al., 2019; Memioglu &

Ozyasar, 2022; Pamukcu & Izci Duran, 2021; Steeb et al., 2022).

All the videos in Article 1 and Article 3 were also evaluated with the HONCode tool, which was
developed by the Health on the Net Foundation (Boyer, 2013; HONcode: E-Guide for Health
Consumers, 2020) a non-profit organization accredited by the United Nations, who elaborated
the code of conduct in order to standardize the reliability of online medical/health
information (Boyer, 2013; Boyer et al., 1998). HONCode is the most frequently used
assessment tool (Fahy et al., 2014) for reliability and credibility of the information that can be
found on health-related websites and its certification is submitted to an annual review
process made by the HON-Foundation, who also responds to any violation reported by
internet users. The HONCode is not aimed to grade the information quality that is contained
in a website, but rather establishes a series of rules in order for website publishers to comply

with basic ethical standards of information delivery and to help ensure that visitors are
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always aware of the purpose and the source of the data they are viewing. It is constituted by
a group of parameters about the reliability and credibility of the information that can be
found in health-related websites. It is based on 8 principles determining the reliability of web
pages and it can score from 0% to 100%. These principles are “Authority” and it checks the
authors’ qualifications; principle 2 checks the “Complementarity” regarding the information
to support and not to replace; principle 3 is about “Confidentiality”, regarding the respect the
site users’ privacy; principle 4 checks the “Attribution”, i.e., the citation of the dates and
sources of the medical information; principle 5 is about “JFustifiability”, that is, the
justification of claims and if they are balanced and objective; principle 6 checks the
“Transparency” regarding accessibility and the delivery of valid contact details; principle 7 is
about “Financial disclosure” and it checks if funding details are provided. Finally, principle 8
checks the “Advertising”, i.e., if it distinguishes advertisements in a clear way from the

editorial matter (Boyer, 2013; Efe et al., 2021; Wilkens et al., 2022).

3.3. Statistical Analysis

Artificial intelligence (Al) is the study of complex information processing problems that have
their roots in some aspect of biological information processing. The goal of the subject is to
identify useful information processing problems and give abstract account of how to solve
them. Such an account is called a “method”, and it corresponds to a theorem in mathematics
(Marr, 1977). There is growing interest in the application of Al techniques in bioinformatics.
In particular, there is an appreciation that many of the problems in bioinformatics need a
new way of being addressed given either the intractability of current approaches or the lack
of an informed and intelligent way to exploit biological data (Hamet & Tremblay, 2017;

Narayanan et al., 2002).

Machine Learning (ML) is a field within the area of Al that provides systems with the ability
to learn and improve automatically, based on experience. These systems transform data into
information, and with this information they can make decisions. Once the data is available,
the learning process can begin. This process, carried out by an algorithm, tries to analyse

and explore the data in search of hidden patterns. The result of this learning is sometimes
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nothing more than a function that operates on the data to calculate a certain prediction. The
application of AI in medicine has two main branches: virtual and physical. The virtual
component is represented by ML, (also called Deep Learning -DL-) that is represented by
mathematical algorithms that improve learning through experience. There are three types
of machine learning algorithms: (i) unsupervised (ability to find patterns), (ii) supervised
(classification and prediction algorithms based on previous examples), and (iii)
reinforcement learning (use of sequences of rewards and punishments to form a strategy for
operation in a specific problem space) (Hamet & Tremblay, 2017; Mak & Pichika, 2019; Mesko
& Gorog, 2020; Panch et al., 2018). In other words, unsupervised learning focuses on
discovering underlying structure or relationships among variables in a dataset and, once this
is done, features discovered by unsupervised learning can often be incorporated into
supervised learning models (Johnson et al., 2018). Like supervised learning, unsupervised
machine learning methods exist on a continuum with more traditional statistical methods
such as principal components analysis, mixture modelling, and various methods of clustering
(Johnson et al., 2018). However, in recent years some new techniques that require fewer
assumptions about the dataset have emerged, such as advanced algorithms for matrix or
tensor factorization (Luo et al., 2017), topological data analysis (L. Li et al., 2015), and deep

learning (Miotto et al., 2016).

Unsupervised learning fundamentally differs from supervised learning because it does not
rely on specific classification instructions. Instead, it relies on autonomously grouping
objects through exploration and discovery of the underlying pattern and structures in data.
this approach is viewed as the primary way we as humans collect information and build
knowledge about the world around us. Although this undirected approach may not afford
unsupervised learning the ability to resolve the same level of detail for specific user-defined
tasks, it provides a highly flexible approach to define patterns in data that do not need to be
predicted or anticipated. Unsupervised learning also affords humans with the ability to
handle unanticipated changes in conditions and extend knowledge outside the training

parameters (Jha & Topol, 2016; Lecun et al., 2015; Roohi et al., 2020).
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Factor Analysis (FA) was introduced in 1904 by Charles Edward Spearman (Spearman, 1904)
and described in 1995 by Bartholomew D. J. (Bartholomew, 1995). This method makes it
possible to create new variables from a set of original variables. It allows finding hidden
(latent) causes that are a source of variability in the dataset (Jain & Dubes, 1988; Jolliffe, 2002).
With this kind of latent variables, the number of variables can be reduced while keeping the
maximum amount of information, and to set up a link between the observable causes and the

new variables (known as factors or components).

Assuming that the input variables are correlated, the same amount of information can be
represented with a smaller number of variables. In the derived solution, each original
variable should be correlated with as few factors as possible, and the number of components
should be kept to a minimum. The factor saturations reflect the influence of the k' common
factor on the j'" random variable (Bartholomew, 1995; Bartholomew et al., 2009; Duris et al.,
2021). There are several methods that can be used to estimate factor saturations, known as

factor extraction methods.

The choice of an algorithm depends on a variety of factors that include, but are not limited
to, data type/learning approach (supervised or unsupervised learning), the need for £
(clustering), the importance of accuracy in the chosen model, the need for speed in data
analysis, the data analysed, the size of the data set, the need for hierarchical output, and the
need for categorical variables. Unsupervised ML methods are also sometimes referred to as
clustering algorithms. Some of the most common methods employed in this approach
include k-means clustering, anomaly detection, or certain statistical methods such as
principal component analysis. These approaches usually utilize discrete or continuous data
as their input parameter for identifying input regularities (i.e., £-means clustering) and/or
for lowering dimensional representations (i.e., Principal Component Analysis) (Celebi et al.,

2013; Chu et al., 2020; Rashidi et al., 2019; Yang et al., 2022).

As long as Al and ML techniques are broadly used in different fields of health care, such as
policies definition (Bauer & Lizotte, 2021), , primary care research (Wang et al., 2021),
prediction models in public health (Payedimarri et al., 2021), disasters and public health

emergencies (Lu et al., 2022), Social Media and mental health (Laacke et al., 2021), medical
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imaging (Lei et al., 2021), cardiovascular health (Soto et al., 2021), etc., in this work, the
Principal Components method is used for clustering applications. Other well-known
methods are the Maximum Likelihood Method or the Least Squares Method. The number of
new variables can be determined by the eigenvalue criterion (known as Kaiser’s rule), when
factors that have their eigenvalues A>1 are considered significant. Alternatively, it depends
on the Scree Plot chart of eigenvalues, where the variance of each component is represented
in order to the rest of them. The basic steps of FA are the selection of input data (assumption
of correlation), the determination of the common factors, the estimation of parameters, the
rotation of factors (Varimax Method—orthogonal rotation) and the factor matrix (factor
saturation matrix) (Bro & Smilde, 2014; Duris et al., 2021; Shahid et al., 2015; Yeung & Ruzzo,

2001)

Karl Pearson introduced the Principal Component Analysis (PCA) in 1901 for the first time
(Pearson, 1901). The method pretends to transform the multidimensional input data in such
a way that the output data are obtained from the most important linear directions, ignoring
the less significant directions. Thus, the characteristic directions (characters) are extracted

from the original data and, at the same time, the dimensions of the data are reduced.

The method is one of the basic methods of data compression: the original n variables can be
represented by a smaller number of m variables, but explaining a significant part of the
variability of the original data set. The collection of new variables (known as Principal
Components -PCs-) consists of a linear combination of the original variables. The first
principal component describes most of the variability of the original data set. The other PCs
contribute to the overall variance, always with a smaller proportion. All pairs of PCs are
perpendicular to each other (Bro & Smilde, 2014; Duris et al., 2021; Gewers et al., 2021; Jolliffe,
2002). PCA and k-means are unsupervised methods that utilize discrete or continuous data
as their input parameters for identifying input regularities (ie, clusters), so, their aim are
clustering a medical data set to characterize subpopulations of a disease based on various
known input clinical parameters and/or the dimensionality reduction of the dataset (Rashidi

et al., 2019; Ryu et al., 2021).
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The basic steps of the PCA include the construction of the correlation matrix from the
original data, the calculation of the corresponding eigenvalues, the alignment from the major
(A&1> A2>--->An), the calculation of the eigenvectors of the correlation matrix corresponding to
its eigenvalues (v1, v2,...,un), the calculation of the variability of the original dataset (c2), the
determination of the number of PCs that could represent the original variables based on
variability and the transfer of the original data to a new reference base (Bro & Smilde, 2014;

Duris et al., 2021; Gewers et al., 2021).

According to Kaiser's Rule, using those PCs whose eigenvalue is greater than the mean of all
eigenvalues (with standard data, the mean is 1, i.e. taking the PCs, whose eigenvalue is greater
than 1) (Jolliffe, 2006b), we use the PCs which together explain the largest possible percentage
of the total variance, or based on a graphical representation, the so-called Screen Plot graph,
where it can be seen an inflection point and the PCs prior to this inflection point should be

used (Duris et al., 2021; Gewers et al., 2021; Shahid et al., 2015; Yeung & Ruzzo, 2001).

For the dataset of each of the articles of this work, three different statistical analyses were
carried out: The first of them, which was modeled on techniques of machine automated
learning, considers a problem of binary classification. It divides, using Principal Component
Analysis (PCA) (Jain & Dubes, 1988; Z. Zhang & Castelld, 2017), the dataset into two groups:
“Cr” or “Relevant Videos” and “C2” or “Not Relevant Videos”. With PCA, the main information
in a set of data can be visualized and described by multiple and interrelated variables. The
information of any dataset is matched with the total variation. So, PCA finds some directions
(the PCs) where the variance is maximized in the data and the clustering of the dataset points
is done following the unsupervised ML algorithms (Fisher et al., 2022; Lau et al., 2022;

Rodriguez et al., 2021; Ryu et al., 2021).

It is very useful for extracting the most important information from a set of data and it
expresses the information referred to the new group of variables (or PCs). With this, PCA
shrinks the number of dimensions of a set of data to a smaller number of dimensions or

principal components.
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For this study, two dimensions (PCA1 and PCA2) were enough to bundle the data of each
article to be represented graphically, with a minimal forfeiture of the information of the

original dataset (Beam & Kohane, 2018).

The aim of the first statistical test is to establish which variables distinguish in the best way
the groups into which videos are divided in each article. The matter of this classification was

checked in three situations according to these variables:

I. DISCERN: Videos classified in the “C1/Relevant Videos™ group are the samples
whose scores were bigger than the mean; the opposite was defining the second

group, “C2/Not relevant videos”.
II.  Exercises number: Comparable with the preceding variable.

III. PCA: The binary variable defines both groups after a principal component
analysis with a k-means algorithm. With this, C7 and C2 groups are defined by
information variability with no loss of previous information. Accordingly, no
information is lost when the dimensions are reduced to only two PCA, in these

cases.

For these analyses, a grouping algorithm was used to obtain the least number of dimensions
that best divides the videos into two different clusters. Precision was established by “Leave-
One-0ut Cross Validation” (LOOCV) (Vehtari et al., 2017) with the use of the “Nearest Neighbor
Classifier” (NNC) (Kataria & Singh, 2008). Fisher’s ratio (FR) was used to determine the
variables’ power of discrimination. The higher the FR is, the more discriminatory they are,
which is a consequence of their low intraclass dispersion and their high interclass distance.

In the case of a binary classification, the FR of a variable “j” is determined by:

(.Uj1 - #jz)z
0}'12 + 0}'22
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where vji is the measurement of the mass center of the distribution of probability of the

variable “” in group “i” (i = 1, 2), while oji is the measurement of the dispersion inside that

group.

Apart from FR, the Spearman, Kendall, and Pearson correlation factors were also calculated
for them according to the determined classes. These additional factors disclose the
importance, or discrimination power, of these variables according to the classification

criteria (Bonett & Wright, 2000; Croux et al., 2010; Puth et al., 2015).

The second statistical analysis used the Wilcoxon test and the t-Test, showing the
significance of the differences among both groups according to each variable’s point of view
(Divine et al., 2013). This second test determines how relevant the variables are according to
the classification of the videos within group “C7” and group “C2”, for the three situations in
each article. A t-Test establishes whether the mean of a variable in a group has a significant
difference with respect to the other. The Ho, or null hypothesis, considers no such difference
among these groups. If the result of the testis 1, it shows a big enough evidence that it rejects

the Ho hypothesis, while if the result is o, such Ho will be accepted.

The accepted level of error probability or statistical significance is alpha a < 0.05. Regarding
the Wilcoxon test, it determines the difference among every set of couples and it tests this
difference. According to this, its Ho, or null hypothesis, considers the equivalence between

population medians for both videos” groups “C7” and “C2”.

In order to describe a given health state, many variables must be collected and analyzed, one
by one, in numerical form among others, and look for correlations between them. This
synthesis, although important in the descriptive analysis, does not take into account all the
variables together. It remains fragmentary and gives an incomplete picture of the health
status of interest. In order to remedy this shortcoming, the use of multivariate descriptive
statistics allows a more accurate description of this state. PCA, which is a variant of factorial
analysis, responds to this shortcoming and makes it possible to synthesize several variables
together in order to describe as well as possible the set of individuals defined by these

variables that are the subject of the descriptive analysis (Ben Salem & Ben Abdelaziz, 2021).
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According to PCA, Henri Kaiser (1970) presented a Measure of Sampling Adequacy (MSA) for
factor analytic data matrices that was subsequently adapted by Kaiser and Rice (1974) It is the
function of the square of the elements of the matrix when they are compared to the original
correlations” squares (Kaiser, 1970, 1982). This factor, renowned as the Kaiser-Meyer-0Olkin
(KMO) index, is considered as “Unacceptable” if it is under 0.50, “Miserable” among 0.50 and
0.60, “Mediocre” if it is more than 0.60 and less than o0.70, “Middling” among o.70 and 0.80,
“Meritorious” for 0.80 10 0.90, and if it is more than 0.90 (and less than 1.00) it is classified as
“Marvelous” (Kaiser, 1982). The KMO test was used to determine the multivariate normality
and the sample adequacy. With the objective of evaluating the validity of the construct, the
sample suitability for factor analysis was made using Bartlett’s test of sphericity (Bartlett,
1951). Additionally, the statistical power of the carried-out analysis was checked through the

combination of the PCA analysis and the KMO index (Jackson, 1991; Park, 2021).

The PCA outlook of the statistical assessment, this model can carry out statistical analysis on
a vast number of observation data and reduce the dimension of this observation data without
losing the main information of measured data. Starting from the correlation coefficient
matrix of observation data, several comprehensive factors that can reflect the main

information of the original data and control all data are obtained (Shihui Zhang et al., 2022).

PCA is a statistical method that uses the eigenvector to determine the orientation of features.
PCA’s fundamental idea is to map a j-dimensional feature space into an i-dimensional space,
which is generally known as the PCs, where i < j (Dweekat & Lam, 2022). For each dataset,
the covariance matrix was calculated, and the eigenvectors and eigenvalues were computed.
Because an eigenvalue shows the most significant relationship between the dataset
characteristics, the eigenvector with the greatest eigenvalue is selected as the principal
component of the datasets. The eigenvalues were sorted in ascending order to select the most
significant principal component(s), while the lowest eigenvalues were discarded. This
process reduces large dimensional datasets to smaller dimensional datasets. The variance
measures the dispersion of the data in the dataset. Lastly, eigenvectors and eigenvalues for

the covariance matrix were computed. Eigenvalues were transformed using the varimax
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orthogonal rotation method (Salih Hasan & Abdulazeez, 2021). PCA can also remove

redundant information in the fused features of big datasets (Yu et al., 2022).

The statistical power of these two combined analyses indicates that the PCA analysis allows
the videos to classify themselves into two groups (C1, high-quality videos and C2, low-quality
videos) without any information being lost on any of the variables considered in the entire
study. Thus, the principal components of the PCAs show a high statistical relationship with
the variables that evaluate the quality of the videos, which enables the quality of the videos
to be analyzed through the two principal components, instead of it having to be done through
all the variables of the study (Kaiser, 1970, 1982; Salih Hasan & Abdulazeez, 2021; Z. Zhang &
Castello, 2017) This is a huge advantage when carrying out this kind of analysis, considering
that any important information is not lost through these two principal components because
their level of relationship with the main variables that evaluate the quality of the videos is
maximum and p values reveal a high, statistically significant relation (Kambhatla & Leen,
1997; Salih Hasan & Abdulazeez, 2021; Yu et al., 2022; T. Zhang & Yang, 2016; X. Zhang et al.,

2022).

