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Have you heard of tiny Melinda Mae
who ate a monstrous whale?

She though she could,

she said she would,

so she started in right at the tail
/o /

.. And in eighty-nine years she ate that whale

because she said she would!

Shel Silverstein
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Resumen

1 Resumen

1.1 Resumen

Antecedentes

Las revisiones sistematicas (RS) utilizan un método sistematico y explicito para sintetizar la evidencia
que responde a una pregunta de investigacion especifica. La diversidad, complejidad y dispersion de
recursos y métodos disponibles para su desarrollo hace necesario identificar, organizar y poner en
practica los mejores recursos y los mas apropiados para cada tipo de pregunta de investigacién.

Objetivos
Los objetivos de este trabajo de tesis son describir y aplicar distintas técnicas de revisidon para la

evaluacion de la atencién sanitaria en cuestiones de prevalencia, prondstico, exactitud diagndstica e
intervencion.

Métodos

Se han realizado cuatro trabajos con diferentes metodologias: 1) una compilacién de recursos para la
realizacion de revisiones sistematicas de prevalencia, pronostico, exactitud diagnostica y de
intervencién, 2) una RS sobre el efecto de los programas de ejercicio en la funcién fisica de la
poblacidon mayor fragil; 3) una RS Cochrane sobre el efecto de la fisioterapia respiratoria en la
bronquiolitis aguda del lactante, y 4) una RS Cochrane de la exactitud diagndstica de la prueba PET-CT
para identificar la afectacion de los ganglios linfaticos toracicos en pacientes con cancer de pulmén de
célula no pequefia (NSCLC) potencialmente resecable.

Resultados

En la compilacién de recursos se identificaron manuales metodologicos desarrollados por la
Colaboracion Cochrane para desarrollar RS de exactitud diagndstica y RS de efectos de las
intervenciones. Asimismo, se identificaron manuales del Joanna Briggs Institute para desarrollar RS
pronostico, y manuales del grupo GRADE para la evaluacién de la calidad de la evidencia en la mayoria
de tipos de RS. Los manuales identificados se complementaron con estudios primarios y guias de
presentacion de informes.

En la RS de fragilidad se identificaron 19 ensayos aleatorizados, 12 comparaban el ejercicio con un
control inactivo. La mayoria de los programas de ejercicio eran multicomponentes. En comparacion
con las intervenciones de control, el ejercicio mejora la velocidad normal y rapida de la marcha, y el
rendimiento fisico. No se obtuvieron resultados concluyentes para los desenlaces de resistencia,
equilibrio y movilidad funcional. La evidencia que compara diferentes modalidades de ejercicio es
escasa y heterogénea.

En la RS de la fisioterapia respiratoria, se incluyeron 12 ensayos aleatorizados, que compararon
fisioterapia con ninguna intervencion. Las técnicas de espiracién pasiva forzada no mostraron un
efecto beneficioso en pacientes con bronquiolitis grave y estan relacionadas con un mayor riesgo de
desestabilizacion respiratoria transitoria y vomitos durante el procedimiento (evidencia de alta
calidad). Se necesita mas evidencia de calidad sobre el efecto de las técnicas de espiracion pasiva
lenta, y las técnicas de espiracion pasiva forzada en pacientes con bronquiolitis leve a moderada
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En la RS del estadiaje del NSCLC, se incluyeron 45 estudios que evaluaron la prueba PET-CT en 6095
participantes. Los hallazgos respaldan las recomendaciones actuales, segun las cuales, la PET-CT es util
para el estadiaje ganglionar de los pacientes con NSCLC potencialmente resecable, pero por si sola es
insuficiente para tomar decisiones sobre tratamiento quirdrgico, y puede ser necesario
complementarla con una biopsia.

Conclusiones

Aunque existen manuales y recursos metodoldgicos para desarrollar RS de los principales tipos
epidemioldgicos, es necesario profundizar en algunos aspectos poco desarrollados como la valoracion
del riesgo de sesgo en RS de prevalencia, la valoracién de la calidad de la evidencia en RS de
prevalencia y modelos pronodstico, o las guias de reporte para las RS pronosticas.

También es conveniente que las RS publicadas incorporen una politica de actualizacion, y falta mas
evidencia sobre los criterios que deben regir las politicas de actualizacién (basadas en procesos de
priorizacion o en criterios temporales).
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Resumen

1.2 Resum

Antecedents

Les revisions sistematiques (RS) utilitzen un métode sistematic i explicit per sintetitzar I'evidéncia que
respon a una pregunta d'investigacio especifica. La diversitat, complexitat i dispersié de recursos i
metodes disponibles per al seu desenvolupament fa necessari identificar, organitzar i posar en practica
els recursos millors i més apropiats per a cada tipus de pregunta d'investigacio.

Objectius
Els objectius d'aquest treball de tesi son descriure i aplicar les tecniques de revisid per a I'avaluacio de
I'atencié sanitaria en qliestions de prevalenga, pronostic, exactitud diagnostica i intervencio.

Métodes

S'han realitzat quatre treballs amb diferents metodologies: 1) un recull de recursos per a la realitzacio
de revisions sistematiques de prevalenga, pronostic, precisié diagnostica i d'intervencié, 2) una RS
sobre I'efecte dels programes d'exercici en la funcio fisica de la poblacié fragil d'edat avancada, 3) una
RS Cochrane sobre I'efecte de la fisioterapia respiratoria en la bronquiolitis aguda del lactant, i 4) una
RS Cochrane de la precisio diagnostica de la prova PET-CT per identificar I'afectacié dels ganglis
limfatics toracics en pacients amb cancer de pulmé de céllula no petita (NSCLC) potencialment
resecable.

Resultats

En la compilacié de recursos es van identificar manuals metodologics desenvolupats per la
Col-laboracié Cochrane per desenvolupar RS de precisié diagnostica i RS d'efectes de les intervencions.
Aixi mateix, es van identificar manuals del Joanna Briggs Institute per desenvolupar RS pronostic, i
manuals del grup GRADE per a |'avaluacié de la qualitat de I'evidéncia en la majoria de tipus de RS. Els
manuals identificats es van complementar amb estudis primaris i guies de presentacié d'informes.

A la RS de fragilitat es van identificar 19 assaigs aleatoritzats, 12 comparaven |'exercici amb un control
inactiu. La majoria dels programes d'exercici eren multicomponents. En comparacié amb les
intervencions de control, I'exercici millora la velocitat normal i rapida de la marxa, i el rendiment fisic.
No es van obtenir resultats concloents per als desenllacos de resisténcia, equilibri i mobilitat funcional.
L'evidencia que compara diferents modalitats d'exercici és escassa i heterogeénia.

A la RS de la fisioterapia respiratoria, es van incloure 12 assaigs aleatoritzats, que van comparar
fisioterapia amb no fer cap intervencio. Les técniques d'espiracié passiva forcada no van mostrar un
efecte beneficidos en pacients amb bronquiolitis greu i estan relacionades amb un major risc de
desestabilitzacid respiratoria transitoria i vomits durant el procediment (evidéncia d'alta qualitat). Es
necessita més evidéncia de qualitat sobre I'efecte de les técniques d'espiracié passiva lenta, i les
técniques d'espiracid passiva forcada en pacients amb bronquiolitis lleu a moderada

A la RS de I'estadiatge de I'NSCLC, es van incloure 45 estudis, que van avaluar la prova PET-CT en 6095
participants. Les troballes recolzen les recomanacions actuals, segons les quals la PET-CT és util en
I'estadiatge ganglionar dels pacients amb NSCLC potencialment resecable, pero per ella mateixa és
insuficient per prendre decisions sobre tractament quirdrgic, i pot ser necessari complementar-la amb
una biopsia.

Tesis doctoral - Marta Roqué i Figuls 13



Conclusions

Encara que existeixen manuals i recursos metodologics per desenvolupar RS dels principals tipus
epidemiologics, cal aprofundir en alguns aspectes poc desenvolupats com la valoracié del risc de biaix
en RS de prevalenca, la valoracié de la qualitat de I'evidéncia en RS de prevalenga i models pronostic, o
les guies d'informe per a les RS pronostiques.

També és convenient que les RS publicades incorporin una politica d'actualitzacio, i fa falta més
evidéncia sobre els criteris que han de regir les politiques d'actualitzacio (ja sigui basades en processos
de prioritzacid o en criteris temporals).
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Resumen

1.3 Abstract

Background
Systematic reviews (SR) use a systematic and explicit method to synthesize the evidence that answers a

specific research question. The diversity, complexity and dispersion of resources and methods available
for its development makes it necessary to identify, organize and put into practice the best and most
appropriate resources for each type of research question.

Objectives
The objectives of this thesis work are to describe and apply review techniques for the evaluation of

health care in matters of prevalence, prognosis, diagnostic accuracy and intervention.

Methods

Four studies have been carried out with different methodologies: 1) a compilation of resources for
conducting systematic reviews of prevalence, prognosis, diagnostic accuracy and intervention, 2) a SR
on the effect of exercise programs on the physical function of the frail elderly population, 3) a
Cochrane SR on the effect of chest physiotherapy in acute bronchiolitis in infants, and 4) a Cochrane
SR of the diagnostic accuracy of the PET-CT test to identify thoracic lymph node involvement in
patients with potentially resectable non-small cell lung cancer (NSCLC).

Results

In the compilation of resources, methodological manuals developed by the Cochrane Collaboration to
develop SRs of diagnostic accuracy and SRs of the effects of interventions were identified. Likewise,
Joanna Briggs Institute manuals were identified to develop prognostic SR, and GRADE Group manuals
for evaluating the quality of evidence in most types of SR. The identified manuals were supplemented
with primary studies and reporting guidelines.

In the frailty SR, 19 randomized trials were identified, of which 12 compared exercise with an inactive
control. Most of the exercise programs were multicomponent. Compared with control interventions,
exercise improves normal and fast gait speed, and physical performance. No conclusive results were
obtained for endurance, balance, and functional mobility outcomes. The evidence comparing different
exercise modalities is scarce and heterogeneous.

In the chest physiotherapy SR, 12 randomized trials were included, which compared physiotherapy
with no intervention. Forced passive expiration techniques did not show a beneficial effect in patients
with severe bronchiolitis and are associated with an increased risk of transient respiratory
destabilization and vomiting during the procedure (high-quality evidence). More evidence of good
quality is needed on the effect of slow passive expiration techniques, and forced passive expiration
techniques in patients with mild to moderate bronchiolitis

In the NSCLC staging SR, 45 studies were included that evaluated the PET-CT test in 6095 participants.
The findings support current recommendations that PET-CT is useful for lymph node staging in
patients with potentially resectable NSCLC, but is insufficient by itself to make decisions about surgical
treatment, and may need to be supplemented with a biopsy.
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Conclusions

Although there are manuals and methodological resources to develop SRs of the main epidemiological
types, further research is needed into some yet underdeveloped aspects such as the assessment of the
risk of bias in prevalence SRs, the assessment of the quality of the evidence in prevalence SR and
prognostic models SRs, or reporting guidelines for prognostic SRs.

It is also convenient that the published SRs incorporate an updating policy, and there is a lack of more
evidence on the criteria that should govern updating policies (based on prioritization processes or
temporal criteria).
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The saddest aspect of life right now is that

science gathers knowledge faster than society gathers wisdom

[saac Asimov




Introducciéon

2 Introduccion

2.1 Revisiones sistematicas

En muchas areas del conocimiento la velocidad de generacion de nuevas evidencias empiricas sigue
un ritmo exponencial con una elevada produccion de documentos cientificos dispersos en multitud de
fuentes. Este fendmeno adquiere especial relevancia en el campo de la investigacion biomédica, en el
que existe la necesidad de tomar decisiones sobre aspectos que afectan a la salud de la poblacién,
fundamentados en la mejor evidencia disponible. En este contexto se hace necesario el desarrollo de
metodologias de investigacion que permitan tratar la informacion, dispersa y sin filtrar, para destilar de
ella conocimiento relevante, actualizado y de calidad que fundamente la toma de decisiones en salud.
Las revisiones sistematicas se han erigido como una de estas metodologias de investigacion.

Una revision sistematica (RS) se define como un trabajo de investigacidon que utiliza un método
sistematico, explicito y reproducible para identificar, analizar y sintetizar evidencia empirica, y para
responder a una pregunta de investigacion especifica [1]. Las caracteristicas que hacen que una RS sea
sistematica son la aplicacion de métodos transparentes y reproducibles, la busqueda exhaustiva, la
evaluacién de la calidad de los estudios incluidos, y la sintesis (narrativa o estadistica) de la evidencia
obtenida.

La creacién de la Colaboracion Cochrane en 1993 propicié el desarrollo de revisiones sistematicas
sobre el efecto de las intervenciones, con el fin de proporcionar evidencia rigurosa que tuviera un
impacto sobre la practica asistencial y la salud de la poblacién. Posteriormente, tanto desde Cochrane
como desde otros ambitos, se realizaron avances metodolégicos que permitieron el desarrollo de
revisiones sistematicas con distintos objetivos. Las RS ya no se limitan a analizar el efecto de las
intervenciones, sino que también exploran otras cuestiones, como la exactitud diagndstica de una
prueba, las preferencias y valores de los individuos respecto al manejo de su salud, o incluso exploran
aspectos metodoldgicos para la realizacion de RS. Actualmente, Grant y colaboradores identificaron y
describieron hasta 14 tipos de RS, aunque, sin duda, su lista no es exhaustiva [2]. Una clasificacion de
los principales tipos de RS, organizados segun el alcance de la pregunta de investigacién de la RS y la
metodologia aplicada, se muestra en la figura 1, y se comentara a continuacion.
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Figura 1. Clasificacidn de las revisiones

Revisiones

I_I_I

Pregunta
restringida

stod Combina Genera
Métodos Métodos y métodos Sélo métodos Incluye las RS | | Grafica lagunas e gy
completos procesos cualitativos cualitativos sobre un tema de evidencia preg p
abreviados RS

cuantitativos

Inicialmente, las RS respondian a una pregunta restringida y aplicaban metodologia exclusivamente
cuantitativa, con la que se evaluaba un numero limitado de intervenciones, factores de riesgo o
pruebas diagndsticas, para los que se determinaba el efecto en forma numérica. Estas RS mas
tradicionales evolucionaron hacia las revisiones rapidas, que son formas de sintesis del conocimiento
en que los componentes del proceso de revision sistematica se han simplificado u omitido para
producir conocimiento en un periodo de tiempo mas corto que si se hubiera realizado una RS
tradicional, sin disminuir su rigor [3]. Asi, por ejemplo, los autores pueden decidir realizar busquedas
bibliograficas menos amplias o sofisticadas, limitar la extraccién de datos a una seleccion de variables
clave, o realizar una valoracién simplificada de la calidad [2, 4].

Posteriormente, el desarrollo de la investigacion cualitativa propicié la incorporacion de métodos
cualitativos en el desarrollo de RS, con el fin de identificar constructos que lleven al desarrollo de una
nueva teoria o que amplien la comprension de un fendmeno particular, a partir de las opiniones y
experiencias de las personas implicadas. Asi, por ejemplo, una RS cualitativa permitiria explorar
cuestiones sobre aceptabilidad de una intervencidn, incorporando las preferencias y preocupaciones
de los pacientes respecto al tratamiento considerado. Las RS cualitativas pueden tener un enfoque
exclusivamente cualitativo (incluyen solo estudios cualitativos), o tener un enfoque mixto, integran
tanto evidencia cuantitativa como cualitativa. En las RS de métodos mixtos, la interpretacion de datos

numéricos puede apoyar las opiniones y perspectivas cualitativas, y viceversa [5].

Aunque al principio las RS tenian un enfoque restringido, posteriormente, y de forma natural,
aparecieron otros tipos de RS que tenian enfoques mas amplios con el objetivo de dar respuestas a
preguntas menos especificas y mas complejas, o que ofrecen una visidén exploratoria sobre diversos
temas. Las revisiones de revisiones (overview) son un tipo de RS amplias que cubren todo el espectro
de tratamientos disponibles para una condicion mediante una sintesis en la que los estudios a incluir
son, a su vez, revisiones sistematicas. Asi, por ejemplo, una revision de revisiones podria integrar la
evidencia generada por todas las RS que evallan las estrategias para el abandono del habito
tabaquico. Otro tipo de RS amplias son los mapeos de evidencia (evidence mapping), que son
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Introducciéon

proyectos exploratorios que muestran graficamente toda la evidencia disponible para una
determinada pregunta de investigacion, lo que permite identificar lagunas de evidencia para las que
seria necesario desarrollar RS en profundidad. Asi, por ejemplo, se podria desarrollar una matriz de

evidencia en la plataforma Epistemonikos (https://www.epistemonikos.org) en la que se cruzaran las
RS y los ensayos clinicos que evalian una misma pregunta clinica, lo que permitiria identificar los
solapamientos entre RS y, posteriormente, se identificarian estudios no incluidos en las RS. Finalmente,
una RS de alcance (scoping review) es un proyecto exploratorio para dar una valoracion inicial del
tamafo y alcance de la investigacion existente sobre un tema, mapear la evidencia e informar sobre la
investigacion futura. Se trata de revisiones especialmente indicadas para examinar la evidencia
emergente y poder formular preguntas especificas que puedan ser objeto de sintesis de la evidencia
[6].

Son muchas las organizaciones que desarrollan RS en el marco de la salud, como la Colaboracién
Cochrane, el Joanna Briggs Institute, la Colaboracién Campbell, la Organizacién Mundial de la Salud, o
las agencias de evaluacién de tecnologias incluidas en la red INAHTA (International Network of
Agencies for Health Technology Assessment). Cada organizacion aplica un enfoque propio a las RS
que desarrolla, lo que implica que las tematicas y el enfoque aplicado pueden ser muy distintos, y, en
consecuencia, también diferiran las preguntas estudiadas, el tipo de revisién sistematica desarrollada,
los métodos aplicados, y el alcance y diseminacion de las RS. Para ver un ejemplo de como dos
organizaciones presentan aproximaciones distintas a un mismo problema de salud, consideremos el
problema de la cesacién tabaquica en mujeres gestantes. Tanto Cochrane como JBI tienen publicadas
RS cualitativas sobre cesacion tabaquica en mujeres gestantes, pero la RS Cochrane se dirige a la
implementacién de una intervencion especifica (;qué factores determinan el uso de tratamiento de
reemplazo con nicotina en gestantes que fuman?), mientras que la RS de JBI se dirige a los valores y
preferencias de las mujeres gestantes para dejar de fumar (;cuales son las experiencias y necesidades
de cesacion tabaquica de las mujeres indigenas gestantes que fuman?) [7, 8]. No es necesario recordar
que ambas aproximaciones son validas, relevantes y necesarias, y pueden ser complementarias en la
toma de decisiones.

2.2 Tipos de revision sistematica en funcion de su pregunta de
investigacion
A continuacién, se desarrollan las caracteristicas de las RS cuantitativas. Podemos caracterizar las RS

cuantitativas segun la pregunta de investigacion a la que desean responder, y clasificarlas en cuatro
grandes tipos: preguntas de prevalencia, de pronostico, de exactitud diagndstica y de intervencion.

Las RS de prevalencia tienen como objetivo responder a la pregunta que cuantifica la carga o
frecuencia de una determinada condicion de salud, por ejemplo, “;cuél es la prevalencia de fragilidad
en las personas mayores que residen en paises de bajos ingresos?” [9]

Las RS de pronostico pueden dividirse en tres tipos de preguntas de investigacion [10]: 1) preguntas
sobre la incidencia de una condicién, medida como los nuevos casos que ocurren dentro de un
periodo de tiempo, como por ejemplo, “;cudl es la incidencia de demencia en personas mayores
durante la ultima década?” [11]; 2) preguntas explicativas sobre los factores que estan asociados o
determinan un resultado especifico, como por ejemplo, “;la soledad en las personas mayores es un
factor pronostico de demencia?” [12], y 3) preguntas de prediccion de resultados, como por ejemplo,

Tesis Doctoral - Marta Roqué i Figuls 21


https://www.epistemonikos.org/es/matrixes/558d981718d84e694db83993

“scudl es el mejor modelo de prediccién del riesgo de delirio en personas mayores hospitalizadas?”
[13]

Las RS de exactitud diagndstica (o RS diagndsticas) tienen como objetivo responder a preguntas sobre
la exactitud diagnéstica de pruebas para identificar o descartar la presencia de una condicién o
problema de salud, por ejemplo, “;son Utiles las escalas de fragilidad autorreportada para identificar a
las personas mayores residentes en la comunidad que estan en situacion de fragilidad o
prefragilidad?” [14]

Finalmente, las RS de intervencidon exploran el efecto de las intervenciones en desenlaces de interés de
personas con un problema de salud particular, en comparacion con una intervencion de referencia, por
ejemplo, “srealizar una valoracién geriatrica integral a las personas mayores con demencia en el
momento del ingreso hospitalario reduce la mortalidad?” [15]

La produccion de revisiones sistematicas se ha acelerado sustancialmente en las Ultimas cuatro
décadas y actualmente hay un gran volumen de publicaciones que se engloban bajo la etiqueta de
revisiones sistematicas. Una busqueda en Pubmed identifica 192848 referencias bibliograficas de
revisiones sistematicas publicadas entre 2000 y 2020. La distribucién aproximada de estas RS (en base
a una adaptacion de los filtros especificos por disefio metodoldgico [16]) se muestra en la tabla 1y en
la figura 2. Se puede estimar que un 27.3% de las RS son revisiones de intervencién, 21.9% revisiones
pronosticas, 5.3% revisiones diagndsticas, y 1.8% revisiones de prevalencia. Estos valores son
aproximados, debido a las limitaciones de indexacion de Pubmed, pero dan una imagen de la
frecuencia relativa de cada tipo de RS. Las 84464 referencias restantes incluyen otros tipos de RS,
como overviews, umbrella reviews, revisiones cualitativas, scoping reviews, revisiones sistematicas
metodoldgicas, mapas de evidencia, metarrevisiones, etc., asi como RS de intervencién, prondstico,
diagnodstico y prevalencia que no identifican los filtros metodoldgicos. Como comparacién, una
busqueda en las RS publicadas en Cochrane Library identifica 7983 revisiones sistematicas completas y
1644 protocolos, cuya distribucion se muestra en la tabla 1y la figura 3. Las RS Cochrane se agrupan
en 7 grandes ambitos: RS de intervencion, RS diagnosticas, overviews, RS metodoldgicas, RS
cualitativas, RS prondsticas y RS rapidas. Del total de RS publicadas, un 96.9% son revisiones de
intervencién (incluidas las RS rapidas hasta la fecha), un 1.7% son revisiones diagnésticas, y un 0.1%
corresponden a revisiones pronosticas. Las 107 referencias restantes corresponden a overviews y
revisiones cualitativas o metodoldgicas. Estas busquedas simples permiten estimar valores
aproximados para la frecuencia relativa de cada tipo de RS, y muestran claramente que son las RS de
intervencién las mas frecuentes, seguidas de las revisiones prondsticas en Pubmed, o de las revisiones
diagndsticas en Cochrane. Las revisiones prondsticas son un desarrollo reciente en Cochrane, como lo
prueba el alto nimero de protocolos comparado con las revisiones publicadas de este tipo.
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Tabla 1. Revisiones en Pubmed y Cochrane Library, clasificadas por tipos

Revisiones
Cochrane Library

Revisiones
Pubmed

Protocolos
Cochrane Library

Intervencion 52601 7733 1497
Pronéstica 42140 5 11
Diagnéstica 10171 140 84
Prevalencia 3472 0 0
Total de RS (incluyendo otros tipos) 192848 7985 1645

Busquedas en Pubmed.gov (15/10/2020). Términos usados: systematic review[Publication Type]; ((interv*[ti] or treat*[ti] or
manag*[ti] or efficacy[ti] or effectiv*[ti] or safety[ti) or (randomized controlled trial[Publication Type] OR
(randomized|[Title/Abstract] AND controlled[Title/Abstract] AND trial[Title/Abstract]))); (risk[ti] or Etiolog*[ti] or Prevalen*[ti] or
predict*[Title/Abstract]  or  prognos*[Title/Abstract] =~ OR  (first[Title/Abstract] =~ AND  episode[Title/Abstract]) OR
cohort[Title/Abstract]); (screeni*[ti] or Diagnos*[ti] or specificity[Title/Abstract])]; (Prevalence [ti] or burdenl[ti]).

Busquedas ad hoc restringidas al periodo 2000-2020, adaptadas de las busquedas especificas de Clinical Queries [16]

Busqueda en Archie/CL por Topic: type of review (9/11/2020)

Figura 2. Distribucion de las RS en Pubmed por tipos y afio de publicacion (2000-2020)
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2.3 Algunos retos metodoldgicos en las revisiones sistematicas

La aplicacion de metodologias relevantes y sélidas garantiza la calidad y fiabilidad de los resultados de
la sintesis de evidencia. Todos los tipos de RS cuantitativa mencionados comparten una misma
estructura, que puede esquematizarse en las siguientes etapas [1]:

1) formulacion de la pregunta de investigacion,

2) desarrollo del protocolo que describe explicitamente los métodos para realizar la RS,

3) busqueda exhaustiva de la literatura,

4) evaluacion del riesgo de sesgo de los estudios incluidos en la RS,

5) sintesis de los hallazgos de los estudios,

6) evaluacién de la calidad de la evidencia obtenida en la RS,

7) informe de resultados y conclusiones de la RS.

A pesar de esta similitud estructural, los diversos tipos de RS requieren la aplicacion de métodos
diferentes y mas o menos complejos segun el tipo de RS. La metodologia especifica para desarrollar
cada tipo presenta un nivel de desarrollo y disponibilidad desigual, especialmente en el caso de las RS
de prevalencia y prondsticas, para las que faltan herramientas metodoldgicas especificas para realizar
determinadas etapas de la revisién, y las herramientas que si estan disponibles a menudo son poco
accesibles o desconocidas para los investigadores que desean realizar RS. Asi, por ejemplo, no se
dispone de escalas adecuadas para la valoracién del riesgo de sesgo de estudios de prevalencia, y las
escalas existentes para la valoracion del riesgo de sesgo en estudios pronésticos de factores de riesgo
son poco conocidas y, en algunos casos, discutidas. Por el contrario, la metodologia para desarrollar
RS de exactitud diagnodstica y de efecto de las intervenciones estd en una etapa de desarrollo mas
madura y mejor establecida. Son muchas las RS diagnosticas y de intervencion publicadas cada afio, y
se dispone de dos manuales metodolégicos desarrollados y mantenidos por la Colaboracion Cochrane
que guian su desarrollo y publicaciéon, asi como un gran numero de recursos metodoldgicos
provenientes de otras fuentes. Sin embargo, incluso para estos tipos de RS en que se dispone de un
cuerpo metodologico mas desarrollado, existen discrepancias y controversias entre determinadas
propuestas metodoldgicas disponibles.

Otro reto metodoldgico que se plantea para que las sintesis de evidencia sean realmente Utiles para la
toma de decisiones y la transmision de conocimiento es que estos resultados se mantengan
actualizados, incorporando periédicamente toda nueva evidencia que se genere. La visién de Cochrane
es un mundo de mejor salud en el que las decisiones en materia de salud y sanidad estan informadas
por datos de calidad, relevantes y actualizados procedentes de la investigacién. Y en respuesta a esta
intrinseca voluntad de generar evidencia valida y relevante, Cochrane ha desarrollado una politica de
actualizacién periddica priorizada, por la que de forma periddica se valora la conveniencia de
actualizar una revision en base a la validez de la pregunta clinica que responde, el impacto y usabilidad
de la versiéon actual de la revision, la necesidad de incorporar mejoras metodoldgicas, la disponibilidad
de estudios o datos adicionales a incorporar en la revisién, y la valoracién de cuan estables son las
conclusiones actuales en la incorporacion de los datos y estudios adicionales en una nueva versién
[17]. Ademas de estas iniciativas regulares de actualizacion, las revisiones Cochrane también se
actualizan cada vez que se reciben comentarios o criticas validas de parte de los lectores de la revision.
Existe un proceso transparente de recepcidn de comentarios, que se publican y deben ser atendidos
por los autores en un plazo razonable. De ser necesario, se publica una version modificada de la
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revision con las adiciones o modificaciones sugeridas —por ejemplo, al identificar un estudio adicional
o corregir alguna deficiencia metodoldgica-. Esta politica de Cochrane contrasta con la de otras
organizaciones, y con la realidad de la publicacibn de RS en revistas convencionales, que no
contemplan la opcién de mantener actualizado el cuerpo de evidencia que ponen a disposicion del
lector, y, por tanto, estan generando evidencia de caracter temporal, lo que supone un uso poco
optimo de los recursos humanos y técnicos empleados en el desarrollo de la RS [18].