The Kaiser-Meyer-Olkin measure for the adequacy of the sample (KMO index) for the PCA
was performed to check the sample size compliance before applying the analysis of factors
(Pechenizkiy et al., 2004). The KMO measure is a test that is used to decide whether a group
of samples are suitable for conducting factor analysis, and it is calculated in terms of the
correlation and partial correlation between the variables. The result of this test showed that
the KMO value reached 0.916 in Article 1, 0.872 in Article 2 and 0.845 in Article 3 (Table 11).
According to this, it can be determined that the sizes of the samples were, according to Kaiser
and its KMO indicator, “Meritorious” for these datasets. This KMO measure also indicates the
power of statistical analysis that was carried out. According to this, the statistical power of
these combined analyses is such that it allows the videos classification, according to their
quality, by considering two variables (principal components) that combine together the
information of all the other variables analyzed in the study with no loss of information and
removing redundant information (Gewers et al., 2021; Mahmoudi et al., 2021; Saerens et al.,

2004; Yu et al., 2022).
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So, according to this, as PCA is the most used dimensionality reduction technique (Kambhatla
& Leen, 1997; Zebari et al., 2020; T. Zhang & Yang, 2016) if it is considered a graphical
representation of the coordinates of each video in a coordinate system where the axes
represent the principal components (i dimensions) (Jolliffe, 2006a), it can be seen in the
following graphs that videos are grouped naturally and clearly, with no bias or manual
intervention, in two clusters of points. These two clusters include those videos with higher
scores in the quality variables, such as GQS, DISCERN and HONCode, in one cluster (C1), and

videos with lower scores in the other cluster (C2).

For the assessment of the concordance between examiners, the intraclass correlation
coefficient (ICC) analysis was performed with confidence intervals (CI) of 95% considering a
two-way random model, mean rating (k=2) consistency, and the method of Pearson’s
correlation. The significance level was fixed at p < 0.05. With a confidence interval of 95%,
values resulting from the ICC calculation under 0.5 mean a “Poor” reliability, “Moderate” for
values between 0.5 and o0.75, “Good” between o0.75 and 0.90, and “Excellent” reliability for
values higher than o.9o (Bartlett, 1951; Koo & Li, 2016). Also, the coefficients of Pearson’s
correlation for the main variables referred to DISCERN score were also calculated. These
calculations show the discrimination power (relevance) of the rest of the indicators

considering a level of significance of p<0.05.

Page 79|199



VNIVERSITAT [ @

VALENCIA "] Facultat e [Fisioterapia

25

20~

20

25

Analemma of the Sun

(An analemma is a diagram showing the position of the Sun in the sky

as seen from a fixed location on Earth at the same mean solar time)

“Keep your eyes on the stars,
and your feet on the ground”

Theodore Roosevelt
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4.Results

4.1. Inter-reviewers’ concordances

For the assessment of the concordance between examiners, the ICC was performed in the
three articles. With the mentioned confidence interval of 95%, and the level of significance
set at p<o0.05, values resulting from the ICC calculation under 0.5 mean a “Poor” reliability,
“Moderate” for values between 0.5 and 0.75, “Good” between 0.75 and 0.90, and “Excellent”

reliability for values higher than 0.90 (Koo & Li, 2016), as it is detailed in Table 2.
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Inter-reviewer agreement, for the Articles included in this study, scored 0.9860 in Article 1,

0.9505 for Article 2 and 0.9299 for Article 3.

INTERVAL RELIABILITY *

Lessthan 0.5 Poor
0.5-0.75 Moderate
0.75-0.90 Good
Greater than 0.90 Excellent
*Based on the 95% confidence interval

Table 2. ICC Intervals

4.2. Descriptive Statistics

After collecting the data from the videos, the lists were assigned to two researchers, in each
case of the three articles, for the analysis of the videos. ICC analysis was performed for each
articles” results and, subsequently, the average of both researchers' evaluations was used for
the analysis of the common information and results, i.e., the data used for each video were
the mean of the scores assigned by each of the independent researchers, including the

HONCode, GQS, and DISCERN scores.

As explained before, in Article 1, DISCERN scores over a maximum of 8o points while in
Article 2 and Article 3, it scores over a maximum of 5. GQS scores over a maximum of 5 in all
of the three articles. HONCode scores over a maximum of 100 also in all of the three articles

that compose this research:
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e According to these scores, the DISCERN mean was:
o 50.97(SD 10.19) for Article 1,
o 13.35(SD 1.25) for Article 2

o and 2.29 (SDo.71) for Article 3.

e HONCode scored a mean of:
o 78.30 (SD 11.02) for Article 1,
o HONCode was not available for the research in Article 2

o and 58.95 (SD 12.89) for Article 3.

e GOS had a mean of:
o 3.49 (SD 0.74) for Article 1,
o 3.38(SD 1.02) for Article 2

o and 2.32 (SD 0.86) for Article 3.

Descriptive statistic basic data of the mean results for VPI, HONCode, GQS, and DISCERN are

shown in Table 3.
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Descriptive Statistics

Mean * Standard Deviation

Article 1

Article 2

Article 3

Video length (min:sec) 9:42 +9:15 14:42 +19:34 10:37 +10:55
Views (n) 53,963+67,376 124,354 +472,419 59,565 +229,286
Days online (n) 2,158 +922 1,777 +1,180 42.3+13.6
View ratio (views/days) 27.14+30.24 138.30+788.31  1,326.62 +4,860.72
Likes (n) 245.0+320.5 1,082.0+4,883.0  2,275.0£9,575.0
Dislikes (n) 13.4+14.2 68.6 +265.5 29.0+105.0
Subscribers 226,793+197,973  95,039+343,699 238,278 +680,369
Likes/day (n) 0.15+0.22 1.65+11.35 50.75+205.78
Dislikes/day (n) 0.008 +0.013 0.090 +0.520 0.670 +2.290
VPI (%) 93.48 +5.42 92.28 +8.89 97.33+3.66
DISCERN score 50.97 +10.19 3.35+1.25 2.29+0.71
HON score 78.30+11.02 - 58.95+12.89
GQS score 3.49+0.74 3.38+1.02 2.32+0.86

Table 3. Descriptive Statistics of the videos included in the studies.

Page 84199




VNIVERSITAT [ o . .
VALENCIA Q Facultat de [Fisioterapia

Table 4 shows the mean results for the DISCERN Scores according to the source of

production (author) and continent of origin in each of the articles of this research.

Mean DISCERN Scores Article 1 Article 2 Article 3
Academic Institutions 56.25 3.88 3.25
Health Institutions 54.85 3.88 2.83
NGOs 51.38 4.33 2.45
SOURCE
Media 50.94 2.79 2.50
Individuals 44,78 1.75 2.68
TOTAL 50.97 3.35 2.29
America 51.73 3.33 2.20
Europe 51.57 3.40 2.58
Asia 47.00 3.00 2.25
ORIGIN
Australia 35.25 3.55 3.50
Africa 0.00 0.00 2.00
TOTAL 50.97 3.35 2.29

Table 4. Mean DISCERN Scores

As mentioned before, while Article 1 used the extended version of the DISCERN Scale, Article
2 and Article 3 used the reduced version of this scale. So, with the purpose of easing the
comparison of these results, a scale-change was applied to the results of Article 1 from a o-
to-80 scale to a o-to-5 scale. The results are shown in Table 5 where they can be compared
in an easier way. In this table, it can be seen that, in Article 1 and Article 3, Academic
Institutions get the highest score (3.52 and 3.25, respectively) and Health Institutions get the
second highest score (3.43 and 2.83, respectively). In Article 2, these two Kinds of institutions
get the same score (3.88, both of them) which is the second highest one, while NGOs get the
highest score (4.33). Media and Individuals get the lowest scores in the three articles and, only

in the third one, NGOs are included also in the lowest results group.
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Regarding the origin of the videos, i.e. the continent where they were produced, in Article 1
the highest score is obtained by the videos produced in America (3.23), closely followed by
those produced in Europe (3.22). In Article 2 and Article 3, videos produced in Australia get
the highest score (3.55 and 3.50, respectively), followed by the videos produced in Europe (3.40
and 2.58, respectively). In the three articles, videos produced in Africa get the lowest scores

of all (0.00, 0.00 and 2.00, respectively).

H *
Mean DISCERN Scores st Article 2 Article 3
(base changed)
Academic Institutions 3.52 3.88 3.25
Health Institutions 3.43 3.88 2.83
NGOs 3.21 4.33 2.45
SOURCE
Media 3.18 2.79 2.50
Individuals 2.80 1.75 2.68
TOTAL 3.19 3.35 2.29
America 3.23 3.33 2.20
Europe 3.22 3.40 2.58
Asia 2.94 3.00 2.25
ORIGIN
Australia 2.20 3.55 3.50
Africa 0.00 0.00 2.00
TOTAL 3.19 3.35 2.29

Table 5. Mean DISCERN Scores (after the base change in Article 1)

Table 6 shows the mean results for the GQS Scores according to the source of production
(author) and continent of origin in each of the articles of this research. The same GQS scoring
system was used for all the articles, so there is no necessity of any base change to compare
the results. All of them are presented on the o-to-5 scale defined by the original GOS
methodology. In the table below, Table 6, it can be seen that Academic Institutions, Health
Institutions and HGOs get the highest scores (in different order, but always these three types
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of authors) in the GQS scale. Academic Institutions get the highest score in Article 1(3.83) and
in Article 2 (4.00, same result as NGOs), followed in both cases by Health Institutions (3.74 in
Article 1 and 3.77 in Article 2). In Article 3, Health Institutions get the highest score (3.33)
followed by NGOs and Academic Institutions, which obtained close scores (3.06 and 3.00,
respectively). In the three articles, the lowest scores were obtained by Individuals (3.16, 2.82

and 1.84, respectively) followed by Media (3.31, 2.96 and 2.42, respectively).

Regarding the origin of the videos, in Article 1 videos produced in Europe received the highest
scores (3.79) followed by those produced in America (3.52). As in the DISCERN Scale happened,
in Article 2 and Article 3, videos produced in Australia received the highest scores (3.55 and
3.50, respectively), followed by those produced in Europe (3.40 and 2.54, respectively). And, as
it also happened in the DISCERN scores, videos produced in Africa received the lowest
scores, which are the same that these videos obtained in the DISCERN analysis (0.00, 0.00

and 2.00, respectively).

Mean GQS Scores Article 1 Article 2 Article 3
Academic Institutions 3.83 4.00 3.00
Health Institutions 3.74 3.77 3.33
NGOs 3.63 4.00 3.06
SOURCE
Media 3.31 2.96 2.42
Individuals 3.16 2.82 1.84
TOTAL 3.49 3.38 2.32
America 3.52 3.36 2.24
Europe 3.79 3.40 2.54
Asia 3.50 3.00 2.30
ORIGIN
Australia 1.75 3.55 3.50
Africa 0.00 1.00 2.00
TOTAL 3.49 3.38 2.32

Table 6. Mean GQS Scores
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Considering the base changed for DISCERN Scores in Article 1, which converts them from
the original scale from o to 8o to the modified scale, which goes from o to 5, the quality level
of the videos can be ranked as shown in Table 7. The same quality intervals apply to the scores
obtained by the videos in the GQS scale (Charnock et al., 1999; Erdem & Karaca, 2018; Esen et

al., 2019; Kunze et al., 2019; Yalkin et al., 2022).

DISCERN and GQS

Interval Quality Level
0-1 Very Poor
1-2 Poor
A0 Average
3-4 High
4-5 Very High

Table 7. DISCERN and GQS quality levels intervals

Regarding the HONCode results, in Article 1, Academic Institutions received the highest
score (62.96), followed by NGOs (28.78), and Media the lowest one (10.40). In Article 3, Health
Institutions received the highest score (72.33), followed by NGOs (67.43) and Academic

Institutions (66.63). and Individuals the lowest punctuation (53.06).

According to the continent of origin, in Article 1 the videos with better punctuation are those
from Asia (50.69) followed by videos from Europe (45.03). In Article 3, the videos from

Australia received the highest score (69.00).
As explained before, the HONCode instrument was not available for Article 2, which is the

reason why there are no results for such tool for this second Article. All these mentioned

results are shown in Table 8.
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Mean HONCode Scores Article 1 Article 2 Article 3
Academic Institutions 62.96 - 66.63
Health Institutions 24.95 - 72.33
NGOs 28.78 - 67.43
SOURCE
Media 10.40 - 58.50
Individuals 26.24 - 53.06
TOTAL 27.14 - 58.95
America 23.75 - 56.80
Europe 45.03 - 62.73
Asia 50.69 - 61.85
ORIGIN
Australia 20.61 - 69.00
Africa 0.00 - 63.00
TOTAL 27.14 - 58.95

Table 8. Mean HONCode scores

In the following table, the Pearson’s correlation coefficient of GQS and HONCode regarding
to DISCERN are shown (Table 9).

Pearson's correlation coefficient of GQS and HONCode
regarding to DISCERN

P
Article Variable ea.rs.on p value**
coefficient*
HONCcode 0.700 <0.001
Article 1
GQS 0.650 <0.001
HONCcode - -
Article 2
GQS 0.902 <0.001
HONCcode 0.606 <0.001
Article 3
GQS 0.916 <0.001
* Pearson’s correlation coefficients (t-test—2 tailed)
** q=0.05

Table 9. Pearson's correlation coefficients
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Considering the number of exercises in each article regarding the DISCERN Scores it can be
seen in Table 10 that, the higher result videos get in the DISCERN scale, the higher is the
number of recommended exercises. The mean number of recommended exercises is
increasing from the “Very Low” score in the DISCERN scale with 0.00, 0.61 and 1.05
respectively for Article 1, Article 2 and Article 3; to 1.20, 1.27 and 1.67 (respectively) for “Low”
quality videos; to 1.45, 2.06 and 2.33 for “Average” quality videos; 2.10, 2.48 and 2.83 for “High”
quality videos and 1.00 and 3.58 for “Very High” quality videos (no video scored “Very High”
in the DISCERN scale in Article 3). Regarding the GQS Scores, also the number of
recommended exercises is growing with higher scores, as can be seen in Table 10, unless in
the already mentioned case of Article 3 where no video scored “Very High” neither in
DISCERN nor GQS scales. Also, in Article 1 the number of recommended exercises for “Very
High” score in DISCERN scale is 1.00 and it seems to be out of tendency as it also happens
with “Average” score in the GQS scale (1.10 in Article 1). To soften these out-of-trend
situations, if we consider the average score of the three articles on each scale, average of

averages, we obtain a clear and clean increasing tendency of the number of recommended

exercises as the score on the DISCERN and GQS scales increases (Table 10).

Mean Number of Exercises

DISCERN Score Article 1 Article 2 Article 3

Very Low 0.00 0.61 1.05 0.55
Low 1.20 1.27 1.67 1.38
Average 1.45 2.06 2.33 1.95
High 2.10 2.48 2.83 2.47
Very High 1.00 3.58 - 2.29
ota g 80
Q ore A e A e A

Very Low 0.67 0.73 1.00 0.80
Low 1.33 1.59 1.57 1.50
Average 1.10 2.13 2.80 2.01
High 2.30 2.74 2.67 2.57
Very High 7.00 3.08 - 5.04

Table 10. Mean Number of Exercises regarding Discern and GQS Scores
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The graphical representation of the PCs coordinates (Jolliffe, 2006a) of the videos, being each
video represented by a point on a system of coordinate axes where each axis is one of the
principal components, allows a clear visualization of the self-organization to which the
videos are subjected without any manual intervention. The clear differentiation of the points
clouds in which the high-quality videos are grouped on one hand and the low-quality videos
on the other hand, clearly show that this naturally occurring grouping allows an intuitive
visualization of the quality levels of each of the points clouds. Also in Table 11, with the values
of the KMO indicators, the total explained variances of the PCA for each article are shown.
The values of the explained variances indicate that most of the information of the original
datasets is included in the dimensional reduction to the new reference system whose bases
are the calculated PCs as a linear-combination of the original variables in each dataset,

respectively.

Total Explained

Article KMO Variance
Articlel 0.916 86.028%
Article2 0.872 95.889%
Article 3 0.845 93.268%

Table 11. KMO values and Total Explained Variance for each article.

A Scree Plot displays the explained variation for each PCs in descending order versus the
number of the components, which is generally used in PCA analysis to choose the number of
PCs (Horn, 1965; Ivosev et al., 2008; Kanyongo, 2005). As mentioned before, only the PCs
whose eigenvalue is higher than 1 are considered as valid PCs for being considered in the rest
of the calculation process described by the PCA methodology (Abdi & Williams, 2010; Duris
et al., 2021; Eastment & Krzanowski, 1982; Gewers et al., 2021; Shahid et al., 2015; Yeung &
Ruzzo, 2001). As it can be seen in the following figures (Figure 2, Figure 4 and Figure 6), the
corresponding Scree Plots for each article shows the accumulated explained variance level
for each of the PCs (Hasan & Tahir, 2010; Ledesma et al., 2015; Qu et al., 2002; Silva et al.,

2020; 7. Zhang & Castello, 2017; Zhu & Ghodsi, 2006).
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4.3. Article 1

Figure 2 shows the Eigenvalues for Article 1 which denote variance accounted for by a linear
combination. As can been seen in the Figure, the amount of variance accounted is greatest
for the first component, followed by the second, but diminishes greatly thereafter; this
reveals the 2-component solution is the best for this case because only the first two PCs
present Eigenvalues greater than 1. With this PCs and the KMO indicator of 0.916, the

accumulated explained variance for these two PCs is 86.028%.

Scree Plot for Article 1

Eigenvalue

1 2 3 4 5 6 7

Component Number

Figure 2. Scree Plot for Article 1
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The PCA component diagram of Article 1, representing the naturally formed groups of videos
with similar quality levels, is plotted in the figure below (Figure 3). High quality videos are
represented in blue color and low quality videos are represented in pink color. As can be
seen, there is a clear differentiation between the groups of videos of both qualities and these
are naturally grouped in accordance to their coordinates respect to the reference frame of

the PCs.

Principal Components Analysis (PCA)

(Varimax Rotation Method with Kaiser Normalization)
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Figure 3. PCA Components Diagram for videos in Article 1.
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4.4. Article 2

Figure 4 shows the Eigenvalues for Article 2 which denote variance accounted for by a linear
combination. As can been seen in the Figure, the amount of variance accounted is greatest
for the first component, followed by the second, but diminishes greatly thereafter; this
reveals the 2-component solution is the best for this case because only the first two PCs
present Eigenvalues greater than 1. With this PCs and the KMO indicator of 0.872, the

accumulated explained variance for these two PCs is 95.889%.

Scree Plot for Article 2

Eigenvalue

1 2 3 4 5 6 7

Component Number

Figure 4. Scree Plot for Article 2
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The PCA component diagram of Article 2, representing the naturally formed groups of videos

with similar quality levels, is plotted in the figure below (Figure 5). High quality videos are

represented in blue color and low quality videos are represented in pink color. As can be

seen, and similar to the previous case, there is a clear differentiation between the groups of

videos of both qualities and these are naturally grouped in accordance to their coordinates

respect to the reference frame of the principal components.

PCA 2

Principal Components Analysis (PCA)

(Varimax Rotation Method with Kaiser Normalization)

PCA1

e(Cl eo(C2

Figure 5. PCA Components Diagram for videos in Article 2.
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4.5. Article 3

Figure 46shows the Eigenvalues for Article 3 which denote variance accounted for by a linear
combination. As can been seen in the Figure, the amount of variance accounted is greatest
for the first component, followed by the second, but diminishes greatly thereafter; this
reveals the 2-component solution is the best for this case because only the first two PCs
present Eigenvalues greater than 1. With this PCs and the KMO indicator of 0.845, the

accumulated explained variance for these two PCs is 93.268%.

Scree Plot for Article 3
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Figure 6. Scree Plot for Article 3
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The PCA component diagram of Article 3, representing the naturally formed groups of videos

with similar quality levels, is plotted in the figure below (Figure 7). As in both previous

articles, high quality videos are represented in blue color and low quality videos are

represented in pink color. As can be seen, and similar to both previous cases, there is a clear

differentiation between the groups of videos of both qualities and these are naturally grouped

in accordance to their coordinates respect to the reference frame of the principal

components.
PCA - Principal Component Analysis
(Varimax Rotation Method with Kaiser Normalization)
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Figure 7.

PCA Components Diagram for videos in Article 3.
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Tesseract

(Hypercube of 4-dimmensions)

“A good discussion increases the dimensions
of everyone who takes part”

Randolph Bourne
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5. Discussion

This doctoral thesis was conducted in order to better comprehend the nature of evidence
and information independently accessed by patients and any other kind of user on a massive
online, media-sharing platform which use is daily increasing. The growing use of new
technologies and vast amount of content available have turned the internet into an important
source of health information for healthcare professionals (who use new technologies more
frequently to communicate with patients and achieve the necessary adherence and
interaction in health processes) as well as for patients (who use it as a source of information).
YouTube is one of the most important development tools of the eHealth era. Videos are a
simple, attractive, and affordable source of information, with vast dissemination capacity

available.
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However, this entails some risk, in as much as the information available on the web is not
subject to any kind of inspection. Consequently, this can lead to erroneous and even harmful
messages being conveyed to users and/or viewers. In the search procedure to improve health
processes, rigorous education and dissemination are necessary, preferably carried out by

health professionals.

In the case of the analyzed videos, most of them (33.0% and 32.3% in Articles 1 and 2) were
produced by Health Institutions, which can be considered as a guarantee, due to the fact that
they are in the top places of the quality scales. In the case of Article 3, videos produced by
Health Institutions represented a small percentage of the total but also reached very high
scores in the quality analysis, which can be considered as a guarantee of the information

shared in those videos.

ICC is a widely used test-retest, intra-rater, and inter-rater reliability index. Based on the
05% confidence interval of the ICC estimation (Koo & Li, 2016), the inter-reviewer agreement
for these studies were, respectively for the three articles, 0.9860, 0.9505 and 0.9299, pointing
towards an “Excellent” concordance between the two examiners that participated in each of

the three articles that integrate this study, according to the ICC intervals shown in Table 2.

The average lengths of the videos in our studies were 9:42 for Article 1, 14:42 for Article 2 and
10:37 for Article 3, which is aligned with previous studies that reported an average duration
of 6:17-10:35 min (Gokcen & Gumussuyu, 2019; Kuru & Erken, 2020), except in Article 2 which
has the bigger standard deviation and also 63.91% of the videos have a duration of less than

10:00 min, which points a high similitude with previous studies.

No statistically significant relationship was found between video length and their quality or
popularity, contrary to the study by Akif Aydin that found that videos with the longest
duration and the highest VPI appeared to be associated with higher quality scores (Aydin &
Akyol, 2020).

Page 100199



VNIVERSITAT [ o . )
VALENCIA Q Facultat de [Fisioterapia

While the most frequently used approach for reduction of dimensionality is PCA, it, in
essence, reduces the high number of dimensions in a large dataset to fewer dimensions to
speed up the storage and processing procedure, which makes the data more interpretable
and faster to be processed and analyzed. It is a statistical technique that preserves the largest

amount of information and eliminates redundant noise and data.

After performing these two statistical analyses, the PCA calculation with the KMO index
allows the videos to auto-classify into two clusters (C1and C2, High- and Low-Quality videos,
respectively) without losing any information of any variable of the study. All the variables
were combined, through the PCA methodology, into two new variables (Principal
Components) that contain all the information of the original variables. According to this, the
quality of the videos can be assessed attending only to these new variables, which makes the
assessment much quicker, easier, and with no loss of information, which represents an
enormous advantage when performing this kind of analyses, also because the p-values show

a relationship with high statistical significance.

The statistical strength of these two analyses is so great that it permits the self-classification
of the videos, considering all their characteristics (quality among them), using only two
variables (the principal components) which incorporate the data of the totality of the
variables considered in this research. One of the most important and relevant considerations
of this analysis is that no manual intervention in made in the dataset, and that is one of the
reasons why this statistical technique is highly valuable when analysing large amounts of

data, due there is no manual intervention and errors and bias are avoided.

Although the number of recommended exercises could be higher, the video scores are “High”
and “Average” on the quality scales that were considered for these articles and this research,
which is in line with other authors (Akyol & Karahan, 2020; Altan Salli et al., 2020; Karakoyun
& Yildirim, 2021; Meteran et al., 2022; Morra et al., 2022; Nangia et al., 2020; Navarro et al.,

2021; Onder & Zengin, 2021; Salman & Bayar, 2021).
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Regarding the number of exercises in each article, the results of these analyses are the

following;

5.1.  Article 1

The Oncology Section of the American Physical Therapy Association (APTA), in
collaboration with the American Cancer Society (ACS), recommends a series of
seven exercises. Out of these seven, the analyzed videos show a mean number of
1.75 exercises (which represents the 25% of recommended exercises) and, videos
that scored High quality in the quality scales show a 30% of the recommended
exercises (mean of 2.10 exercises). There were some videos that showed from five

to seven exercises, out of those seven recommended ones.

5.2. Article 2

The mean number of recommended exercises, according to standards, is 1.93 and

Very High quality videos show a mean of 3.58 exercises.

5.3. Article 3

Out of the 12 suggested exercises by WHO, the available videos in YouTube
concerning Physical Activity during CoVid-19 lockdown only show a mean of 1.72
exercises, 2.83 for the high quality videos and no video showed more than 5

exercises.
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Penrose Triangle

(“émpossibility in its purest form”)

“The explanation requiring the fewest assumptions
is the most likely to be correct”

William of Ockham (Ockham’s Razor)

Page 104|199



VNIVERSITAT (7 o
D VALENCIA Q Facultat de [Fisioterapia

6. Conclusions
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The following conclusions can be drawn from the information gathered from the data
collection and the different statistical analyses carried out for these three studies that

compose the research object of this thesis:

6.1. Article 1

The quality of the information offered on YouTube about recommended
postoperative shoulder exercises for Breast Cancer patients, according to the

scores obtained in the quality scales, is "High'".

6.2. Article 2

Article 2 found that the quality of the videos available on YouTube regarding the
recommended exercises for pelvic floor for Prostate Cancer patients after
prostatectomy surgery, according to the scores obtained in the quality scales, is

"Hl'g}l n .

6.3. Article 3

The quality of available videos in YouTube concerning Physical Activity during
CoVid-19 lockdown is slightly lower than in the previous two articles and does not
reflect WHO’s recommendations. Nevertheless, according to quality scales, the

quality of these videos is "Average".
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Most realistic image of a black hole up to its time.

“Once we accept our limits,
we go beyond them”
Albert Einstein
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7. Limitations and future perspectives
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7.1. Limitations

Adhering to the principles of simulating what users see and in order to simulate standard
user behaviour, no searches were conducted under incognito mode to avoid the influence of
browsing history and geographical locations. Although YouTube content changes over time,
our analysis represents the state of the videos at one specific time. Furthermore, the results
of this study can only be considered for this website since it only takes this one into account,

as mentioned in the selection criteria.

Only videos directly accessed on YouTube upon searching “Exercises after breast cancer
surgery” in Article 1, “Prostate cancer-exercises-pelvic floor” for Article 2 and “CoVid Exercises
Home” for Article 3 were included in this study. External links from other medical related

websites were excluded in our analyses.

As a massive Internet-based platform, YouTube searches are constantly evolving as new
videos are constantly being uploaded, viewed, and rated. Furthermore, because of this study
tried to reproduce the typical user’s search behaviour, our search was limited to the first 150
videos. As other studies have previously explained, our methodology was designed to
replicate the average patient’s search attempt, since most Internet users do not pay attention

further than the first 50 search results.

7.2. Future perspectives

A verification and validation process of the information available on the web is considered
necessary, as well as educational programs to facilitate people’s access to the most reliable
information (Ahmad et al., 2020; Bahar-Ozdemir et al., 2021; Fode et al., 2020; Warren,

Sawhney, et al., 2021). Educational and health institutions, as well as health professionals,
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governmental health authorities and policymakers should be involved in the proper
development of policies that improve the information available on the web with the aim of
creating a positive impact on people’s health-related behaviour, as recommended in other
studies (Bahar-Ozdemir et al., 2021; Brar et al., 2021; Gulve et al., 2022; Kodonas & Fardi, 2021;
Warren, Sawhney, et al., 2021). Effective strategies and policies capable of indicating the
quality of this information are needed to filter out erroneous or non-rigorous information
that may affect people’s health. These tools should help any user/viewer to distinguish videos
of high and low quality (Enver et al., 2020; Fode et al., 2020; Yalkin et al., 2022; X. Zhang et al.,
2022). Due there is no mark to identify high-quality videos, it is recommended for their easy
identification that patients attend to the source of production. Since Academic Institutions,
NGOs, and/or Health Institutions show higher figures in quality scales, these should be the
reference. High-quality videos were uploaded by academic sources and health professionals
(Fode et al., 2020; Ozduran & Biiyiikcoban, 2022) and that is the reason why these groups
should be aware of the situation and promote, produce and upload more high-quality videos
(Crutchfield et al., 2021; Goobie et al., 2019; Giiloglu et al., 2022; Lang et al., 2022; Morra et al.,
2022; Passos et al., 2020). Trusted institutions could use this social network to disseminate
high quality information for patients and the public in general. It would also be advisable to
discard those videos that contain commercials and could present any conflict of interest

(Brar et al., 2021; Vu et al., 2021).

Supported by Machine Learning techniques and unsupervised learning algorithms, what is
immediately plausible, and therefore should be planned for, is a federation of 'narrow' and
'targeted’ machine learning systems capable of addressing core information processing
problems across a health system, increasing the capabilities of human decision-makers and,
in doing so, setting new standards of effectiveness and efficiency in clinical and managerial
operations. Computer science can advance evidence-based medicine through development,
testing, and refinement of artificial intelligence tools to deploy automation, creating 'living'
evidence syntheses (Amezcua-Prieto et al., 2020; Bauer & Lizotte, 2021; Yoldemir, 2020). This
is a major opportunity for health system transformation, as the cost of increasing decision-
making capacity across the health system is not very high (Benke & Benke, 2018; Panch et al.,

2018; Schwalbe & Wahl, 2020; Singh, 2019; Thié¢baut & Thiessard, 2018).
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Future studies and interventions, guided by the principles of translational medical research,
are necessary to increase the quality of health information in YouTube videos. Through the
development of effective policies that improve health behaviours of patients and users in
general, reliable and good quality information must be differentiated, avoiding the inherent

risks in searches for information related to health in social networks.
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Fragment of the heliocentric image proposed by Copernicus published

in his book “De revolutionibus orbium coelestium” in 1543, the year he died.

"If I have seen further it is by standing on the shoulders of Giants.”

Issac Newton
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Abstract

Background: The prolonged immobilization suggested af-
ter breast cancer (BC) surgery causes morbidity. Patients
search the Internet, especially social networks, for recom-
mended exercises. Objective: The aim of this observational
study was toassess the quality of YouTube videos, accessible
for any patient, about exercises after BC surgery. Methods: A
systematic search was performed on YouTube.One hundred
and fifty videos were selected and analyzed. Two statistical
analyses were conducted based on machine-learning tech-
niques. Videos were classified as “Relevant” and “Non-Rele-
vant” using principal component analysis models.Popularity
was evaluated by Video Power Index (VPI), informational
quality and accuracy were measured using the DISCERN
Scale and Global Quality Scale (GQS). Scoring criteria for ex-
ercises were established according to the exercises recom-
mended by the Oncology Section of the American Physical
Therapy Association (APTA). Interobserver agreement and
individual correlations were statistically examined. Results:
DISCERN scored a mean of 50.97 (standard deviation [SD]
19.19). HONcode scored 78.30 (11.02) and GQS scored 3.49
(0.74). Average number of views was 53,963 (SD 67,376),

mean duration was 2:42 min (2:15), mean days online was
2,158 (922), mean view ratio was 27.14 (30.24), mean likes
was 245 (320.5), mean dislikes was 13.4 (14.2), and mean VPI
was 93.48 (5.42). Conclusion: The quality of YouTube videos
of recommended exercises post-BC surgery is high and can
be a translational activity to improve patients’ behavior.
Health institutions and NGOs, with higher popularity levels
than academic institutions, should consider this information
when implementing new policies focused on video quality
which can contribute to adaptive behavior in patients.

© 2021 S.Karger AG, Basel

Introduction

According to Globocan 2020, breast cancer (BC) is the
most common cancer overall with an incidence of
2,261,419 women in 2020 and exhibits higher incidence
in developed countries [1]. There were over 2 million new
cases in 2020 [2].

Women with BC are often treated with different types
of surgery, including mastectomy and/or breast recon-
struction [3].

In BC survivors, the prolonged immobilization caused
by fear and/or pain, as well as type of surgery are factors
in morbidities related to adhesive capsulitis, lymphede-
ma, and shoulder pain [4, 5]. The weakness and limitation

karger@karger.com © 2021 S. Karger AG, Basel
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of patients’ range of motion of thearm caused by pain and
stiffness are considered one of the major postoperative
complications of BC treatment [3] and are accompanied
by the deterioration and decrease in upper limb function,
which limits patients’ ability to perform daily activities,
such as dressing, bathing, and combing their hair. This,
in turn, impairs their quality of life [4, 5].

Exercises during postoperative care of women with BC
are important because it improves pain perception and
contributes to enhancing quality of life. Early postopera-
tive exercise is safe and improves shoulder function and
general functional ability [4, 5]. Most BC survivors can
safely participate in regular moderate-intensity exercise,
which can improve several functional, physiological, and
psychological parameters [6]. There is no consensus re-
garding how much and which exercises are best suited to
promote postoperative shoulder functional recovery.
Emphasis is on stretching the cervical region and active
movement of the arm (shoulder flexion, extension, ab-
duction,and rotation) to treat postoperative pain and im-
paired range of motion following treatment [4, 7]. The
Oncology Section of the American Physical Therapy As-
sociation (APTA) [8], in collaboration with the American
Cancer Society (ACS), recommends a series of the follow-
ing seven exercises [9]: wand exercise (increases the abil-
ity to move shoulders forward), elbow winging (increases
movement in the front of the chest and shoulder), shoul-
der blade stretch (increases shoulder blade movement),
shoulder blade squeeze (increases shoulder blade move-
ment and improves posture), side bends (increase move-
ment of trunk and body), chest wall stretch (stretches the
chest), and shoulder stretch (increases shoulder mobili-
ty). Strengthening exercises improve shoulder range of
motion in flexion, abduction, and external rotation after
surgery. Shoulder abduction and external rotation re-
vealed less recovery, regardless of the intervention [10]. A
home-based exercise program improved symptoms in
the affected upper limb and led to improved quality of life
in women [11]. Progressive upper limb exercises and
muscle relaxation training positively affected upper limb
function and health-related quality of life and can be used
as an optional strategy [12].

Many patients search for medical information on the
Internet, but lack the tools to evaluate the advice given
[13]. As of March 3,2020, an estimated 58.7% of the glob-
al population, i.e., 4,574,150,134 people, had access to the
Internet [14]. YouTube is one of the most popular Inter-
net sites and also operates as a primary Internet platform
for consumer-targeted health information. Despite Inter-
net use among BC patients being reported as 42-49%, the
information obtained is not discussed with their physi-
cians. According to Google Trends, a platform that as-
sesses the popularity of online topics across the globe, BC
is the most often searched cancer on YouTube [15].

2 Breast Care
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Advances in eHealth technology have cultivated trans-
actional opportunities for patients to access, share, and
monitor health information [16]. Patients and health pro-
fessionals often search the Internet for information regard-
ing many health-related topics. It has been proven that
81% of all Internet users go online and search for informa-
tion related to health [17]. Generally, patients search for
detailed information about recommended exercises.
Therefore, the authorship, quality, and validity of the in-
formation contained in the videos must be considered [18].

Although many health-related videos on YouTube are
deemed educationally useful and high quality, some stud-
ies reveal that this is not always the case and some have
commercial content designed to sell products or services,
which may have serious implications for consumer atti-
tudes and medical decision-making [19, 20].