2.4 Justificacién del trabajo de tesis

Como se ha descrito anteriormente, el gran desarrollo de las RS, los retos que enfrentan, la diversidad,
los tipos y complejidad de las RS justifican profundizar en diversos aspectos metodologicos
relacionados con las mismas, que es el objetivo de este trabajo de tesis.

En primer lugar, la gran variabilidad, complejidad y dispersion de recursos y métodos disponibles para
hacer RS hace necesaria una recopilacion estructurada y seleccionada de los mejores recursos
existentes, que facilite su accesibilidad, comparacion y priorizacién, de modo que los investigadores
que deseen desarrollar RS puedan usarlos en los proyectos de investigacion.

Adicionalmente, en este trabajo de tesis se ilustra la aplicacion de las técnicas de sintesis de la
evidencia sobre el efecto de las intervenciones, realizando dos RS sobre intervenciones habituales. Las
diferencias que existen entre la sintesis de evidencia del efecto de las intervenciones y la sintesis sobre
la precision de las pruebas diagnosticas se ilustran al comparar los trabajos anteriores con una RS
Cochrane diagnostica. De este modo, se muestran de forma practica las particularidades de cada uno
de los abordajes metodoldgicos empleados, ilustrando con ejemplos concretos la utilidad de las
revisiones sistematicas, asi como las limitaciones en su aplicacidn en la practica de investigacion.

En tercer lugar, es interesante explorar el impacto derivado de los procesos de desarrollo de revisiones
sistematicas Cochrane en comparacidén con los de las revistas convencionales. Las revisiones Cochrane
se rigen por altos estdndares metodologicos, someten su protocolo a un proceso de revisidén por
pares, se publican en formato electrénico sin limite de extension, y, ademas, siguen una politica de
actualizacién periddica e incorporacion del feedback, lo que las distingue de la mayoria de revisiones
sistematicas publicadas en revistas convencionales [19-21].

Asimismo, existe una necesidad especial de disponer de evidencia de calidad sobre la exactitud
diagnostica de las pruebas de imagen, que apoye la toma de decisiones sanitarias. La realizacién de
estas pruebas diagnosticas ha crecido de forma importante en los Ultimos afos y, de todas ellas, la
tomografia con emisién de positrones combinada con tomografia computada (PET-CT) es quizas la
que ha experimentado un mayor incremento, que se sitla alrededor del 16.2% en el periodo 2012-
2018 en el Reino Unido [22-23]. El metanalisis en RS diagndsticas muestra un mayor grado de
complejidad que las RS de intervencién, porque los estudios de exactitud diagndstica a metanalizar
pueden haber utilizado diferentes umbrales, implicitos y explicitos, para definir un resultado positivo
en la prueba evaluada [24]. La Colaboracion Cochrane es quizas la institucion que mas ha desarrollado
la metodologia para la realizacién de RS de exactitud diagndsticas y la que estd promoviendo la
aplicacién de estandares de alta calidad para las mismas, como ya se ha mencionado anteriormente.
Por todo ello, es de interés general realizar RS Cochrane de exactitud diagnostica de las pruebas de
uso habitual en la atencion sanitaria, como la PET-CT.
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Finalmente, cabe destacar que la aplicacidn de las técnicas de sintesis se realizara en tres problemas de
salud de especial relevancia, porque atafien a poblaciones especialmente vulnerables como son las
personas mayores fragiles y los lactantes, o porque se refieren a uno de los canceres con mayor
mortalidad. El primer problema de salud que se considerara es el del mantenimiento de la funcién
fisica en las personas mayores. A medida que las personas envejecen pueden llegar a una etapa de
vulnerabilidad llamada fragilidad que precede y predispone a la discapacidad y dependencia fisica. La
fragilidad es comun en los adultos mayores (>65 afios) y conlleva un alto riesgo de caidas,
empeoramiento de la movilidad, discapacidad, hospitalizacion y mortalidad [25]. Existe controversia en
la conceptualizacién de la fragilidad, dado que algunos investigadores la entienden como un fenotipo
exclusivamente fisico, mientras que otros la conceptualizan como una suma de déficits, resultado de la
interaccion de factores fisicos, cognitivos, sociales y psicologicos. A pesar de esta discrepancia, hay
unanimidad en considerar que la fragilidad afecta a multiples dominios de funcionamiento, como
puede ser la marcha y movilidad, equilibrio, fuerza muscular, procesamiento motor, cognicién,
nutricion, fatiga y actividad fisica [26]. Al buscar intervenciones que permitan abordar la fragilidad, se
ha propuesto el gjercicio fisico como una herramienta para mejorar las funciones fisicas en adultos
mayores, como la velocidad de la marcha, el equilibrio, la agilidad y la deambulacién. Sin embargo, las
revisiones sistematicas publicadas en el pasado sobre el ejercicio en personas mayores fragiles
adolecian de limitaciones metodoldgicas, estaban desactualizadas o no evaluaban medidas de
rendimiento fisico, por lo que existe la necesidad de realizar una nueva revision sistematica que supere
estas limitaciones.

El segundo problema de salud que se considera es la bronquiolitis aguda, infeccidn respiratoria viral
frecuente en nifios menores de dos afos, y la infeccidn respiratoria del tracto bajo mas frecuente
durante el primer afio de vida [27]. La mayoria de los nifios afectados de bronquiolitis aguda presentan
la enfermedad de forma leve y autolimitada en el tiempo, por la que no requieren hospitalizacion. Sin
embargo, un porcentaje de afectados, que presentan la enfermedad de forma mas severa y necesitan
ser hospitalizados, muestran dificultades para eliminar la flema (secreciones respiratorias mucosas
espesas causadas por la infeccion), lo que conlleva baja oxigenacién en sangre y malestar. La
fisioterapia toracica se ha propuesto como una intervencién que puede ayudar a eliminar las
secreciones respiratorias y mejorar la oxigenacion del lactante, lo que reduciria la duracién del
episodio de bronquiolitis. En diversos paises se realiza esta intervencién en los hospitales de forma
habitual, aunque no estan claros los beneficios que comporta realmente, ni su seguridad [28]. Por ello,
es necesario integrar y organizar la evidencia disponible sobre el conjunto de técnicas de fisioterapia
respiratoria y valorar la calidad de la evidencia sobre su eficacia y seguridad.

Finalmente, se considera el cancer de pulmdn no microcitico (NSCLC, por sus siglas en inglés). En
ausencia de metastasis a distancia, las opciones de tratamiento del NSCLC dependen de cuanto se
haya propagado la enfermedad a los diferentes ganglios linfaticos dentro del térax, es decir, la etapa
de la enfermedad. Si el cancer no se ha diseminado o no lo ha hecho més alla de los ganglios linfaticos
mas cercanos (situacion que se define como estadios NO y N1), la cirugia suele ser el tratamiento de
eleccion. Por el contrario, si el cancer se ha diseminado a los ganglios linfaticos mediastinicos
ipsilaterales o a los ganglios linfaticos subcarinales (estadio N2), se descarta el tratamiento quirdrgico
con intencion curativa y se consideran otras opciones de tratamiento como la radioterapia o la
quimioterapia [29]. La prueba PET-CT es un método no invasivo para establecer la propagacion del
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NSCLC dentro del toérax y en otras partes del cuerpo, que esta cada vez mas disponible y es utilizada
por equipos multidisciplinarios de cancer de pulmén. Aunque la naturaleza no invasiva de la PET-CT
constituye una de las principales ventajas de la prueba, la PET-CT puede ser subdptima en la deteccion
de malignidad en los ganglios linfaticos de tamafo normal y en descartar malignidad en pacientes con
enfermedades inflamatorias o infecciosas coexistentes. Por ello, es importante evaluar e integrar la
evidencia existente sobre la exactitud diagndstica de la prueba PET-CT en este contexto mediante una

revision sistematica.
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Objetivos

3 Objetivos

3.1 Objetivos generales
Describir y aplicar distintas técnicas de revision para la evaluacién sanitaria, poniendo énfasis en
técnicas de integracion estadistica (metanalisis de intervencion y metanalisis de exactitud diagnostica).

3.2 Objetivos especificos

1. Identificar y describir de forma estructurada los mejores y mas actuales recursos
metodoldgicos disponibles para desarrollar RS cuantitativas segun el tipo de pregunta de
investigacion que se aborde: revisiones de prevalencia, prondstico, exactitud diagnostica y
efecto de las intervenciones.

2. Aplicar las técnicas de sintesis de la evidencia a uno o mas problemas de salud para
proporcionar informacién de calidad que facilite la toma de decisiones clinicas.

3. Explorar el impacto de la politica de actualizacion de revisiones de Cochrane sobre la
incorporacion de comentarios y actualizacion de la evidencia.

Determinar la eficacia de un rango de intervenciones en una condicion de salud.

5. Determinar la exactitud diagndstica de una determinada técnica diagndstica en un

problema.
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Métodos

4 Métodos

4.1 Métodos del trabajo de tesis

Este trabajo de tesis se presenta en la modalidad de compendio de publicaciones cientificas, e incluye
cuatro articulos publicados en revistas internacionales indexadas. Los objetivos especificos de los
trabajos que conforman el proyecto de tesis son los siguientes:

1. Integrar la evidencia mas actual sobre el efecto de las intervenciones de ejercicio en la
mejora de las medidas de rendimiento de la funcion fisica y los marcadores de fragilidad
fisica en personas mayores que viven en la comunidad, y que estdn definidas como
fragiles segun su nivel de funcion fisica y las dificultades fisicas para realizar actividades de
la vida diaria.

2. Integrar la evidencia mas actual sobre el efecto y seguridad de las intervenciones de
fisioterapia toracica en la mejora de las medidas clinicas en nifos y nifias menores de dos
afos que presentan bronquiolitis aguda, evaluando por separado cada tipo de técnica.

3. Integrar la evidencia mas actual sobre la exactitud diagndstica de la prueba PET-CT para
establecer el grado de propagacién del cancer a nivel de ganglios linfaticos en pacientes
con NSCLC que son potencialmente candidatos a tratamiento quirdrgico con intencién
curativa.

En la Figura 4 se ilustra la relacion de los trabajos con los objetivos especificos del trabajo de tesis.

Figura 4. Relacion entre los objetivos del proyecto de tesis y los trabajos realizados
7 N7 N7 N7 N

Objetivo 1 Objetivos 2y 3 Objetivo 4 Objetivo 5

Trabajo 1:
compilacion

Trabajo 2: RS
intervencion

AN J

intervencion

AN J

A continuacion, se describen los métodos resumidos de cada uno de los trabajos que conforman el
proyecto de tesis.
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4.2 Trabajo 1: Compilacion de recursos metodologicos para la

elaboracion de revisiones sistemadticas

Diseno

Revision no sistematica de la literatura.

Criterios de elegibilidad

Se incluyeron las mejores y mas actuales recomendaciones, guias y herramientas para realizar las
etapas de una RS, para cada tipo de RS considerada (RS de prevalencia, RS de prondstico, RS de
diagnéstico y RS de intervencién). No se incluyeron los recursos metodoldgicos para desarrollar otros
tipos de RS.

Fuentes de informacion y estrategia de busqueda

Se consultaron las pautas de las principales organizaciones que establecen métodos para realizar RS
(Cochrane, Joanna Briggs Institute, Red Europea para la Evaluacion de la Tecnologia de la Salud
[EUNETHTA]), Red para la Mejora de la Calidad y Transparencia de la Investigacion en Salud
[EQUATOR], Grupo de trabajo en la Calificacion de la Valoracion, Desarrollo y Evaluacion de
Recomendaciones [GRADE]) para identificar sus recursos propuestos.

Ademas, se realizd una busqueda de literatura en MEDLINE (acceso a través de PubMed) en noviembre
de 2019. También se realizaron busquedas de literatura cientifica ad hoc para encontrar otros recursos
para cada tipo de RS en relacién con la estructura de preguntas de investigacién, la estrategia de
busqueda de literatura, la evaluacion del riesgo de sesgos y el analisis estadistico.

Seleccion y extraccion de datos

Los autores evaluaron los resultados de busqueda, seleccionaron los recursos mas relevantes y
precisos, y resumieron la informacion mas relevante por etapa de desarrollo y tipo de RS.

Los recursos se organizaron en 7 secciones, siguiendo las etapas de desarrollo de una RS: 1)
formulacién de la pregunta de investigacion, 2) desarrollo del protocolo y registro de revisién, 3)
estrategia de busqueda, 4) evaluacién de riesgo de sesgo, 5) sintesis estadistica de hallazgos, 6)
evaluacion de la calidad de la evidencia, y 7) informe de resultados y presentacion. En cada seccién se
presentan los recursos organizados por tipo de RS, a fin de ilustrar las diferencias clave entre cada tipo
de RS. Adicionalmente, los métodos se ilustran mediante ejemplos de uso en RS reales ya publicadas.
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4.3 Trabajo 2: Eficacia del ejercicio fisico para mejorar la funcion fisica
en personas mayores fragiles

Diseno
Revision sistematica de eficacia de las intervenciones, desarrollada siguiendo la metodologia
Cochrane.

Criterios de elegibilidad

Se incluyeron ensayos controlados aleatorizados (ECA) que evaluaban el efecto de los programas de
ejercicio fisico, solo o combinado con otros componentes.

Los participantes de los estudios debian tener 65 aflos o mas, vivir en la comunidad, y ser definidos
como fragiles. La fragilidad podia determinarse por criterios estandarizados (p. €j., criterios de Fried), o
por presentar la funcién fisica reducida al medirla con escalas de rendimiento fisico (p. ej., Short
Physical Performance Battery) u otras medidas basadas en el rendimiento como la marcha y movilidad,
fuerza muscular, ingesta nutricional, cambio de peso, equilibrio, resistencia, fatiga y actividad fisica. Los
participantes podian presentar limitaciones en dos o mas medidas de fragilidad basadas en el
rendimiento, o podian presentar limitaciones clinicamente significativas en una sola medida.

Los resultados primarios fueron medidas de la funcién fisica basadas en el rendimiento, como la
movilidad, la marcha, la fuerza muscular, el equilibrio, la resistencia y la discapacidad en las actividades
de la vida diaria. Los resultados secundarios fueron nimero de caidas; institucionalizacion; efectos
adversos del programa de ejercicios, como caidas, fracturas, tendinitis o dolor muscular; calidad de
vida relacionada con la salud; sintomas de depresién; hospitalizacion, y muerte.

Fuentes de informacion y estrategia de busqueda

Se realizaron busquedas en las siguientes bases de datos electrénicas hasta abril de 2013: MEDLINE,
The Cochrane Library, PEDro y CINAHL. Se realizaron busquedas utilizando texto libre y descriptores.
La estrategia de busqueda se adapt6 a cada base de datos, se incluyeron los términos de fragilidad,
personas mayores, y multiples expresiones de ejercicio, y se aplicaron filtros para identificar ensayos
controlados aleatorizados.

Extraccion de datos

Dos revisores cribaron de forma independiente los resultados de busqueda, y, posteriormente,
realizaron la extraccion de datos y la evaluacion del riesgo de sesgo de los estudios incluidos.
Cualquier discrepancia se resolvidé por consenso o consultando con un tercer autor.

Evaluacion del riesgo de sesgo en los estudios incluidos

El riesgo de sesgo se evalud para cada estudio utilizando los criterios descritos en el Manual Cochrane
para Revisiones Sistematicas de Intervenciones [1]. Se evaluaron seis dominios, correspondientes a
posibles fuentes de sesgo: (1) generacion de secuencia de aleatorizacion (sesgo de seleccion); (2)
ocultacion de la asignacion (sesgo de seleccion); (3) cegamiento de la evaluacién de resultados (sesgo
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de deteccién); (4) datos de resultado incompletos (sesgo de atricion); (5) sesgo de informe selectivo, y
(6) otras fuentes de sesgo. Para cada ensayo, a partir de las valoraciones de los dominios individuales
se derivd una valoracién global del riesgo de sesgo del estudio, que podia ser bajo, alto o poco claro.

Sintesis de datos

El efecto del tratamiento se estimé mediante diferencias de medias (DM) y DM estandarizadas en los
desenlaces continuos, y razones de riesgo en los desenlaces dicotdmicos, con los correspondientes
intervalos de confianza (IC) del 95%. Se calcularon medidas de efectos combinadas aplicando el
método de metanalisis del inverso de la varianza bajo un modelo de efectos aleatorios.

Exploracion de la heterogeneidad: analisis de subgrupos y de sensibilidad

La heterogeneidad se evalud con el estadistico 1%, considerando valores superiores al 50% como signo
de heterogeneidad relevante. Los analisis de subgrupos previstos por grupos de edad y por niveles de
funcién fisica inicial no se pudieron realizar debido al bajo nimero de ensayos que proporcionaban
esta informacion, y a la falta de datos detallados en algunos estudios. Igualmente, no se pudo realizar
el andlisis de sensibilidad, restringido a los ensayos en los que se definia la fragilidad mediante
criterios estandarizados.
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Métodos

4.4 Trabajo 3: Eficacia de la fisioterapia toracica en lactantes menores
de dos anos que presentan bronquiolitis aguda

Diseno

Revision sistematica de eficacia de las intervenciones, desarrollada como una revision Cochrane.

Criterios de elegibilidad

Se incluyeron ECA que evaluaban la fisioterapia toracica en lactantes menores de 24 meses que
presentaban bronquiolitis aguda (tal como la hubieran definido los autores del ensayo), en cualquier
entorno (hospitalario, ambulatorio o domiciliario).

Se incluyeron ensayos que administraban cualquier tipo de fisioterapia toracica (drenaje postural,
percusion toracica, vibracién, sacudidas toracicas, tos provocada, técnicas de espiracion lenta o
forzada), comparada con la atencion habitual u otras técnicas de fisioterapia, drenaje o respiracion.

Las intervenciones se clasificaron en dos categorias principales: vibracién y percusion, y técnicas
espiratorias pasivas. Estas Ultimas se subclasificaron en dos categorias: técnicas espiratorias pasivas
lentas y técnicas espiratorias pasivas forzadas. Las técnicas de vibracién y percusién producen una
oscilacién del térax mediante compresion rapida o percusion con las manos del fisioterapeuta. Las
técnicas de espiracion forzada consisten en aumentar repentinamente el flujo espiratorio al comprimir
el térax o el abdomen. Las técnicas de flujo lento consisten en comprimir la caja toracica y la cavidad
abdominal de forma gradual y suave desde la fase espiratoria media hasta el final de la exhalacion.

Los desenlaces primarios para la revisién fueron: (1) cambio en el estado de gravedad de la
bronquiolitis y (2) tiempo de recuperacidon. Los resultados secundarios fueron: (1) pardmetros
respiratorios (niveles de saturacion de oxigeno, presion parcial de diéxido de carbono transcutdneo
[PaCO2]); (2) duracion de la suplementacién con oxigeno; (3) duracion de la estancia hospitalaria; (4)
uso de broncodilatadores y esteroides; (5) valoracion de los padres del beneficio de fisioterapia, y (6)
eventos adversos. Se considerd evento adverso cualquier resultado no deseado causado por la
intervencién (por ejemplo, fracturas de costillas, bradicardia, inestabilidad respiratoria, vomitos o
discapacidades neuroldgicas a largo plazo).

Fuentes de informacion y estrategia de busqueda

Se realizaron busquedas en las siguientes bases de datos electronicas: Registro Cochrane Central de
Ensayos Controlados; Registro Especializado del Grupo Cochrane de Infecciones Respiratorias Agudas;
MEDLINE y MEDLINE in-process; EMBASE; CINAHL; LILAS Web of Science, y PEDro. El periodo de
busqueda fue desde octubre de 2011 hasta julio de 2015.

Extraccion de datos

Dos revisores cribaron de forma independiente los resultados de busqueda, y, posteriormente,
realizaron la extraccion de datos y la evaluacion del riesgo de sesgo de los estudios incluidos.
Cualquier discrepancia se resolvidé por consenso o consultando con un tercer autor.
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Evaluacion del riesgo de sesgo en los estudios incluidos

El riesgo de sesgo se evalud para cada estudio utilizando los criterios descritos en el Manual Cochrane
para Revisiones Sistematicas de Intervenciones [1]. Se evaluaron seis dominios, correspondientes a
posibles fuentes de sesgo: (1) generacion de secuencia (sesgo de seleccidn); (2) ocultacion de la
asignacion (sesgo de seleccion); (3) cegamiento de la evaluacién de resultados (sesgo de deteccion);
(4) datos de resultado incompletos (sesgo de desercion por retiradas, abandonos, desviaciones de
protocolo); (5) sesgo de informe selectivo, y (6) otras fuentes de sesgo, en las que se consider6 el
posible sesgo derivado de la contaminacion de los grupos de intervencién. Para cada ensayo, a partir
de las valoraciones de los dominios individuales, se derivd una valoracion global del riesgo de sesgo
del estudio, que podia ser bajo, alto o poco claro.

Sintesis de datos

El efecto del tratamiento se estimé mediante DM en los desenlaces continuos, y razones de riesgo en
los desenlaces dicotomicos, con sus correspondientes IC del 95%. No se llevo a cabo una combinacion
estadistica de datos mediante metanalisis debido a la heterogeneidad clinica observada entre los
estudios, y a la falta de datos apropiados para el metanalisis en los estudios incluidos.

Exploraciéon de la heterogeneidad: analisis de subgrupos y de sensibilidad

La heterogeneidad estadistica no se evalué dada la heterogeneidad clinica mostrada por los estudios
incluidos. Se planifico y realizé un andlisis de subgrupos segun la gravedad de la bronquiolitis, basado
en la hipotesis de que el rendimiento de las técnicas de fisioterapia toracica de flujo lento podria
depender de la gravedad del paciente. Se clasificaron los ensayos en las categorias de gravedad
severa, moderada, o desconocida segun los criterios de inclusion del ensayo o las caracteristicas de los
participantes incluidos.
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Métodos

4.5 Trabajo 4: Exactitud diagnostica de la PET-CT para evaluar la
afectacion linfatica mediastinica en pacientes con cancer de pulmon

potencialmente resecable

Diseno

Revision sistematica de exactitud diagnostica, desarrollada como una revision Cochrane.

Criterios de elegibilidad

Se incluyeron estudios transversales prospectivos o retrospectivos, que evaluaron la exactitud
diagnéstica de la PET-CT integrada para diagnosticar la enfermedad N2 en pacientes con sospecha de
NSCLC resecable que se consideraron potencialmente adecuados para la reseccion primaria. Esta
revision no considero a los pacientes cuyo estadio estaba siendo reevaluado después de la induccion o
quimioterapia neoadyuvante.

La prueba PET-CT podia llevarse a cabo en cualquier tipo de equipo de PET-CT integrada disponible
(fuera cual fuera el fabricante o el modelo), utilizando cualquier valor de umbral para determinar la
prueba como positiva. Sin embargo, no se consideraron los estudios que realizaron la PET-CT con
trazadores radioactivos que no fueran el habitual FDG, o que usaran otras técnicas de imagen nuclear,
como puede ser la realizacion de PET independiente sin CT.

La condicién de interés de esta revision fue el NSCLC resecable, definido como NSCLC que no se ha
diseminado a los ganglios linfaticos mediastinicos ipsilaterales o a los ganglios linfaticos subcarinales
(N2).

El estandar de referencia en los estudios incluidos debia ser la confirmacién patolégica de los
resultados de la PET-CT a partir de muestras obtenidas mediante reseccion quirdrgica con muestreo
mediastinico, mediastinoscopia, cirugia toracica asistida por video, aspiracién con aguja transbronquial
guiada por ultrasonido endobronquial, aspiracién con aguja fina guiada por ultrasonido
endobronquial, aspiracion con aguja transbronquial, aspiracién con aguja transtoracica, biopsias de
sitios extratoracicos, o una combinacién de cualquiera de los métodos mencionados anteriormente.

Fuentes de informacion y estrategia de busqueda

Se realizaron busquedas en las siguientes bases de datos: The Cochrane Library; MEDLINE a través de
OvidSP (desde 1946); Embase a través de OvidSP (desde 1974); PreMEDLINE a través de OvidSP;
OpenGrey; y disertaciones y tesis de ProQuest. El periodo de busqueda fue hasta el 30 de abril de
2013.

Extraccion de datos

Dos revisores cribaron de forma independiente los resultados de busqueda, y, posteriormente,
realizaron la extraccion de datos y la evaluacion del riesgo de sesgo de los estudios incluidos.
Cualquier discrepancia se resolvidé por consenso o consultando con un tercer autor.
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Evaluacion del riesgo de sesgo en los estudios incluidos

La calidad de cada estudio se evalud utilizando una versién modificada de la herramienta QUADAS-2,
a la que se afadieron dos preguntas adicionales: (1) jse realizd una definicién clara de qué era un
resultado positivo de la prueba?, y (2) el estudio estaba libre de financiacién comercial?. Se incorporé
el item correspondiente a la definicién de resultados positivos para tener en cuenta la naturaleza
subjetiva de la interpretacion de imagenes de la prueba PET-CT, que puede basarse en una variedad
de criterios diferentes, como puede ser la experiencia clinica, diferentes valores de captacion estandar
(SUV por sus siglas en inglés), diferentes caracteristicas morfoldgicas, o una combinacién de las
mencionadas anteriormente. Se incluy6 el segundo elemento adicional para registrar cualquier sesgo
potencial resultante del interés comercial en los resultados. Se resolvié cualquier desacuerdo en las
valoraciones independientes de riesgo de sesgo y aplicabilidad mediante discusion.

Sintesis de datos

Se calculé la sensibilidad y la especificidad con IC del 95% para cada estudio. Se representaron
graficamente las estimaciones de las sensibilidades y especificidades observadas junto con su IC del
95% en diagramas de bosque y en un grafico ROC de sensibilidad versus especificidad para evaluar
visualmente la variabilidad entre estudios.

Se ajustod una curva resumen ROC utilizando modelos jerarquicos para el subconjunto de estudios que
comparten el mismo umbral de positividad. Se identificé el punto de la curva resumen ROC que
maximiza la sensibilidad y especificidad, y se calcularon las sensibilidades y especificidades promedio
correspondientes a ese punto. Se representaron graficamente las estimaciones de precision promedio
con su elipse de confianza del 95% y la region de prediccion en el espacio ROC.

Exploraciéon de la heterogeneidad: analisis de subgrupos y de sensibilidad

Se realiz6 un andlisis de subgrupos por factores preespecificados en el protocolo que podian ser
fuentes de heterogeneidad, incluyendo cada factor como una covariable en el modelo bivariado. Las
fuentes anticipadas de heterogeneidad incluyeron el disefio del estudio, dosis de trazador,
poblaciones de pacientes, y diferencias en la adquisicion de imagenes por la prueba PET-CT o equipos
de escaneo. Se realizé una comparacion de la exactitud diagnodstica entre los subgrupos al evaluar si la
sensibilidad o la especificidad, o ambas, diferian en los subgrupos de estudios definidos segun la
covariable. Se utilizd el procedimiento de modelos mixtos no lineales (NLMIXED) en SAS versién 9.1
para Windows (SAS Institute Inc, Cary, NC, EE. UU.) para ajustar los modelos HSROC y bivariados.

Se examind la robustez de los metanalisis mediante analisis de sensibilidad restringidos a estudios que
tenian un bajo riesgo de sesgo y cuya aplicabilidad a los objetivos de la revisién no suscitaba ninguna
duda.
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Women need to shift from thinking "l'm not ready to do that"
to thinking "l want to do that- and l'll learn by doing it.”

Sheryl Sandberg




Resultados

5 Resultados

Este trabajo de tesis es un compendio de cuatro publicaciones originales. En esta seccion, para cada
una de ellas, se proporcionara la referencia bibliografica, el impacto, un resumen de los principales
resultados, y, finalmente, se adjuntara la publicacion.

El impacto de cada publicacion se ha evaluado con dos medidas: el factor de impacto (Fl) de la revista
para el afo de publicacion, y la puntuacion de atencion de Altmetric. El FI es un indicador
ampliamente utilizado para medir la repercusién de una revista en la comunidad cientifica. El Fl de una
revista se calcula mediante el nimero de veces que se cita por término medio un articulo publicado en
dicha revista. Se trata de un indicador con limitaciones importantes, entre ellas, que mide la
repercusion de la revista, pero no la de un trabajo concreto publicado en la revista. Por este motivo,
también se presenta la puntuacion de atencidén de Altmetric para cada publicacién, que si es una
medida especifica del propio trabajo. Altmetric es un sistema que rastrea la atenciéon que reciben en
linea los resultados de las investigaciones, como, por ejemplo, los articulos académicos y los conjuntos
de datos. La puntuacion de atencién de Altmetric (Altmetric Attention Score) se calcula mediante un
recuento ponderado de las menciones que ha recibido el trabajo en las fuentes consideradas por
Altmetric; estas fuentes incluyen redes sociales como Twitter y Facebook, medios tradicionales
(generalistas o especializados) en diversos idiomas, blogs de organizaciones importantes (como
Cancer Research UK) e investigadores individuales, y gestores en linea de referencias como Mendeley y
CiteULike. Aunque no existe un baremo que permita valorar la magnitud de una puntuacién de
atencion Altmetric, los desarrolladores dan una regla aproximada por la que una puntuacién de 20 o
mas indica que la publicacién estad teniendo mayor impacto que sus contemporaneas. Sin duda, las
dos medidas propuestas dan solo valoraciones parciales del impacto de cada publicacion. En la
discusiéon se resumird el impacto de cada publicacion sobre las guias de practica clinica de la
especialidad, lo que describira el impacto mas especifico sobre los profesionales que realizan atencion
o politicas sanitarias.
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5.1 Publicacion 1: Toolkit of methodological resources to conduct
systematic reviews

Roqué M, Martinez-Garcia L, Sola |, et al. Toolkit of methodological resources to conduct systematic
reviews [version 3; peer review: 2 approved]. F1000Research 2020, 9:82
(https://doi.org/10.12688/f1000research.22032.3)

FI: la plataforma de publicacion no estd indexada en Web of Science (aunque si en Pubmed, Embase y
Scopus) y no tiene Fl. Puntuacion de atencién Altmetric: 15

Esta publicacion puede consultarse al completo y de forma libre en
https://doi.org/10.12688/f1000research.22032.3

En este trabajo se identificaron 69 publicaciones, 21 eran manuales o capitulos de manuales, 8 eran
guias de reporte, y 40 correspondian a trabajos primarios de métodos [30]. Los recursos se
organizaron por tipo de RS y etapa de la RS, y se ilustraron con 9 ejemplos especificos. En la tabla 2
puede verse la clasificacidn de recursos en manuales, guias o trabajos primarios, para cada tipo de RS.
Un numero importante de trabajos primarios tenian un caracter transversal, ya que presentaban
métodos que no eran especificos de un tipo de RS.

En la tabla 3 se muestran los tipos de pregunta clinica por tipo de RS, vinculados a los ejemplos
ilustrativos que se utilizaron a lo largo del trabajo.

Tabla 2. Recursos identificados (tabla adaptada de la publicacion 1)

. Manuales de buenas Guias de informe en la | Trabajos primarios de
Tipo de RS o . "
practicas publicacién métodos
1 0 1

Prevalencia

Prondstico 1 0 7

Exactitud diagndstica 2 2 6
Efecto de las

. . 3 4 3
intervenciones

Recursos transversales

aplicables a diversos tipos --- 2 23

de RS
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Tabla 3. Ejemplos de pregunta clinica por tipo de RS (tabla adaptada de la publicacion 1)

Tipo de revision | Acrénimo para la pregunta de | Ejemplo de pregunta de investigacion
sistematica investigacion

Revisién de
prevalencia

Revision
prondstica -
pronéstico global

Revision
pronéstica -
factores
pronéstico

Revision
prondstica -
modelos
pronéstico

Revision de
exactitud

diagnostica

Revision de
efecto de las
intervenciones

CoCoPop-S
(condicion, contexto, poblaciony
disefio de estudio)

¢Cudl es la prevalencia de fragilidad y pre-fragilidad
(condicién) en adultos mayores (poblacion) que viven
en la comunidad que viven en paises de ingresos
bajos y medios (contexto)?

¢Cual es la prevalencia mundial (poblacién) de
insuficiente actividad fisica (condicién)?

CoCoPop-S
(condicion, contexto, poblacion 'y
disefio de estudio)

;Cual es la incidencia de la demencia (condicién) en
individuos de 60 afios o méas de edad (poblacion) que
viven en paises de ingresos altos (contexto)?

PICOT-S

(poblacién, intervencién o factor,
comparador, desenlace, marco
temporal y disefio de estudio)
PFO-S

(poblacién, factor o modelo,
desenlace y disefio de estudio)

¢Es la actividad de la proteasa (factor prondstico) un
factor prondstico independiente para la cicatrizacién
de heridas (resultado) a las 24 semanas (periodo de
tiempo) en personas con Ulceras venosas en las
piernas (poblacion)?

PICOT-S

(poblacidn, intervencién o factor,
comparador, desenlace, marco
temporal y disefio de estudio)

;Cudl es el mejor modelo de pronéstico para predecir
la supervivencia (resultado) general o libre de
progresién en pacientes con leucemia linfocitica
croénica (poblacién)?

PIRD-S

(poblacidn, prueba indice, prueba
de referencia, condicién de interés
y disefio de estudio)

¢Los instrumentos de deteccion de la fragilidad
autoinformados (prueba indice) identifican con
precision a las personas mayores (poblacién) en
riesgo de fragilidad y prefragilidad (condicion de
interés)?

¢Es util el PET 18F florbetapen (prueba indice) en el
diagnostico temprano de demencia (condicion) en
pacientes con deterioro cognitivo leve (poblacién)?

PICO-S

(poblacién, intervencién,
comparador, desenlace y disefio de
estudio)

;Cual es el efecto de la ribavirina (intervencion) en
pacientes con fiebre hemorragica de Crimea-Congo
para prevenir la muerte (resultado)?

;La evaluacion geriatrica integral (intervencién) en
adultos mayores (poblacién) reduce la mortalidad
(resultado)?
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the end of the article

Introduction

Systematic reviews (SR) are studies that use a systematic and
explicit method to identify, analyse and synthesize empirical
evidence, and to answer a specific research gquestion'.
Therefore, SRs are key tools to make informed health choices™.

All SRs are based on a specific research question. Classic epide-
miological research questions relate to the prevalence of a medical
condition, the associated prognosis of the medical condition
(including incidence or global prognosis. prognostic factors
associated to the condition’s incidence or outcome. and risk
profiles defined by prognostic models®), diagnostic accuracy of
tests that allow us to diagnose the medical condition, and effects

F1000Research 2020, 9:82 Last updated: 15 OCT 2020

of interventions to treat the medical condition. SRs can be
classified by the type of research question they answer, as shown
in Table 1.

The stages to develop an SR are common to all the types of SRs:
1) Formulating the research question, 2) development of the pro-
tocol that explicitly describes the methods to carry out each
step of the SR, 3) literature search, 4) risk of bias assessment.
5) synthesis of findings, 6) assessment of the quality of evi-
dence, and 7) report of SR results and conclusions’. Although the
different types of SRs share the same structure and follow a
similar development process, their methods can be different and
more or less complex depending on the type of SR.

Nowadays there are numerous methodological resources (o
conduct reviews, especially for intervention SRs and diagnos-
tic SRs. However, the scattering of these resources and the
lack of widely established manuals or recommendations are.
in many situations, an obstacle to access them, especially for
prevalence SRs and prognostic SRs. Therefore, the objective
of this review is to identify and describe the methodological
resources available to develop prevalence SRs, prognostic SRs.
diagnostic accuracy SRs and effects of interventions SRs.

Table 1. Research question by type of systematic review.

Type of systematic

Prevalence review

Prognostic review
- global prognesis

Prognostic review-
prognostic factors

Prognostic review-
prognostic models

Diagnostic
accuracy review

Acronym for the research
question

CoCoPop-S
(condition, context, population and
study design)

CoCoPop-5
(condition, context, population and
study design)

PICOT-5

(population, intervention or factor,
comparison, outcome, time and
study design)

PFO-5

(population, factor or model,
outcame and study design)

PICOT-S

(population, intervention or factor,
comparison, outcome, time and
study design)

PIRD-5

(population, index test, reference
test, diognosis of interest and study
desiegn)

Example of research question

What is the prevalence of frailty and prefraifty (condition) in community-
dwelling older adults (population) living in low- and middle-income
countries (context)?”

What is the worldwide (population) prevalence of insufficient physical
activity (condition)’

What is the incidence of dementia (condition) in individuals of at least 60
years of age (population) living in high-income countries (context)?”

I= protease activity (prognostic factor) an independent prognostic factor for
wound healing (outcome) at 24 weeks (timeframe) in people with venous
leg ulcers (population)?

What is best prognostic model to predict overall or progression- free
survival (outcome) in patients with chronic lympheocytic leukaemia
{condition)?”

Do self-reported frailty to predict survival in adults with bacterial meningitis
scraening instruments (index test) accurately identify older people
(population) at risk of frailty and prefrailty (condition of interest)?

I= PET 18F florbetapen (index test) useful in early diagnosing dementia
{condition) in patients with mild cognitive impairment (population)?”

Effects of PICO-S What is the effect of ribavirin (intervention) in patients with Crimean Congo
intervention (population, intervention, haemorrhagic fever to prevent death {outcome)?"*
iz cor;parrso;, outcome of interest Does comprehensive geriatric assessment (intervention) in older adults
and study design) {population) reduce mortality (outcome)?'*
Page 3 of 29
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Methods

Information sources and search strategy

We consulted the guidelines from the main organizations that
establish methods to conduct SRs (Cochrane, Joanna Briggs
Institute, European Network for Health Technology Assessment
(EUNETHTA), Enhancing the Quality and Transparency
of Health Research (EQUATOR) network, Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE))
in order to identify their proposed resources.

Additionally, we performed a literature search in MEDLINE
(accessed through PubMed) in November 2019 using the
following search syntax: ((“Review Literature as Topic”[Mesh]
OR systematic review*[tiab] ) AND (handbook*[ti] OR
methodolog*[ti] OR manual[ti] OR guide[ti]).

We also performed ad hoc scientific literature searches to find
other resources for each type of SR in relation to the research
question structure, the literature search strategy, the risk of bias
assessment and the statistical analysis.

Eligibility criteria
We included the resources available to design prevalence
SRs, prognostic SRs, diagnostic SRs and intervention SRs.

We excluded the methodological resources to develop other types
of SRs (methodological, economic evaluation and qualitative
research SRs, or overviews).

Data selection and extraction

The authors are members of CIBERESP (Centro de Investigacion
Biomédica en Red de Epidemiologia y Salud Pdblica -
Biomedical Research Center Network of Epidemiology and
Public Health), hold active roles within Cochrane and the GRADE
Working Group. and are experis in different fields of knowl-
edge (statistics, development of Cochrane reviews, research
methodology, information retrieval, development of clinical guide-
lines). They evaluated the search results. selected the most rel-
evant and accurate resources. and summarized the most relevant
information by development stage and type of SR.

The resources were selected based on the authors expert judge-
ment, prioritising those resources which were endorsed or part of
a guideline from the organisations cited above, and those which
were more recent. The resources were organised in 7 sections,
following the development stages of an SR: 1) Formulating the
research question. 2) development of the protocol and review
registration, 3) search strategy, 4) risk of bias assessment.
5) statistical synthesis of findings, 6) quality of evidence assess-
ment. and 7) results report and presentation. The resources are
presented by type of SR in each section, and an example of
their use is included™ .

For each pre-defined section, the authors selected and summa-
rized the methods that were considered to be more rigorous and
widely accepted, prioritizing major methods applicable to all
reviews over more controversial methods, or methods which
required highly specialized knowledge. The text organises the

Resultados
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results pedagogically with the aim to highlight key differences
between review types, present the key characteristics of each
method. and be a comprehensive tool thal contains the most
relevant advice based on the authors judgement.

Results

We identified guidance handbooks, primary studies and report-
ing guidelines as a resull of the bibliographic searches. The
resources selected are presented in Table 2.

We have identified methodological guidelines dedicated to
the development of prevalence SRs', global prognosis™, and
prognostic factor SRs'*,

During the performed search. we identified methodologi-
cal manuals to develop prognostic model SRs in the series of
publications from the PROGRESS project', and in the resource
compilation from Cochrane’s Prognosis Methods Group.

For diagnostic accuracy SRs and effects of interventions SRs.
we have identified the methodological manuals developed by
Cochrane Collaboration are available'™. The recommendations
drawn from the guidance handbooks identified are comple-
mented whenever necessary with specific primary method studies
identified in our search.

Formulating the research question
The type of SR is determined by the research question. which
must be formulated in a structured manner as shown in Table 1.
Careful development of the research question is vital, since
the SR inclusion criteria will stem from it.

Prevalence review. Prevalence SRs aim to answer the gques-
tion “How common is a health problem in a specific popula-
tion?" Prevalence SRs focus on existing cases at a given time,
measure the global burden of a health problem, and describe
the characteristics of the affected population. the geographi-
cal distribution of that problem and its variation among sub-
groups. The structure of the research question must include the
elements of condition, context, population and study design
(CoCoPop-S)', as shown in Table . The most adequate study
designs to estimate the prevalence would be population registers
or cross-sectional studies that include population-representative
samples. For instance, Guthold et al. (2018) considers stud-
ies based on population surveys as a reliable source of infor-
mation to obtain global prevalence estimators of insufficient
physical activity®.

Prognostic review. SRs of prognosis are mainly based on three
types of research questions: 1) “What is the risk of an specific
population to have a health problem?”’, descriptive question
(review of global prognosis) that focuses in new cases
occurring within a period of time (incidence), 2) “what factors are
associated with or determine a specific outcome?”, an explana-
tory question (review of prognostic factors), and 3) “are there
risk profiles that have higher probability of presenting specific
outcomes?”, a result prediction question (review of prognos-
tic models or risk prediction). We have excluded from the
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Table 2. Organisation of resources by type.

Best practice manuals and
chapters of manuals

JBI manual

Aromataris 20174

{Munn 20717

Moola 2017

Campbell 2017°")

Cochrane DTA manual

Deeks 20107

(Bossuyt 2008

deVet 2008°

Macaskill 2070

Cochrane intervention manual
Higgins 2019

{Lefelvre 2019

Higgins 2019

Deeks 20197

Chaimani 2019

Schiinemann 2019%)

GRADE Working group manual
Schdnemann 2013
(Schiinemann 2020
Schiinemann 2020
Santesso 2019%)

PROGRESS project

Riley 201977

Debray 2017

Diekkers 2019 manual

aim of this project a 4% type of prognostic question, known as
stratified medicine, and that alludes to the use of prognostic
information to individualise therapeutic choices in a group of
people with similar characteristics®.

Structured questions about global prognosis must specify
population, outcome, condition to be predicted, context and

Primary Reporting
methods guidelines
Moher 20057
Moher 20157
Beller 2013~
Zorzela 2016%
Mclnnes 20187
Moher 2007
Fage 2016™
Salameh 2019

Hemingway 2013°
Munn 20184
lorio 2015%
Bossuyt 200&°
Lijrer 1998
Strauss 2010
Ge 2018%

Page 2018
Atkinson 2015°
Lefebvre 20137
Glanville 2008+
Wilczynski 2004
Beynon. 2013
Sampson 201137
Bramer 201 7F
Hartling 2016+
Glanville 2014
Isojarvi 2018
Horsley 2011+
Gentles 2016%
Hartling 2017+
Booth 2016*
Rethlefsen 2014+
Rethlefsen 2015"
Spencer 2018%
Hoy 2012+
Hayden 2013+
Morgan 2018
Morgan 20719
Wolff 20197
Whiting 2011+
Sterne 2016
Lau 1997+
Popay 2006~
Rutter 2001°
Rilcker 2008°
Murad 2017
Harder 20177
Huguet 2013
Campbell 2020

time frame to determine the incidence (CoCoPop-5). The study
designs that provide more reliable incidence estimates are
prospective cohort studies with representative samples™~.
Structured questions regarding either prognostic factors or models
must include population; exposure in terms of the prognostic
factor or medel of interest, including how it is measured. the

intensity and the exposure time: outcome, condition to be
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predicted: follow-up time; and context (PICOT-S or PFO-5)""',
The best study designs to evaluate prognostic factors or models
are also prospective cohort studies. For instance, Westby
et al. (2018) published a prognostic factor SR that gives prior-
ity to the inclusion of cohort studies and, if none is found, it
resorts to including case-control studies, which also explore the
association of prognostic factors with the outcome of interest,
although with less reliability®.

Diagnostic accuracy review. Diagnostic SRs aim to answer
the question “How good is a test to identify or dismiss the pres-
ence of a condition or health problem in a particular population,
in comparison with a reference test?” The research question
can be posed with the elements of population, index test.
reference test, diagnosis of interest and study design (PIRD-S)"'.
The SR approach will depend on the role of the index test in
the clinical diagnostic pathway: if it replaces another test, if
it will be used in addition to another test to refine the diagnosis,
orif it is a triage test previous to other tests™,

Diagnostic SRs preferentially include cross-sectional stud-
ies. where the participants are evaluated using the index test
andfor the reference test to determine if they have the condi-
tion of interest. Case-control designs are subject to risk of bias
and their inclusion in diagnostic SRs is not recommended™.
For instance, Ambagtsheer et al. (2017) include in their SR
cross-sectional studies where one or more self-reported frailty
screening scales have been compared with one of three reference
standards: frailty phenotype, frailty index or comprehensive
geriatric assessment'”.

Effects of interventions review Interventions SRs aim to answer
the question “What effect does a specific intervention have
on the relevant outcomes in people with a particular health
problem, in comparison with a reference intervention”” The research
question is posed with the elements of population, intervention,
comparator, outcomes of interest and study design (PICO-S)'.

The randomised clinical trial (RCT) is the most appropriate
study design to evaluate the effects of an intervention, as it is
the design with less risk of bias and that best helps to establish
causality. In cases where it is not possible to conduct randomised
trials for ethical or organizational reasons, non-randomised
trials, before-after studies, time series, cohort studies or case-
control studies can be considered for their inclusion in the SR’
For instance, the SR by Johnson et al. (2018) regarding riba-
virin for treating Crimean Congo haemorrhagic fever included
both RCTs and non-randomised trials to use the available
data, given the previous lack of preparedness for experimental
research therapeutics in outbreak situations. but concludes that
estimates of effect based on the existing literature are highly
uncertain due to confounding in non-randomised studies™.

Development of the protocol and review registration

Writing the SR protocol is a fundamental step that must be
done before designing an SR. Herein, the stages and meth-
ods to be applied during the development of the SR can be
pre-specified. The identified guidelines can be used to identify

Resultados
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the methods that need to be stated in the protocol, and some have
specific chapters on protocol development'-"-".

Similarly to the requirement of clinical trial registration, the SR
should also be registered in order to avoid redundancies and.
more importantly, to avoid reporting bias, therefore guaran-
teeing transparency and rigor during the development of the
SR*. Prospective registration of an SR protocol is recommended
by the PRISMA guidelines and is associated with higher SR
methodological quality”’. The largest and most well-known SR
register is PROSPERO, produced by the Centre for Reviews
and Dissemination in York. With PROSPERO, it is possible to
prospectively register any type of review, provided that its aim is
a health-related outcome. It contains more than 30,000 entries®.
All Cochrane SR protocols are published in Cochrane Library
and automatically registered in PROSPERO.

Search strategy

Designing a comprehensive research study for an SR is vital in
order to reduce bias when identifying studies, and it is impor-
tant to describe it in the relevant section within the protocol
in a transparent and thorough manner to facilitate its evaluation
by third parties and its reproducibility.

Methodological reference standards to design comprehensive
searches have been published®. In addition, methodological
manuals to develop SRs provide guidelines for diagnostic and
effects of interventions SRs™".

The design of the search strategies does not differ by type of
SR. but rather their differences are due to the elements of the
research question and the design of studies to be identified.
In seneral terms, electronic searches are designed to identify
bibliographic references that use a language similar to the
clements of the review's clinical question. To this effect. the
strategies are built based on the elements of the structured clini-
cal question. Search algorithms use a combination of natural
language and the appropriate controlled vocabulary for each
bibliographic database. Validated filters can be applied to these
strategies to determine specific study designs that can be useful to
identify, among others, clinical trials™, or prognostic studies™.
However, the use of filters is controversial in diagnostic accuracy
studies™ .

Search performance will vary depending on the type of stud-
ies that are included in the SR. Thus, in intervention SRs, the
search results for RCTs are more precise (they have a higher
proportion of relevant references among all the references that the
search has identified), due to better indexation of this type of
studies in bibliographic databases. On the contrary, in SRs that
include observational studies. like prognostic SRs. identifying
studies is more complex given the variability of designs lo be
included and its poorer indexation in databases, which results
in less specific literature searches that lead to a longer and more
complex study selection process'’.

Searches must be designed to optimise their sensitivity (the ability
to retrieve as many relevant study references as possible), which
is a feature that tends to be a detriment to precision, which in
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SRs ranges on an average of 3%". To obtain an efficient search
with adequate sensitivity, performing searches in MEDLINE
and EMBASE may be sufficient, particularly in intervention
reviews, as they are the two most frequently used bibliographic
databases™, and they are enough to identify most relevant stud-
ies for a specific SR”. These searches can be complemented with
additional searches in other databases such as PEDro, which
provide specific information for certain topics.

Searching in bibliographic databases can be completed with
additional sirategies, such as checking public trial registers™"',
searching in the reference list of relevant studies”, or cross-
searching citations”. Searching grey literature, understood as any
document that is not published in biomedical or scientific jour-
nals, has a limited impact in effects of interventions SRs*, but
offers good results in other types of SRs, such as qualitative
evaluation SRs".

If we take into consideration the methodological and technical
challenges that the design and implementation of search stral-
egies pose, involving a medical librarian can be desirable to
improve the search quality'™**.

Risk of bias assessment

Assessing the risk of bias of the included studies is a key
element in any SR. It helps evaluate and interpret the included
studies results, and it is a determinant of the evidence quality
of the SR results. The current tools to assess risk of bias are
organised by domains, which roughly correspond to the classic
epidemiological biases related to each type of research guestion.
The identified tools to assess risk of bias are presented in Table 3,
organised by type of SR and by domain of epidemiological
bias assessed.

Each of the domains of these tools includes a number of index
questions related to specific aspects of study design or devel-
opment that can lead to a bias in that domain. The lools can be
adapted a priori to each review, modifying or deleting gues-
tions, or adding new questions specific to the considered research
question. The process lo assess risk of bias is similar in all the
current scales. Firstly, they identify the risk of bias in each
domain based on the answers (o the questions, and secondly, they
integrate these risks in a risk of bias assessment for each health
problem. prognostic factor, diagnosed condition or outcome
of interest assessed, depending on the type of SR.

Prevalence review. The tool to assess risk of bias by Hoy ef al.
{2012) is available for prevalence SRs. It assesses internal and
external validity aspects in the prevalence study”. The tool
comprises 10 questions where a judgement of high or low risk
of bias is made. Based on the answers. the researcher makes a
subjective assessment of the study’s overall risk of bias as low,
moderate or high* .

Prognostic review. There is no scale available to assess the
risk of bias in global prognostic studies, although a series of
criteria has been proposed to assess risk of bias. These are
classified in 1) definition and representativeness of the population,

F1000Research 2020, 9:82 Last updated: 15 OCT 2020

2) completeness of follow-up, and 3) objective and unbiased
measurement of outcome of interest”. However, some authors
like Roerh et al. (2018) use a version of the scale to assess risk
of bias designed by Hoy et al. (2012), adapted to the assessment
of incidence studies considering the duration of the incidence
period’.

For the prognostic factor studies, the tools QUIPS and “RoB
instrument for NRS of exposures” were identified™ ™. The
QUIPS tool helps assess the risk of bias uwsing 31 questions
divided in 6 domains. For each domain, a judgement of high, low
or unclear risk of bias is made. Before using the tool, one must
carefully consider the potential confounders that can lead to
bias. Clinical experts in the specific topic of the SR should
participate. The tool “RoB instrument for NRS of exposures”
evaluates the risk of bias using 32 questions divided in 7 domains,
including a key domain regarding confounders and a domain
regarding departures from intended exposures. For each domain,
a judgement of critical, serious, moderate or low risk of bias
is made. An example of the use of the QUIPS scale can be
seen in the review by Westby et al. (2018). The authors defined
a priori two key confounders (age and infection), which the
experts and the literature described as prognostic factors for their
condition of interest (venous leg ulcers), and which were simul-
taneously associated with the prognostic factor of interest in
the SR (protease activity biomarker). These two confounders
were included in the QUIPS scale in the section of control by
confounders®.

We identified the Prediction model Risk Of Bias ASsessment
Tool (PROBAST) for the prognostic model SRs™. This tool
assesses the risk of bias using 20 questions divided in 4 domains
(participants, predictors, outcome and analysis). For each domain,
a judgement of high, low or unclear risk of bias is made. The
questions vary according to the aim of the study (development,
validation, or development and validation of the prognostic
maodel).

Diagnostic accuracy review The tool QUADAS-2, which evalu-
ates 11 questions divided in 4 domains, is available to assess the
risk of bias in diagnostic accuracy studies™. For each domain,
a judgement of high, low or unclear risk of bias is made. In addi-
tion, the external validity or study applicability in relation to the
SR is assessed in each domain.

Diagnostic SRs mainly include observational studies, which
are more subject to risk of bias, and therefore adapting the
QUADAS-2 tool, modifying or adding specific questions to the
SR topic, is virtually a requirement during the protocol stage.
For instance, the SR by Martinez ef al. (2017) studied the diag-
nostic accuracy of an imaging test (amyloid PET) that requires
complex visual interpretation. For this reason, a question was
included in the QUADAS scale to assess whether the test
interpretation was performed by trained readers''.

Effects of interventions review. For intervention SRs, the
Risk of Bias (RoB) 2.0 tool is available to assess the poten-
tial bias in randomised clinical trials, and the Risk Of Bias In
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Mon-randomised Studies - of Interventions (RoBiNS-1) tool
in non-randomised clinical trials®**. The RoB 2.0 tool includes
16 questions divided in 5 domains, including a specific domain
for randomisation and a domain for deviations from intended
interventions™. The number of questions may vary, depending
on the effect of interest and the design of the study assessed.
For each domain, a judgement is made: high or low risk of bias, or
some concerns. For instance, in their SR, Ellis er al. (2017)
assessed the risk of bias in the evaluation of results separately
for the objective outcomes (such as living at home or death) and
for the subjective outcomes, showing a lower risk of bias in the
evaluation of the objective outcomes'.