Video-sharing websites must be understood as social
media sites where there is no editorial selection or quality
assessment. Likewise, potentially harmful and inaccurate
information about science and biomedical topics can be
disseminated. The kind of content stored on YouTube
and the quality of the information are unclear [21]. A
platform like YouTube has the potential to be an impor-
tant resource for sharing and disseminating health-relat-
ed information [22]. One question that has been high-
lighted by biomedical institutions is whether YouTube
provides users and (potential) patients with accurate and
helpful information or if the videos are possibly harmful
and misleading. Healthcare professionals and organiza-
tions should be encouraged to provide more beneficial
material and animated videos to people looking for com-
prehensive, reliable information on the Internet [23].
Healthcare providers and government agencies have ex-
pressed their concern about the veracity and quality of the
information available on this platform, as the health-con-
tent videos uploaded by various sources can be mislead-
ing and present inaccurate information to patients [23].

Methods

Search Strategy

On March 31, 2019, a search was conducted on http://www.
youtube.com using the following search term: “Exercises after
breast cancer surgery.”

The first 150 videos available to viewers were selected. We
aimed to replicate a simple search strategy that could be conducted
by any person. We did not restrict the search using filters; hence,
YouTube sorted video results by their relevance according to the
patented ranking algorithm active on that specific day. All the vid-
eos were added to a spreadsheet and then submitted for screening
for duplicates, as well as to apply the inclusion and exclusion cri-
teria by the research team. Exclusion criteria were non-English
language, less than 5,000 views, duplicated videos, and/or related
with advertisements. Video URLs were used to identify videos for
subsequent screening and coding. Finally, 51 videos were assigned
to two different examiners who viewed, analyzed, and evaluated
them independently over a period of 5 weeks (Fig. 1).

Rodriguez Rodriguez et al.
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Fig. 1. Flow diagram for included videos.
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Qutcome Measures

Based on their production source, the videos were categorized
into five groups: health organization (clinic/hospital), individual,
academic institution, media (TV, newspaper, etc.), and NGOs.
Videos were also coded according to their continent of origin
(America, Europe, Asia, Africa, Australia). Similarly, descriptive
characteristics of each video (view counts, likes, dislikes, origin,
days online, author, and duration) were collected. Video popular-
ity was assessed using the Video Power Index (VPI) [(like count/
{(dislike count + like count)) x 100)] [18, 24, 25] and view ratio
(views count/days online) [26]. The educational quality of the 51
selected videos was determined using the DISCERN instrument
(Quality Criteria for Consumer Health Information) [27] and the
Global Quality Scale (GQS) [28].

Shoulder Exercises on YouTube after
Breast Cancer Surgery

The DISCERN questionnaire was created by the Division of
Public Health and Primary Care at Oxford University, London, to
gauge the quality of information regarding treatment choices for
health problems and was first published in 1999 [29]. The ques-
tionnaire consists of a total of 15 questions, in addition to an over-
all quality rating. Each question represents a different quality cri-
terion and is rated from 1 to 5 (1: very poor, 2: poor, 3: average, 4:
high, and 5: very high quality). These 16 questions are classified
into three sections: reliability (questions 1-8), information quality
on treatment choices (questions 9-15), and overall score (question
16). Thus, the maximum total score is 80 points; higher scores in-
dicate higher quality [30].

GQS assesses the content quality of online resources. One point
is assigned for each of the 5 identifiable criteria present in a video,

Breast Care 3
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Fig. 2. Distribution of the videos based on source.

with Sbeing the highest educational quality [28]. This scale covers
accessibility and quality of the information, the overall flow of in-
formation, and how useful it would be for a user [26, 31].

Each video was also appraised using the HONcode Health Eval-
uation Tool [32, 33]. The Health On the Net Foundation (HON), a
non-profit organization under the auspices of the United Nations,
has elaborated the code of conduct to help standardize the reliabil-
ity of medical and health information available on the World Wide
Web [33, 34]. HONcode is the mostwidely used quality evaluation
tool [35]. HON certification is subject to an annual review by the
HON Foundation, which also responds to any reported violations
by Internet users. HONcode does not rate the quality of the infor-
mation provided by a website, it defines a set of rules to hold website
developers to basic ethical standards with respect to the informa-
tion they present. It also helps viewers to be aware of the source and
the purpose of the data they are viewing. Determining a set of reli-
ability and credibility parameters for the information available on
health websites based on 8 principles, it evaluates the reliability of
web pages measured from 0 to 100% [34].

The scoring criteria for exercises were set according to recom-
mendationsby the Oncology Section of the APTA in collaboration
with the ACS [3]. Since 7 exercises are recommended, the scoring
system was based on a scale of 0 to 7 (1 point for each exercise co-
inciding with the 7 recommended by APTA).

Statistical Analysis

Two different analyses were performed on the dataset: the first
analysis was based on machine learning techniques, considering a
binary dassification problem, and thereby dividing the sample into
“Relevant Videos” (C1) and “Not Relevant Videos” (C2). These two
classes were defined in three cases, using the means of DISCERN,
number of exercises, and Principal Component Analysis (PCA)
[36]. PCA visualizes the information in a dataset described by mul-
tiple, interrelated variables. The information in a given dataset cor-
responds to the total variation. PCA identifies directions (or princi-
pal components) along which there is maximum variance in the
data. It is used to extract the important information from a multi-
variate dataset and express this information as a set of few new vari-

4 Breast Care
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ables, i.e., the principal components. Thus, PCA reduces the dimen-
sionality of multivariate data to two or three principal components
(in this case, two principal components were used to group data)
that can be visualized graphically, with minimal loss of information.
The objective of this first analysis was to determine those vari-
ables which best distinguish these two video classes. The classifica-
tion problem was studied in three cases, when both classes were
defined by the following variables:
1. DISCERN: In this case, samples in the first class C1 (relevant
videos) were considered those videos whose DISCERN variable
value was greater than the mean for this variable; the rest of the
videos were defined as C2.
Number of exercises: Similar to the previous variable.
PCA: This is a binary variable that already contains the class of
each sample after performing a PCA and a k-means algorithm.
In this case, the sample grouping into C1 and C2 is given by the
variability in data and there is no “a priori” information as to
the relevance of the videos in each class. Consequently, reduc-
ing the number of variables to two (as per PCA) that group the
most important information of all the initial variables means
that no information gets lost.
For each of the three cases, a dassification algorithm was applied
toattain a minimumlistof variables thatbest assigns the samples into
two groups. Accuracies are determined by leave-one-out cross vali-
dation using a nearest-neighbour dassifier. The discriminatory pow-
er of the variables was established according to their Fisher's ratio
(FR). Variables with an elevated FR are highly discriminatory, inas-
much as they have low intradlass dispersion and high interclass dis-
tance. In a binary dassification, the FR of the variable j is given by:

W

(ﬂjl _ﬂjz)z
a'].l2 + 0').22 -

where p; is a measure of the center of mass of the probability
distribution of the variable j in class i (i = 1,2) and g;; is a measure
of its dispersion within this class. Variables with a high FR are very
discriminatory, since they have a low intraclass dispersion and
high interclass distance.
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Table 1. Descriptive statistics
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Mean + standard deviation

Median (min-max)

observer 1 observer 2 observers’ observer 1 observer 2 observers’ mean
mean
Video length, min 9:4249:15 6:40 (0:54-11:11)
Views 53,963+67,376 24,595 (6,024-330,608)
Days online 2,1584+922 2,175 (377-4,045)
View ratio (views/days)  27.14+30.24 14.85 (1.84-155.96)
Likes 245.0+320.5 139 (2-1,384)
Dislikes 13.4+14.2 8 (0-54)
Likes/day 0.151+0.222 0.061 (0.001-0.962)
Dislikes/day 0.008+0.013 0.004 (0.000-0.080)
VPI, % 93.48+5.42 94.87 (74.19-100.00)
DISCERN score 49.80+9.94 52.14+11.59 50.97+10.19 51 (27-68) 53 (24-70) 53.0 (25.5-68.0)
HON score 78.06+11.85 78.55+11.31 78.30+11.02 81 (52-95) 82 (53-94) 82.0 (56.0-93.5)
GQS score 3.57+0.70 3.414+0.92 3.49+0.74 41(2-5) 4 (1-5) 3.5(1.5-5.0)

In addition to FR, Pearson, Kendal, and Spearman correlation
factors of the variables with the defined classes were computed.
These factors also reveal the relevance (discriminatory power) of
the variables for the classification criteria.

The second analysis was a statistical one using a £ test and the
Wilcoxon test, illustrating how significant the differences be-
tween both classes are from the perspective of each variable. The
statistical analysis also shows the relevance of each variable re-
garding the grouping of the samples into C1 and C2, in each of
the three cases. The f test determines if the variable’s means in
both datasets are significantly different from each other. The null
hypothesis HO assumes that there is no difference between
groups. When the statistical analysis yields 1, it means that there
is enough evidence to reject said hypothesis and if it results in 0,
the null hypothesis must be accepted. The accepted value level of
significance or error probability is alpha <0.05. Consequently, the
Wilcoxon test essentially calculates the difference between each
set of pairs and analyzes these differences, whereas the null hy-
pothesis HO refers to the equality of population medians of two
groups of samples (C1 and C2).

Results

Video Characteristics

Most of the videos (33%) were produced by health in-
stitutions, followed by individuals (31%), media sources
(16%), academic institutions (12%), and NGOs (8%)
(Fig. 2).

The continent of origin was America in 41% of the
cases, Europe (14%), Australia (4%), and Asia (2%).

Descriptive Statistics

The mean number of views was 53,963 (standard de-
viation [SD] 67,376), mean video duration was 9:42 min
(SD = 9:15), mean number of days online was 2,158
(SD=922), mean view ratio countwas 27.14 (SD = 30.24),
mean likes count was 245 (SD = 320.5), mean dislikes

Shoulder Exercises on YouTube after
Breast Cancer Surgery

count was 13.4 (SD = 14.2), and mean VPI was 93.48
(SD = 5.42). Table 1 displays the basic data examined by
descriptive statistics for the videos included.

An intraclass correlation coefficient (ICC) analysis
was conducted to gauge inter-examiner concordance
with 95% confidence intervals (CI) based on mean rating
(k = 2), consistency, two-way random model, and Pear-
son’s correlation method. The level of significance was set
at p < 0.05. Inter-rater agreement scored 0.9860 in this
study.

The average obtained through both independent as-
sessments was used for each video. DISCERN, HONcode,
and GQS scores of both observers were averaged to calcu-
late the mean scores for each video. Considering average
results, the mean DISCERN score was 50.97 (SD = 19.19)
with a median of 53.0 (minimum 25.5 and maximum
68.0), the mean HONcode score was 78.30 (SD = 11.02)
with a median of 82.0 (minimum 56.0 and maximum
93.5), and the mean GQS score was 3.49 (SD = 0.74) with
a median of 3.5 (minimum 1.5 and maximum 5.0). The
basic data examined by descriptive statistics for DIS-
CERN, HONCcode, and GQS results can be seen in Table 1.

Table 2 shows how videos performed for each DIS-
CERN question and presents the average scores (1-5) and
SD. The median with the minimum and maximum are
also displayed. The question about “whether the aims are
clear” (Question 1) scored highest, followed by the ques-
tion about “achieving the aims” (Question 2). The lowest-
scoring questions were “whether it refers to areas of un-
certainty” (Question 8) and “if no treatment was used”
(Question 12).

According to the mean DISCERN scores of both ob-
servers, the quality of the videos was deemed very poor in
2% of the cases, poor in 10%, average in 22%, high in 59%,
and very high in 8% (Fig. 3). However, the mean GQS

Breast Care 5
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Fig. 3. DISCERN scores.
Table 2. Average score per DISCERN question
DISCERN questions Mean Median
score + SD (min-max)
1 Aretheaims clear? 4.50+0.91 5.0 (1.0-5.0)
2 Doesit achieve its aims? 4.26+0.83 4.5 (1.5-5.0)
3 Isitrelevant? 4.15+1.06 4.5 (1.0-5.0)
4 Isitclear what sources of information were used to compile the publication (other than the author or producer)?  2.20+0.99 2.0 (1.0-4.0)
5 Isitclear when the information used or reported in the publication was produced? 2.62+1.05 3.0 (1.0-4.0)
6 Isitbalanced and unbiased? 2.65+1.02 2.5 (1.0-4.0)
7 Doesit provide details of additional sources of support and information? 3.25+1.05 3.0 (1.0-5.0)
8 Does it refer to areas of uncertainty? 1.87+0.85 1.5 (1.0-3.5)
9 Does it describe how each treatment works? 3,25+1.06 3.5 (1.0-5.0)
10 Does it describe the benefits of each treatment? 3,44+1.02 3.5 (1.5-5.0)
11 Doesit describe the risks of each treatment? 2.62+1.00 2.5 (1.0-5.0)
12 Does it describe what would happen if no treatment is used? 2.07+0.84 2.0 (1.0-4.0)
13 Does it describe how the treatment choices affect overall quality of life? 3.10+1.00 3.0 (1.0-5.0)
14 Isitclear that there maybe more than one possible treatment choice? 3.41+1.03 3.5 (1.0-5.0)
15 Doesit provide support for shared decision-making? 3.95+0.84 4.0 (1.5-5.0)
16 Based on the answers to all of the above questions, rate the overall quality of the publication as a source of
information about treatment choices 3.64+0.81 4.0 (1.5-5.0)

Table 3. Pearson correlation coefficient of every variable inrespect  scores showed the quality of the videos to be very poor in

to DISCERN 6% of the cases, poor in 6%, average in 41%, high in 45%,
. o i and very high in 2% (Fig. 4).

Al S T e el Similarly, Pearson’s correlation coefficients for each
HONcode 0.70 <0.001 DISCERN variable were computed. These factors also
GQS score 0.65 <0.001 point to the relevance (discriminatory power) of the re-
Likes/day 0.31 0.0282 maining variables with a significancelevel of p < 0.05 (Ta-
VPI -0.28 0.0435 ble 3).

Views/day 0.27 0.0574

Asfortherelation between the production source and
educational quality of the videos, according to DIS-
CERN, the videos made by academic institutions scored
higher (56.25), followed by health institutions (54.85),
NGOs (51.38), media (50.94), and, finally, those created

§
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Fig. 4. GQS scores.
Table 4. Information sources, origin, and educational quality
DISCERN, mean GQS, mean View ratio, mean
Source Academic institutions 56.25 3.83 62.96
Health institutions 54.85 374 24.95
NGOs 51.38 3.63 28.78
Media 50.94 331 10.40
Individuals 44.78 3.16 26.24
Total 50.97 3.49 27.14
Origin America 51.73 3:52, 2375
Europe 51.57 379 45.03
Asia 47.00 3.50 50.69
Australia 3525 1.75 20.61
Total 50.97 3.49 27.14

by individuals (44.78). Likewise, the GQS, the other vari-
able that alludes to educational quality, ranks the origins
in the same order: academic institutions (3.83), followed
by health institutions (3.74), NGOs (3.63), media (3.31),
and, finally, individuals (3.16). These data and view ra-
tios can be seen in Table 4. The same table shows that
higher scores on the DISCERN scale were given to videos
from America (51.73), followed Europe (51.57), Asia
(47.00), and Australia (35.25). However, the GQS scale
gave higher scores to videos made in Europe (3.79), fol-
lowed by America, (3.52), Asia (3.50), and, finally, Aus-
tralia (1.75).

VPI mean scores for each of the five categories in
which the DISCERN variable classified the videos were
also analyzed. Videos with very poor DISCERN scores
had a mean VPI of 100, videos classified as poor by DIS-
CERN had a VPI of 84.78, average videos had a VPI of

Shoulder Exercises on YouTube after
Breast Cancer Surgery

Table 5. Mean number of exercises according to GQS and
DISCERN classifications

Quality Mean number of
exercises

GQS 1 - very poor 0.67

2 - poor 133

3 - average 110

4 - high 2.30

5 - very high 7.00

Total 1.75
DISCERN 1 - very poor 0.00

2 - poor 120

3 - average 145

4 - high 2.10

5 - very high 1.00

Total 1.75
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Table 6. p values of GQS, DISCERN, HONcode, and number of
exercises regarding PCA according to f test and Wilcoxon test

Variable f test Wilcoxon test

H r H P
GQS 1 0.0000 1 0.0000
Exercises 1 0.0000 1 0.0000
DISCERN 1 0.0007 1 0.0015
HONCcode 1 0.0043 1 0.0019

94.66, videos scored as high for DISCERN had a VPI of
94.85, and videos classified as very high as per DISCERN
had a mean VPI of 89.55.

Of all the videos included, the mean number of APTA-
recommended exercises was 1.75 (SD 1.91). As to GQS
classification, “very high” videos included a mean of 7,
“high” contained a mean of 2.3, “average” videos had 1.10,
“poor” included 1.33, and “very poor” had a mean of 0.67
APTA-recommended exercises. The videos classified by
DISCERN as “very high” included a mean of 1 exercise,
“high” videos contained a mean of 2.10 exercises, “average”
videos had 1.45 exercises, “poor” videos covered 1.20, and
“very poor”,0.00 APTA-recommended exercises (Table 5).

The analysis of the number of APTA-recommended
exercises in each video indicates that 45% of the videos
included no such exercise. Six percent of the videos
showed only one such exercise, 16% included 2, 6% dem-
onstrated 3, 22% had 4, 4% contained 5, and 2% of the
videos covered 7 APT A-recommended exercises.

Videos with the highest mean VPI (96.87) showed 5 of
the recommended exercises and are also the ones that
present the highest view ratio (44.36) and the highest likes
ratio (0.3482).

In the second statistical analysis (Table 6), p values for
GQS, DISCERN, HONCcode, and number of exercises re-
garding PCA are <0.01, indicating a high, statistically sig-
nificant relation.

Discussion

This study was undertaken to better comprehend the
nature of evidence independently accessed by patients on
amassive online, media-sharing platform. We found that,
although variable in source and content, the quality of the
information offered on YouTube about recommended
postoperative shoulder exercises for BC patients is high.