The RoBiNS-I tool assesses the biases that the non-randomised
study has when compared with an ideal, pragmatic, unbi-
ased randomised trial, which answers the clinical question of
interest {even if this ideal trial may not be feasible or ethical)™.
RoBiNS-I has 34 questions divided in 7 domains, including a
key domain regarding confounders and a domain for deviations
from intended interventions. As in the case of prognostic
SRs, there should be an a priori careful consideration of the
potential confounders that must be included in the tool to assess
individual studies. A judgement of critical, serious, moderate or
low risk of bias is made for each domain. A low risk of bias implies
that the non-randomised study is comparable to a well-performed
randomised trial. For instance, Johnson ef al. (2018) excluded
from their analyses the non-randomised studies that showed a
critical risk of bias according to RoBiINS-I, rejecting 18 out
of the 22 included studies'”.

F1000Research 2020, 9:82 Last updated: 15 OCT 2020

Statistical synthesis of findings

SRs may include a section with a quantitative statistical
synthesis or meta-analysis, where a combined estimator of the
parameter of interest is obtained from the estimators of the
individual studies. Table 4 shows a non-exhaustive compilation
of the main characteristics of the meta-analysis methods and the
main software commands for each type of SR.

A necessary previous step to any meta-analysis is the evalua-
tion of the existing clinical and statistical heterogeneity in the set
of studies, which will inform us 1) if it is reasonable to perform
a quantitative synthesis of findings, 2) what meta-analysis
model we should apply, and 3) if additional investigation of
the causes of heterogeneity is required, for example, subgroup
and sensitivity analyses, or meta-regressions’*. In those cases
when a quantitative synthesis is precluded, the SR will be
restricted to a narrative synthesis. A narrative synthesis should
not simply summarize the findings from the included studies in
order to draw conclusions about the body of evidence, but instead
should be a more formal process which includes a formulation
of the theory of how the intervention works, why and for whom,
the exploration of the relationships in the data, and the assessment
of the robustness of the synthesis™.

When it is reasonable to perform a statistical synthesis, there
are two main models to conduct a meta-analysis: fixed effects
model and random effects model. For practical purposes,
the chosen model determines how the studies included in the
meta-analysis will be numerically weighed. Both models are

Tahle 4. Methodological characteristics of meta-analysis by type of systematic review.

Measures to combine Assessment_of Model Method S
heterogeneity (package)
Prevalence review - Proportion (prevalence) - Qualitative - Fixed/Random - Inverse-variance - Metaprop (5tata)
effects method®
Prognostic review - Cumulative incidence - Meta-regression - Fixed/Random - Inversewvariance - Metan (5tata)
-global prognosis  jpcidence rate effects method: - Metaprop (Stata)
- Review Manager
Prognostic review- - Hazard Ratio - Meata-regression - Random effects - Inverse-variance - Metafor (R)
prognosticfactors | _ ndds Ratio meathod
Prognostic review- - Calibration - Meata-regression - Random effects - Multivariate - Metamisc (R)
prognostic models | npiccrimination methods
Diagnostic - Sensitivity - Meta-regression - Random effects - HSROC method® - Metadas (SAS)
accuracy review - Specificity - Bivariate model | - Metandi (Stata)
Effects of - Mean difference -2 - Fixed/Random - Mantel-Haenzsel - Metafor (R)
iNtervention revieW  _ pick difference - Meata-regression effects method - Metan (Stata)

- Standardised mean
difference

- Hazard Ratio

- Incidence rate ratio
- Odds Ratio

- Risk ratio

Multivariate
methods

- Review Manager

* Tukey-Freeman or logit transformation. "Transformation for the cumulative inddence. © Hierarchical summary receiver operating characteristic (HSROC)
method allows estimation of a Receiver operating characteristic (ROC) curve or sensitivity and specificity indexes.
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based on different assumptions regarding distribution of effects
and heterogeneity in the set of studies. and they differ in their
application and interpretation™.

Finally, there is a variety of resources to conduct meta-analyses.
from specific programs to perform meta-analyses (free or
paid) to user-defined routines using general statistics packages
(SAS, Stata, SPSS), as well as Excel utilitiecs or R libraries.
An archive with software and utilities is available from SR
Tool Box.

Due to the complexity of the statistical techniques to synthe-
sise results, and the difficulty to standardise methods and deci-
sions to be made during the analysis, it is vital to involve a
statistician in the planning and conduct stages of the meta-analysis,
especially for prognostic and diagnostic SRs.

Prevalence review. In prevalence SRs, the meta-analysis
combines ratios, which are transformed to be meta-analysed
using the inverse-variance method™. Siriwardhana et al. (2018)
calculated combined frailty prevalence estimates using a random
effects model. The authors assessed that there was high clinical
heterogeneity between the studies in terms of actual frailty
prevalence, geographic setting, frailty assessment method, cut-off
points applied and sample age, although this heterogeneity
did not rule out performing a meta-analysis’.

Prognostic review. In global prognostic SRs, the meta-analysis
combines cumulative incidence ratios or incidence rates. while
in prognostic factor SRs, the meta-analysis combines odds
ratios or hazard ratios, which can be presented in individual
studies as raw estimates or as covariate-adjusted estimations
derived from logistic or Cox regression models. If combining
adjusted estimates, all of them should be adjusted by a mini-
mum set of common factors'’. In prognostic model SRs, the
meta-analysis combines estimates of model discrimination and
calibration. These indicators can be synthesised separately or
jointly using multivariate models".

Prognostic studies usually show significant variability in terms
of design, sample case-mix. measurement instruments. analy-
sis methods and presentation of results””. Therefore. in prog-
nostic factor and model SRs. it is recommended to perform the
meta-analysis using the random effects model, and even to
use multivariate meta-analysis methods adjusting for relevant
factors'’. For instance, the SR by Westby er al. (2018) describes
how the authors dismissed performing a meta-analysis due to
the high risk of bias and the extreme heterogeneity across the
included studies in terms of population. measurement of the
prognostic factor (cut-off points and analytical methods) and
outcome measurement’.

Diagnostic accuracy review. In diagnostic SRs, the meta-analysis
combines estimates of sensitivity and specificity of the index
test. The meta-analysis in diagnostic SRs shows a higher degree
of complexity because the studies may have used different
thresholds, both implicit and explicit, to define a positive
result in the evaluated test. This leads to a correlation between
the sensitivity and specificity indexes, which must be modelled

Resultados
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jointly using multivariate methods™. The most common avail-
able statistical methods are the bivariate hierarchical model and
the HSROC model (Hierarchical summary receiver-operating
characteristic)". Diagnostic SRs tend to combine studies with very
heterogeneous results, and it is recommended to use the random
effects medel by default and perform a comprehensive exami-
nation of the sources of heterogeneity using meta-regression™.
For instance, the protocol of the SR by Ambagtsheer et al
(2017) expects to estimate an average sensitivity and specificity
for the frailty scales. when the included studies have applied the
same explicit cut-off points to the considered scales. However,
given that they are subjective, self-reported scales, the studies
could share the same explicit cut-off point, and yet that cut-off
point could correspond to different levels of frailty in the stud-
ies (implicit thresholds), which will advise against calculating
pooled estimates of diagnostic accuracy'”.

Effects of interventions review. In intervention SRs, the meta-
analysis combines different measures, depending on the type
of outcome: odds ratio or risk ratio for binary oulcomes, mean
difference or standardised mean difference for continuous
outcomes, hazard ratio for time-to-event outcomes, and
incidence rate ralios for outcomes that count number of events.

In intervention SRs, the I* estimator has been proposed to assess
statistical heterogeneity as a supplement to the assessment of
clinical and methodological heterogeneity. This indicator is
defined as the percentage of the overall variability that cannot
be explained by chance, and has values ranging from 0%
to  100%: with higher values indicating higher statistical
heterogeneity™. For instance. I was one of the aspects consid-
ered in the SR by Ellis et al. (2017) to assess the inconsistency
in results, and to decide if a meta-analysis combining the results
would be performed”. Despite its popularity and ease of inter-
pretation, the vuse of this indicator is not exempt of controversy
due to its dependence on the number of studies and sample size:
thus, a small statistical heterogeneity could seem substantial
only by the effect of a arge sample size of the included studies™.

In intervention SRs, pairwise metanalysis has been extended to
network metanalysis, which allows the simultaneous comparison
of three or more interventions, combining direct and indirect
evidence from a network of studies™.

Quality of evidence

The quality (also confidence or cerainty) of evidence in an
SR is the degree of confidence that is held against the fact that
an estimate of effect or association is close to the actual value
of interest’. Certainty of evidence is best evaluated with the
GRADE system. Certainty in the obtained estimates for each one
of the key SR outcomes or factors is classified as high, moderate,
low or very low. A level of certainty of evidence is first established
from the design of the studies that form the evidence body,
which might or might not have an optimal design for the type of
considered question. This initial confidence in the evidence body
can then decrease in one or two levels if the following is detected:
1) design or execution limitations, 2) inconsistency between
estimates, 3) indirect evidence. 4) imprecision in estimates,
or 5) publication bias™.
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The certainty of evidence is a key element to interpret and
communicate results, and as such, it should be included in the
sections of results, discussion, conclusion and abstract, using
semi-standardised statements™. Additionally, it can be included
in a Summary of Findings table, where for each comparison, the
key information regarding relative effect and absolute effect
magnitude, quantity of available evidence and its cerainty is
presented™. Certainty of evidence can be assessed too when
no guantitative synthesis is possible®.

We will now highlight the specific aspects in which the
GRADE system adapts to each type of SR.

Prevalence review. There are no formal adaptations of the GRADE
system for prevalence SRs, bul there is a proposal to assess
the quality of the evidence based on this system™. High initial
certainty is awarded to survey or cross-sectional study designs
with population representativeness that have been properly
designed and conducted, while studies with no population repre-
sentativeness will have lower initial quality.

Prognostic review. There is a GRADE proposal for global
prognostic SRs™ and an adaptation for prognostic factor SR™.
Guidelines for prognostic model SR are still under development.

In global prognostic SRs, the study designs that have high
initial certainty are longitudinal cohort studies and pragmatic
randomised controlled trials with representative samples™. Other
observational designs would offer low initial certainty. In
prognostic factor SRs, explanatory and confirmatory longitudinal
designs offer high initial certainty. while exploratory studies are
considered to be of moderate quality™.

In prognostic SRs, the assessment of the limitations follows
the general procedure already described, with two particu-
larities: 1) qualitative assessment of inconsistency, because of
low reliability of I* estimator in the prognostic field™>", and
2) possibility of increased certainty in the studies that do not show
limitations in the quality of evidence, if (i) the estimated effect
magnitude is substantial, or (ii) there is an exposure-response
gradient®’. For instance, the prognostic factor SR by Westby
el al. (2018) considered the possibility of increasing the certainty
of evidence in the studies presenting no limitations. Due to the
exploratory nature of the included studies and their high risk
of bias, the certainty was not increased in any case and the
evidence obtained in the review was of very low guality®.

Diagnostic accuracy review. There is a GRADE proposal
for assessing the certainty of evidence for test accuracy™'.
The study designs that start with the highest degree of evidence
are cohort or cross-sectional studies where the index test and an
appropriate reference standard have been directly compared in
patients with diagnostic uncertainty™. If the SR included
case-control  studies, these would offer low-quality initial
evidence®.

Indirectness of evidence would be assessed through any appli-
cability concerns of the patient sample. the intervention and
the comparator with respect to the clinical pathway where the

F1000Research 2020, 9:82 Last updated: 15 OCT 2020

test is to be applied. There is uncertainty regarding how to assess
inconsistency. because heterogeneity is common and hard to
quantify in diagnostic SRs. and it often cannot be explained even
if multivariate models are adjusted. Judgments on extent of
heterogeneity should be based on similarity of the point
estimates, overlap of confidence intervals, and the exploration of
possible explanations for the inconsistency from subgroup or
sensitivity analyses™.

Imprecision judgments should be based on both the width
of the confidence or credible intervals for sensitivity and
specificity, but also on the implications for patient management in
terms of true and false positives, and true and false negatives.
When the estimated intervals include values that may lead to
different conclusions of the test’s wvalue. the certainty of the
evidence may be lowered’.

With regard to the criteria to increase the level of evidence, it is
unclear whether they should be applied at all and how to do it
in diagnostic SRs’'. The uncertainty surrounding the process
of assessing the guality of evidence in diagnostic SEs explains
why it is not a requirement in Cochrane SRs at the moment.
For instance, the SR by Martinez et al. (2017) only included
a Summary of Findings table with numerical results and an
estimation of the absolute effect that the test would have on a
hypothetical cohort of individuals''.

Effects of interventions review. The GRADE system for assess-
ing the quality of evidence was initially developed for interven-
tion SRs, and it is the indication for which clearer and widely
agreed guidelines are available™. In terms of study design,
RCTs are initially classified as having high certainty, while
all non-randomised or observational studies are classified as
having low certainty. This proposal for pairwise metanalysis can
be extended to network metanalysis™.

The assessment of the certainty limitations is well-defined in
intervention SRs. Inconsistency can be assessed using the P
estimator™, Imprecision is assessed taking into account whether
the review meets the oplimal information size, and whether
the confidence interval of the effect estimate allows reaching a
conclusion, because either it only includes values consistent with
a relevant intervention effect, or it completely dismisses it“. In
observational studies that do not have limitations in the quality of
evidence, three criteria are considered to increase certainty: 1) the
estimated effect magnitude is important or very important,
2) there is an exposure-response gradient, and 3) all possible
biases that could reduce the observed effect confirm the obtained
conclusions.

For instance. the SR by Ellis et al. (2017) applied the GRADE
system to the included randomised trials, and it concluded
that there was high certainty of the effect of the compre-
hensive geriatric assessment on the effects outcomes based
on a high number of studies and participants, with a globally
low risk of bias. and results consistent among studies. However.
the certainty of evidence obtained in cost-effectiveness was low,
due to imprecision and inconsistency of results™.
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Results report

It is wvital to inform about the methods, results and conclusions
of the SRs in a transparent and thorough manner so that their
users can interpret, evaluate and apply them. The EQUA-
TOR initiative has developed. and keeps up-to-date, a library
with guidelines to communicate the different types of research
studies. The PRISMA statement (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) has been proposed in
the SR field™. This statement consists of a checklist comprised
of 27 items and a Aow diagram to present the number of studies
considered in the SR. In addition, several extensions focusing on
reporting specific aspects of SRs have been developed. such as
PRISMA-P for reporting SR protocols™, PRISMA- Abstracts
for reporting abstracts™, and PRISMA- Harms for reporting
harms outcomes in SRs™. Additionally, the SWiM guideline
is available for reporting intervention SRs where the effects of
interventions are synthethised narratively without metanalysis,
focusing on the key features of narrative information synthe-
sis (grouping of studies. presentation of data and summary
text, and appropriate discussion of limitations of this type of
synthesis)™.

Although the PRISMA statement and the cited extensions are
focused on intervention SRs, a specific PRISMA extension
has also been developed for diagnostic SRs™. On the contrary,
no tools have been identified to communicate prevalence or prog-
nostic SRs. In recent years, clarity and transparency in study
communications has improved thanks to the development of
checklists for scientific paper publication, although there is
still room for improvement™ ™,

Discussion

Key results

This review identifies and describes the most relevant methodo-
logical resources to conduct prevalence, prognostic, diagnostic
accuracy and effects of interventions SRs. This review offers
a general and comparative perspective of the methodological
resources by SR stage. highlighting the differential elements
of each type of SR. This project does not aim to be a stan-
dalone tool for a researcher to find complete guidance on how to
conduct and report a review, but rather it aims to be a sign-
post pointing out to the resources where researchers may find in
depth guidance to develop their reviews.

Current context

This paper corroborates that developing a rigorous SR is a com-
plex and resource-intensive task®*. In order to tackle the
increasing complexity of SRs and ensure the adoption of rigor-
ous methodology, it is necessary that the reviews are made by
multidisciplinary work groups with knowledge and experi-
ence in methodology (such as statistical analysis and informa-
tion retrieval)®**. In addition, it is important to consider the
increasing availability of artificial-intelligence-based tech-
nological tools, which make it possible to semi-automate the
different steps of the SR development, and thus reduce the
time and human resources required to conduct the review™.

Once the rigorous SR has been developed, ensuring the con-
veyance of the generated knowledge is essential. In this sense,

Resultados
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new formats for synthesis and presentation of SR results
are being explored nowadays to help their dissemination and
the adoption of their conclusions in clinical practice and
healthcare decision-making. For instance, new formats for result
presentation and Summary of Findings tables are being proposed.
adapted to the profile of their potential users™*’.

Limitations and strengths

An inherent limitation of this project is its methodology based
on a selection of resources and summary of guidance informed
by expert opinion, which may be susceptible to implicit
selection biases or lack of comprehensiveness.

The four types of SRs considered in this paper are fundamen-
tal to define preventive activities and public health policies, as
well as to make health decisions. The selection of resources
done is not dependent on whether the reviewer explores
questions on efficacy or effectiveness, often described as explan-
atory or pragmatic questions, and will be useful to the research-
ers regardless of their intended purpose. However, we have
not considered the resources to conduct in-depth exploration
of effectiveness issues such as reviews of complex interven-
tions or implementation reviews. Additionally, this research
has not considered other types of 5Rs, such as methodological,
economic evaluation and qualitative research SRs, for which it
would be convenient to perform similar methodological
compilations. Reviews of reviews (or overviews) were also not
considered, and as such, there are a number of review-level
resources which have not been discussed. for example the risk
of bias assessment tool ROBIS or the methodological assess-
ment tool AMSTAR™*. Another limitation of this research is the
need to keep it up to date, given the speed at which the methods
and methodological resources to develop SRs are updated.

On the other hand, the main strengths of this paper are its trans-
versal approach for the different types of reviews, and the
identification of resources for all the stages in the develop-
ment of an SR. There are few previous publications that offer a
transversal perspective of the different types of systematic
reviews, and these are focused on a specific stage of the review
or on a particular topic. For instance, the work carried oul by
Munn ef al. (2018) defined a typology for SRs, characterised
from 10 different types of research guestions, and delving into the
format of each type of question”. Pollock et al. (2017) review the
steps of an SR for 5 types of question, specifically focusing on
the particularities of the reviews on stroke rehabilitation™. Muka
et al. (2019) offer a structured compilation of resources for
each SR stage, but without delving into the specificities of the
different types of SRs”. Finally, oreanising the resources to assess
the risk of bias by type of review is a strength and a novelty
compared with previous works, which compile the quality
assessing tools by type of study design but without linking them
to the aim of the study nor the type of systematic review™ ™,

Conclusions

SRs are a key research tool to make decisions in healthcare,
public health and medical research. There are methods and
resources to develop high-quality reviews to answer most types of
clinical questions. This review offers a complete resource guide
for prevalence, prognostic, diagnostic and intervention reviews,
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and is a wvery useful tool for those researchers that wish to
develop SRs or conduct methodological research works in that
field.

Data availability
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All data underlying the results are available as part of the article
and no additional source data are required.
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5.2 Publicacion 2: Physical exercise interventions for improving
performance-based measures of physical function in community-
dwelling, frail older adults: a systematic review and meta-analysis

Giné-Garriga M, Roqué-Figuls M, Coll-Planas L, Sitja-Rabert M, Salva A. Physical exercise interventions
for improving performance-based measures of physical function in community-dwelling, frail older
adults: a systematic review and meta-analysis. Arch Phys Med Rehabil. 2014 Apr; 95(4):753-769.e3.

Fl: 3.395 (2014). Puntuacion de atencion Altmetric: 24

La RS que constituye el trabajo 2 incluyd 19 estudios (2215 participantes) [31]. Doce de los estudios
compararon programas de ejercicio con un control inactivo (1588 participantes), y 7 con un control
activo (627 participantes). La mayoria de programas de ejercicio evaluado eran programas
multicomponente.

En comparacion con las intervenciones de control, se demostré que el ejercicio mejora la velocidad de
la marcha normal (DM = 0.07m/s; IC 95%: 0.04 a 0.09), la velocidad de la marcha rapida (DM =
0.08m/s; IC 95%: 0.02 a 0.14), y el SPPB (DM = 2.18; IC 95%: 1.56 a 2.80). Los resultados no son
concluyentes para los desenlaces de resistencia, y no se observd un efecto consistente sobre el
equilibrio y la movilidad funcional en las actividades de la vida diaria.

La evidencia que compara diferentes modalidades de ejercicio es escasa y heterogénea, tanto en los
programas de ejercicio comparados como en los desenlaces considerados.

En conclusién, el ejercicio conlleva algunos beneficios en las personas mayores fragiles, aunque
todavia existe incertidumbre con respecto a qué caracteristicas del ejercicio (tipo, frecuencia, duracion)
son mas efectivas.

En esta RS no se realiz6 una evaluacién de la calidad de la evidencia, y no se construyd una tabla de
resumen de hallazgos. Esta revisién no se ha actualizado y no esta previsto hacerlo.
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Abstract

Objective: To conduct a systematic review to determine the efficacy of exercise-based interventions on improving performance-based measures
of physical function and markers of physical frailty in community-dwelling, frail older people.

Data Sources: Comprehensive bibliographic searches in MEDLINE, the Cochrane Library, PEDro, and CINAHL databases were conducted
(April 2013).

Study Selection: Randomized controlled trials of community-dwelling older adults, defined as frail according to physical function and physical
difficulties in activities of daily living (ADL). Included trials had to compare an exercise intervention with a control or another exercise
intervention, and assess performance-based measures of physical function such as mobility and gait. or disability in ADL.

Data Extraction: Two review authors independently screened the search results and performed data extraction and risk of bias assessment.
Nineteen trials were included, 12 of them comparing exercise with an inactive control. Most exercise programs were multicomponent.

Data Synthesis: Meta-analysis was performed for the comparison of exercise versus control with the inverse variance method under the random-
effects models. When compared with control interventions, exercise was shown to improve normal gait speed (mean difference [MD]=.07m/s;
95% confidence interval [CI], .04—.09), fast gait speed (MD=.08m/s; 95% CI, .02—.14), and the Short Physical Performance Battery (MD =2.18;
95% CI, 1.56—2.80). Results are inconclusive for endurance outcomes, and no consistent effect was observed on balance and the ADL functional
mobility. The evidence comparing different modalities of exercise 1s scarce and heterogeneous.

Conclusions: Exercise has some benefits in frail older people, although uncertainty still exists with regard to which exercise characteristics (type,
frequency, duration) are most effective.

Archives of Physical Medicine and Rehabilitation 2014:95:753-69

2014 by the American Congress of Rehabilitation Medicine

As individuals get older, they may reach a stage of vulnerability
called frailty that precedes and predisposes to disability and
physical dependence. The terms frail and frailty are often used in
the literature without clear definition or criteria,’ and there is not
yet a consensus on a standardized and valid method of clinically

No commercial party having a direct financial interest in the results of the research supporting
this article has conferred or will confer a benefit on the anthors or on any erganization with which
the authors are associated.

screening for frailty.™ Frailty is considered highly prevalent in
old age and to confer a high risk for falls, worsening mobility,
disability, hospitalization, and mortality.*

Two main definitions of frailty exist. The first one relates
frailty to a physical phenotype consisting of solely physical
components and has attracted the most attention of researchers.”
The most well known of these is the frailty phenotype described
by Fried et al,” which identifies someone as frail when 3 or more
of the following criteria are present: unintentional weight loss,

0003-9993/14/$36 - see front matter © 2014 by the American Congress of Rehabilitation Medicine
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self-reported exhaustion, weakness, slow walking speed, and low
levels of physical activity. The second definition has a broader
scope and conceptualizes frailty as the result of multiple inter-
acting factors such as having difficulties in activities of daily
living (ADL), and social and psychological aspects.” This defi-
nition was operationalized into the Frailty Index,” built as a sum of
deficits and able to capture gradations in health status ranging
from mild to severe stages, and the risk of adverse outcomes.”

A review of the literature by Gobbens et al’ showed that frai Ity
affects multiple domains of functioning. These include gait and
mobility, balance, muscle strength, motor processing, cognition,
nutrition (often operationalized as nutritional status or weight
change), endurance (including feelings of fatigue and exhaustion),
and physical activity.

Frailty is common in older adults (=65y), but different oper-
ationalization of frailty status results in widely differing preva-
lences between studies. In a recent systematic review,'” the
weighted prevalence was 9.9% for physical frailty and 13.6% for
the broad definition of frailty. The design of effective interventions
to prevent or delay functional decline and disability in older
persons is a public health priority. Most likely to benefit from such
interventions are community-dwelling frail individuals, without
disability or with only early disability, and who are at high risk of
becoming functionally dependent.’’ Frail individuals who are
institutionalized or hospitalized present a more deteriorated health
status and functioning'® and may need different types of in-
terventions to prevent or minimize complications.

The benefits of exercise in delaying physical dependence in an
elderly population have long been recognized,' ™' and random-
ized controlled trials"™"'® have shown promising early results of
physical exercise. Exercise seems to be beneficial in improving
physical functions, such as sit-to-stand performance, balance,
agility, and ambulation, in older adults.”"” Although there are 6
systematic reviews "> exploring the benefits of exercise in frail
older adults, a definite conclusion has not yet been reached. Four
of the reviews™">* " applied a very broad definition of frailty that
included both nonfrail and prefrail participants. The other 2 re-
views™' applied consistent definitions of frailty but need to be
updated with studies published recently in community-dwelling
populations. The most recent reviews " did not identify some
of the studies included in the present review, and both also
included non—performance-based measures as main outcomes.

This systematic review aims to integrate the most current evidence
on the effect of exercise interventions on improving performance-
based measures of physical function and markers of physical frailty in
community-dwelling older people defined as frail according to
physical function and physical difficulties in ADL. Specifically, we
aimed to (1) examine the effectiveness of exercise compared with
control interventions; (2) determine which exercise modalities are
most effective: and (3) determine whether there are adverse effects
within the exercise interventions.

List of abbreviations:

ADL activities of daily living

BBS Berg Balance Scale

CI confidence interval

MD mean difference

RCT randomized controlled trial
SPPB Short Physical Performance Battery
TUG Timed Up and Go

Methods

We included randomized controlled trials (RCTs) evaluating the
effect of physical exercise programs with or without other com-
ponents on functional performance-based measures of physical
function among community-dwelling, frail older adults. Inclusion
criteria were as follows: participants should be (1) 65 years and
older; (2) living in the community; and (3) defined as frail ac-
cording to standardized criteria (eg, Fried's), or considered frail
according to reduced physical function measured with physical
performance scales (eg, Short Physical Performance Battery
[SPPB]) or performance-based measures such as gait and mobility,
muscle strength, nutritional intake, weight change, balance,
endurance, fatigue, and physical activity. Participants either had to
have limitations in 2 or more performance-based frailty measures
or had to have clinically significant limitations in a single mea-
sure. Exclusion criteria were as follows: (1) inclusion of partici-
pants with disability (eg, advanced disability in performing ADL,
dementia, or end-stage disease); (2) inclusion of prefrail partici-
pants (eg, those with nonsignificant impairment in frailty in-
dicators): (3) inclusion of institutionalized participants: and (4)
crossover design studies.

Primary outcomes were performance-based measures of
physical function such as mobility, gait, muscular strength, bal-
ance, endurance, and disability in ADL. Secondary outcomes were
number of falls; institutionalization; adverse effects of the exercise
program such as falls, fractures, tendinitis, or muscular soreness;
health-related quality of life; symptoms of depression; hospitali-
zation; and death.