The increasing use of new technologies and vast
amount of contentavailable have turned the Internetinto
an important source of health information, and both
health professionals (who use new technologies more fre-
quently to communicate with patients and achieve the
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Table 7. ICC intervals

Interval Reliability*
Less than 0.5 Poor
0.5-0.75 Moderate
0.75-0.90 Good
Greater than 0.90 Excellent

* Based on the 95% confidence interval.

necessary adherence and interaction in health processes)
and patients (who use itas a source of information) are at
risk inasmuch as the information available on the web is
not subject to any kind of inspection. Consequently, this
can lead to erroneous and even harmful messages being
conveyed to users and/or viewers.

Inthe search process to improve health processes, rigor-
ous education and dissemination are necessary, preferably
carried out by health professionals. In the case of the videos
analyzed, most (33%) were produced by health institu-
tions, which can be contemplated as a kind of a guarantee,
given that they ranked second on the quality scales. This
percentage is very similar to the number of videos made by
individuals, which, though extremely numerous, obtained
the lowest scores on the educational quality scales. Unfor-
tunately, the percentage of videos made by academic insti-
tutions was much lower (12%), which agrees with other
studies that state that health institutions are underrepre-
sented in the publication of medical information videos
[24]. This is a shame because they could consider academ-
ic projects to increase their presence and flood the Internet
with good-quality information since, in light of the results
obtained, the quality of their videos was the best of the en-
tire sample analyzed. As in similar studies, it was often dif-
ficult to ascertain who developed the video content, as well
as for viewers to assess the reputation of the sources [37].

The average length of the videos in our study was 9:42
min, which is consistent with previous studies that have
reported an average duration of 6:17-10:35 min [24, 38].
No statistically significant relationship was found be-
tween video length and their quality or popularity, con-
trary to the study by Aydin and Akyol [25], who found
that the videos with the longest duration and the highest
VPI appeared to be associated with higher quality scores.

ICC is a widely used test-retest, intra-rater, and inter-
rater reliability index. Based on the 95% CI of the ICC
estimation, the inter-reviewer agreement for this study
was 0.9860, pointing toward excellent concordance be-
tween both examiners, according to the ICC intervals
shown in Table 7 [39].

Codes like HONcode do not assess the accuracy of
medical information but refer to the ethics of the infor-

Rodriguez Rodriguez et al.
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mation presented. In this study, HONcode yielded high
scores (78.30 + 11.02). Multiple studies have found that
HONCcode certification was associated with better quality
of information and greater reliability [35], in line with
this study, which shows a statistically significant relation
between DISCERN and HONcode scales (Pearson’s coef-
ficient = 0.70; p < 0.001).

A statistically significant relation between DISCERN
and GQS scales was also detected (Pearson’s coefficient =
0.65; p < 0.001). Analyzing the scores obtained to appraise
the educational quality of videos with both scales, it should
be noted that in both cases, most videos were high or very
high quality (67% and 47% of the cases, respectively), av-
erage quality was found in 22% and 419%, and very few
videos had poor or very poor educational quality (12% in
both cases). This contrasts with earlier studies that have
identified a worrisome amount of poor-quality and erro-
neous health-related information in YouTube videos [19,
25, 26], although these studies did not deal with BC.

In the analysis performed, videos produced by a health
institution, despite not being the most viewed, once
viewed, they were found to receive many user interac-
tions, placing them in second place in interactions, and to
receive the second most “likes.” These videos were pro-
duced in Europe and America and scored high, behind
videos created by academic institutions, as per DISCERN
and GQS scales.

Shoulder Exercises on YouTube after
Breast Cancer Surgery

Videos produced by the media (newspapers, TV, etc.)
are the least viewed and receive fewer “likes” and “dis-
likes.™ All originate in America and have average educa-
tional quality. Videos created by NGOs are in second po-
sition, behind those produced by academic institutions,
in number of views. They received the most likes and the
second most dislikes. Despite their high number of daily
views, their educational quality is low (mean 3.63 [SD
0.48] in GQS and 51.38 [SD 7.25] in DISCERN).

Itisimportant to note that the videos with the highest
educational quality in this study are produced by aca-
demic institutions, which are also the most viewed
(views per day), but whose popularity, as measured by
VPI, is the lowest because, though they receive many
likes, they receive the most dislikes. There is a statisti-
cally significant relation (p = 0.0435) with a negative
Pearson’s coefficient (—0.28) between DISCERN and
VPI variables (Table 3). This result suggests that the
quality and content of the videos uploaded by academic
institutions may not be sufficient to connect with the
user (a task that is achieved by those produced by health
institutions). This is consistent with other studies that
reflect that high-quality videos are not the most popular
[24]. In contrast, poorer educational quality videos
made by individuals are more popular than academic
videos, consistent with the study by Radonjic et al. [40],
who evidenced how educational videos made by non-
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doctors were significantly more popular than those
made by doctors.

As regards the PCA perspective from the first statisti-
cal analysis, if the coordinates of each video are graphi-
cally represented ina coordinate system in which the axes
refer to the principal components, videos are naturally
grouped into two groups of points, without any manual
intervention or possible bias. These two groups, which
can be seen in Figure 5, collect the videos with higher rat-
ings in HONcode, DISCERN, GQS, and number of exer-
cises in one group (C1) and those with lower ratings in
another group (C2) (Fig. 5).

The statistical power of these two combined analyses
indicates that the PCA analysis allows the videos to clas-
sify themselves into two groups (C1, high-quality videos
and C2, low-quality videos) without any information being
lost on any of the variables considered in the entire study.
Thus, the principal components of the PCAs show a high
statistical relationship with the variables that evaluate the
quality of the videos, which enables the quality of the vid-
eos to be analyzed through the two principal components,
instead of it having to be done through all the variables of
the study. This is a huge advantage when carrying out this
kind of analysis, considering that any important informa-
tion is not lost through these two principal components
because their level of relationship with the main variables
that evaluate the quality of the videos is maximum and
p values reveal a high, statistically significant relation.

The statistical power of these combined analyses is
such that it allows the videos classification, according to
their quality, considering two variables (principal com-
ponents) that combine together the information of all the
other variables analyzed in the study.

As other authors have already confirmed, the results
presented in this study indicate that YouTube is a solid
and useful source of information but, in general, the vid-
eo platform is an inadequate source of information [25,
41] and different ways are needed to ensure that users ac-
cess the most appropriate ones.

Bias

Adhering to the principles of simulating what users
see, no searches were conducted under incognito mode
to avoid the influence of browsing history and geograph-
ical locations.

Although YouTube content changes over time, our
analysis represents the state of the videos at one specific
time [40].

Only videos directly accessed on YouTube upon
searching “Exercises after breast cancer surgery” were in-
cluded in this study. External links from other medical-
related websites were excluded in our analyses.

As a massive Internet-based platform, YouTube
searches are constantly evolving as new videos are con-
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stantly being uploaded, viewed, and rated. Furthermore,
our search was limited to the first 150 videos. As other
studies have previously explained, our methodology was
designed to replicate the average patient’s search attempt,
since most Internet users do not look past the first 50
search results [40].

Conclusions

Digital behavior change interventions have the poten-
tial to improve healthy behavior after BC surgery. You-
Tube is one of the most important development tools of
the eHealth era. Videos are a simple, attractive, and afford-
able source of information, with vast dissemination capac-
ity available. The quality of videos available on YouTube
about recommended postoperative shoulder exercises for
BC patients is high, according to DISCERN and GQS
scores.

A verification and validation process of the informa-
tion available on the web is considered necessary, as well
as educational programs to facilitate people’s access to the
most reliable information. Educational and health insti-
tutions, as well as health professionals, government health
authorities, and policymakers should be involved in the
proper development of policies that improve the infor-
mation available on the web with the aim of creating a
positive impact on people’s health-related behavior.

Future studies, guided by the principles of translation-
al medical research, are needed to increase the quality of
health information in YouT ube videos as effective policies
to improve health behaviors in patients after BC surgery.
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Abstract Background: Prostate cancer (PC) is a major cause of disease and mortality among men.
Surgical treatment involving the removal of the prostate may result in temporary or permanent
erectile dysfunction (ED) and urinary incontinence (UI), with considerable impact on quality of life.
Pelvic floor muscle training (PFMT) is one of the recommended techniques for the prevention, treat-
ment, and rehabilitation of postoperative complications. The aim of this observational study was to
assess the quality of YouTube videos—accessible to any patient—related to exercises after prosta-
tectomy surgery. Methods: A systematic search was performed on YouTube on 24 September 2020.
One hundred and fifty videos were selected and analyzed. Two statistical analyses were conducted
based on machine-learning techniques, and videos were classified as ‘Relevant’ or “Non-Relevant’
using Principal Component Analysis (PCA) models. Two reviewers conducted independent anal-
yses. Inter-observer agreement and individual correlations of video data were evaluated with the
Intraclass Correlation Coefficient (ICC). Information quality, reliability, and accuracy were meas-
ured using the DISCERN Scale and Global Quality Score (GQS), while video popularity was evalu-
ated using the Video Power Index (VPI). Results: DISCERN scored a mean of 3.35 and GQS scored
3.38. Average number of views was 124,354, mean duration was 14:42 min, mean days online was
1777, mean view ratio was 138.30, mean Likes was 1082, mean Dislikes was 68.58, and mean VFPI
was 92.28. Conclusions: The quality of the videos available on YouTube regarding the recom-
mended pelvic floor exerdises in PC surgery, according to the scores obtained, is High. Educational
and health institutions, health professionals, government health authorities, and policy makers
need to be involved in the proper development of policies to improve the information available on
the web in order to have a positive impact on the healthy behavior of the population.

Keywords: YouTube; prostate cancer; healthy behavior; exerdses; pelvic floor; urinary incontinence

1. Introduction

According to Globocan 2020, prostate cancer is the fourth most commeon cancer over-
all, with an incidence of 1,414,259 in men in 2020, exhibiting higher incidence in developed
countries.

Prostate cancer is a major cause of disease and mortality among men, with 375,304
men dying of it each year [1,2].

Radical prostatectomy (RP) is a common curative treatment to prevent metastasis.
Although mortality after RP is low (53-year survival: 95%), morbidity is high [3]. Surgical
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treatment involving the removal of the prostate may result in temporary or permanent
erectile dysfunction (ED) and urinary incontinence (UI), with considerable impact on
quality of life (QoL) [4-7]. While the postoperative incontinence rate is 1% in patients un-
dergoing prostatectomy for benign reasons, a rate between 2% and 66% has been reported
after RP [7]. Depending on how continence is defined, almost 80% of men experience in-
continence after RP [3]. ED affects 26% to 100% of patients after RP, and the main cause is
known to be injury to the neurovascular bundles [5].

Treatment of incontinence involves noninvasive behavioral therapeutic methods
consisting of diet modification, bladder training, pelvic floor muscle exercises (PFME),
biofeedback, and functional electrical stimulation [4]. Pelvic floor exercises have been
used to improve urinary continence following RP, with good results [5,8]. Urinary conti-
nence can be achieved through contraction training of the pelvic floor muscles [6]. Pelvic
floor muscle training (PFMT) is one of the recommended techniques for the prevention,
treatment, and rehabilitation of RP-related complications [5]. It can improve Ul and ED
after prostatectomy [6]. The aim of PFME, first defined by Arnold Kegel in 1948 as a be-
havioral therapeutic method for treating incontinence, is to enhance muscle volume and
contraction strength in case of increased intra-abdominal pressure [4]. Many studies of
PFMT have been conducted in post-prostatectomy patients, delivered both before and af-
ter surgery. An increase in speed of recovery was found in more active rehabilitation in-
tervention targeting physiological PFM function of fast- and slow-twitch muscle fibers [9].
However, a major barrier to the success of any training program is adherence, and PEMT
is no different. Many patients search the Internet for medical information, but they lack
the tools to evaluate the advice provided [10]. As of 3 March 2020, an estimated 58.7% of
the global population, representing 4,574,150,134 users, had access to the Internet [11].
YouTube is one of the most popular Internet sites and it also operates as a primary Internet
platform for consumer-targeted health information. It is the largest video archive website
in the world and attracts 95% of Internet users, with 30 million active users every day [12].
It has 5 billion visits per day and 1 billion hours are watched daily [13]. YouTube and
other online video-sharing sites have also become important channels for science popu-
larization and communication [14].

Advances in eHealth technology have cultivated transactional opportunities for pa-
tients to access, share, and monitor health information [15]. Digital behavior change inter-
ventions use digital health technologies for behavior modification for the maintenance
and improvement of health [16], and patients and health professionals tend to search the
Internet for information about many health-related topics. In fact, 81% of all Internet users
go online and search for information related to health [13]. Generally, patients search for
detailed information about recommended exercises. Therefore, the authorship, quality,
and validity of the information contained in videos must be considered [12], as some of
them present commercial content that may affect the attitude and decision-making of con-
sumers [17].

Video-sharing websites must be understood as social media sites where there is no
editorial selection or quality assessment. Likewise, potentially harmful and inaccurate in-
formation about science and biomedical topics can be disseminated. The kind of content
stored on YouTube and the quality of this information is unclear [18], but a platform such
as YouTube has the potential to be an important resource for sharing and disseminating
health-related information [19].

One question that has been highlighted by biomedical institutions is whether
YouTube provides users and (potential) patients with accurate and helpful information or
might the videos possibly be harmful and misleading. Healthcare professionals and or-
ganizations should be encouraged to provide more beneficial material and animated vid-
eos to people looking for comprehensive, reliable information on the Internet [20].
Healthcare providers and government agencies have expressed their concern about the
veracity and quality of the information available on this platform as the health-content
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videos uploaded by various sources can be misleading and present inaccurate information
to patients [20].

2. Materials and Methods
2.1. Search Strategy

On 24 January 2021, a search was conducted on http://www.youtube.com (assessed
on 24 January 2021), using the following search terms: ‘Prostate cancer—exercises—pelvic
floor”.

The first 150 videos available to viewers were selected. The aim was to replicate a
simple search strategy that could be conducted by anyone, so the search was not restricted
using filters. Hence, YouTube sorted video results by their relevance according to the pa-
tented ranking algorithm active on that specific day. All the videos were added to a
spreadsheet and then submitted for screening for duplicates, as well as in order to apply
the research team’s inclusion and exclusion criteria. Exclusion criteria were non-English
language, duplicated videos, pelvic floor exercises for women, and/or related to adver-
tisements. Finally, 133 videos were assigned to 2 different examiners who viewed, ana-
lyzed, and evaluated them independently over a period of 5 weeks (Figure 1).

Videos identified through database
searching (Youtube)
(n =150)

l

Videos after duplicates removed

(n = 146)
Videos screened Videos excluded
(n=133) (n=13)

A

Videos assessed for
eligibility
(n=133)

v

Studies included in
qualitative synthesis
(n=133)

Figure 1. Video flow diagram [21].
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2.2. Qutcome Measures

Based on their production source, the videos were categorized into six groups: Health
Organization (clinic/hospital), Healthcare Professional, Non-Healthcare Professional, Ac-
ademic Institution, Media (TV, newspaper, etc.), or NGOs. Videos were also coded ac-
cording to their continent of origin (America, Europe, Asia, Africa, Australia).

Information on when the exercises were recommended (preoperative, postoperative,
or both) and the name of the exercises themselves (pelvic floor exercises, Kegel exercises,
breathing exercises, yoga exercises, general exercises, or various) was also collected.

The objective of the videos was also identified, based on their indication with regard
to UI, fecal incontinence (FI), sexual disfunction (SeD), pelvic pain (PP), and/or inconti-
nence + sexual disfunction (UI + SeD). The quality of the information provided was com-
pleted with other collected variables, such as patient position for performing the exercises,
number of daily and weekly repetitions, fiber type (phasic or tonic), breathing type, warn-
ing about the inappropriate use of accessory muscles, and whether or not it was necessary
to use some kind of material to carry out the exercises.

Similarly, descriptive characteristics of each video (View counts, Likes, Dislikes,
Origin, Days online, Author, and Duration) were collected. Video popularity was assessed
using the Video Power Index (VPI) ((like count/(dislike count + like count)) x 100))
[12,22,23] and View Ratio (Views count/Days online) [24]. The educational quality of the
133 selected videos was determined using the DISCERN tool (Quality Criteria for Con-
sumer Health Information) [25] and the Global Quality Scale (GQS) [26].

A modified 5-point DISCERN tool [27], adapted from the original DISCERN tool for
assessment of written health information by Charnock et al. [25], was used for this study.
It was created by the Division of Public Health and Primary Care at Oxford University,
London, to gauge the quality of information regarding treatment choices for health prob-
lems, and was first published in 1999 [25]. The questionnaire consists of a total of 5 ques-
tions in addition to an overall quality rating. Each question represents a different quality
criterion, rated from 1 to 5 points (1: Very Poor, 2: Poor, 3: Average, 4: High, and 5: Very
High quality).

GQS assesses the content quality of online resources. One point is assigned for each
of the five identifiable criteria present in a video, with five being the highest educational
quality [26]. This scale covers the accessibility and quality of the information, the overall
flow of information, and how useful it would be for a user [24].

2.3. Statistical Analysis

Two different analyses were performed on the dataset: The first analysis was based
on machine learning techniques, considering a binary classification problem, and thereby
dividing the sample into ‘Relevant Videos’ (C1) or ‘Non-Relevant Videos’ (C2). These two
classes were defined in two cases, using the means of the DISCERN and Principal Com-
ponent Analysis (PCA) [28]. PCA visualizes the information in a dataset described by
multiple interrelated variables. The information in a given dataset corresponds to the total
variation. PCA identifies directions (or principal components) along which there is a max-
imum variance in the data. It is used to extract the important information from a multi-
variate dataset and express this information as a set of a few new variables, i.e., the prin-
cipal components. Thus, PCA reduces the dimensionality of multivariate data to two or
three principal components (in this case, two principal components were used to group
data) that can be visualized graphically, with minimal loss of information.

The objective of the first analysis was to determine the variables that best distinguish
these two video classes. The classification problem was studied in two cases, when both
classes were defined by the following variables:

1. DISCERN: In this case, samples in the first class, C1 (Relevant Videos), were consid-

ered to be the videos whose DISCERN variable value was greater than the mean for
this variable, and the rest of the videos were defined as C2.
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2. PCA:This was a binary variable that already contained the class of each sample after
performing a PCA and a k-means algorithm. In this case, the sample grouping into
C1 and C2 is given by the variability in data and there is no ‘a priori’ information as
to the relevance of the videos in each class. Consequently, reducing the number of
variables to two (as per PCA) that group the most important information of all the
initial variables means that no information is lost.

For each of the two cases, a classification algorithm was applied to attain a minimum
list of variables that best assigned the samples into the two groups. Accuracies were de-
termined by Leave-One-Out Cross Validation (LOOCV) using a nearest-neighbor classi-
fier. The discriminatory power of the variables was established according to their Fisher’s
Ratio (FR). Variables with an elevated FR are highly discriminatory, since they have low
intraclass dispersion and high interclass distance. In a binary classification, the FR of the
variable j is given by:

2
(1 — #2)
;1% + g;”

where p;; is a measure of the center of mass of the probability distribution of the variable
jinclass i (i=12), and gy is a measure of its dispersion within this class. Variables with
a high FR are highly discriminatory, since they have low intraclass dispersion and high
interclass distance.

In addition to FR, Pearson, Kendal, and Spearman Correlation Factors of the varia-
bles with the defined classes were computed. These factors also reveal the relevance (dis-
criminatory power) of the variables for the classification criteria.

The second analysis was a statistical one using a t-test and Wilcoxon test, illustrating
how significant the differences between both classes are from the perspective of each var-
iable. The statistical analysis also shows the relevance of each variable regarding the
grouping of the samples into C1 and C2, in each of the two cases. The t-test determines
whether the means of the variables in both datasets are significantly different from each
other. The null hypothesis (H0) assumes that there is no difference between groups. When
the statistical analysis yields 1, it means that there is enough evidence to reject this hy-
pothesis, and if it results in 0, the null hypothesis must be accepted. The accepted value
level of significance or error probability is alpha < 0.05. Consequently, the Wilcoxon test
essentially calculates the difference between each set of pairs and analyzes these differ-
ences, whereas HO refers to the equality of the population medians of two groups of sam-
ples (C1 and C2).

3. Results
3.1. Statistical Analysis

Descriptive statistics were obtained from each video, calculating their mean and es-
tablishing their minimum and maximum values along with their standard deviation (SD).
The same values were obtained for the quality scales.

An ICC analysis was conducted to gauge inter-examiner concordance, with 95% con-
fidence intervals (CI) based on mean rating (k = 2), consistency, two-way random model,
and Pearson’s Correlation method. Level of significance was set at p < 0.05. Inter-rater
agreement scored 0.9505 for this study.

3.2. Video Characteristics

Most of the videos (32.3%) were produced by Health Institutions, followed by
Healthcare Professional (24.8%), Media sources (18.0%), Non-Healthcare Professional
(12.0%), NGOs (6.8%), and Academic Institutions (6.0%) (Figure 2).
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VIDEOS" PRODUCTION SOURCES
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B Non-Helathcare professional BNGOs B Academic Institutions

Figure 2. Video production sources.

The origin of the videos was America in 65.4% of cases, Australia (28.6%), Europe
(3.8%), Asia (0.8%), and Africa (0.8%).

The mean number of views was 124,354 (SD = 472,419), mean video duration was
14.42 min (SD = 19.34), mean number of days online was 1777 (SD = 1180), mean view ratio
was 138.30 (SD=788.31), mean Likes count was 1082 (SD =4883), mean Dislikes count was
68.58 (SD =265.45), and mean VPI was 92.28 (5D = 8.89). DISCERN and GQS scores of both
independent observers were averaged to calculate the mean scores of each video. Consid-
ering average results, DISCERN scored a mean of 3.35 (SD = 1.25), while GQS scored a
mean of 3.38 (SD = 1.02). Table 1 shows the basic descriptive statistics data and DISCERN
and GQS results of the videos included.

Table 1. Descriptive statistics.

Mean + SD Median Min-Max
Views 124,354 +  A72419 3678 14 — 3,484,686
Days Online 1777 + 1180 1597 220 - 4518
Views/day 138.30 + 788.31 2.67 0 - 8808
Likes 1082 + 4883 21.00 0 - 48,668
Dislikes 68.58 + 265.45 1.00 0 - 2195
Subscribers 95,039 + 343,699 3570 0 — 2,980,000
VPI 92.28 + 8.89 94.38 50.00 - 100.00
DISCERN 1 0.98 + 0.15 1.00 0 - il
DISCERN 2 0.59 + 0.49 1.00 0 - 1
DISCERN 3 0.89 + 0.31 1.00 0 - 1
DISCERN 4 0.53 + 0.50 1.00 0 - il
DISCERN 5 0.36 + 0.48 0.00 0 - i
DISCERN Total 3.35 + 1.25 3.00 0 - 5
GQS 3.38 + 1.02 4.00 ik - 5

According to the mean DISCERN scores of both observers, the quality of the videos
was found to be Very Poor in 5.3% of the cases, Poor in 24.1%, Average in 21.1%, High in
27.8%, and Very High in 21.8%. However, referring to the mean GQS, the quality of the
videos was found to be Very Poor in 3.8% of the cases, Poor in 17.3%, Average in 27.1%,
High in 40.6%, and Very High in 11.3%.
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As for the relationship between the production source and educational quality of the
videos, according to DISCERN, the videos made by NGOs attained higher scores (4.33),
followed by Health Institutions (3.88) and Academic Institutions (3.88), Healthcare Pro-
fessional (3.45), Media (2.79), and finally those created by a Non-Healthcare Professional
(1.75). Likewise, the GQS (the other variable that alludes to educational quality) ranked
the origins in the same order: NGO's and Academic Institutions also attained higher
scores (4.00), followed by Health Institutions (3.77), Healthcare Professional (3.45), Media
(2.96), and, finally, Non-Healthcare Professional (2.19). These data and the views ratio can
be seen in Table 2.

Table 2. DISCERN and GQS scores.

DISCERN Score GQS Score
Academic Institution 3.88 4.00
Media 2.79 2.96
NGO 4.33 4.00
Health Institutions 3.88 3.77
Non-Healthcare Professional 1.75 2.19
Healthcare Professional 3.45 345
Total 3.35 3.38
Africa 0.00 1.00
America 3.33 3.36
Asia 3.00 3.00
Australia 3.55 3.55
Europe 3.40 3.40
Total 3.35 3.38

The same table shows that higher scores on the DISCERN scale were assigned to vid-
eos from Australia (3.55), followed by Europe (3.40), America (3.33), Asia (3.00), and Af-
rica (0.00). Meanwhile, the GQS scale assigned almost the same scores in videos made in
Australia (3.55), followed by Europe (3.40), America (3.36), Asia (3.00), and, finally, Africa
(1.00).

VPI mean scores for each of the five categories in which the DISCERN and GQS var-
iables classified the videos were also analyzed. Videos with a Very Poor DISCERN score
had a VPI mean of 89.20, videos classified as Poor had a VPI of 92.75, Average videos had
92.11, High videos had 89.13, and videos classified as Very High for DISCERN had 94.83.
Likewise, videos with Very Poor GQS score had a VPI mean of 89.88, videos classified as
Poor had a VPI of 90.94, Average videos had 93.31, High videos had 90.30, and videos
classified as Very High for GQS had 96.41.

Regarding the objective of the videos, 39.85% of them did not specify their objective,
26.32% aimed to treat Ul +SeD, 23.31% UI, 5.26% SeD, 4.51% PP, and 0.75% FI.

The terms used by the authors to denominate the exercises in the videos were Pelvic
Floor Exercises (PFE) in 42.11% of cases, followed by Kegel Exercises (25.56%), Undefined
(17.29%), and General Exercises (15.04%).

To carry out the exercises, most authors did not indicate the need for specific compli-
mentary materials (65.4%), 24.1% suggested some type of domestic material, and only
10.5% of videos indicated the use of specific material, such as balls, special benches, or
gym equipment.

Regarding the period of time over which the authors recommended doing the exer-
cises, most (48.1%) did not specify it, followed by 30.1% who recommend the exercises for
the postoperative period, 18.0% for the pre- and post-operative period, and, finally, 3.8%,
for the preoperative one.
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Of the videos, 78.9% did not specify the frequency of performing the exercises, while
16.6% suggested a frequency of three times a day, 3.8% indicated once a day, and 0.8%
recommended two times a day.

The position of the patient during the performance of the exercises was not specified
in 72.9% of the videos, in 15% various positions were indicated, while only 6.0% of videos
recommended doing them sitting down, supine in 5.3%, and standing up in 0.8% of cases.
Regarding breathing during exercises, 91.7% of videos did not mention it, 5.3% referred
to breathing but did not indicate how to do it, while 3.0% explained that it was to be done
during exhalation. Finally, 94% of videos did not indicate anything about the use of ac-
cessory muscles, whereas 6% of them recommended not using them. Regarding the effort
on different types of muscle fibers, 21.8% of videos recommended the work on the tonic
fiber and 9.77% the phasic fiber. The rest of the videos made no recommendation concern-
ing this topic.

4. Discussion

This study was undertaken to better comprehend the nature of evidence inde-
pendently accessed by patients on a massive online, media-sharing platform. The increas-
ing use of new technologies and vast amount of content available have turned the Internet
into an important source of health information, for healthcare professionals (who use new
technologies more frequently to communicate with patients and achieve the necessary
adherence and interaction in health processes) as well as patients (who use it as a source
of information). However, this entails some risk, in as much as the information available
on the web is not subject to any kind of inspection. Consequently, this can lead to errone-
ous and even harmful messages being conveyed to users and/or viewers. In the search
process to improve health processes, rigorous education and dissemination are necessary,
preferably carried out by health professionals. In the case of the videos analyzed, most
(32.3%) were produced by Health Institutions, which can be considered as a guarantee,
due to the fact that they are in the second place of the quality scales.

Very few videos were produced by NGOs (6.8%), even though the quality of their
productions obtained the highest scores, which is in agreement with Masefield et al., who
observed that NGO data constitute a vast and valuable source of information for health
policy makers and public health systems research [29]. Videos whose source of production
is Non-Health Professionals are those that obtained the worst scores on these scales.

Unfortunately, the percentage of videos made by Academic Institutions was the low-
est (6.0%), a result that is in line with other studies that claim that Health Institutions are
underrepresented in the publication of videos of medical information [22]. Taking into
account the fact that the quality of the videos that they produce is one of the highest, they
should consider academic projects to increase their presence and flood the Internet with
high-quality information. As in similar studies, it was difficult in many cases to find out
who had developed the video content, as well as for viewers to assess the reputation of
the sources [30].

The average length of the videos in our study was 14.42 min, which is higher than
previous studies that reported an average duration of 6.17-10.35 min [22,31]. No statisti-
cally significant relationship was found between video length and their quality or popu-
larity, contrary to the study by Akif Aydin that found that the videos with the longest
duration and the highest VPI appeared to be associated with higher quality scores [23].

ICC is awidely used test-retest, intra-rater, and inter-rater reliability index. Based on
the 95% confident interval of the ICC estimation [32], the inter-reviewer agreement for
this study was 0.9505, pointing toward Excellent concordance between both examiners,
according to the ICC intervals shown in Table 3.
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Table 3. ICC intervals.

Interval Reliability *
Less than 0.5 Poor
0.5-0.75 Moderate
0.75-0.90 Good
Greater than 0.90 Excellent

*Based on the 95% confidence interval.

PC incidence rates are highly variable worldwide. Research has shown that African
American men have the highest incidence of prostate cancer worldwide [33], while Chu
et al. [34] reported that incidence rates of prostate cancer were as much as 40 times higher
among African American men than those in Africa. In 2018, the highest mortality rates
were recorded in Central America (10.7 per 100,000 people), followed by Australia and
New Zealand (10.2), and Western Europe (10.1) [33]. As found in this study, most videos
were produced in America (65.4%), where, in 2021, the estimated number of new cases
was 248,530 [2], followed by those produced in Australia (28.6%), which points towards
countries with higher incidence and mortality as those that produce more videos about
PC. The overall means of DISCERN and GQS indicate that the YouTube contents analyzed
have medium-high reliability and quality. They also show higher scores for videos pro-
duced in Australia, Europe, and America.

A statistically significant relationship between DISCERN and GQS scales was also
detected (Pearson Coefficient = 0.9023; p < 0.001). Analyzing the scores obtained to ap-
praise the educational quality of videos with both scales, it should be noted that most
videos were of High quality (27.8% and 40.6% of cases, for DISCERN and GQS scales,
respectively), Very High in 21.8% (DISCERN) and 11.3% (GQS), Average quality was
found in 21.1% (DISCERN) and 27.1% (GQS), Poor quality in 24.1% (DISCERN) and 17.3%
(GQS), and Very Poor educational quality in 5.3% (DISCERN) and 3.8% (GQS) of cases.
This contrasts with previous studies that identified a worrying amount of poor-quality
and erroneous information in YouTube videos related to health [17,23,24]. The results
shown in this study indicate, as other authors have already mentioned, that YouTube is a
solid and useful source of information [35], and different ways are needed to ensure that
users access the most appropriate ones.

Since there is no mark to identify high-quality videos, it is recommended for their
easy identification that patients attend to the source of production. Since Academic Insti-
tutions, NGOs, and/or Health Institutions show higher figures in quality scales, these
should be the reference. It would also be advisable to discard those videos that contain
commercials and could present any conflict of interest.

From the perspective of the PCA, if the coordinates of each video are graphically
represented in a coordinate system in which the axes refer to the principal components,
the videos are naturally grouped into two groups of points, without any manual interven-
tion or possible bias. These two groups, which can be seen in Figure 3, collect the videos
with higher ratings in DISCERN and GQS in one group (C1) and those with lower ratings
in the other group (C2) (Figure 3).
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Figure 3. Extraction method: Principal Axis Factorization. Rotation method: Varimax Rotation with Kaiser Normalization.

The statistical power of these two combined analyses indicates that the PCA enables
the videos to classify themselves in two groups (C1, high-quality videos, and C2, low-
quality videos) without any information being lost on any of the variables considered in
the entire study. Consequently, the quality of the videos can be analyzed across the two
principal components, rather than having to do so across all the variables in the study
because the PCAs have a high statistical relationship with the variables evaluated. This is
a huge advantage when carrying out this kind of analysis, considering that no important
information is lost through these two principal components because their level of relation-
ship with the main variables that evaluate the quality of the videos is maximum, and p-
values reveal a high, statistically significant relationship.

The statistical power of these combined analyses is such that it enables the videos’
classification, according to their quality, by considering two variables (principal compo-
nents) that combine together the information from all the other variables analyzed in the
study.

Health Institutions and Healthcare Professionals refer more rigorously to the correct
terminology for these types of exercises than the rest of the sources, who refer to them as
exercises (without specifying the term). Using appropriate terminology, so that patients
know the conceptual distinctions, is necessary due to the increasing culturalization of so-
ciety. People are willing to feel as if they are “decision-makers” and not only “patients”,
so they demand a quota of self-resolution of their needs, with its advantages and disad-
vantages, such as self-taught training through the new online resources. To carry out this
learning, it is necessary to use appropriate terminology for each type of situation [36] and
thus participate in the development of the patient’s own decision-making capacities, with
explanatory models that enable “experience” of the disease to be acquired. The way of
narrating the disease is not only an academic finding, since it has practical significance in
education, health promotion, and the development of institutional and professional de-
vices [37].

Most of the videos did not indicate the need for extra material to carry out the exer-
cises, which facilitates their implementation at home.
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Regarding the indication of when to perform the exercises, most authors did not spec-
ify it, followed by a high percentage who recommended performing them post-surgery.
The lowest percentage (3.8%) corresponds to those that indicated its pre-operative perfor-
mance. The data obtained do not agree with studies such as that of Milios et al,, who
showed that a PFME program started prior to prostate surgery enhanced post-surgical
measures of pelvic floor muscle function, reduced post-prostatectomy incontinence, and
improved QoL outcomes related to incontinence [9].

Evidence shows that daily performance frequency is important, with two sets of PFM
exercises per day as the most highly recommended, in accordance with the Glazener
study, which recommends pelvic floor contractions twice per day [38], or the study of
Kraemer and Ratamess, who reported greater improvements when participants exercised
twice a day compared to only once per day [39]. After analyzing the videos, it was ob-
served that 78.9% of the videos did not mention the frequency, and only 16.5% indicated
that they were to be performed 3 times a day, as other authors also indicate [9].

The most appropriate exercises should be performed in three positions, sitting down,
standing up, and supine positions, during all sessions [4,38]. However, most videos did
not mention the position, while only 15% indicated the need to perform them in several
positions.

Breathing during exercises is very important, and subjects should not hold their
breath during pelvic floor activation, avoiding the Valsalva maneuver [4]. Despite this
fact, in most of the videos, it was not mentioned (91.7%), or if it was, no indication was
made of how to do it (5.3%). Only a minimum (3%) correctly explained how to do con-
tractions during prolonged expiration [8].

Most authors indicate that activation of the superficial abdominal muscles should be
reduced by means of visual and tactile pointers, and accessory muscles should not be used
when performing exercises, as indicated by Gomez Lanza [40]. Despite this, 94% of videos
did not include any information on this topic.

The indication on fast- and slow-twitch training was not represented in the videos
either, since only 21.8% of videos recommended work on slow twitch and 9.77% did so
on fast twitch, whereas it is necessary to work on each of these types [9].

Limitations

Adhering to the principles of simulating what users see, no searches were conducted
under incognito mode so as to avoid the influence of browsing history and geographical
locations.

Although YouTube content changes over time, our analysis represents the state of
the videos at one specific time [41].

Only videos directly accessed on YouTube upon searching for ‘Prostate cancer—exer-
cises—pelvic floor’ were included in this study. External links from other medical-related
websites were excluded in our analyses.