Searches were conducted in MEDLINE, The Cochrane Li-
brary, PEDro, and CINAHL databases (April 2013). All databases
were searched using free text and descriptors. The search strategy
was adapted for each database, including terms for frailty, older
people, multiple expressions of exercise, and limiting for ran-
domized controlled trial; the full search strategy is included in
supplemental appendix S1 (available online only at http:/www.
archives-pmr.org/). The search results were treated using biblio-
graphic management software (Biblioscape 7.41%), allowing for
duplicate consolidation and further refining of the article list. In
addition, reference lists from previous systematic reviews' ™"
on exercise for the elderly were hand searched to identify trials on
frail community-dwelling individuals. Two review authors (M.R.,
M.S.,L.C., or M.G.) independently screened the search results and
performed data extraction and risk of bias assessment. Any dis-
crepancies were resolved by consensus or consulting with a
third author.

We used the tool for assessing risk of bias proposed by the
Cochrane Collaboration.”” For each trial, we assessed the risk of
bias of the following domains: random sequence generation,
allocation concealment, blinding of assessments, incomplete
outcome data, and selective outcome reporting. For each trial, an
overall assessment of risk of bias was derived as low, high, or
unclear based on the previous assessments. If any domain was at
high risk of bias, the trial was considered to be at high risk of bias.
Trials with 4 or 5 domains at low risk of bias were considered to
be at low risk of bias. Otherwise, risk of bias of the trial was
considered to be unclear.

We pooled data as presented in the original trials, either as
intention to treat or not. Heterogeneity was assessed with the I’
statistic, considering values greater than 50% as a sign of relevant
heterogeneity. The effect of treatment was estimated by mean

www.archives-pmr.org
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differences (MDs) and standardized MDs in continuous outcomes
and risk ratios in dichotomous outcomes. Pooled effect measures
were computed applying the inverse-variance method in a
random-effects model. Planned subgroup analyses on age and
baseline performance, as well as sensitivity analyses with trials
where frailty had been defined following Fried’s criteria, could not
be conducted because of the lack of detailed data and a low
number of trials.

Results

A total of 38 citations providing data from 19 trials were included
in this systematic review.”” ™ The flow chart of references and the
causes of exclusion are presented in figure |. We faced some
challenges in assessing inclusion criteria: we included trials whose
participants had moderate dependence in mobility, but we
excluded trials on participants with dependence in basic ADL.*"*
In 3 included trials,”™**®* it cannot be ruled out that a small
percentage of participants had mild to moderate cognitive
impairment. In the study by Boshuizen et al,” participants were
excluded if they had a self-reported disease or condition that
would be adversely affected by the exercises involved in the
program, and in the study by de Jong et al.*® reasons for dropout
included (terminal) disease, but participants needed to have the
ability to understand study procedures. In the aforementioned 2

776 references retrieved
419 Pubmed

studies, no clear cognitive condition is stated, so we assumed
participants were not cognitively impaired. The mean baseline
Mini-Mental State Examination scores in the study by Worm
et al” were 23.944.1 and 23.5+5.2 in the exercise group and in
the control group, respectively, so some participants included in
the study could have had mild to moderate cognitive impairment.

Twelve trials compared an exercise intervention with an
inactive control, presented in table 1. The exercise interventions
studied differed in content (resistance, stretching, strength, flexi-
bility, balance), setting (facility/home), delivery (individual/
group), duration, and frequency. The exercise interventions tested
were combinations of aerobic, balance, flexibility, endurance, and
strength exercises, ™ *7%7 %% combinations of balance and
strength exercises, strength exercise programs,”*' a
stretching intervention,”” and finally activities related to maintain
and improve performance in ADL.*®

Seven trials compared different modalities of exercise,
described in table 2. Of these, 2 trials™"” compared facility-based
with home-based exercise and could be assessed through meta-
analysis. The other trials explored specific exercise modalities
such as a progressive resistance-training program using weighted
vests,:'i':' the addition of visual computer feedback to balance
training,”’ combining whole-body vibration with exercise,”’ or
performing Tai Chi.”’ The results of these trials are described in
the text.

474953

319 Cochrane
38 Pedro

y

253 duplicate references

523 references screened

449 references excluded
270 unrelated to topic
61 no frail
68 no community
17 no exercise
15 no performance
18 published as abstract
orlanguage

74 references assessed

37 references excluded

full text

19 trials included
(38 references)

Fig 1

www.archives-pmr.org

13 no frail
1 too dependent
21 no performance
2 other (1 crossover, 1 no
subgroup data for frail
participants)

Flow chart.
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Definitions of frailty used in the trials were often not explicit and
when so, they were quite diverse. All trials assessed outcomes at the
end of the intervention, and only 5 trials reported longer follow-up data
at 6 to 12 months. Overall risk of bias was low in 5 trials, %+
The rest of the trials had an unknown or a high risk of bias.

Trials with a 4-arm dcsign““‘-‘"" had their data analyzed by
pairing treatment arms (comparing exercise plus diet, with diet
and exercise with control). A 2x2 factorial trial™® testing exercise
and a diet intervention presented its data combined into a com-
parison of exercise versus control. In a trial™ of 2 exercise arms
and 1 control arm, the exercise arms were combined.

According to the methodological quality of the included trials,
5 studies showed a low risk of bias, 4 showed a high risk of bias.
and 10 reported an unknown risk of bias (see tables 1 and 2).

Effects of interventions

Results for exercise compared with a control intervention at the
end of treatment (12 trials) are presented in figures 2 through 4,
and in supplemental appendix S2 (available online only at http://
www.archives-pmr.org/). Exercise showed a significant and ho-
mogeneous effect on gait speed (see fig 2). Exercising partici-
pants walked faster than control participants, with a gait speed
that on average was .06m/s higher for normal gait (95% confi-
dence interval [Cl], .04—.08) and .08m/s higher for fast gait
speed (95% Cl. .02—.14). Exercise also had a significant benefit
on gait test results, decreasing in 1.73 seconds the time needed to
walk 10m (95% CI, .26—3.20; 1’=48%) (see supplemental fig
51, located in supplemental appendix 52). Gait speed refers to
a test that requires the individual to walk a certain distance (eg.
8m) in a comfortable fast pace, to derive the gait speed in meters
per second. The gait test includes, for example, the rapid gait
test, which requires the subject to walk a shorter distance (eg.
3m). turn, and return to the initial position; the latest test is more
related to general mobility and is usually assessed with seconds
needed to perform the test.

Exercise significantly increased the performance measure
SPPB by 1.87 units (95% CL, 1.17-2.57), although no differences
were observed in general physical function scales or the Timed Up
and Go (TUG) test, both measures showing heterogeneity
(F=61% and 72%, respectively) (see fig 3).

Exercise did not prove to have a consistent effect on balance
measures (see fig 4). Results for tandem and 1-limb tests were not
significant albeit highly heterogeneous, while the semitandem test
showed a significant increase of 2.93 seconds in the exercise group
(95% Cl. 1.24—4.62). The Berg Balance Scale (BBS) showed a
significant increase of 17.40 points on a single trial (95% CI,
7.76—27.04).

A significant effect of exercise in endurance was observed on
the chair rise test. reducing the time needed to stand up 5 times by
2.35 seconds (95% CI, .35—4.35) (see supplemental fig S2,
located in supplemental appendix S2).

Functional mobility was assessed through different scales of
dependence on ADL activities, and no significant effect of exer-
cise was observed (standardized MD=.39; 95% CI. .07—.71;
’=67%) (see supplemental fig S3, located in supplemental
appendix S2). In particular, the only trial*' focused on maintain-
ing and improving ADL failed to show a significant effect of
exercise on a disability score that included self-rated disabilities in
16 daily activities, a mobility score as the sum of 4 items (such as
move outdoors, use stairs, and walk at least 400m), and a self-care

ability score as the sum of 7 items (such as walk between rooms,
use the toilet, and get dressed).

Only 7 trials presented data on adverse effects related to ex-
ercise (see supplemental fig S4, located in supplemental appendix
52). The frequency and characteristics of the adverse effects
depended on the type of exercise tested and the setting, either
home-based or facility-based. In a facility-based trial™ aiming to
improve balance and strength, no cases of fractures or muscular
soreness were observed, and only 1 case of tendinitis occurred. In
a second facility-based trial™® combining aerobic, resistance,
flexibility, and balance exercises, only 1 case of fractures and
tendinitis was observed. and 4% of participants fell. The 3 home-
based trials ™" presented higher overall incidences of adverse
effects. In a trial® testing an exercise intervention to improve
endurance, strength, and flexibility that was initially center-based
and later transitioned to home-based. the overall incidence of
muscular soreness was 81.60%. In a trial"” testing a multimodal
intervention with competency-based exercises, overall incidences
of fractures, musculoskeletal problems leading to restriction in
usual activities, and falls were 3.26%, 31.5%, and 56.5%,
respectively. In the last trial ™ testing a multifactorial intervention
targeting the Cardiovascular Health Study frailty phenotype. the
incidence of back pain was 19%. None of the included trials re-
ported adverse effects such as institutionalization or hospitaliza-
tion. There were no significant differences between intervention
and control in any of the trials. Graphic results for endurance,
functional mobility, and adverse effects are shown in supplemental
appendix S2.

Seven studies compared different types of exercise and did not
show a consistent effect of any of them on performance measures.
Supervised facility-based programs of variable composition and
intensity were compared with home-based, unsupervised flexi-
bility exercises.”""" Benefits were observed for some measures
(cg, SPPB, Physical Performance Test, ADL disability) in the
more intense programs compared with flexibility exercises in 175
participants. '

A progressive resistance-training program using weighted
vests for resistance (InVest) failed to show a significant effect in
performance measures (eg, SPPB. chair stand), either a slow-
velocity low-resistance program”’ or the National Institute on
Aging’s strength-training program.”®

Balance training using visual computer feedback did not have
an effect on performance measures (eg, TUG test, BBS, 6-min
walk test) compared with conventional balance training.™

The addition of whole-body vibration to strength and balance
exercises failed to show an effect on performance measures (eg.
TUG test, BBS).”'

Performing Tai Chi significantly reduced the risk of falling
compared with conventional physiotherapy (risk ratio, .74: 95%
ClL. .56—.98), although the mean number of falls was not different
in both groups,f‘"

There is scarce evidence available on the effect of exercise past
the end of the intervention, and suggests that its benefits are short-
lived when exercise is discontinued.*”"'**“?%!" Nevertheless,
there is a significant effect on fast gait speed between 6 and 12
months after discontinuing exercise compared with control
(pooled results from 3 trials*”"™ not shown). as well as a sig-
nificant effect on SPPB.™ The effect on balance, endurance, and
functional status dissipates. From the limited evidence comparing
different types of exercises at follow-up, similar conclusions can
be derived on the dissipation of effect once the exercise is
discontinued.”’

www.archives-pmr.org
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Discussion

This systermatic review has identified the available evidence on the
effect of exercise in frail elderly people. When compared with
control interventions, exercise has shown to improve gait speed
and the SPPB in the frail eldedy.

Results are inconclusive for endurance outcomes, and no
consistent effect was observed on balance and functional stams.
The evidence comparing different modalities of exercise is scarce,
and it i1s not possible to pinpoint which exercise characteristics
(type, frequency, intensity, duration, setting, combinations) are
most effective. Most of the trials included in the review have an
unclear or a high risk of bias in their results.

The strong points of this project are as follows: (1) its specific
focus on a well-defined population (community-dwelling frail
elderly excluding prefrail individuals); (2) its restrictive inclusion
of RCTs: (3) the inclusiveness of all types of physical activity
interventions and comparisons: and (4) the robust outcomes
assessed (performance outcomes), which are relevant indicators of
disability for rehabilitation and geriatric specialists. We have
focused on frail older adults without dementia and dependency,
because this is a population in whom prevention of disability
through physical activity is likely. For this reason we have
excluded hospitalized and institutionalized individuals, more
likely to be dependent or in an unstable clinical condition, and in
whom prevention of disability requires further attention. Prefrail
individuals were also excluded because different types of exercise
programs should be applied.

There are several systematic reviews published on the benefits
of physical activity in older adults; however, to our knowledge,
there are only 6 systematic reviews™ ! published specifically on
the benefits of exercise in frail older adults.

Our review provides an up-to-date search and gquantifies the
effect of exercise on different performance parameters through
meta-analysis. Without regular updates, systematic reviews
become outdated quickly, especially in areas of science with many
active researchers.”” Of the 6 previous systematic reviews, only
2°%* performed a meta-analysis. De Vries et al”' could not use
weighted MDs in their analysis because of the large variation and
the large number of studies that did not report sufficient data;
therefore, some of the analysis was based on only a few studies
and small samples. resulting in inconclusive CIs. Chou et al** also
performed a meta-analysis but used a broad definition of frailty
that could have included nonfrail and prefrail participants.

Chin A Paw et al’ examined the effect of exercise on the
functional ability of frail older adults. They included all studies
that were published between 1995 and 2007, considering any
setting and using at least | performance-based measure of phys-
ical function. No standardized definition of frail was considered,
and the included trials presented a variable range of functional
abilities. From a qualitative assessment of the trials, the authors
concluded that regular exercise training (resistance and multi-
component training) could improve functional outcomes in this
population, although more high-quality studies were needed.

Daniels et al”” examined the effect of any type of intervention
on disability in community-dwelling, physically frail older adults.
The review included studies verifying at least | of the frailty in-
dicators described by Ferrucci et al'’ to identify their participants
as frail but focused solely on the outcome disability. Since frailty
is thought to be caused by multisystem reduction, the presence of
only 1 frailty indicator does not necessarily warrant that
participants were frail. With our more strict frailty criteria,
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764 M. Giné-Garriga et al
Experimemtal Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
4.1.1 normal speed
De Jong 1999 006 01 81 0 004 76 79.7% 0.06 [0.04, 0.08] (5]
Fairhall 2012 0,55 024 107 05 025 109 10.4% 0.05F002,012] T
Giné 2010 0.94 019 22 08 017 19 386% 0.14[0.03,0.25]
Vastargaard 2008 106 04 22 102 03 22 10% 0.04 [-017,0.25] -
Watt 2011 1.2 012 33 11 0.2 4 5.3% 0.10[0.01,0.19] e ——
Subtotal (95% CI) 265 267 100.0% 0.06 [0.04, 0.08] ’
Heterogeneity. Tau®= 0.00; Chi*= 2.76, df= 4 (P= 0.60}, *=0%
Test for overall effect Z= 594 (P < 0.00001)
4,1.2 fast speed
Giné 2010 1.28 028 22 107 026 19 9.8% 0.21[0.04,0.38] —
Rydwik 2008 0.05 017 20 003 0186 19 18.8% 0.02-0.08,012 e
Rydwik 2008 diet 0006 016 18 -0.01 024 22 149% 0.02[0.11,0.14] —
Villareal 2011 013 028 26 -0.05 018 27 161% 0.18 [0.08, 0.30] e
Villareal 2011 dieta 009 013 28 003 008 26 31.3% 0.06[0.00,012) |—'—
Wiatt 2011 1.3 03 24 1.3 03 22 1% 0.03[-0.14, 0.20]
Subtotal (95% CI) 138 135 100.0% 0.08 [0.02, 0.14] "
Heterogeneity, Tau®= 0.00; Chi*=8.04 df=5 (P=0.15), F=38%
Test for overall effect Z= 259 (P=0010)
-02-01 0 01 02

Favours experimental Favours control

Fig 2  (Gait results of exercise compared with control. Abbreviations: df, degrees of freedom; IV, Inverse Variance method.

only 5'**5%2 5f the 10 studies in Daniels were included in our

review. The authors suggested that multicomponent exercise
training reduced disability impact, especially in moderately frail
people. Nevertheless, the subset of trials verifying our more strict
frailty criteria"™ "% showed conflicting results with regard to
prevention of disability, and this result is in agreement with the
uncertainty identified in our review and in a more general over-
view.”! Particularly relevant is that the only included trial®® that
focused on maintaining and improving ADL in community-
dwelling frail individuals failed to show a significant effect of
exercise on a disability score.

In a qualitative overview. Theou et al”' examined the effec-
tiveness of current exercise interventions for the management of
frailty. The authors included frail subjects who were community
dwelling, in retirement homes and mixed settings, in the hospital.
and in long-term care. The authors found that only 3 trials used a
validated definition of frailty to categorize participants, while the
rest of the trials either used a nonvalidated definition or did not
include an operational definition of frailty. This key finding that
limits the applicability of its results shows the urgent need for a
clear and widely accepted definition of frailty. Despite these
limitations, the authors pointed out some characteristics of exer-
cise programs that seemed to show superior outcomes: multi-
component training with a duration of >5 months and performed 3
times per week for 30 to 45 minutes per session. Nevertheless. the
applicability of these conclusions is limited given the broad
spectrum of participants’ settings and interventions considered,
the limitations in frailty definition observed, and the qualitative
nature of the comparisons performed. Further evidence from
specific randomized frials or providing a meta-analysis is neces-
sary to confirm these conclusions.

Chou™ performed a meta-analysis that aimed to determine
the effect of exercise on the physical function, ADL, and quality
of life of frail older adults living in the community or

institutionalized. Their inclusion criterion for frailty was based
on the Fried Frailty Index, Speechley and Tinetti’s criteria, and
the Falls Efficacy Scale, with a very broad perspective that could
have included nonfrail or prefrail participants as well as
dependent participants who are past the frailty predisability
stage. Regardless of including studies published between 2001
and June 2010, they did not include most trials in Theou’s re-
view.”! The results of their meta-analysis on community and
noncommunity trials agree with our findings. showing a signifi-
cant benefit of exercise in gait speed (their results show an
improvement of .07m/s, and our results show an improvement of
.06m/s) and BBS, but also great heterogenecity in results for the
TUG test and performance in ADL.

De Vries et al™ also performed a meta-analysis that aimed to
assess the effects of physical exercise therapy on physical func-
tioning, mobility, physical activity, and quality of life. Meta-
analysis limitations of this trial have been previously discussed.
Their inclusion criterion for frailty was based on the presence of
mobility problems, physical disability, multimorbidity, or a com-
bination of these, so that nonfrail or prefrail participants could
have been included. They found that physical exercise therapy had
a positive effect on mobility and physical functioning. High-
intensity exercise interventions seem to be more effective in
improving physical functioning than low-intensity exercise
interventions.

Cadore et al™ aimed to recommend training strategies that
improve the functional capacity in physically frail older adults,
focusing specially on supervised exercise programs that improve
muscle strength, fall risk, balance, and gait ability. They showed
that multicomponent exercise intervention seemed to be the best
strategy to improve the rate of falls, gait ability, balance. and
strength performance in physically frail older individuals. They
included studies that defined subjects as prefrail and mild-to-
moderate frail. and there were no restriction to RCTs.

www.archives-pmr.org
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Exercise, physical function, and frailty 765
Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.3.1SPPB
De Jong 1999 09 28 81 -08 34 76 241% 1.70[0.72, 2.68] b
Fairhall 2012 5.83 282 107 469 291 108 295% 1.14 [0.37,1.91] =
Vestergaard 2008 181 58 24 174 55 27 46% 0.70F2.41,3.81) -T—
Villareal 2011 34 24 26 06 1.7 27 210% 2.80[1.68, 3.92) -
Villareal 2011 dieta 4.7 24 28 23 18 26 209% 2.40[1.27,3.53) k=
Subtotal (95% CI) 266 264 100.0% 1.87 [1.17, 2.57] ‘
Heterogeneity: Tau®=0.28, Chi*=7.50,df=4 (P=0.11), F=47%
Test for overall effect: Z= 5.22 (P < 0.00001)
4.3.2 Physical function
De Jong 1999 25 10625 80 0625 875 74 367% 1.881.19, 4.94] T
Villareal 2011 57 126 26 -29 131 27 222% 8.60[1.68,1552) —
Villareal 2011 dieta 51 109 28 51 ] 26 278% 0.00}5.32,5.32)
Warm 2001 171 1808 21 39 1808 23 132% 13.20(2.50,23.90) ——
Subtotal (95% CI) 155 150 100.0% 4.35[-0.31, 9.01] .
Heterogeneity: Tau®=12.98; Chi*=7.74, df=3 (P=0.09), F=61%
Testfor overall effect: Z=1.83 (P=0.07)
4.3.3TUG
Boshuizen 2005 HG+MG 138 576 32 175 105 17 131% -3.70[-9.08,1.69)
Giné 2010 35.04 1.5 22 41.34 619 19 21.7% -6.30[9.15,-3.45] —-_
Rydwik 2008 -26 799 20 -0.06 1.67 19 189% -254[6.12,1.04) w—y
Rydwik 2008 diet 0 368 18 -02 275 22 248% 0.20[-1.85, 2.25) -
YWesthoff 2000 108 21 10 117 36 11 216% -0.90[-3.77,1.97] oy
Subtotal (95% CI) 102 88 100.0% -2.47[-5.08,0.14] ’
Heterogeneity: Tau®= 6.06; Chi*= 14.17, df= 4 (P = 0.007); F= 72%
Testfor overall effect. Z= 1.86 (P = 0.06)
20 -0 0 10 20

Fig 3

Combined performance results of exercise compared with control. Note that De Jong results have been rescaled from 0 to 16 (16 worse

result) to 0 to 100. Abbreviations: df, degrees of freedom; IV, Inverse Variance method.

Our systematic review is in agreement with the systematic
reviews cited in that the most studied exercise protocol for frail
older adults is a multicomponent training. We have found mod-
crate evidence to support exercise training for improving gait
speed and combined performance measures such as SPPB, in line
with other authors,” but we have found the evidence to be
inconclusive regarding the effect of exercise training for
improving functional mobility or balance, in contrast to other
reviews, 202

In our systematic review, exercise has shown to improve gait
speed and performance in the frail elderly, which is similar to
Chou’s findings.”” Gait speed slower than .60m/s was a common
feature in the frail older adults.”” Additionally, slowed gait speed
in the older adult population has been related to an increased risk
for falls,”® which, in turn, often leads to a loss of independent
living and to institutionalization. As an outcome measure, gait
speed has been shown to be a predictor of functional decline.
nursing home placement, and mortality.”” Specifically. a decrease
in gait speed of (. Im/s has been associated with a 10% decrease in
the ability to perform instrumental ADL.” Reduced muscle
strength or poor balance results in a decrease in gait speed. Ex-
ercise training has shown to increase gait speed; thus, frail older
adults might improve in ambulation and require less dependence
and assistance in performing ADL. Clinical practice guidelines
explicitly recommend lower limb strength exercises and balance
training to prevent falls. Gait speed and performance should also
be considered.”’

Improvements in balance and functional mobility might be
linked to the exercise program characteristics. Despite the lack of

www.archives-pmr.org

clear evidence of the effect of exercise on ADL, there is an
argument for task-oriented or functional practice. Previous
studies*”"* have shown the importance of the exercise being task
specific if functional ability is to be improved. The duration of
training has also been suggested to be an important contributing
factor to the retention of neuromuscular adaptations once training
has ended,” so longer-duration programs might be recommended.

Some authors argue that the number of adverse events is
minimal and rarely life threatening. while the gains of regular
exercise clearly outweigh the risks.'*#>#49515256 However,
depending on the exercise type, we have found that some
important adverse events have been detected, such as fractures or
falls. Soreness had been reported as an adverse effect in different
trials™*; however, soreness is a normal consequence of the training
process in this population. Therefore, exercise programs should be
well designed, and conducted and monitored by well-trained
physiotherapists and physical activity specialists. Moreover, tri-
als should systematically report adverse effects (eg. type. when
does it appear and disappear, its severity, and whether it causes a
hospitalization). This register could allow future assessments on
the risk-benefit of the intervention.

While more research is still needed, most evidence shows that
regular physical activity or exercise is beneficial for older adults
who are frail or at high risk of frailty. Rehabilitation and physical
activity specialists should recommend regular physical activity or
exercise training to frail older adults as a means to modify frailty
and its adverse outcomes.” However, the exercise recommenda-
tions for a healthy older adult will likely be different from those
targeting frail older adults. Specifically, frail older adults may
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766 M. Giné-Garriga et al
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CIl IV, Random, 95% CI
4.4.1 Tandem
Boshuizen 2005 HG+MG 595 438 32 46 48 17 244% 1.35[1.43,413] =
Giné 2010 66 314 22 311 318 19 287% 3.49[1.55, 543 -
Rydwik 2008 19 491 20 -008 B.01 18 177% 188F2.21,619) ==
Rydwik 2008 diet -4.3 1071 18 26 11.01 22 100% -6.90[-1366,-0.14] ]
YWesthoff 2000 6.4 44 10 6.9 46 11 192%  -0.50[4.35, 3.35] =
Subtatal (95% Cl) 102 88 100.0%  0.90[-1.63, 3.43] &
Heterogeneity: Tau*=4.81, Chi*=10.74, df= 4 (P=0.03), F= 63%
Testfor overall effect Z=0.70 (P=0.49)
4.4.2 Semi-tandem
Giné 2010 8.27 2495 22 823 296 19 B86.8% 3.04 [1.23, 4.85) [ |
Vestergaard 2008 155 7.3 20 133 8.1 22 1312% 2.20 [-2.46, 6 86] T
Subtatal (95% CI) 42 41 100.0% 2.93[1.24, 4.62] 2
Heterogeneity: Tau*=0.00, Ch#=0.11,df=1{P=0.74),F=0%
Test for overall effect Z=3.40 (P = 0.0007)
4.4.3 One-limb stand
Giné 2010 66 267 22 164 418 19 243% 496 (2.77,7.15) -
Rydwik 2008 1.3 399 20 1.7 7.23 19 185%%  -0.40[4.09, 3.29] o
Rydwik 2008 diet -0003 552 18 08 455 22 208%  -090[-4.08, 2 28] =
Villareal 2011 1.4 77 26 .24 82 27 17.0% 3,80 [-0.48, 8.08] ra
Villareal 2011 dieta 6.3 7.6 28 0.8 6.1 260 19.0% 5.50[1.84,9.16] =
Subtotal (95% CI) 14 113 100.0%  2.63[-0.13, 5.39] E 3
Heterogeneity. Tau®=6.92, Chi*= 14.05, df=4 (P=0.007), F=72%
Testfor overall effect Z=1.87 (P = 0.06)
4.4.4 Berg Balance Score
Warm 2001 178 16.29 21 04 1629 23 1000% 17.40(7.76,27.04) t
Subtotal (95% Cl) 21 23 100.0% 17.40[7.76, 27.04]
Heterogeneity: Not applicable
Test for overall effect Z=3.54 (P = 0.0004)
20 0 0 10 20

Fig 4

need functional-based exercise programs with shorter-duration
sessions compared with healthy older adults. Physical activity
programs linked to local community facilities offering exercise
programs for older adults could offer some advantages over home-
based programs, facilitating the continuity of a functional-based
exercise program linked or not to social activities, but they have
other disadvantages in terms of costs, difficulties in transport and
comfort, and preferences of users.

With increasing age. there is a well-described decline in
voluntary physical activity leading to an increase risk of frailty.”
In the present systematic review, we have restricted the inclusion
criteria to individuals older than 65 years. Liu and Fielding™”
reviewed the literature investigating the utility of aerobic and
resistance exercise training as an intervention for frailty in older
adults. The authors concluded that gains of regular exercise
clearly outweigh its risks (mainly musculoskeletal complaints,
rare cases of falls and cardiovascular risks) if the exercise is
appropriately designed. According to our results, there is little
evidence to guide interventions to prevent or reduce functional
mobility and mobility-related disability in frail older people. The
optimal intervention to improve these parameters in daily situa-
tions remains unclear. Studies should also follow Consolidated
Standards of Reporting Trials (CONSORT) recommendations for
nonpharmacologic trials”® to report risk of bias with a total

Favours control  Favours exercise

Balance results of exercise compared with control. Abbreviations: df, degrees of freedom; IV, Inverse Variance method.

transparency, and make effective interventions reproducible in the
clinical practice.

Moreover, several related arcas need further investigation.
Adherence to an exercise regimen is necessary to observe bene-
ficial effects, and strategies to increase adherence need to be
developed in order to effectively implement exercise as a treat-
ment modality on a wide scale. Also, more studies should assess
the sustainability of the effects of exercise. In future studies, re-
searchers should also assess whether significant results translate
into significant benefits in clinical practice.