As a massive Internet-based platform, YouTube searches are continuously evolving
as new videos are constantly being uploaded, viewed, and rated. Furthermore, our search
was limited to the first 150 videos. As other studies have previously explained, our meth-
odology was designed to replicate the average patient’s search attempt, since most Inter-
net users do not look past the first 50 search results [35].

5. Conclusions

One of the main barriers to the success of any training program is adherence, and
different methods are needed to ensure that users access the most appropriate ones.
YouTube can be a strategy to achieve this. It is a solid and useful source of information,
but a process of verification and validation of the information available on the web is nec-
essary, as well as educational programs to enable society to access the most reliable infor-
mation. YouTube is one of the most important development tools of the eHealth era be-
cause videos are a simple, attractive, and affordable source of information, with great
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dissemination capacity available to the population. The quality of the videos available on
YouTube regarding the recommended exercises for pelvic floor in PC surgery, according
to the scores obtained, is High.

Educational and Health Institutions, as well as Health Professionals, Government
Health Authorities, and legislators, must be involved in the correct development of poli-
cies that improve the information available on the web in order to generate a positive
impact on the healthy behavior of the population.

Future research should develop tools to make it easier for patients to identify the
highest quality videos from a health perspective.
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Abstract: Background: The world is experiencing a pandemic caused by COVID-19. Insufficient phys-
ical activity can increase the risk of illness. Trying to replicate a normal search that any user/patient
could do in YouTube, the objective of this study was to evaluate the quality of YouTube videos
related to home exercises during lockdown and their adherence to World Health Organization (WHO)
recommendations. Methods: A simple search was carried out on YouTube. The first 150 videos were
selected. After applying exclusion criteria, 68 videos were analyzed and evaluated. Two statistical
analyses based on machine learning techniques were carried out. Videos were classified according
to principal component analysis (PCA) models as ‘Relevant” and ‘Non-Relevant’. Popularity was
assessed using the video power index (VPI). Information’s quality and accuracy were gauged using
the DISCERN scale and global quality score (GQS). Reliability and credibility of information that can
be found on health-related websites was assessed using the Health On the Net Code (HONCode).
Exercises were evaluated according to WHO recommendations. Results: DISCERN, HONCode, and
GQS scored a mean of 2.29, 58.95, and 2.32, respectively. The PCA calculation allowed videos to
auto-classify into high- and low-quality videos. Conclusions: The quality of YouTube videos recom-
mending exercises during lockdown is low and doesn’t reflect WHO recommendations. Lffective
strategies and tools capable of indicating the quality of this information are needed to filter out
erroneous or non-rigorous information that may affect people’s health. These tools should help any
user/viewer to distinguish videos of high and low quality.

Keywords: sedentary behaviors; exercises; World Health Organization; COVID-19; YouTube; physical
activity; lockdown; health promotion

1. Introduction

By the end of 2019, a novel coronavirus known as SARS-CoV-2 (COVID-19) suddenly
arose in Wuhan, China [1]. This virus manifests as pneumonia due to the fact that it
attacks the lower part of the respiratory tract in humans [2]. An international public health
emergency was declared on 31 January 2020. As of 14 April 2022, COVID-19 caused over
500,186,525 confirmed cases and over 6,190,349 deaths after being spread worldwide [3].

Most countries have adopted mandatory home lockdown policies. However, pro-
longed periods of time at home can make staying physically active a major challenge [4].
WIIO defines physical activity (PA) as any movement of the body produced by its muscles
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that requires energy consumption, including exercise and other activities that include phys-
ical movement and are conducted as part of play, work, active transport, household chores,
and leisure activities [5]. Self-quarantine and prolonged stays at home could be sources of
added stress and could also pose challenges for citizens’ mental health, contributing to anx-
iety and depression symptoms [6], as well as increase other health risk behaviors. During
the COVID-19 [7] lockdown, a proactive health strategy should be focused on avoiding
sedentary behavior. In addition, insufficient PA constitutes the fourth most important risk
factor for mortality (6% of deaths worldwide) and severely influences the prevalence of
non-communicable diseases (for example, cardiovascular diseases, diabetes, or cancer).
It also has other risk factors, such as hypertension, blood glucose excess, or becoming
overweight [8]. In fact, insufficiently active people have an increased risk of death of 20% to
30%, compared to people who are active enough and have worsened wellbeing and quality
of life [4].

Very few guidelines targeting public health in general consider PA routines on a
daily basis for people that live in different levels of isolation during the COVID-19 pan-
demic [9]. Home exercise, through simple, safe, and easily implementable exercises, is
well recommended to maintain good fitness levels. These exercises should include, but not
be limited to, activities for strengthening, stretching, and improving balance and control
and/or a combination of them [10]. WHO recommends, in a guide published on its website,
for confined people without any respiratory illness or suspect of it, 150 min a week of
moderated-intensity PA or 75 min a week of higher-intensity PA, or both options combined.
In addition, WHO recommends to “Follow an online exercise class. Take advantage of the wealth
of online exercise classes. Many of these are free and can be found on YouTube. If you have no
experience performing these exercises, be cautious and aware of your own limitations” [4].

The use of exercise videos and eHealth, oriented to the encouragement and the delivery
of PA through internet, social networks, TV, and mobile technologies are feasible options
to maintain mental health and physical fitness during these important periods [10]. As of
3 March 2020, an estimated 58.7% of the world population had access to the internet [11].
In this situation, YouTube attracts 95.0% of all internet users. With much more than
30 million daily users, it is the biggest video website in the world [12]. It has 122 million
daily active users, 1 billion hours watched daily, and it attracts about 44% of all internet
users [13]. However, there is no data about the quality of the available eHealth and exercise
videos, which is particularly relevant in this lockdown period due to COVID-19. Uploaded
videos with health content coming from different sources present the risk of showing
misleading and inaccurate information to users [14], and the authorship, the quality, and
the validity of the information in the videos are essential topics to be considered [12].
In fact, many healthcare professionals and different public authorities have expressed
their concerns about the quality and the veracity of the information that can be found on
this website.

The objective of this study was to evaluate the quality of YouTube videos related
with home exercises during lockdown and their adherence to World Health Organization
(WHO) recommendations.

2. Materials and Methods
2.1. Search Strategy

On 3 November 2020 a search on https:/ /www.youtube.com (accessed on 3 November
2020) was carried out using this specific search term: “COVID Exercises Home”. Our aim
was to evaluate the quality of YouTube videos related to home exercises during lockdown
and their adherence to WHO recommendations after replicating a simple search process
that could be performed by any individual user. No filters were applied in order to
avoid limiting the search, so YouTube was permitted to sort video results by relevance in
accordance to its ranking algorithm active on that particular day.

The 150 videos that appeared in first order for viewers were considered for this study.
They were listed in a spreadsheet for coding them (using the video URLs) and submitted to
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a duplicates screening (21 duplicated videos were excluded). The exclusion criteria were
also applied by the researchers.

The exclusion criteria were applied to the 129 videos that remained after duplicates
were removed. These exclusion criteria were: (a) non-English language videos were
removed; (b) videos that didn’t show exercises were not considered; (c) videos with adver-
tisements were also removed. During the analysis, one of the videos was removed by the
platform, so the final result was 61 excluded videos. Finally, 68 videos were independently
viewed, analyzed and evaluated by two different researchers (Figure 1). These examiners
were each members of a research group at their corresponding universities with long and
intensive experience in health topics research.

e
< 5 F i
,._O‘ Videos identified
8 through database searching
g (n=150)
=
]
- l
e/
PR Videos after duplicates removed
(n=21)
2
[
® ]
-
@ Videos screened Records excluded
(n=129) " (n =60)
—
A
Videos assessed for Videos excluded by
2 eligibility > platform
Z (n=69) (n=1)
2
w
'
= Videos included in
qualitative synthesis
(n=68)
3 ,
3
b+ Videos included in
£ quantitative synthesis
(meta-analysis)
(n=68)
—

Figure 1. Flow diagram. From [15].

2.2. Outcome Measures

For each video, its descriptive characteristics were collected, such as number of
views (view counts), likes and dislikes received, continent of origin, number of days
online and their publication date, the author of the video, and its duration (length in
minutes and seconds).

Based on their author (source of production), videos were classified into seven groups:
health organizations (hospital /clinic), healthcare workers, non-healthcare workers, aca-
demic institutions, media (newspaper, TV...), non-governmental organizations (NGO), and
sports institutions.
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The data referring to the type of target audiences were collected as children, adults,
elderly (third age), or all of them, and it was noted if the user had any previous pathology.

Videos were also codified according to their continent of origin (Australia, America,
Africa, Asia, and Europe), if the exercises required any kind of material (help/support)
to carry them out (professional or home), and the type of exercise (physical, psychic, or
physical and psychic).

Exercise time was calculated by multiplying days per week and the recommended
exercise time on each video and was classified according to meeting WHO recommenda-
tions for exercises during lockdown (150 min/week of moderate exercise, 75 min/week
of vigorous exercise or both combined) [4]. The number of exercises contained in each
video that agreed with the 12 exercises during lockdown recommended by WHO were also
collected [4].

Video popularity was determined by the use of the video power index (VPI) (likes
count/(dislikes count + likes count)) x 100)] [12,14,16] and the view ratio (VR) (view counts
per days online) [17].

The reliability and the educative quality of the 68 selected videos were evaluated by
the DISCERN [18] scale and the global quality scale (GQS) [19]. A modified five point
DISCERN tool [20] was used, which was adapted from the original. It consists of 5 different
questions, and one point will be received if the video fulfills that topic or zero points if it
does not. The original questionnaire known as the “Quality Criteria for Consumer Health
Information” was developed by the “Public Health and Primary Care Division” of Oxford
University (London) to assess the information quality of treatment choices regarding health
issues, and it was published for the first time in 1999 [21]. DISCERN scores between 4
and 5 points are sorted as “Very High”, between 3 and 4 as “High”, between 2 and 3 as
“Average”, between 1 and 2 as “Low”, and “Very Low” between 0 and 1. Higher scores in
the scale indicate higher levels of quality of the information [21].

GQS evaluates the overall quality of resources that can be found online. Each of
the five criteria that can be identified in a video can receive one point, 5 points being the
highest educational quality [19]. GQS incorporates the quality of the information and its
accessibility, the general information flow, and how helpful it would be for any user [17,22].
The classification scale used was the same as for the DISCERN scale (from “Very Low” to
“Very High”).

All the videos were also evaluated with the HONCode tool, which was developed
by the Health on the Net Foundation [23,24], a nonprofit organization accredited by the
United Nations, who elaborated the code of conduct in order to standardize the reliability
of online medical/health information [24,25]. HONCode is the most frequently used
assessment tool [26] for reliability and credibility of the information that can be found on
health-related websites and its certification is submitted to an annual review process made
by the HON-Foundation, who also responds to any violation reported by internet users.

The HONCode is not aimed to grade the information quality that is contained in a
website, but rather establishes a series of rules in order for website publishers to comply
with basic ethical standards of information delivery and to help ensure that visitors are
always aware of the purpose and the source of the data they are viewing. It is constituted
by a group of parameters about the reliability and credibility of the information that can be
found in health-related websites. It is based on 8 principles determining the reliability of
web pages and it can score from 0% to 100% [25].

The mentioned principles are as follows: principle 1 is about “Authority” and it
checks the authors” qualifications; principle 2 checks the “Complementarity” regarding the
information to support and not to replace; principle 3 is about “Confidentiality”, regarding
the respect the site users’” privacy; principle 4 checks the “Attribution”, i.e., the citation of
the dates and sources of the medical information; principle 5 is about “Justifiability”, that
is, the justification of claims and if they are balanced and objective; principle 6 checks the
“Transparency” regarding accessibility and the delivery of valid contact details; principle 7 is
about “Financial disclosure”, and it checks if funding details are provided. Finally, principle
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8 checks the “Advertising”, i.e., if it distinguishes advertisements in a clear way from the
editorial matter [25].

2.3. Statistical Analysis

On the dataset, two different statistical analyses were carried out: The first of them,
which was modeled on techniques of machine automated learning, considers a problem of
binary classification. It divides, using principal component analysis (PCA) [27], the dataset
into two groups: “C1” or “Relevant Videos” and “C2” or “Not Relevant Videos”. With PCA,
the main information in a set of data can be visualized and described by multiple and
interrelated variables. The information of any dataset is matched with the total variation.
So, PCA finds some directions (known as principal components) where the variance is
maximized in the data. It is very useful for extracting the most important information from
a set of data and it expresses the information referred to the new group of variables (or
principal components). With this, PCA shrinks the number of dimensions of a set of data to
a smaller number of dimensions or principal components. For this study, two dimensions
were enough to bundle the data to be represented graphically, with a minimal forfeiture of
the information of the original dataset.

The aim of the first statistical test is to establish which variables distinguish in the
best way the groups into which videos are divided. The matter of this classification was
checked in three situations according to these variables:

L DISCERN: Videos classified in the “C1/Relevant Videos” group are the samples
whose scores were bigger than the mean; the opposite was defining the second
group, “C2”.

II. Exercises number: Comparable with the preceding variable.

1. PCA: The binary variable defines both groups after a principal component analysis
with a k-means algorithm. With this, C1 and C2 groups are defined by information
variability with no loss of previous information. Accordingly, no information is
lost when the dimensions are reduced to only two PCA, in this case.

For these analyses, a grouping algorithm was used to obtain the least number of
dimensions that best divides the videos into two different clusters. Precision was estab-
lished by Leave-One-Out Cross Validation (LOOCV) with the use of the “Nearest Neighbor
Classifier”. Fisher’s ratio (FR) was used to determine the variables” power of discrimination.
The higher the Fisher’s ratio is, the more discriminatory they are, which is a consequence
of their low intraclass dispersion and their high interclass distance. In the case of a binary
classification, the FR of a variable “j” is determined by:

(#p — P,2)2
op® +op?

where yi;; is the measurement of the mass center of the distribution of probability of the
variable “j” in group “i” (i = 1, 2), while 0}; is the measurement of the dispersion inside
that group.

Apart from FR, the Spearman, Kendal, and Pearson correlation factors were also calcu-
lated for them according to the determined classes. These additional factors disclose the im-
portance, or discrimination power, of these variables according to the classification criteria.

The second statistical analysis used the Wilcoxon test and the t-test, showing the
significance of the differences among both groups according to each variable’s point of view.
This second test determines how relevant the variables are according to the v classification
of the videos within group “C1” and group “C2”, for all three situations. A t-test establishes
whether the mean of a variable in a group has a significant difference with respect to the
other. The HO, or null hypothesis, considers no such difference among these groups. If
the result of the test is 1, it shows a big enough evidence that it rejects the HO hypothesis,
while if the result is 0, such HO will be accepted. The accepted level of error probability or
statistical significance is « < 0.05. Regarding the Wilcoxon test, it determines the difference
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among every set of couples and it tests this difference. According to this, its HO or null
hypothesis considers the equivalence between population medians for both videos” groups
“C1” and “C2".

According to principal components analysis, Henri Kaiser (1970) presented a measure
of sampling adequacy (MSA) for factor analytic data matrices that was subsequently
adapted by Kaiser and Rice (1974). It is the function of the square of the elements of the
matrix when they are compared to the original correlations” squares. This factor, renowned
as the Kaiser-Meyer-Olkin (KMO) index, is considered as “Unacceptable” if it is under
0.50, “Miserable” among 0.50 and 0.60, “Mediocre” if it is more than 0.60 and less than
0.70, “Middling” among 0.70 and 0.80, “Meritorious” for 0.80 to 0.90, and if it is more
than 0.90 (and less than 1.00) it is classified as “Marvelous” [28]. The KMO test was used
to determine the multivariate normality and the sample adequacy. With the objective of
evaluating the validity of the construct, the sample suitability for factor analysis was made
using Bartlett’s test of sphericity [29]. Additionally, the statistical power of the statistical
analysis carried out was checked through the combination of the PCA analysis and the
KMO index.

DISCERN, HONCode, GQS, and number of exercises, regarding PCA1, show a Pearson
correlation factor of 0.867, 0.791, 0.964, and 0.504, respectively, with a p-value < 0.01, which
denotes a high statistically significant relation.

For the assessment of the concordance between examiners, the intraclass correlation
coefficient (ICC) analysis was performed with confidence intervals (CI) of 95% considering
a two-way random model, mean rating (k = 2) consistency, and the method of Pearson’s
correlation. The significance level was fixed at p < 0.05. With a confident interval of 95%,
values resulting from the ICC calculation under 0.5 mean a “Poor” reliability, “Moderate”
for values between 0.5 and 0.75, “Good” between 0.75 and 0.90, and “Excellent” reliability
for values higher than 0.90 [30].

3. Results
Characteristics of Videos

The majority of the analyzed videos were created by non-healthcare workers (47%)
and sports institutions (25%). Those produced by healthcare workers and media share
a percentage of 9%, respectively, academic institutions reached 6% and, finally, videos
produced by health institutions reached 4% of the total. As for the origin, 63% of the videos
were made in America, followed by Europe (19%), Asia (15%) and, finally, Africa and
Australia with 1% each.

The target audiences for which the videos are intended are mostly adults (80.9%).
We found that videos intended for children reached only 1.5% of the total, 5.9% for the
elderly, and 11.8% for all audiences. Of the total, only 1.5% of the videos are intended
for users with some type of pathology. To carry out the exercises, the authors do not
use any type of material in 39.7% of the videos, in 29.4% of them some kind of domestic
material is used, and in 30.9% of the cases the author uses professional material. The data
collected regarding the exercises’ time show that in 75.0% of the videos, they did not adjust
to the time recommended by WHO for this type of activity, compared to 25.0% of them
that did adjust to it. The inter-reviewer agreement for this study scored 0.9299, which
points to the concordance between both examiners for a categorization as “Excellent”.
The Kaiser-Meyer-Olkin measure for the adequacy of the sample (KMO index) for the
PCA was performed to check the sample size compliance before applying the analysis of
factors. The KMO measure is a test that is used to decide whether a group of samples
are suitable for conducting factor analysis, and it is calculated in terms of the correlation
and partial correlation between the variables. The result of this test showed that the KMO
value reached 0.845. According to this, it can be determined that the size of the sample was,
according to Kaiser, “Meritorious” for this dataset. This KMO measure also indicates the
power of statistical analysis that was carried out.
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The sphericity test of Bartlett (BST) [29] was performed to determine if there is an
intra-correlation between the dataset variables considering partial correlations. It unveiled
that there was a statistically significant relation (x> = 142.577; p < 0.001), so the sample
had a good adequacy for factorized analysis, the data shows a good appropriateness for
statistical-related assumptions according to multivariated normality and the data were not
comprising an identity matrix. So, it can be concluded that, due to the fact that the calculated
X2-test resulted as significant, the data matrix could be determined as appropriate. The
applicability of the construct was confirmed due to the fat that the varimax rotation method
and the extraction method were combined in the PCA analysis. The total variance explained
with this PCA analysis was 85.507%.

The data used for each video were the mean of the scores assigned by each of the
independent researchers, including the HONCode, GQS, and DISCERN scores. According
to these scores, the DISCERN mean was 2.29 (SD 0.71), HONCode scored a mean of
58.95 (SD 12.89), and GQS had a mean of 2.32 (SD 0.86). Descriptive statistic basic data of
the mean results for HONCode, GQS, and DISCERN are shown in Table 1.

Table 1. Descriptive statistics of the videos.

Descriptive Statistics
(Mean + Standard Deviation)

Video length (minutes) 10:37 £ 10:55
View count (1) 59,565 + 229,286
Days online (1) 423 +13.6

View ratio (Views/day) 1326.62 + 4860.72

Likes () 2275 + 9575
Dislikes (1) 29 +£105
Likes ratio (likes /day) 50.75 + 205.78
Dislikes ratio (dislikes/day) 0.67 + 2.29
VPI (%) 97.33 + 3.66
Subscribers (1) 238,278 + 680,369
DISCERN score 2.29 +£0.71
HON score 58.95 + 12.89
Global quality score 232+ 086

Regarding the scores of the videos in the different questions that DISCERN applies
(considering mean =+ SD), it is remarkable that question 1 scored highest (0.93 + 0.17);
followed by question 3 (0.77 + 0.36) and, then, question 5 (0.25 4- 0.32). The lowest scoring
questions were question 4 (0.24 £ 0.33) and question 2 (0.10 + 0.28). Overall results were
2.29 + 091 with a median of 2.25 (min 0.50; max 4.50).

Regarding the mean scores for DISCERN, videos’ reliability performed in 27.9% of
the cases as “Very Poor”, in 45.6% of them as “Poor”, 17.6% as “ Average”, 8.8% as “High”,
and there was no video with a “Very High” score. However, referring to the mean GQS,
the videos” quality performed in 22.1% of the cases as “Very Poor”, in 54.4% as “Poor”, in
14.7% as “Average”, in 8.8% as “High”, and no “Very High” videos were found.

The coefficients of Pearson’s correlation for all variable’s referred to DISCERN score
were also calculated. These calculations show the discrimination power (relevance) of the
rest of the indicators considering a level of significance of <0.05 (Table 2).

Page 155]199



VNIVERSITAT [~ o
VALENCIA @

] Facultat e [Fisioterapia

Int. . Environ. Res. Public Health 2022, 19,8016 8 of 14

Table 2. Coefficients of Pearson’s correlations of each variable’s referred to DISCERN score.

DISCERN * Pearson Coefficient Std Error t p— Value ** Lower Upper
VPI —0.1593 0.1215 —13.108 0.1945 —0.4019 0.0833
Views per day 0.2296 0.1198 19.168 0.0596 —0.0096 0.4688
Likes per day 0.2171 0.1202 18.069 0.0753 —0.0228 0.4570
Dislikes per day 0.2234 0.1200 18.615 0.0671 —0.0162 0.4629
GQs 0.9158 0.0494 185.266 <0.001 0.8171 10.145
HONCode 0.6055 0.0980 61.813 <0.001 0.4099 0.8011
Exercises 0.5397 0.1036 52.077 <0.001 0.3328 0.7466

* Pearson’s correlation coefficients (i-test—2 tailed). ** « = 0.05.

Regarding the relation between the author and the videos’ reliability, considering
DISCERN scores, videos produced by healthcare workers show the highest scores (3.58),
followed by academic institutions (3.25), health institutions (2.83), media (2.50), sports
institutions (2.41) and, with the lowest score, non-healthcare workers (1.78). Similarly,
according to the other variables referring to educational quality, GQS, and videos whose
authors are healthcare workers also showed higher scores (3.50), followed by health institu-
tions (3.33), academic institutions (3.63), sport institutions (2.44), media (2.42) and, finally,
non-healthcare workers (1.84). This data (with the corresponding SD of each of them) is
showed in Table 3 with the views ratio scores too. It also can be seen in Table 3 that the top
scores in GQS and DISCERN scales were found in videos whose origin was Australia (3.50
in both cases), followed by those produced in Europe (2.58 and 2.54, respectively), Asia
(2.25 and 2.30), America (2.20 and 2.24), and Africa (2.00 for both scales).

Table 3. Author and origin variables related with DISCERN, GQS, HONCode, and views ratio.

DISCERN GQS HONCode Views Ratio

Mean SD Mean SD Mean SD Mean SD
Academic institution 3.25 0.82 3.00 1.00 66.63 19.70 280.39 156.30
Sports institution 241 0.69 244 0.56 60.62 1549 328.83 834.05
Media (newspaper, TV) 2.50 0.52 242 0.00 58.50 1190 2164.23 317115
Source Health institution 2.83 0.58 3.33 1.00 7233 1217 27230 343.12
Non-healthcare workers 178 0.53 1.84 0.69 53.06 15.23 2172.89 6861.22

Healthcare workers 3.58 0.82 3.50 0.82 74.25 1451 27.31 21.07
TOTAL 2.29 0.71 232 0.86 58.95 1289 1326.62 4860.72

Africa 2.00 0.00 2.00 0.00 63.00 0.00 1907.49 0.00
America 2.20 0.73 2.24 0.80 56.80 18.00 1532.59 5708.68
» Asia 2.25 048 2.30 0.74 61.85 10.15 825.62 2414.64

R Australia 3.50 0.00 3.50 0.00 69.00 0.00 60.24 0.00
Europe 2.58 097 2.54 1.03 62.73 2091 1083.46 3590.75
TOTAL 2.29 0.71 2.32 0.86 58.95 1289 1326.62 4860.72
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Regarding the five classes in which DISCERN distinguishes the videos, their VPI
scores were as follows: videos that scored “Very Poor” in DISCERN had a VPI score
of 97.37, videos that scored “Poor” in DISCERN had a VPI of 97.96, videos that scored
”Average” in DISCERN had a VPI score of 96.53, videos that were “High” in the DISCERN
score had a VPI score of 95.61, and there were no videos classified as “Very High” for
DISCERN. No correlation with statistical significance was found between GQS-VPI and
between DISCERN-VPI scores (p = 0.194 > 0.05 for DISCERN and VPI; p = 0.270 > 0.05 for
GQS and VPI).
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Referring to the number of exercises coinciding with those recommended by WHO
(12 exercises), no video contains more than 5 exercises; out of those 12, only 1% of them
contain 4 and 5 exercises, respectively, 25% contain 3 exercises, 26% contain 2, 31% contain
1 exercise, and 15% of the videos do not contain any of the recommended exercises. That
is, the videos that contain two or less exercises represent 72% of the total and the videos
that contain more than two exercises represent 28% of the total. Videos with two or less
exercises obtain a DISCERN mean of 2.02, a HONCode mean of 55.52, GQS mean 2.08,
views ratio mean of 685.43, likes ratio mean of 22.23, dislike ratio mean of 0.30, and a VPI
mean of 98.06. Videos that include more than two exercises receive a DISCERN mean of
3.00, HONCode mean of 67.79, GQS mean of 2.95, views ratio mean of 2980.21, likes ratio
mean of 124.32, dislike ratio mean of 1.62, and VPI mean of 95.46 (Table 4).

Table 4. Descriptive statistics referred to the number of exercises shown in the videos.

Number of Exercises

<2 >2
(©-1-2) (3-4-5) ol
1 (%) 72.06 27.94 100%
DISCERN Mean 2.02 3.00 2.29
SD 0.65 0.83 0.71
HONCode Mean 5552 67.79 58.95
SD 16.68 10.33 12.89
GQs Mean 2.08 295 2.32
SD 0.72 0.92 0.86
3 . Mean 685.43 2980.21 1326.62
Views ratio
SD 2751.60 8156.53 4860.72
. . Mean 22.23 124.32 50.75
Likes ratio
SD 100.99 358.01 205.78
Dislikes ratio Mean 0.30 1.62 0.67
SD 1.23 3.85 229
VPI Mean 98.06 95.46 97.33
SD 2.78 490 3.66

Regarding the PCA outlook of the statistical assessment, if it is considered a graphical
representation of the coordinates of each video in a coordinate system where the axes are
the principal components, it can be seen that videos are grouped naturally and clearly
(Figure 2), with no bias or manual intervention, in two clusters of points. These two
clusters include those videos with higher scores in GQS, number of exercises, DISCERN
and HONCode and in one cluster (C1), and videos with lower scores in the other cluster
(C2) (Figure 2).
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PCA - Principal Component Analysis
(Varimax Rotation Method with Kaiser Normalization)
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Figure 2. Principal component analysis graphical auto-classification of the videos.

4, Discussion

The objective of this study was to evaluate the quality of YouTube videos related to
home exercises during lockdown and their adherence to WHO recommendations. Ac-
cording to this, the main findings of the present research is that the existing videos on the
YouTube platform related to PA during lockdown are of low quality and lack concordance
with WHO recommendations.

Importantly, based on the data obtained, it seems that the videos related to PA dur-
ing lockdown available on this platform are not produced by professionals, nor do they
present reliable information since the majority of them were developed by non-healthcare
workers (47%), while the academic institutions and healthcare workers only constituted
6% in both cases. This information is consistent with other research indicating that these
health institutions are underrepresented in publishing videos related to health informa-
tion [16] and reporting that the majority of the examined YouTube videos about breast
self-examination are uploaded by individual users [22]. Regarding to DISCERN ratings,
reliability and quality of most videos (73.5%) was found to be “Very Poor” (27.9%) and
“Poor” (45.6%). Similar scores were obtained in the majority of videos (76.5%) for GQS
(22.1% and 54.4%, respectively). There is a relation with statistical significance between
GQS and DISCERN measures (Table 2). The present results highlight that caution should
be taken when consuming online exercise classes in spite of the encouragement provided
by the WHO in this regard.

HONCode is related to the ethics of the information presented and also with the infor-
mation quality and reliability [26], which agrees with our study, that shows a relation with
statistical significance between HONCode and DISCERN measures (Table 2). Additionally,
videos uploaded by healthcare workers presented higher scores in GQS, HONCode, and
DISCERN scales, followed by videos made by academic institutions and health institutions.
These data are consistent with other studies indicating that the YouTube channels of uni-
versities produced those videos with the most precise information [31]. The lowest figures
in terms of educational quality and reliability are those videos made by non-healthcare
workers, which are, on the other hand, the most numerous (Table 3).

The views ratio shows the highest figures in videos that scored “High” in the DISCERN
scale, which indicates that users mostly view high-quality videos (despite the fact that
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the quantity of these videos is low). Similar information was reported by the study of
Sood et al. where helpful videos have many more visitors than deceptive videos [31]. Those
videos with “Poor” quality score in the DISCERN scale achieve the highest scores in video
popularity—VPI (97.96%)—while videos with “High” DISCERN score receive the lowest
VPI (95.61%). These data agree with another study where videos that obtained the highest
VPI scores had the lowest reliability values [32]. Moreover, according to another study, no
correlation with statistical significance was identified between DISCERN, GQS values, and
VPI scores [12].

Regarding the length of the videos, the results of this study agree with the literature;
research videos averaged 10:37 min and preceding research found length means from 6:17
to 10:35 min [33]. Interestingly, only 25% of the videos follow the WHO recommendations
regarding weekly exercise time, while 75% of the videos do not. In addition, in 39.7% of
the videos, the exercises are performed without material, and in 29.4% domestic material
is used. In the remaining 30.9% of the videos, the user requires some kind of technical
material to carry out the exercises that does not fit with the WHO recommendations.

Analyzing educational quality and reliability, videos containing two or more recom-
mended exercises show higher scores in DISCERN and GQS scales than videos containing
two or fewer exercises, despite these being the most numerous (72% of the total). The
same occurs in terms of the activity duration, since the videos that coincide in with WHO
recommendations for exercise length are the best valued in these scales. That is, the videos
that best fit the recommended characteristics in exercise type and completion time are the
ones that obtain the best quality and reliability scores.

WHO recommends a series of 12 exercises, but none of the analyzed videos contain
more than 5 of those. Of the total, 31% of the videos contain one exercise, 26% contain two
exercises, 25% contain three, 15% of the videos do not indicate any of the recommended
exercises, 1% contain four exercises, and another 1% contain five exercises. These figures
show little coincidence between the recommendations of an organization such as WHO and
the information that is available at user level in the platform that this organization specifi-
cally recommends on its website. According to Jamal et al., who systematically reviewed
the effect of health information systems (HIS) on health care quality and did not find
enough evidence of clinical or statistical relevant improvements in patient outcomes [34],
recommendations such as those made by WHO don’t achieve the expected improvements
in patients because, in this case, these recommendations are not delivered to users. Since
international health organizations such as WHO recommend a series of home exercises
for quarantine periods to keep people’s health in a good situation and they suggest that
people can find videos on YouTube where these exercises are explained, these organizations,
such as WHO in this case, should verify whether their recommendations are met on the
video platforms on internet where they suggest that their recommended exercises are better
explained. These recommendations are focused on being physically proactive, avoiding
inactive conduct and levels of PA similar to a sedentary lifestyle. This kind of behavior
could lead to adverse impacts on the health, quality of life, and well-being of people. Since
WHO prepared a list of home exercises as recommendations for people in lockdown, and
in these recommendations it is mentioned that they can be found on online exercises classes
where many of them are free, such as YouTube, WHO should stablish some kind of control
to check if their own advice is met on the platforms that they specifically mention.

Biomedical institutions and public organizations should consider if YouTube supplies
viewer and (possible) patients with precise and useful data, or if its videos” contents
are possibly damaging and deceptive. These data agree with other authors stating that
the data found in YouTube videos often contradict the medical recommendations and
standards [35]. According to this, medical organizations and authorities should review the
relevance and precision of the information that can be found on internet and should offer
their help to society in accessing the most precise information [12]. All this data should
be institutionally filtered. In fact, in 2001, Loretti et al. published that the WHO must
improve its own performance [36], and 19 years later, with the development of eHealth
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and the use of the internet as one of the most broad information suppliers used, this need
is even more important. The strategies necessary to develop reliable online information
bring about the need to create tools that assess its quality and, although some were already
developed by different scientific associations and organizations such as the American
Medical Association (AMA), the Internet HealthCare Coalition, or the Health-On-the-
Net Foundation (HON) [32], YouTube does not apply them despite the fact that many
researchers suggest that confidence-worthy medical institutions and organizations should
have more presence on YouTube and supply useful data that patients can trust [35].

After performing these two statistical analyses, the PCA calculation with the KMO
index allows the videos to auto-classify into two clusters (C1 and C2, high and low quality
videos, respectively) without losing any information of any variable of the study. All the
variables are combined, through the PCA methodology, into two new variables that contain
all the information of the initial variables. According to this, the quality of the videos can be
assessed attending only to these new variables, which makes the assessment much quicker,
easier, and with no lost of information, which represents an enormous advantage when
performing this kind of analyses, also because the p-values show a relationship with high
statistical significance.

The statistical strength of these two analyses is so great that it permits the self-
classification of the videos, considering all their characteristics (quality among them),
using only two variables (the principal components) which incorporate the data of the
totality of the variables considered in this research.

Limitations

In order to simulate standard user behavior, searches were not conducted as incognito
in order to prevent the effects of geographic location and browsing history that could limit
the results because some users/viewers can make this kind of modification.

This research shows the status of YouTube content at a given moment [32], due to the
fact that it is a website that evolves constantly. Furthermore, the results of this study can
only be considered for this website since it only takes this one into account, as mentioned
in the selection criteria.

Additionally, because the study tried to reproduce the typical user’s search behav-
ior [32], only the first 150 results were considered due to the fact that most internet visitors
do not search beyond the first 50 results.

In this research, no viewers/consumer characteristics or intentions were evaluated
when watching the videos. Furthermore, no video comments were considered from the
comments section that YouTube adheres to each video.

5. Conclusions

The quality of available videos in YouTube concerning PA during lockdown is low
and does not reflect WHO'’s recommendations. Organizations should consider if YouTube
supplies viewers and (possible) patients with precise and useful data or if its videos’
contents are possibly damaging and deceptive. Effective strategies and policies capable of
indicating the quality of this information are needed to filter out erroneous or non-rigorous
information that may affect people’s health. These tools should help any user /viewer to
distinguish videos of high and low quality.
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Lorenz’s attractor for deterministic nonlinear dynamic systems figure
(Butterfly effect in the Chaos Theory)

“In the midst of chaos, there is also opportunity”
Sun-Tzu
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Logo used by UNESCO on November 24" 2021, when the Recommendation on the Ethics of

Artificial Intelligence was adopted by UNESCO’s General Conference at its 41st session.

L9

“Ethics and Science need to shake hands

Richard Clarke Cabot
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10. Ethics Commission approval
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Absortion spectra graph presented in the most cited article of all time
(Lowry OH, Rosebrough N7, Farr AL, Randall RY. Protein measurement with the
Folin phenol reagent. 7 Biol Chem. 1951 Nov;193(1):265-75. PMID: 14907713.)

“It is not necessary to be a genius to contribute to science”

Oliver H. Lowry
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