Study limitations

Regarding the project’s limitations, one common finding in the
present review is the variability in participant and intervention
characteristics, and outcome measures used across studies, similar
to previous reviews. Given the multisystem nature of frailty, this
variability is to be expected, since multicomponent interventions
need to be proposed to affect different indicators of frailty, which
will need to be assessed with different outcome measures.
Nevertheless, this great heterogeneity hinders the ability to draw
conclusions about the appropriate design of the exercise program
and, to some extent, the ability to quantify the effect of exercise
interventions. Additional limitations of the project are the sample

www.archives-pmr.org
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sizes and the risk of bias of the trials included in the review, which
limit the strength of the conclusions drawn. In the future, it would
be desirable to have larger trials with more rigorous methodology
conducted to provide more robust evidence on this topic.

Conclusions

Exercise has some benefits in frail older people, although uncer-
tainty still exists with regard to which exercise characteristics
(type, frequency, intensity, duration, setting, combinations) are
most effective. When compared with control interventions, exer-
cise has shown to improve gait speed and the SPPB in the frail
clderly. However, results are inconclusive for endurance out-
comes, and no consistent effect was observed on balance and
functional mobility.

Some aspects to be taken into account for future research are the
need for larger trials with more rigorous methodology. focusing on
a well-defined population of community-dwelling frail elderly.
Such trials should test the sustainability over time of the effects of
physical activity interventions, particularly task-oriented or func-
tional practice programs, incorporating strategies to increase
adherence and assessing performance outcomes in the medium-
and long-term. Finally, despite significant work over the past
decade, a clear consensus definition of frailty does not emerge from
the literature.” Important areas for further research include whether
disability should be considered a component or an outcome of
frailty. A consensus on what is frailty and the criteria to be applied
in clinical practice will guide the research and the practice rec-
ommendations to clearly defined. homogeneous populations.
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5.3 Publicacion 3: Chest physiotherapy for acute bronchiolitis in
paediatric patients between 0 and 24 months old

Roqué i Figuls M, Giné-Garriga M, Granados Rugeles C, Perrotta C, Vilar6 J. Chest physiotherapy for
acute bronchiolitis in paediatric patients between 0 and 24 months old. Cochrane Database Syst Rev.
2016 Feb 1;2: CD004873.

Fl: 6.124 (2016). Puntuacion de atencion Altmetric: 107

Esta publicacidon puede consultarse al completo y de forma libre en
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD004873.pub5/full

La RS que constituye el trabajo 3 incluyd 12 ECA (1249 participantes) [32]. Cinco ensayos (246
participantes) evaluaron técnicas convencionales de fisioterapia (vibracién y percusion maés drenaje
postural), y siete ensayos (1003 participantes) evaluaron técnicas espiratorias pasivas orientadas al
flujo: técnicas espiratorias pasivas lentas, en cuatro ensayos, y técnicas espiratorias pasivas forzadas, en
tres ensayos.

Las técnicas convencionales no lograron mostrar un beneficio en el resultado primario del cambio en
el estado de gravedad de la bronquiolitis, medida por medio de puntuaciones clinicas (cinco ensayos,
241 participantes analizados). La seguridad de las técnicas convencionales se ha estudiado solo
anecdoticamente, con un caso de atelectasia (colapso o cierre del pulmdédn que resulta en un
intercambio de gases reducido o nulo) reportado en el brazo de control de un ensayo.

Las técnicas espiratorias pasivas lentas no mostraron un beneficio en los resultados primarios del
estado de gravedad de la bronquiolitis y en el tiempo de recuperacion (evidencia de baja calidad). Tres
ensayos midieron la gravedad de la bronquiolitis a través de puntuaciones clinicas, sin diferencias
significativas entre los grupos en ninguno de estos ensayos, realizados en pacientes con enfermedad
moderada y grave. Solo un ensayo observd una pequefia mejora significativa transitoria en la
puntuacion clinica de la escala de Wang, inmediatamente después de la intervencion en pacientes con
gravedad moderada de la enfermedad. Hay evidencia de muy baja calidad de que las técnicas de
espiracion pasiva lenta parecen ser seguras, ya que dos estudios informaron de que no se observaron
efectos adversos.

Las técnicas de espiracion pasiva forzada no tuvieron ningun efecto sobre la gravedad de la
bronquiolitis en términos de tiempo de recuperacion (dos ensayos, 509 participantes) y tiempo hasta
la estabilidad clinica (un ensayo, 99 participantes analizados). Esta evidencia es de alta calidad y
corresponde a pacientes con bronquiolitis severa. Ademas, también hay evidencia de alta calidad de
que estas técnicas estan relacionadas con un mayor riesgo de desestabilizacion respiratoria transitoria
(razén de riesgo [RR] = 5.4, IC 95%: 1.6 a 18.4, un ensayo) y vomitos durante el procedimiento (RR =
10.2, IC 95%: 1.3 a 78.8, un ensayo). Se obtuvieron resultados no concluyentes para bradicardia con
desaturacion (RR = 1.0, IC 95%: 0.2 a 5.0, un ensayo) y bradicardia sin desaturacién (RR = 3.6, IC: 95%
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0.7 a 16.9, un ensayo), debido a la limitada precision de los estimadores. Hay evidencia muy débil del
efecto de la espiracién forzada combinada con técnicas convencionales en pacientes con bronquiolitis
leve a moderada, en los que se observé un alivio inmediato y transitorio de la gravedad de la
enfermedad (un ensayo, 13 participantes).

En resumen, ninguna de las técnicas de fisioterapia toracica analizadas en esta revision (técnicas
espiratorias pasivas convencionales o técnicas espiratorias forzadas) ha demostrado una reduccién en
la gravedad de la enfermedad. Las técnicas de vibracién y percusion no se recomiendan en la practica
habitual en entornos hospitalarios debido a la falta de beneficios y al riesgo de posibles eventos
adversos. Existe evidencia de alta calidad de que las técnicas de espiracion forzada en la bronquiolitis
severa no presentan ningun beneficio clinico, y, sin embargo, estan relacionadas con efectos adversos
como vomitos, bradicardia con desaturacién o desestabilizacion respiratoria transitoria. Existe
evidencia de baja calidad que sugiere que las técnicas de flujo lento no proporcionan un beneficio
general claro, pero podrian proporcionar algunos beneficios transitorios en algunos nifios con
bronquiolitis. Los ensayos incluidos tienen un riesgo de sesgo incierto o alto, a excepcidén de un Unico
ensayo, que administré espiracién forzada. El riesgo de sesgo de los ensayos y la imprecision de las
estimaciones llevaron a la baja calidad. Los estudios futuros deberian evaluar el efecto potencial de las
técnicas espiratorias pasivas lentas en pacientes no hospitalizados con enfermedad leve a moderada y
en pacientes con virus sincitial respiratorio positivo. Ademas, podrian explorar la combinacién de
fisioterapia toracica con salbutamol o solucién salina hipertonica.

La valoracion de calidad de la evidencia de esta RS se presenta en dos tablas de resumen de hallazgos.
En la primera, se resumen los resultados para la comparacion de las técnicas de espiracion pasiva lenta
con la no realizacion de fisioterapia, y, en la segunda, se resumen para la comparacion de las técnicas
de espiracién forzada con la no realizacion de fisioterapia. Los resultados incluyen: tiempo de
recuperacion-estabilidad clinica, puntuacién clinica y efectos adversos. Como no se realizé un
metanalisis en la revisidn, las tablas no presentan riesgos comparativos ilustrativos. Se evalué la
calidad de la evidencia utilizando el sistema GRADE, aplicando las pautas del grupo GRADE y
desarrollando tablas de resimenes de hallazgos con el software GRADE profiler.

La publicacion 3 corresponde a la version actual, publicada en The Cochrane Library, de una revision
Cochrane que se publicd originalmente en 2005 y se actualizé en 2007, 2012 y 2016 [32-35]. Esté
previsto que esta revision Cochrane vuelva a actualizarse en 2021. La politica Cochrane establece que
las revisiones deben ser actualizadas con la realizaciéon de una nueva busqueda bibliogréfica,
aproximadamente cada 2 afios, a menos que exista una justificacion que indique lo contrario [17]. Las
revisiones publicadas se clasifican en 3 categorias (revisién actualizada, pendiente de actualizacion y
revision estable que no se actualizard) mediante un sistema basado en la propuesta de Garner y
colegas [36]. La actualizacion de una revision es una oportunidad para considerar cualquier comentario
de los lectores, y responder adecuadamente a los mismos. Las actualizaciones de esta RS han
consistido en: 1) la actualizacién de la estrategia de busqueda e incorporacidn de nuevos estudios a la
revision, 2) la incorporacion de cambios y correcciones sugeridos por el feedback de lectores [37-39], y
3) la incorporacién de avances metodoldgicos. En la figura 5 se resume el historial de actualizacidn de
la publicacion 3.
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Figura 5. Historial de actualizaciones de la publicacién 3
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ABSTRACT

Background
This Cochrane review was first published in 2005 and updated in 2007, 2012 and now 2015. Acute bronchiolitis is the lcading causc of

medical emergencies during winter in children younger than two years of age. Chest physiotherapy is sometimes used to assist infants
in the clearance of secretions in order to decrease ventilatory cffort.
Objectives

To determine the efficacy of chest physiotherapy in infants aged less than 24 months old with acute bronchiolitis. A secondary objective
was to determine the cfﬁcacy of different tcchniqucs of chest p]‘lysiothcrapy (for cxa.rnplc. vibration and percussion and passive forced
exhalation).

Search methods

We scarched CENTRAL (2015, Issuc 9) (accessed 8 July 2015), MEDLINE (1966 to July 2015), MEDLINE in-process and other
non-indexed citations Uul}r’ 2015), EMBASE (1990 to Ju]].r 2013), CINAHL (1982 to Ju')’ 2015), LILACS (1985 to _]l.ll),r 2015), Web
of Science (1985 o July 2015) and Pedro (1929 wo _]uly 2015).

Selection criteria

Randomised controlled trials (RCTs) in which chest physiotherapy was compared against no intervention or against another type of
physiot]'lcr:apy in bronchiolitis patients younger than 24 months of age.

Data collection and analysis

Two review authors independently cxtracted data. Primary outcomes were change in the severity status of bronchiolitis and time
to recovery. Sccondary outcomes were respiratory parameters, duration of oxygen supplementation, length of hospital stay, use of
bronchedilators and steroids, adverse events and parents’ impression of physiotherapy bencfi. No pooling of data was pessible.

Chest physiotherapy for acute bronchiolitis in paediatric patients between 0 and 24 months old (Review) I
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Resultados

Main results

We included 12 RCTs (1249 participants), threc more than the previous Cochrane review, comparing physiotherapy with no inter-
vention. Five trials (246 pan:icipa.nts) evaluated conventional tcchniqu:s {vibration and percussion plus pcnsrura] 1:lr:a.ir1s|.gc}P and seven
trials (1003 participants) cvaluated passive flow-oriented expiratory techniques: slow passive expiratory techniques in four trials, and
forced passive expiratory techniques in three trials.

Conventional techniques failed to show a bencfit in the primary outcome of change in severity status of bronchiolitis measured by
means of clinical scores (five trials, 241 participants a.na.lyscd). Safcty of conventional tcchniqucs has been studied Dn]y anccdota]ty.
with one case of atelectasis, the c0|[ap.sc or closure of the |ung rcsu]ting in reduced or absent gas cxc]‘langc, rcporrcd in the control arm
of one trial.

Slow passive cxpiratory techniques failed to show a bencfit in the primary outcomes of severity status of bronchiolitis and in time o
recovery (low quality of evidenee). Three trials analysing 286 participants measured scverity of bronchiolitis through clinical scores,
with no .signiﬁcanr differences between groups in any of these trials, conducted in paticnts with moderate and severe discase. Dn')l onc
trial obscrved a transient significant small improvement in the Wang clinical score immediately after the intervention in patients with
moderate severity of discase. There is very low qualit)! evidence that slow passive expiratory tcchniqucs seem to be safe, as two studies
(256 participants) reported that no adverse effects were observed.

Forced passive expiratory techniques failed to show an cffect on severity of bronchiolitis in terms of time to recovery (two trials, 509
participants) and time to clinical stability (one trial, 99 pardcipants analysed). This evidence is of high quality and corresponds w
paticnts with severe bronchiolitis. Furthermore, there is alse hig]‘l qua_{il:y evidence that these tcchniqucs are related to an increased risk
of transient respiratory destabilisation (risk ratio (RR) 5.4, 95% confidence interval (CI) 1.6 to 18.4, onc trial) and vomiting during
the proceclurc (RR 10.2, 95% CI 1.3 to 78.8, one trial). Results are inconclusive for bradycardia with desaturation (RR. 1.0, 95% CI
0.2 to 5.0, onc trial) and bradycardia without desaturation (RR 3.6, 5% CI 0.7 to 16.9, onc trial), duc to the limited precision of
estimators. However, in mild to modcrate bronchiolitis patients, forced expiration combined with conventional techniques produced

an immediate relicf of discase severity (one trial, 13 participants).
Authors’ conclusions

None of the chest ph}’sioﬂ'lcrapy techni ques ansj}-'sccl in this review (conventional, slow passive expiratory tcchniqucs or forced cxpiratory
techniques) have demonstrated a reduction in the scverity of discase. For these reasons, these techniques cannot be used as standard
clinical practice for hospitalised paticnts with severe bronchiolitis. There is high quality evidenee that forced cxpiratory techniques in
scvere patients do not improve their health starus and can lead to severe adverse events. Slow passive cxpiratory techniques provide an
immediate and transicnt relicf in moderate patients without impact on duraton. Future studies should test the potential effect of slow
passive cxpiratory tcchniqucs in mild to moderate non-l'lospitaliscd paticnts and paticnts who are respiratory .syncytial virus (RSV)
positive. Also, they could cxplore the combination of chest physiotherapy with salbutamol or hypertonic saline.

PLAIN LANGUAGE SUMMARY

Chest physiotherapy for acute bronchiolitis in children younger than twoe years of age

Review question

We reviewed the evidence about the effect of chest physiotherapy in infants younger than two years of age with acute bronchiolits.
Background

Acute bronchiolitis is a frequent viral respiratory infection in children younger than two years of age. Most children have a mild discasc
and do not requirc hospitalisation. Those who do need to be hospitalised sometimes have difficulty clearing phlegm (thick mucous
respiratory secretions caused by the infection). It has been proposed that chest physiotherapy may assist in the clearance of respiratory
secretions and Improve brcath'mg. There are three different types of chest physioﬂ]crapy available: vibrarion and percussion, forced
cxpiratory techniques and slow How techniques that avoid blockage of the airway.

Study characteristics

The evidenee is current to July 2015. This review has included 12 trials with a total of 1249 participants. By type of chest physiotherapy,
five trials tested vibradon and percussion techniques in 246 participants, three trials tested forced expiratory techniques in 624
participants, and four trials tested slow flow tcchniqucs in 373 participants.

Chest physiotherapy for acute bronchiolitis in paediatric patients between 0 and 24 months old (Review) 2
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Key results

Vibration and percussion techniques produce a thorax (chest) oscillation by fast compression or percussion with the physiotherapist’s
hands. Neither manoeuvre was shown to improve the clinical scores of patients with acute bronchiolitis in the trials. These techniques
did not show improvements in respiratory measurements, time on oxygen therapy or length of hospital stay. There were no data on
time to recovery from acute bronchiolitis, use of bronchodilators or steroids, or parents’ assessment of physiotherapy benefit. The trials
included in this review did not present data on adverse effects related to the intervention, but the literature cites cases of relevant adverse

effects such as rib fractures related to these techniques.

Forced expiratory techniques consist of suddenly increasing the expiratory How by compressing the thorax or the abdomen. In partic-
ipants with severe bronchiolitis, such techniques failed to reduce time to recovery or time to clinical stability when compared to no
physiotherapy. They also failed to improve clinical scores, oxygen saturation or respiratory rates except in mild to moderate bronchiolitis
patients. There were no data on secondary outcomes such as durarion of oxygen supplementation, length of hospital stay, or use of
bronchodilators and steroids. Two studies reported no significant differences in parents’ impression of the benefit of physiotherapy
compared to controls. One of the trials reported a higher number of transient episodes of vomiting and respiratory instability after
forced expiratory physiotherapy. This trial found no differences for bradycardias (decreases in heart rate), with and without desaturation
(reduced oxygen levels in blood).

Slow flow techniques consist of compressing the rib cage and the abdominal cavity gradually and gently from the mid-expiratory phase
up to the end of exhalation. Slow fow techniques showed an overall lack of benefit on clinical scores of severity of the disease. However,
in two trials they provided either a short-lived relief in terms of clinical scores or a decrease in the need for oxygen support in children
with moderate bronchiolitis. There were no changes in length of hospital stay, use of bronchodilators or steroids. There were no data
on changes in time to recovery, change in respiratory measurements, or parents’ impression of physiotherapy benefit. No severe adverse
events were reported in the trials.

Quality of the evidence

Vibration and percussion techniques are not recommended in routine practice in hospital settings due to a lack of benefit and risk
of potential adverse events. There is high quality evidence that forced expiratory techniques in severe bronchiolitis present no clinical
benefit, while being related to adverse effects such as vomiting, bradycardia with desaturation, or transient respiratory destabilisation.
There is low quality evidence that suggests that slow flow techniques do not provide a clear overall benefit, but could provide some
transient benefits in some children with bronchielitis. Except for one trial, related to forced expiration, the included trials are at unclear
or high risk of bias. The risk of bias of the trials and the imprecision of the estimates led to the low quality of evidence for the effect of
slow flow techniques on clinical scores. Further trials are needed before reaching firm conclusions.

Chest physiotherapy for acute bronchiolitis in paediatric patients between 0 and 24 months old (Review) 3
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Resultados
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BACKGROUND

Description of the condition

Acute bronchiolits is the leading cause of Emergency Department
visits during winter in children younger than two years of age.
It results in high urilisation of healthcare resources and is an in-
creasing burden on outpatient practices, Emergency Departments
and hospitals (Carroll 2008). It also results in significant morbid-
ity for infants. Infant mortality rates vary depending upon the
population. In high-income countries, incidence of bronchiolitis-
associated deaths is low, and due mainly to patients with severe
comorbidities (e.g. congenital heart disease, etc.). For example, it
was reported to be 2 per 10,000 live births in the USA in the
1990s (Holman 2003) and 1.82 per 100,000 in the UK in 2000
(Panickar 2005). Furthermore, there is strong evidence of irre-
versible airway damage and reduced lung function in adults who
were hospitalised for bronchiolitis in infancy (Sigurs 2010). Chil-
dren who have had respiratory syncytial virus (RSV) disease in
early life have been shown to have a higher incidence of asthma/
wheezing in later life (odds ratio 3.84: Régnier 2013).

Some years ago, the American Academy of Pediatrics published a
statement on the diagnosis and treatment of bronchiolitis (AAPs
2006). However, criteria for diagnosing acute bronchielitis vary
greatly. Most doctors agree that the case definition for an episode
of acute bronchiolitis should include children aged 24 months or
younger who have a first episode of acute wheezing accompanied
by physical findings of viral infection (for example, coryza, cough
and fever) (Gonzilez 2001; Videla 1998; Wainwright 2003). The
most prevalent virus identified with the disease is RSV,

Most cases of acute bronchiolits are mild and can be treated on
an outpatient basis; 1% to 3% (depending on the severity of the
disease) will require hospitalisation (Ralston 2014). Risk factors
associated with the need for hospitalisation are young age, pre-
mature birth, chronic lung disease, congenital heart disease and
a deficient immune system (AAPs 2006). In low-income coun-
tries the most frequent risk factors associated with hespitalisation
and severe disease include living in a low-income family, malnour-
ishment, low birthweight, age of the mother, mother’s education
level, being bottle-fed and premature birth (Smyth 2006; Spencer
1996).

Description of the intervention

The standard treatment of acute bronchiolitis is to ensure adequate
oxygenation, fluid intake and feeding of the infant (AAP 2006;
SIGN 2006). Pharmacological strategies considered in acute bron-
chiolitis include bronchodilators, antibiotics and steroids but their
effectiveness remains quite uncertain and current guidelines do
not recommend their use (AAPs 2006; SIGN 2006). There is no

evidence to support the use of glucocorticoids or antibiotics (Farley

2014; Fernandes 2013), and although there is some evidence that
bronchodilators, nebulised hypertonic saline, epinephrine and he-
liox therapy may have some benefit in terms of improving clin-
ical scores (Gadomski 2014; Hartling 2011; Liet 2010; Umoren
2011; Zhang 2011), this benefit must be weighed against the lack
of benefit in reducing the duration or severity of illness, costs and
adverse effects.

Chest physiotherapy has been proposed to assist in the clearance
of tracheo-bronchial secretions. The main goal is to clear the air-
way obstruction, reduce airway resistance, enhance gas exchange
and reduce the work of breathing. Different techniques are used
in paediatric patients: 1) the conventional chest physical ther-
apy (cCPT) such as chest percussion and vibration in combina-
tion with postural drainage positions, chest shaking and directed
coughing and 2) the flow-based techniques: slow or forced passive
expiration may help to mobilise secretions towards the trachea and
trigger coughing that helps to remove secretions. Specific measures
are recommended to prevent spreading of the disease during the
procedure, such as cohort segregation, hand washing and wearing
gowns, masks, gloves and goggles (Hall 1981). However, conven-
tional chest physiotherapy techniques may have drawbacks: it has
been claimed that they might cause distress to the infant and con-
cerns have arisen about the safety of the procedure, especially in
relation to rib fractures in patients at risk (Beeby 1998; Chalumeau
2002; Chaneliére 2006).

Why it is important to do this review

At the time of the first publication of this review, there was un-
certainty about the efficacy of conventional physiotherapy tech-
niques (vibration and percussion). The review challenged their ap-
plication in daily practice, prompting the recommendation that
chest physiotherapy based on vibration and percussion not be ap-
plied routinely in hospital settings (AAP 2006; BGT 2005; SIGN
2006). However, chest physiotherapy is still being applied in out-
patient and inpatient settings (Barben 2008; Gonzilez 2010a).
Parents’ expectation and demand for chest physiotherapy in clin-
ical daily practice may explain its widespread use (Sanchez 2007).
New and gentler passive expiratory physiotherapy techniques have
become mainstream in several countries. In France, passive forced
exhalation techniques are recommended by a consensus panel both
for inpatient and outpatient cases (Beauvois 2001; Consensus
2001), with extremely high implementation in outpatient settings
(David 2010; Halna 2005; Touzet 2007). However, lately there
seems to be contrary practice to the routine use of respiratory
physiotherapy in bronchiolitis. Other countries such as Chile also
report using chest physiotherapy in outpatent and inpatient set-
tings, although it is not clear which techniques are applied (Girardi
2001). These changes motivated a shift in the focus of the review,
in order to assess the efficacy and safety of passive expiratory tech-
niques, and to explore the differential effect of chest physiother-

Chest physiotherapy for acute bronchiolitis in paediatric patients between 0 and 24 months old (Review) H
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apy depending on the technique used, severity of the patients and
setting of implementation.

OBJECTIVES

To determine the efficacy of chest physiotherapy in infants aged
less than 24 months old with acute bronchiolitis. A secondary
objective was ro determine the efficacy of different techniques of
chest physiotherapy (for example, vibration and percussion and
passive forced exhalation).

METHODS

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) evaluating chest
physiotherapy in acute bronchiolitis.

Types of participants

Infants younger than 24 months of age with acute bronchiolitis as
defined by the trial authors, in all settings.

Types of interventions

We included trials that compared any type of chest physiother-
apy (postural drainage, chest percussion, vibration, chest shaking,
directed coughing, slow or forced expiration techniques) versus
standard care or other physiotherapy, drainage or breathing tech-
niques.

The interventions are classified into two main categories: vibration
and percussion, and passive expiratory techniques. Passive expira-
tory techniques are further subdivided into slow passive expiratory
techniques and forced passive expiratory techniques.

Types of outcome measures

Primary outcomes

1. Change in the severity status of bronchiolitis.
2. Time to recovery.

Resultados

Secondary outcomes

1. Respiratory parameters (oxygen saturation levels,
transcutaneous carbon dioxide partial pressure (PaCO3)).

2. Duration of oxygen supplementation.

3. Length of hospital stay.

4. Use of bronchodilators and steroids.

5. Parents’ impression of physiotherapy benefit.

6. Adverse events. We defined adverse events as any undesired
outcome due to the intervention. For example, rib fractures,
bradycardia, respiratory instability, vomiting or long-term
neurological disabilities. We took all outcomes into
consideration. We described the method used to measure any
adverse events.

Search methods for identification of studies

Electronic searches

In this update we searched the Cochrane Central Register of Con-
trolled Trials (CENTRAL 2015, Issue 9) (accessed 8 July 2015),
the Cochrane Acute Respiratory Infections Group’s Specialised
Register (Ocrober 2011 o July 2015), MEDLINE and MED-
LINE in-process and other non-indexed citations (October 2011
to July 2015), EMBASE (October 2011 to July 2015), CINAHL
(Ocrober 2011 to July 2015), LILACS (October 2011 to July
2015), Web of Science (October 2011 to July 2015) and Pedro
(October 2011 to July 2015). See Appendix 1 for details of previ-
ous searches.

We used the search strategy described in Appendix 2 to search
CENTRAL and MEDLINE. We did not combine the search
strategy with a filter for identifying randomised trials as there
were too few results. We adapted the search strategy to search
MEDLINE in-process (Appendix 3); EMBASE (Appendix 4);
CINAHL (Appendix 5); LILACS (Appendix 6) and Web of Sci-
ence (Appendix 7).

Searching other resources

In the first publication of this review, we examined the reference
lists of general paediatric, infectious diseases, pneumatology and
physiotherapy textbooks. We reviewed reference lists of all selecred
articles and recent review articles and also examined published
abstracts from the Pediatric Academic Societies’ Annual Meetings
(US) (1999 to 2003). We handsearched the French journalsfournal
Pédiarrie Puériculture (1999 to May 2004) and Archives de Pédiatrie
(1994 to 1997; 2000 to May 2004). We also searched the World
Health Organization (WHO) International Clinical Trials Reg-
istry Platform (ICTRP) and www.Clinical Trials.gov trials registers
with the search terms bronchiolitis AND “chest physiotherapy”
for completed and ongoing studies (latest search 8 July 2015).

Chest physiotherapy for acute bronchiolitis in paediatric patientzs between 0 and 24 months old (Review) 6
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Tesis Doctoral - Marta Roqué i Figuls

87



Data collection and analysis

Selection of studies

Three review authors (CG, MG, MR) independently screened
the results from the initial search of all the databases and refer-
ence lists to identify citations that seemed relevant to this review.
We obtained the full-text articles once pertinent abstracts or ti-
tles were identified. Four review authors (CG, MG, MR, JV) in-
dependently decided on which trials to include using a standard
form. There were no disagreements in relation to the included tri-
als. We recorded the selection process in sufficient detail to com-
plete a PRISMA flow diagram (see Figure 1) (Moher 2009) and
Characteristics of excluded studies table.

Figure |. Study flow diagram
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identified through other sources (Lopez Galbany
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Data extraction and management

Two review authors (MR, MG) independently extracted the dara.
We used a standard form to extract the following data.

1. Characteristics of the study (design, method of
randomisation, withdrawals, drop-outs).

2. Participants (age, gender, low birth weight or normal
welght, ambulatory or hospital patients, disease severity,
nutritional status).

3. Intervention (type of chest physiotherapy, administration,
co-interventions) and its comparator.

4. Outcomes (types of outcome measures, timing of
outcomes, adverse effects).

5. Results.

Assessment of risk of bias in included studies

Two review authors (MG, MR) independently assessed risk of bias
tor each study using the criteria outlined in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011). We resolved
any disagreement by discussion.

l. Sequence generation (selection bias)

We described for each included study the methods used to generate
the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups. We assessed the
methods as:

e low risk of bias (any truly random process, e.g. random
number table; computer random number generator);

e high risk of bias (any non random process, e.g. odd or even
date of birth; hospital or clinic record number); or

e unclear risk of bias.

2. Allocation concealment (selection bias)

We described for each included study the method used to conceal
the allocation sequence in sufficient detail to determine whether
intervention allocation could have been foreseen in advance of, or
during recruitment, or changed after assignment. We assessed the
methods as:

e low risk of bias (e.g. telephone or central randomisation;
consecutively numbered, sealed, opaque envelopes);

e high risk of bias (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth); or

e unclear risk of bias.

Resultados

3. Blinding of outcome assessment (detection bias)

Blinding of study participants and personnel was not possible due
to the characteristics of the interventions studied. We described for
each included study all the methods used, ifany, to blind outcome
assessors from knowledge of which intervention a participant re-
ceived. We also provided information on whether the intended
blinding was effective. Where blinding was not possible, we as-
sessed whether the lack of blinding was likely to have introduced
bias. We assessed the methods as:

e adequate;

o high risk of bias; or

e unclear risk of bias.

4. Incomplete outcome data (attrition bias through
withdrawals, drop-outs, protocol deviations)

We described for each included study and for each outcome or
class of outcomes the completeness of data including attrition and
exclusions from the analysis. We stated whether attrition and ex-
clusions were reported, the numbers included in the analysis at
each stage (compared with the total randomised participants), rea-
sons for attrition or exclusion where reported and whether missing
data were balanced across groups or were related to outcomes. We
assessed whether each study was at risk of attrition bias:

o low risk of bias;

¢ high risk of bias; or

e unclear risk of bias.

5. Selective reporting bias

We described for each included study how the possibility of se-
lective outcome reporting bias was examined by us and what we
found. We assessed the methods as:

¢ low risk of bias (where it is clear that all of the study’s pre-
specified outcomes and all expected outcomes of interest to the
review have been reported);

e high risk of bias (where not all of the study’s pre-specified
outcomes have been reported; one or more reported primary
outcomes were not pre-specified; outcomes of interest are
reported incompletely and so cannot be used; study fails to
include results of a key outcome that would have been expected
to have been reported); or

o unclear risk of bias.

6. Other sources of bias

We described for each included study any important concerns

we have about other possible sources of bias, in particular about
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contamination. We assessed whether each study was free of other
problems that could put it at risk of bias:

o low risk of bias;

e high risk of bias; or

® unclear risk of bias.

Measures of treatment effect

We estimated the effect of treatment by mean differences (MDs)
in continuous outcomes and risks ratios (RRs) in dichotomous

outcomes, with their corresponding confidence intervals (Cls).

Unit of analysis issues

Wewould have assessed their dara analysis in search of possible unit
of analysis errors ifany cluster-randomised trials had been included
in the review. We would have combined them with individually
randomised trials if no errors were observed. We did not expect
to identify any cross-over randomised trial on this topic given the

short course of bronchioliris.

Dealing with missing data

We assessed the impact of missing data on the results from the
‘Risk of bias’ assessment, considering for each trial the magnirude
of missing data and how it was dealt with. We tried to assess how
many patients were excluded from the trials analysis, which trear-
ment group they belonged to, what were the causes for exclud-
ing them and whether their exclusion was biased the trials results.
If a quantitative analyses had been performed, the main analy-
sis would be based on available data and a secondary intention-
to-treat (I'TT) sensitivity analysis would have been performed for
dichotomous outcomes. The ITT sub-analysis would have used
imputation, assuming that all missing data corresponded to a neg-
ative outcome.

Assessment of heterogeneity

We would have assessed statistical heterogeneity with the 12 statis-
tic, considering values 12 = 50% as a sign of moderate to high
heterogeneity if the trials included had been similar enough to
perform a quantitative analysis (Higgins 2003).

Assessment of reporting biases

We did not explore publication bias and other reporting biases
statistically or graphically due to the lack of statistical data in the
included studies.

Data synthesis

We did not perform a meta-analysis due to clinical heterogeneity
and statistical considerations. We described the individual results
with the effect measures described in the original trials. If the in-
cluded trials had been similar enough to combine them, a statisti-
cal pooling of effect measures would have been performed with a
random-effects model, applying the inverse-variance method. We
wrote the review using Review Manager 5.3 (RevMan 2014).

GRADE and 'Summary of findings’ table

We added Summary of findings' tables to this 2014 update,
comparing slow passive expiration techniques with no physio-
therapy and forced expiration techniques with no physiotherapy.
The outcomes included: time to recovery/clinical stability, clini-
cal score and adverse effects. Since we did not perform a meta-
analysis in the review, we did not present illustrative compara-
tive risks in the tables. We assessed the quality of evidence us-
ing the GRADE system. We used the guidelines of the Grading
of Recommendations Assessment, Development and Evaluation
(GRADE) Working Group to assess the quality of the evidence
related to selected outcomes (Guyatt 2008). The GRADE system
assesses the quality of evidence based on the extent to which users
can be confident that an association reflects the item being eval-
uated (Guyart 2008). Assessment of the quality of evidence in-
cluded risk of bias, heterogeneity, directness of the evidence, risk
of publication bias and precision of effect estimates, among oth-
ers (Guyatt 2011; Guyarr 201 1a; Guyarr 2011b; Guyare 2011e;
Guyatt 2011d; Guyartt 201 1e; Guyare 2011£ Guyarr 2011g). We
developed *Summaries of findings’ tables with the GRADE pro-
filer software (GRADEpro GDT 2015).

Subgroup analysis and investigation of heterogeneity

In the 2014 update, we proposed two subgroup analyses based on
the hypothesis that performance of slow flow chest physiother-
apy techniques could depend on the patient’s severity and, conse-
quently, on setting (inpatient versus outpatient). We introduced a
subgroup analysis by patient severity, classifying trials into severe/
moderate/unknown categories depending on the inclusion criteria
of the trial, or on the characteristics of the included participants.
We proposed a subgroup analysis by setting, classitying trials into
inpatient/outpatient categories, under the hypothesis that patients
with more severe bronchiolitis would be seen in inpatient settings,
while outpatient settings would attend a variable pool of patients,
but mostly with moderate or low levels of bronchiolitis severity.

Sensitivity analysis

If a quantitative analyses had been performed, we would have
carried out an I'TT sensitivity analysis for dichotomous outcomes,

imputing all missing data as a negative outcome.

Chest physiotherapy for acute bronchiolitis in paediatric patients between 0 and 24 months old (Review) 10
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

90

Tesis Doctoral - Marta Roqué i Figuls



RESULTS

Description of studies

Results of the search

In the search update up to July 2015, we retrieved 129 unique
records from the databases searched, and we included three new
trials (Gomes 2012; Remondini 2014; Sanchez Bayle 2012). The
Gomes paper corresponds to an ongoing trial included in previous
review versions (Clinicaltrials.gov identifier NCT00884429). We
identified one ongoing trial (Bella Lisb6a 2008).

Included studies

See Characteristics of included studies table.

We included 12 RCTs in this review totaling 1249 participants
(Aviram 1992; Bohe 2004; De Cérdoba 2008; Gajdos 2010;
Gomes 2012; Lopez Galbany 2004; Nicholas 1999; Postaux
2011; Remondini 2014; Rochat 2010; Sanchez Bayle 2012; Webb
1985).

A description of included trials by type of intervention is shown
in Table 1. Five trials assessed percussion and vibration techniques
in 246 randomised participants (Aviram 1992; Bohe 2004; De
Cérdoba 2008; Nicholas 1999; Webb 1985), while six trials as-
sessed different passive flow-oriented expiratory techniques in 974
randomised participants. Three of these trials assessed forced expi-
ration techniques (Gajdos 2010; Remondini 2014; Rochat 2010),
and four trials assessed slow flow techniques (Gomes 2012; Lopez
Galbany 2004; Postiaux 2011; Sanchez Bayle 2012). The Gomes
2012 trial assessed the effect of slow low passive expiratory tech-
niques (slow flow) against vibration and percussion techniques.
All 12 trials evaluated the efficacy of chest physiotherapy in hos-
pitalised infants with a clinical diagnosis of acute bronchiolitis.
The trials were classified by the clinical severity of the included
infants, as reported in the papers or as estimated by the review
authors. Clinical severity of participants was mild in one trial (De
Cérdoba 2008 1.9 mean Silverman-Anderson score at baseline,
out of 10 maximum score), moderate in six trials (Bohe 2004 5.7
mean Wang score at baseline; Gomes 2012 75% of participants
with a four to eight points in Wang score; Postiaux 2011 5.75
mean Wang score at baseline; Webb 1985 11 mean clinical score
at admission over 30 maximum score; Lopez Galbany 2004 5.6
mean Wang score at baseline; Remondini 2014 5.8 mean respira-
tory distress assessment instrument (RDAI) score at baseline) and
severe in four trials (Gajdos 2010; Nicholas 1999; Rochar 2010;
Sanchez Bayle 2012). Also, in these studies with severe bronchioli-
tis patients, they included infants who required nasogastric feed-
ing or intravenous fluid. The severity of bronchiolitis in one trial
was unknown (Aviram 1992).

The studies were carried out in the UK (Nicholas 1999; Webb
1985), Spain (Lopez Galbany 2004; Sanchez Bayle 2012), Brazil
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(De Cérdoba 2008; Gomes 2012; Remondini 2014), France (
Gajdos 2010), Belgium (Postiaux 2011), Israel (Aviram 1992},
Argentina (Bohe 2004), and Switzerland (Rochat 2010).

Two of the included trials are unpublished and we contacted the
trial authors for further clarification and dara gathering (Aviram
1992; Lopez Galbany 2004). We contacted the authors of several
trials asking for clarification and additional information, with pos-
itive responses (Aviram 1992; Gomes 2012; Lopez Galbany 2004;
Postiaux 2011; Rochar 2010; Sanchez Bayle 2012).

Finally, only two studies reported specific funding from govern-
mental organisations (Gajdos 2010; Rochat 2010). Two declared
no conflicts of interest (Postiaux 2011; Sanchez Bayle 2012), and
the other studies did not specify any conflicts of interest.

Published trials

A recent trial was conducted in Brazil included 29 infants younger
than one year admitted to hospital with a diagnosis of acute bron-
chiolitis (Remondini 2014). Patients that presented with congen-
ital heart diease, neuropathy, underlying lung disease, indication
for ventilatory support, RDAI score = four associated to SpO; =
92% were excluded. Patients were randomly allocated in two in-
tervention groups. One (n = 16) underwent postural drainage as-
sociated to percussion and tracheal aspiration and the other group
(n = 13), underwent postural drainage associated with forced pas-
sive expiratory technique and tracheal aspiration. Parients were as-
sessed three times a day (before, 10 and 60 minutes after the phys-
iotherapy intervention) by the same therapist. The endpoint was
to compare the efficacy of both techniques in improving RDAI
and SpO;. Trial authors considered discharging patients from the
study when the RDAI score was < four, which was associated with
adequate oxygenarion (SpO; = 92%). The total number of ses-
sions was 83; 48 in conventional group and 35 in force expiratory
group. The physiotherapist in charge of the infant determined the
number of sessions according to the disease severity. The session
numbers ranged from one to four a day.

A trial conducted in Spain and recruited 293 infants less than
seven months old admitted to hospital with a diagnosis of first
episode of acute bronchiolitis by the McConnochie 1993 criteria
and at least one of the following signs: toxic aspect; history of ap-
noea or cyanosis; respiratory rate > 60; or pulse oxymetry < 94%.
Inclusion criteria and signed informed consents were conducted
after randomisation, leading to the exclusion of 40 randomised
participants not meeting the criteria, and 16 participants whose
parents refused consent because of the blinded design of the study
that prevented knowing the intervention received (Sanchez Bayle
2012). Participants were allocated to receive either prolonged slow
expiratory technique with manual vibration and assisted cough (n
= 1306) or postural changes plus oxygen therapy until pulse oxime-
try oxygen saturation (Sp0O3z) >= 94% (n = 100). All interventions
were administered twice a day and only the physiotherapists were
aware of the allocation group of the infants. Parents, doctors and
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nurses were unaware of the treatment allocation during the study.
The two groups were similar with regard to age, sex, duration of
symptoms prior to hospital admission, fever, respiratory distress,
clinical and respiratory severity score on admission, respiratory
syncytial virus (RSV) positive, oxygen saturation and biochemi-
cal results. Two-thirds of the participants were RSV-positive. The
primary outcomes were duration of oxygen supplementation and
length of hospital stay. Secondary outcomes were salbutamol use,
ipratropium bromide use, antibiotics use, adrenaline use and in-
cidence of pneumonia.

Another recent trial was conducted in Brazil and included 30 in-
fants up to two years of age, previously healthy, with a clinical
diagnosis of acute viral bronchiolits and positive outcome of RSV
in nasopharyngeal aspirate detected by immunofiuorescence tech-
nique (Gomes 2012). Participants were allocated to receive either
prolonged slow expiration (slow passive and progressive expiration
from the functional residual capacity into the expiratory reserve
volume) and rhinopharyngeal retrograde clearance (forced inspi-
ratory manoeuvre through the nose) (n = 10) or vibrations, expi-
ratory compression, modified postural drainage only in the lateral
decubitus position and clapping (n = 10} or suction of the upper
airways (n = 10). The third group was only assessed at admission,
and afterwards followed the standard chest physiotherapy regi-
men in the hospital; this group was not considered in this review.
The two groups were similar with regard to age, sex, weight and
clinical score. The primary outcomes were Wang’s clinical score.
Secondary outcomes were retractions and SpQ),. Assessors were
blinded to the treatment groups.

A trial conducted in Belgium recruited 20 infants with acute RSV
bronchiolitis, with a mean age of 4.19 months (Postiaux 2011).
Infants were randomised to inhalation of a 3% hypertonic saline
solution and salbutamol (n = 8) or to a physiotherapy protocol
combining prolonged slow expiration technique and coughing
provoked after the same inhalation of saline solution and salbuta-
mol (n = 12). The two groups were similar with regards to age, sex
and Wang clinical severity score on admission (Wang 1992). The
trial main outcome is Wang’s clinical score, which assigns a value
between zero and three to each of the four variables: respiratory
rate, wheezing, retractions and general condition. The maximum
Wang score is 12 and a higher Wang score indicates a worse con-
dition. Secondary outcomes were SpO3 and heart rate (HR). All
outcomes were assessed before the session, at the end of the session
and two hours afterwards. Both of the paediatric evaluators were
blinded to the applied treatment and goals. Physiotherapists in
charge of administering the treatments were instructed to ignore
the results of each evaluation until the end of the study. The par-
ticipants parents were unaware of the group in which their child
was included. In both groups the periods of ime spent in the room
were identical, so outside observers were blinded to the applied
treatment.

The largest trial was conducted in France, randomising 496 hos-
pitalised infants with a first acute bronchiolitis episode between

the ages of 15 days and 24 months (mean age two months, range
1.3 to 3.9 months) (Gajdos 2010). Infants had to present with at
least one of the following on admission: toxic aspect; history of
apnoea or cyanosis; respiratory rate > 60/minute, pulse oxymetry
< 95%, alimentary intake < two-thirds of the daily food require-
ments. The control group presented with a higher proportion of
RSV-positive patients than the intervention group (76.4% versus
73.3%), as well as the proportion of cases of lung atelectasis diag-
nosis on chest X-ray (12.9% versus 7.6%). Patients were allocated
to receive either the passive forced exhalation technique with as-
sisted cough (n = 246) or nasal suction (n = 250). All interventions
were administered three times a day, with the physiotherapist stay-
ing alone with the infant in a room with a covered window pane.
The primary outcome was time to recovery, defined as eight hours
without oxygen supplementation associated with minimal or no
chest recession and ingesting more than two-thirds of the daily
food requirements. Survival analyses of time to recovery were ad-
justed for prognostic baseline covariates (personal eczema or his-
tory of atopy, age in months, hypoxaemia at randomisation, need
for intravenous (IV) fluids at randomisation, atelectasis at ran-
domisation, duration of symptoms, use of mucolytic before ran-
domisation or RSV infection). The therapists were not involved in
the evaluation of time to recovery. Secondary outcomes were in-
tensive care unit admissions, artificial ventilation, antibiotic treat-
ment, description of side effects during procedures and parental
perception of comfort.

Rochat 2010 analysed 99 infants admitted to a Swiss hospital with
bronchiolitis during two consecutive RSV seasons (2005 to 2006
and 2006 to 2007). Participants had a mean age of 3.9 months.
All infants received standard care including oxygen therapy and
rhinopharyngeal suctioning. Infants were either randomised to ad-
ditionally receive a physiotherapy protocol combining prolonged
slow expiratory technique, slow accelerated expiratory technique
and coughing provoked (n = 51), or randomised to no physiother-
apy (n = 53). The two groups were similar with regard to age, sex,
clinical and respiratory severity score on admission, proportion
who were RSV Enzyme-Linked ImmunoSorbent Assay (ELISA)
positive {overall proportion 75%) and history of eczema (overall
proportion 7%). The trial assessed time to clinical stability, clini-
cal and respiratory scores, respiratory rate, pulse oximetry oxygen
saturation (Sp02) and complications such as transfer to the inten-
sive care unit.

De Cérdoba 2008 randomised 24 hospitalised infants below two
years of age, in Brazil. Nineteen of those infants were analysed, of
whom five were allocated to vibration and postural drainage, eight
to percussion and postural drainage and six to the control group
(bronchial aspiration). Infants had to present clinical and labora-
tory signs of acute viral bronchiolitis and bronchial hypersecretion
(pulmonary auscultation). There was no information on percent-
age of RSV patients or patients with lung collapse/consolidation
at baseline or during the trial. The three groups were similar with

regard to age, sex, oxygen saturation and cardiac and respiratory
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frequency on admission. Mean age was 93 days, 131 days and 125
days in each intervention group. The main outcomes were: satu-
ration of oxygen pulse, cardiac frequency, respiratory frequency,
Silverman-Anderson Score of respiratory discomfort (Silverman
1956), and amount of inhaled secretions. Qutcomes were assessed
immediately after treatment and 15 minutes later. Results were
expressed as means and standard deviations (5Ds).

In the Bohe 2004 study conducted in Argentina, 16 infants were
randomly allocated to the physiotherapy group and 16 to the con-
trol group. Patients were included if they had a clinical diagno-
sis of acute bronchiolitis defined by an acute upper respiratory
infection plus fever, tachypnoea or increase of respiratory effort.
The mean age of the participants was 2.8 months and 78.1% of
participants were positive for RSV, There was no information on
the percentage of patents with atelectasis/consolidation at base-
line or during the trial. The intervention was percussion, postu-
ral drainage, vibration and nasopharyngeal aspiration twice a day.
The control group received only nasopharyngeal aspiration. The
endpoints were length of hospital stay and a severity score con-
structed out of five clinical variables: respiratory rate, heart rate,
lung ausculration and accessory muscle use.

A trial conducted in the UK randomly allocated 50 infants to con-
trol {n = 24) or treatment (n = 26) groups; their mean age was 2.8
months (range 0.4 to 7.6 months). Infants had to present clini-
cal diagnoses of acute bronchiolitis and severe respiratory distress
requiring nasogastric tube feeding or intravenous fuids (Nicholas
1999). The intervention and control groups presented similar pro-
portions of RSV-positive patients (79% versus 85%). There was
no informartion on atelectasis/consolidation at study entry or after-
wards. The physiotherapy protocol established manual techniques
of percussion and vibrations performed in postural drainage posi-
tions with possible modifications as required in relation to infant
tolerance. The main outcomes were clinical status and length of
hospital stay. Secondary endpoints were oxygen requirements and
change in oxygen saturation levels after physiotherapy; these our-
comes were measured only in the intervention arm. Results were
expressed using means but standard deviations (SDs) were not re-
ported. The trial author could not provide clarification as she was
no longer in possession of the complete database.

The oldest trial was conducted in the UK and analysed 90 infants
with a mean age of 4.6 months (range 0 to 15 months) present-
ing a clinical diagnosis of acute viral bronchiolitis (Webb 1985).
Forty-four infants were allocated to physiotherapy and 46 infants
to the control group. The two groups were similar with regards to
age, sex, severity score on admission, proportion who were RSV-
positive (overall proportion 69%), proportion with a first-degree
family history of atopy (overall proportion 36%), those partici-
pants with smokers in their household (overall proportion 66%)
and participants with some degree of atelectasis/consolidation on
chest X-rays (overall proportion 24.5%). The intervention tested
consisted of “chest percussion with a cupped hand for three min-

utes in each of five postural drainage positions followed by assisted
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coughing” or “gentle oropharyngeal suction performed twice each
day while in the hospital”. Three medical doctors made clinical
assessments of the severity of the illness at a fixed time every day.
A score of zero to three was allocated for each of 10 clinical signs:
heart rare, respiratory rate, hyperinflation, use of accessory mus-
cles, recession, rhinitis, wheeze, cough, crepitations and rhonchi,
to give a total severity clinical score of a maximum of 30 points.
At hospital discharge, parents were asked to maintain a symprom
record diary and children were reviewed in outpatient clinics after
two weeks. The main outcomes were: clinical score on admission,
every day and after five days, length of hospital stay and total length
of illness. Results were expressed as medians and ranges. The trial
author was unable to provide the mean and SD) of each parameter
because the raw data were no longer available.

Unpublished trials

In the Lopez Galbany 2004 pilot study conducted in Spain, 30
infants with RSV-positive bronchiolitis were randomly allocated
to receive physiotherapy with slow expiratory technique (n = 15)
or no intervention (n = 13). Qutcomes assessed were the Bierman
Pierson modified severity clinical score and length of hospital stay.
The Aviram 1992 study was a randomised controlled intervention
study conducted in Israel, which included 50 infants aged one to
five months, paired by age and clinical severity score. Participants
were allocated to receive chest physiotherapy or not, in addition to
salbutamol inhalations every six hours. Although there is no infor-
madon on the physiotherapy technique applied, it is assumed to be
based on vibration and percussion. Outcomes assessed were length
of stay in hospital, improvement in clinical score and changes in

5a0;. Clinical scoring was performed in a blinded manner.

Excluded studies

See Characteristics of excluded studies table.

We excluded six studies. One study was a single-blind randomised
clinical trial including infants under two years of age with moder-
ate acute wheezing episodes attending an outpatient clinic (Castro
2014). The study randomised 48 participants to receive salbuta-
mol with or withour chest physiotherapy using slow and long ex-
piratory flow and assisted cough techniques. After inclusion of the
participant by a family physician, those infants in the chest phys-
iotherapy group received physiotherapy for one hour. Afterwards
the patient was assessed by the including family physician, blinded
to Intervention status, for re-evaluation of his or her clinical sta-
tus, clinical score and SpO; level. If the patient met the criteria
of improvement, he or she was discharged. Otherwise, the partic-
ipant received a second hour of treatment, according to his or her
original randomised group. After the second hour, the participant
was assessed again by the original family physician and referred to
the hospital for admission if the criteria of improvement based on
the clinical score was still not achieved. The study endpoints were
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clinical score, SpO3, number of hospital admissions and parents
satisfaction.
Three other excluded studies were uncontrolled intervention stud-
ies (Bernard-Narbone 2003; Postiaux 2004; Quitell 1988), and
the last two were non-randomised comparative trials (Belcastro
1984; Pupin 2009).
The two comparative trials’ details are as follows:
Belcastro 1984 was a pilot study with 12 patients that compared:
1. osteopathic manipulative treatment to postural drainage in
a non-randomised fashion (first three patients received
osteopathy and the rest postural drainage); and
2. bronchedilators to placebo in a randomised, double-blind
fashion.
The endpoints were number of hospital days and mean daily res-
piratory rates.
Pupin 2009 was a comparative controlled intervention study
which included 81 infants with clinically and radiologically diag-
nosed acute viral bronchiolitis. Participants were non-randomly
allocated to receive expiratory flow increase technique (EFIT), vi-

bration plus postural drainage or a control procedure (no respira-
tory therapy, only manual contact of the physical therapist on the
thorax). Each procedure consisted of a single therapeutic session
performed in the morning for 10 minutes. Heart rate, respiratory
rate and SpO1 were assessed before the procedure and at 10, 30
and 60 minutes after it. The authors conclude that “In terms of
overall improvement of cardiorespiratory parameters, neither the
EFIT nor vibration/PD provided any benefit to infants with acute
viral bronchiolits. However, over time, respiratory physical ther-
apy seems to contribute to decreasing the respiratory rate in these

patients”.

Risk of bias in included studies

The overall risk of bias for the comparison of vibration and percus-
sion techniques is moderate to high, because of the uncertainties
and limitations associated with the assessment of risk of bias in
the five trials in this comparison (Figure 2; Figure 3).

Figure 2. ’'Risk of bias’ graph: review authors’ judgements about each methodological quality item
presented as percentages across all included studies
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Allocation concealment (selection bias)
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Figure 3. ’'Risk of bias' summary: review authors’ judgements about each methodological quality item for

each included study

Gajdos 2010

Random seguence generation (selection hiasg)

Incomplete outcome data (attrition bias)

Selective reporting {reporing bias)

Avirarn 19892 ? ?
Bohe 2004 | 2 7 ?
De Cordoba 2008 ?

© @ ®| ~|@|® | -cinding (performance bias and detection bias)

~ 9 e e

(I8 ]
> | ® ® ® | ®| -~ |Alocation concealment (selection bias)

?
&
Gomes 2012 | @ ?
Lopez Galbany 2004 | 2 ?
Micholas 1993 |@ | 2 |2 |2 | 2
Postiawe 2011 |2 |2 | @ | @ | ?
Remondini2ot4 [ 2 |2 |2 (@] 2
Rochat2010 [ @ | @ | & @ | 2
SanchezBayle2012 ([@ | 2 (@ | 2 | 2
webb1985| 2 |2 | @ | @ | 2

Chest physiotherapy for acute bronchiolitis in paediatric patients between 0 and 24 months old (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Tesis Doctoral - Marta Roqué i Figuls

95



The overall risk of bias for the comparison of passive expiratory
techniques is uncertain. However, the two trials comparing forced
expiration techniques are at low risk of bias (Gajdos 2010; Rochat
2010). The comparison of slow flow techniques has one low risk
of bias trial {Gomes 2012), and four trials of uncertain risk of bias
(Lopez Galbany 2004; Postiaux 2011; Remondini 2014; Sanchez
Bayle 2012).

Allocation

Scant information was provided regarding randomisation meth-
ods and allocation concealment. Five trials described adequate
sequence generation procedures (Gajdos 2010; Gomes 2012;
Nicholas 1999; Rochar 2010; Sanchez Bayle 2012). Five trials
either described procedures to conceal allocation (De Cérdoba
2008; Gajdos 2010; Gomes 2012; Rochat 2010), or claimed to
have concealed allocation (Bohe 2004).

Blinding

Masking of outcome assessment was most likely absent in all but
two of the included trials. Five trials implemented rigorous proce-
dures to mask outcome assessments (Gajdos 2010; Gomes 2012;
Postiaux 201 1; Rochat 2010; Sanchez Bayle 2012), but the other
trials were admittedly open (Bohe 2004; Rochar 2010; Webb
1985}, or most likely so (Aviram 1992; De Cordoba 2008; Lopez
Galbany 2004; Nicholas 1999). Even though some outcomes were
objective and not subject to bias (oxygen saturation, heart rate),
other outcomes depended on observation and could be more vul-
nerable (clinical scores and respiratory discomfort questionnaire).

Incomplete outcome data

A single trial had a large sample size and had an adequate descrip-
tion of attrition of participants, as well as a description of how they
were handled (ITT analysis) (Gajdos 2010). Another trial had a
large sample and an adequate description of attrition of partici-
pants (Rochat 2010). The rest of the included trials were small and
the attrition of participants was either null (Gomes 2012; Postiaux
2011), or low and unclearly dealt with (Bohe 2004; De Cordoba
2008; Nicholas 1999; Sanchez Bayle 2012; Webb 1985).

Selective reporting

A single trial had a low risk of selective reporting bias, as shown
by comparing the trial protocol with the published paper (Gajdos
2010). Assessment of selective reporting bias is not possible for
the rest of the trials due to the scarcity of available data.

Effects of interventions

See: Summary of findings for the main comparison Forced
expiration compared with standard care for acute bronchiolitis;
Summary of findings 2 Slow passive expiration compared with
standard care for acute bronchiolitis

Although the included trials provided some data on change in the
severity status of bronchiolitis (using clinical scores) and length of
hospital stay, due to clinical and statistical considerations we were
unable to pool the data. First of all, the clinical scores assessed in
the included trials were heterogeneous:

1. the studies used different scores, although admittedly based
on similar recordings;

2. the timing of the assessments was quite variable (15
minutes after the intervention (De Cérdoba 2008), two hours
after the intervention (Postiaux 2011), at hospital discharge
(Bohe 2004), on the fifth day (Lopez Galbany 2004); and

3. not all trials provided data for this outcome, in particular
the largest, most valid trial (Gajdos 2010).

[t seems unreliable to present a statistical analysis that only partially
incorporates the available evidence, lacking the most influential
trial with a sample size that doubles that of the rest of the trials.
Finally, length of hospital stay is quite an asymmetric variable,
often presented as medians, and the usual meta-analysis methods,

based on symmetry, are nor the right tools to analyse it.

Postural drainage plus percussion and vibration
techniques

Primary outcomes

|. Change in the severity status of bronchiolitis

Five trials (241 analysed participants) in this comparison assessed
the severity of bronchiolits by means of clinical scores and none
of them showed staristical differences between groups at day five
(Aviram 1992; Bohe 2004; De Cérdoba 2008; Nicholas 1999;
Webb 1983).

Nicholas 1999 and Webb 1985 assessed this outcome using a
common clinical score. In the Webb 1985 study there were no
statistically significant differences between groups in relation to
the clinical score or to the proportion who remained in hospital at
day five. The clinical score was similar in both groups at baseline
and on each of the first five days of assessment at the hospital. In
the control group the median score on admission was 12 (range
4 to 24) in 46 participants and in the physiotherapy group the
median score was 10 (range 4 to 22) in 44 participants. On the fifth
day, 18 participants who remained in hospital had a median score
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of five (range 1 to 11) in the control group; 11 participants in the
physiotherapy group had a median score of six (range not presented
in the original article). The study also assessed the length of illness,
which was not significantly different berween the groups (Mann-
Whitney test (Mann 1947)). In the control group the median
length of illness was 14 (range 4 to 27) and in the physiotherapy
group the median was 13 (range 7 to 26). Nicholas 1999 expressed
clinical scores using means burt did not report standard deviations
(SDs). There were no differences in the admission mean clinical
scores (intervention group 9.1 versus control group 10.9) between
groups. The trial authors reported that clinical scores did not show
any statistically significant differences between groups during the
five day trial. Data were provided on a graph but could not be
extracted. Bohe 2004 used a different clinical severity score to the
one used in the other two trials. The score at day five or the day
of discharge was 3.25 (5D 1.27) in the physiotherapy group and
3.12 (SD 1.15) in the control group (mean difference (MD) 0.13,
95% confidence interval (CI) -0.71 to 0.97). The unpublished
trial did not describe the clinical score used and it also failed to
show differences between treatment groups (Aviram 1992).

2. Time to recovery

No trial presented data on time to recovery.

Secondary outcomes

I. Respiratory parameters

Data for respiratory parameters are available in only one of the in-
cluded trials, assessed immediately after treatment and at 15 min-
utes (De Cérdoba 2008). No significant differences were observed
in oxygen saturation levels nor in respiratory frequency between
the treatment groups in their 15-minute results (Kruskal Wallis
test (Kruskal 1952)). The amount of aspired secretions was signifi-
cantly smaller in the control group than in the intervention groups
(P =0.02, Kruskal Wallis test). Respiratory discomfort was assessed
by means of the Silverman-Andersen Questionnaire (Silverman
1956), which significantly improved (P < 0.05, Friedman analysis
of variance) post 15 minutes with respect to baseline in the two
treatment groups but not in the control group. It is not clear from
the paper whether differences across the groups were tested bur it
can be assumed that the lack of data means that there were not
significant differences across the groups.

2. Duration of oxygen supplementation

Nicholas 1999 found that the mean number of hours with sup-
plemental oxygen in the control group was 63 (range 2.3 hours to
128 hours) compared with 86 (range 36 hours to 148 hours) in the
physiotherapy group. Differences were reported as not significant
using a non-parametric test.

Resultados

3. Length of hospital stay

In Bohe 2004, mean length of hospital stay was four days (SD
2) in the treatment group and 3.9 days (SD 1.3} in the control
group. There were no statstically significant differences between
them (MD 0.13, 95% CI -1 to 1.26). In the Nicholas 1999 study,
mean length of hospital stay was 6.6 days (range 2.3 days to 11.5
days) in the control group and 6.7 days (range 3 days to 9.5 days)
in the physiotherapy arm. Webb 1985 showed a median length of
hospital stay of four days (range one day to 15 days) in the control
group and a median of four days (range two days to 11 days) in
the physiotherapy group.

4. Use of bronchodilators and steroids

No trial presented data on use of bronchodilators and steroids.

5. Parents’ impression of physiotherapy benefit

No trial presented data on parents’ impression of the benefit of
physiotherapy in this comparison.

6. Adverse events

In the Bohe 2004 study one case of atelectasis was reported in the
control arm. The participant was withdrawn from the trial and
assigned to receive chest physiotherapy.

Passive expiratory techniques - forced passive
expiratory techniques

Primary outcomes

A summary of results is presented in Summary of findings for the
main comparison.

I. Change in the severity status of bronchiolitis

One trial (103 participants) assessed severity of bronchiolitis
through a clinical score assessing feeding, vomiting and sleep
(Rochar 2010). No differences were observed in changes in the
clinical score (mixed linear models P = 0.37).

One trial (29 participants) compared the addition of forced pas-
sive expiratory techniques to postural drainage. The trial assessed
severity of bronchiolitis using respiratory distress assessment in-
scrument (RDAI) (Remondini 2014). They observed significant
differences immediately after forced passive expiratory physiother-
apy + postural drainage (10 and 60 minutes post intervention; P <
0.001). However, when compared to conventional physiotherapy
(postural drainage + manual percussion or tapping), no differences
were found.
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2. Time to recovery

Three wials (628 participants) in this comparison assessed resolu-
tion of bronchiolitis in terms of time to recovery (Gajdos 2010;
Remondini 2014), and time to clinical stability (Rochar 2010).
Owerall, there were no significant differences between groups in
any of these trials.

In Gajdos 2010, the physiotherapy intervention (forced expiratory
technique with assisted cough) had no significant effect on time
to recovery as assessed by the logrank test and a Cox regression.
The median time to recovery was 2.31 days (95% CI 1.97 to
2.73) for the control group and 2.02 days (95% CI 1.96 to 2.34)
for the physiotherapy group (hazard ratio (HR) 1.09, 95% CI
0.91 to 1.31, P = 0.33). In Rochat 2010, ame to clinical stability,
assessed as a primary outcome, was similar for increased exhalation
technique (IET) and placebo (2.9 + 2.1 versus 3.2 = 2.8 days,
logrank test P =0.45).

For both primary outcomes, the quality of the evidence using
GRADE was high.

Secondary outcomes

One trial comparing the addition of forced passive expiratory phys-
iotherapy to postural drainage, Remondini 2014, did not observed
differences in SpO; during and after the intervention. There were
no data on secondary outcomes such as duration of oxygen sup-
plementation, length of hospital stay and use of bronchodilators
and steroids.

I. Respiratory parameters

In Rochat 2010, the rate of improvement of a respiratory score,
defined as secondary outcome, only showed a slightly faster im-
provement of the respiratory score in the prolonged slow expira-
don (PSE) technique group when including stethacoustic proper-
ties (mixed linear model P =0.044). No differences were observed
in oxygen saturation (SpO3) (mixed linear models P = 0.85) or
respiratory rates (mixed linear models P = 0.24).

2. Duration of oxygen supplementation

No trial presented data on duration of oxygen supplementation.

3. Length of hospital stay
No trial presented data on length of hospital stay.

4. Use of bronchodilators and steroids

No trial presented data on use of bronchodilators and steroids.

5. Parents’ impression of physiotherapy benefit

Two trials provided data on the parents’ impression on the benefit
of chest physiotherapy.

Remondini 2014 presented data on the parents’ impression on the
benefit of physiotherapy compared to conventional physiotherapy.
Parents in both groups reported satisfaction related to improve-
ments of breathing, feeding and nasal congestion, but no differ-
ence was observed between the intervention groups. Gajdos 2010
reported they did not observe any significant difference in the way
the parents rated the influence of physiotherapy on respiratory
status (risk rato (RR) 0.99, 95% CI 0.90 to 1.08, P = 0.89) or
comfort (RR 0.99, 95% CI 0.94 to 1.05, P = 0.84).

6. Adverse events

In the only trial in the review that specifically monitored adverse
events, there were no significant differences between groups in the
proportion of children who experienced one episode of bradycar-
dia with desaturation (risk ratio (RR) 1.0, 95% CI1 0.2 t0 5.0, P =
1.00) or without desaturation (RR 3.6, 95% CI 0.7 to 16.9, P =
0.10) (Gajdos 2010). Conversely, in the IET physiotherapy group
there were a higher proportion of children who had transient res-
piratory destabilisadion (RR 5.4, 95% CI 1.6 to 18.4, P = 0.002)
or vomited during the procedure (RR 10.2, 95% CI 1.3 to 78.8,
P = 0.005).

Regarding the physiotherapy technique, in Rochat’s study, compli-
cations were defined as concomitant bacterial infection or transfer
to the intensive care unit due to respiratory fatigue (Rochat 2010).
The trial authors state that complications related to bronchioli-
tis severity were rare and occurred more frequently in the control
group (n = 19; 12 in the control group, seven in the intervention
group), albeit not significantly (P = 0.21). Also, they state that no
direct complications of physiotherapy, such as respiratory deteri-
oration, occurred.

Remondini 2014 did not report any adverse events.

For adverse events, the quality of the evidence using GRADE was
high.

Passive expiratory techniques - slow passive
expiratory techniques

Primary outcomes

A summary or results is presented in the Summary of findings 2.

I. Change in the severity status of bronchiolitis

Three trials analysing 2806 participants assessed severity of bronchi-
olitis through clinical scores (Gomes 2012; Lopez Galbany 2004;
Postiaux 2011). Overall, there were no significant differences be-
tween groups in any of these trials. Furthermore, the quality of
the evidence for this outcome using GRADE was low.
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In Lopez Galbany 2004 no significant differences were observed
between groups in change from baseline values (P = 0.175).
Mean values for a modified version of the Bierman Pierson score
(Bierman 1974; Tal 1983) ar five days were 2.46 for the physio-
therapy group and 2.79 for the control group.

In Postiaux 2011, a significant small improvement in the Wang
clinical score was observed immediately after the intervention in
the group receiving slow low physiotherapy and salbutamol (3.6
versus 5.1, ANOVA P = 0.02), which disappeared two hours later
(4.6 versus 3.7, ANOVA P = 0.21). The authors report a “day-to-
day baseline improvement in Wang score significandy better [in
the CPT group] than that in the control group” but this conclusion
is based on within-group tests on a diminishing sample due to
discharge of patients (“After 5 days, 6 of the 8 control group
patients had been discharged, whereas all 12 of the new-method-
CPT group had been discharged”).

One erial (30 participants) compared severity of clinical scores be-
tween both physiotherapy techniques (Gomes 2012). The authors
only applied statistical tests to within-groups comparisons pre ver-
sus post. | hey found significant within-group differences in clini-
cal score values and retractions assessed at 48 hours for both phys-
iotherapy regimens, and significant differences in clinical score
and oxygen saturation assessed at 72 hours for the slow flow phys-
iotherapy. Although not staristically tested, endpoint values at 48
and 72 hours for the clinical score and all its sub-scales appear to
be equal between both physiotherapy groups.

2. Time to recovery

No trial presented data on time to recovery.

Secondary outcomes

|. Respiratory parameters

No data were presented for this outcome.

2. Duration of oxygen supplementation

One trial (236 participants) compared the average hours with oxy-
gen supplementation in the physiotherapy and control groups,
which showed no statistically significant differences (Sanchez Bayle
2012). Mean hours of oxygen therapy needed were 49.98 + 37.10
in the physiotherapy group and 53.53 + 38.87 in the control group.

3. Length of hospital stay

This outcome was assessed in three trials (286 participants), and
none of them detected statistically significant differences between
the length of hospital stay of the physiotherapy and contrel groups.
Mean length of stay in Sanchez Bayle 2012 was 4.56 + 2.07 days
in the physiotherapy group and 4.54 + 1.72 days in the control

Resultados

group. Mean length of sty in Lopez Galbany 2004 was 6.18
days in the physiotherapy group and 5.88 in the control group.
Average hospital stay in Postiaux 2011 was 5.3 + 1.8 days in the

physiotherapy group and 6.3 £ 2 days in the control group (Mann-
Whitney U test P = 0.25).

4. Use of bronchodilators and steroids

One wrial including 236 participants recorded the percentages of
participants that received salbutamol, ipratropium bromide or an-
tibiotics, which showed no statistical differences between the in-

tervention and control groups (Sanchez Bayle 2012).

5. Parents’ impression of physiotherapy benefit

No trial presented data on parents’ impression of physiotherapy
benefit.

6. Adverse events

Two studies explicitly stated that no adverse events were observed
but there is no definition on the events considered (Postiaux 2011;
Sanchez Bayle 2012).

The quality of the evidence for adverse events using GRADE was

very low.

Subgroup analyses

The subgroup analysis by participant severity was confused by in-
teraction with techniques. Four trials included participants with
severe bronchiolitis, corresponding to the comparison of vibration
and percussion (Nicholas 1999}, slow passive expiration (Sanchez
Bayle 2012), and forced expiration (Gajdos 2010; Rochar 2010).
Five trials included moderate cases of bronchiolitis, correspond-
ing to the comparison of slow passive expiration (Gomes 2012;
Lopez Galbany 2004; Postiaux 2011), and vibration and percus-
sion (Bohe 2004; Webb 1985). One trial of vibration and percus-
sion techniques included mild cases of bronchiolitis (De Cérdoba
2008). While no formal mera-analysis or test of subgroups could
be conducted due to lack of data, it became clear that the evidence
for the slow flow chest physiotherapy techniques was unevenly
distributed, with slow flow techniques studied in less severe par-
ticipants than forced expiratory techniques.

It was not possible to conduct the subgroup analysis by setting,
since all the trials included hospitalised participants.

Subgroup analysis performed on the included trials

Sanchez Bayle 2012 conducted subgroup analyses of the effect of
physiotherapy on length of hospital stay and duration of oxygen
supplementation by subgroups of respiratory syncytial virus (RSV)
status. They found statistical differences in the number of hours
with oxygen supplementation in the subgroup of RSV-positive
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participants that received physiotherapy compared to those RSV-
positive participants in the control group (mean hours 48.80 =
37.70 versus 58.68 + 36.78; P = 0.042, Mann-Whitney test).
There were no other statistical differences.

Gajdos 2010 performed subgroup analyses by personal eczema
or history of atopy, RSV-positive infection and hypoxaemia at
randomisation. There was no statistically significant quantitative
interaction on time to recovery between any of these subgroups.

ADDITIONAL SUMMARY OF FINDINGS [Eplauation]

Nicholas 1999 performed a subgroup analysis between partici-
pants who had more than 10 points on the baseline clinical score
and those with a baseline clinical score below 9.5. There were no
differences between the physiotherapy and control groups in this
subgroup analysis.

Webb 1985 reports that there were no differences between treat-
ments in daily scores or length of illness in the subset of partici-

pants with some degree of collapse/consolidation on chest X-rays.

Slow passive expiration compared with no physiotherapy for acute bronchiolitis

Settings: hospital
Intervention: slow passive expiration
Comparison: standard care

Patient or population: paediatric patients between 0 and 24 months old with acute bronchiolitis
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(Postiaux 2011; Sanchez Bayle 2012)

Cl: confidence interval; RR: risk ratio

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%Cl).

GRADE Working Group grades of evidence

Very low quality: We are very uncertain about the estimate.

Z | Outcomes Relative effect No. of participants Quality of the evidence Comments

5 (95%Cl) (studies) (GRADE)

=

2
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High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

'Downgraded quality due to uncertain risk of bias and imprecision of estimates.

trials were unclear on the adverse effects assessment.

Downgraded quality due to uncertain risk of bias, imprecision of estimates and indirectness of assessments because the
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DISCUSSION

Summary of main results

This review included 12 trials and 1249 participants exploring the
efficacy of three physiotherapy modalities (vibration and percus-
sion, slow passive expiratory techniques and forced passive expi-
ratory techniques), compared to no intervention in hospitalised
infants with acute bronchiolitis not on mechanical ventilation.
None of the included trials showed a significant benefit of either
chest physiotherapy techniques in change of disease severity, respi-
ratory parameters, length of hospiral stay or oxygen requirements
in this population. One trial found transient immediate respira-
tory score improvements in moderate bronchiolitis patients that
received slow expiratory techniques. The included trials did not
report severe adverse events. In Gajdos 2010, a significant risk of
vomiting (risk ratio (RR) > 10) and respiratory instabiliry (RR >
5) was reported in children receiving physiotherapy with passive
increased exhalation technique and assisted cough, while no com-
plications related to physiotherapy and few complications related
to bronchiolitis severity were observed in trials applying prolonged
slow expiration techniques (Postiaux 2011; Rochat 2010).

Quality of the evidence

The quality of the evidence in the review is variable depending
on the comparisons considered. While there is high quality evi-
dence for forced expiration techniques, the quality of evidence is
low for the techniques based on slow passive expiration and very
low for vibration and percussion. The assessments of quality of
evidence have relied heavily on the risk of bias of the trials and
the imprecision of their results, mainly due to small sample sizes.
For adverse events, there were concerns regarding indirectness of
assessments for trials that were not clear enough on the adverse
events assessment procedure.

The high quality evidence for forced expiration techniques in se-
vere patients stems from the overall low risk of bias of the trials
considered, the large number of patients considered and the con-
sistency of the trials’ results. Although the three trials assessed re-
covery with two different measures (time to recovery and time to
clinical stability), the results were homogeneous and led to similar
conclusions of no effect of the physiotherapy techniques. One of
the trials had a very large sample size and good methodological
quality, and was designed to detect a 20% decrease in time to re-
covery, assessed eight-hourly (Gajdos 2010). Since this adequately
powered trial was negative, our confidence in the lack of effect ob-
served with this physiotherapy techniques is high. Also, the neg-
ative results are consistent in all the assessed outcomes, including
respiratory parameters, which are more sensitive to the treatment
and nevertheless do not show a statistical benefit. There are also

negative results in length of hospital stay, a less relevant outcome

Resultados

since it is a crude measure of length of illness and it is sensitive
to unrelated facrors (i.e. hospital discharge practices, day of the
week, parental wishes, etc).

The low quality of evidence for the slow low techniques in moder-
ate/severe patients stems from their uncertain risk of bias, moder-
ate sample sizes and methodological limitations in adverse effects
assessment. T he included trials used difterent measures of clinical
severity and some of them presented incomplete data. Although
most data on clinical efficacy were negative overall, a transient
effect was observed in one trial, leading to concerns of potential
inconsistency in results and potential lack of power. The largest
trial in the comparison and second largest trial in the review did
not perform an a priori sample size estimation and thus we cannot
assess the power of the trial or the potential lack of power of the
conclusions (Sanchez Bayle 2012). The quality of evidence on the
safety of the slow passive expiration techniques stems from the
doubts regarding how was safery assessed in the trials. The safety
issues observed in the forced expiratory techniques are related to
the intrinsic characteristics of forcing expiration and it could be
argued that these issues would be minor or non-existent in the
slow passive expiration procedures due to their gentler nature.
The very low qualiry of evidence for the vibration and percussion
techniques stems from their high risk of bias and small sample
sizes. However, the consistency between trials in showing a lack
of effect and the external reports on safety of the procedures, give
strength to a negative conclusion (Beeby 1998; Chalumeau 2002;
Harding 1998; Knight 2001).

A methodological issue in the trials was the implementation of a
valid placebo. Since all but one of the trials had a non-interven-
tion group, the researchers would have been expected to establish
an outcome assessment procedure that prevented bias. Again, this
was effectively and imaginarively established in the Gajdos 2010,
Postiawx 2011 and Sanchez Bayle 2012 trials. Gajdos and Sanchez
Bayle compared chest physiotherapy with nasal suctioning or pos-
tural changes, respectively. Postiaux administered in both groups
an aerosol composed of albuterol (3 mL) and hypertonic saline
(3% NaCl) and added to the intervention group the slow passive
expiration techniques. However, none of these alternatives were
shown to have an impact on the overall trial results as this lack of
placebo alternative will usually over-estimate the results, favouring
the intervention.

Finally, it is important to consider that a limiration of the majority
of the studies was that they did not analyse the effectiveness of
the techniques in terms of duration of oxygen supplementation,
time to recovery or other treatments used, such as bronchodilators
and corticosteroids. Due to their importance in terms of disease
improvement, it would be important to take these variables into
account in future research,

Potential biases in the review process

Chest physiotherapy for acute bronchiolitis in paediatric patients between 0 and 24 months old (Review) 22
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Tesis Doctoral - Marta Roqué i Figuls

101



To avoid biases in the review process, we have applied robust meth-
ods for searching, study selection, data collection and Risk of bias’
assessment. lo guarantee the comprehensiveness of the search, we
sought both published and unpublished trials and contacted trial
authors when possible to gather additional information about un-
published trials. Although pooling of data was not possible, we
have considered its potendal impact and performed a careful as-
sessment of individual trials. In addition, we have performed a

rigorous 'Risk of bias’ assessment for the included trials.

Agreements and disagreements with other
studies or reviews

The first publication of this review in 2005, Perrotea 2005,
prompted the recommendation that chest physiotherapy based
on vibration and percussion not be applied routinely in hospi-
tal settings (AAP 2006; BGT 2005; SIGN 2006). During re-
cent years, a few systematic reviews have been published on this
topic based on the same evidence and reaching similar conclu-
sions to ours (Bourke 2010; Gonzilez 2010b; Schechter 2007;
Wainwright 2010). Also, in France, due to Cochrane evidence,
two studies analysed the use of forced expiratory technique (AFE
in French). They observed a decrease in chest physiotherapy pre-
scription (Branchereau 2013), and a recommendation to not sys-
tematically prescribe chest physiotherapy for ambulatory patients
(Verstraete 2014). As a consequence, this updated review includes
the most recent randomised controlled trials (RCTs) and remains
the main source of evidence on chest physiotherapy for acute bron-
chiolitis.

AUTHORS' CONCLUSIONS

Implications for practice

Conventional chest physical therapy (postural drainage plus per-
cussion and vibration techniques) has not been shown to improve
the severity of bronchiolitis and has been associated with adverse
events. For these reasons, conventional techniques cannot be not

used in clinical practice for patients with bronchiolitis.

Chest physiotherapy using passive flow-oriented expiratory tech-
niques (which includes both forced expiratory techniques and slow
How techniques) has not been shown to improve the severity of
bronchiolitis by means of clinical scores, nor to reduce time to
recovery or length of stay in hospitalised patients. There is high
quality evidence that forced expiratory techniques in severe pa-
tients do not improve their health status and can lead to severe
adverse events. For these reasons, there are no argument in favour
of routine use of these techniques as standard clinical practice for
hospitalised patients with severe bronchiolitis.

However, there is a gap in the knowledge regarding the effects
of slow passive expiratory techniques in patients with moderate
bronchiolitis or respiratory syncytial virus (RSV)-positive disease.
There is low quality evidence from individual trials that slow pas-
sive expiratory techniques could have a short-lived effect in reduc-
ing respiratory scores in patients presenting with moderate bron-
chiolitis and in reducing the need for oxygen supplementation in
RSV-positive patients with severe bronchiolidis. The findings of
the review are that there is low quality evidence that slow flow
techniques could induce temporary relief in some children, and
for this reason we conclude that, under clinician judgement, these
techniques could be considered in specific situations, to improve
respiratory performance.

Implications for research

Based on the review results, it seems clear that conventional and
forced expiratory techniques will not change the course of the dis-
ease in hospitalised patients with severe disease. Therefore, further
studies using these techniques in this population should not be a
research priority.

However, there is uncertainty about the role of slow passive expi-
ratory physiotherapy during a bronchiolitis episode, and the clin-
ical relevance of transient short-term relief for patients who are
RSV-paositive should be discussed and studied. Other areas for fur-
ther research are the effect of slow How physiotherapy techniques
combined or not with salbutamol or hypertonic saline, as well as
the effect of chest physiotherapy in moderate bronchiolitis. Any
research conducted on this topic should include a specific assess-
ment of adverse events.

Finally, we recommend exploring the effects of slow passive expi-
ratory techniques in mild to moderate non-hospirtalised patients.
Until now; all reviewed studies were conducted in a hospiral set-
ting and the generalisation of these results to non-hospirtalised pa-
tients may not be straightforward due to differences in the health
conditions and severity of disease between these two populations.
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La RS que constituye el trabajo 4 incluydé 45 estudios, que se clasificaron en tres grupos segun los
criterios que se usaron para definir un resultado positivo de la prueba PET-CT: actividad observada en
los ganglios mayor que la actividad en el entorno (18 estudios, niUmero de participantes = 2823,
prevalencia de ganglios N2 y N3 = 679/2328), valores maximos de captacion estandar (SUVmax) >=2.5
(12 estudios, N = 1656 , prevalencia de ganglios N2 y N3 = 465/1656), y otro criterio o criterio mixto
(15 estudios, N = 1616, prevalencia de ganglios N2 y N3 = 400/1616). Ninguno de los estudios
informd de la ocurrencia de eventos adversos [40].

En el grupo actividad > entorno, la prueba PET-CT identificd con precision el 77.4% (IC 95%: 65.3 a
86.1) de los participantes con NSCLC diseminado mas alla de los nodos N1, y el 90.1% (IC 95%: 85.3 a
93.5) de los participantes con NSCLC no propagado mas alla de los nodos N1.

Hubo evidencia de alta heterogeneidad entre estudios y falta de precision. Los analisis de sensibilidad
sugirieron que la estimacién general de la sensibilidad era especialmente susceptible a los sesgos de
seleccion; el estandar de referencia considerado; tener una definicion clara de positividad de la prueba
en el estudio, y, en menor medida, el sesgo asociado a la prueba indice y el sesgo de financiacion
comercial. El andlisis de sensibilidad restringido a los estudios de bajo riesgo de sesgo resultd en
estimaciones combinadas de sensibilidad més bajas que las del analisis principal que incluy6 todos los
estudios.

En el grupo SUVmax >= de 2.5, la prueba PET-CT identificd con precision el 81.3% (IC 95%: 70.2 a 88.9)
de los participantes con diseminacién mas alla de los nodos N1, y el 79.4% (IC 95%: 70 a 86.5) de los
participantes sin propagacién mas alld de nodos N1. En este grupo, hubo evidencia de una muy alta
heterogeneidad entre los estudios y una clara falta de precision. Los analisis de sensibilidad sugirieron
que las estimaciones de sensibilidad y especificidad eran marginalmente susceptibles al sesgo de flujo
y temporalidad y al sesgo de financiacién comercial, asociados a estimaciones ligeramente mas altas
de sensibilidad y especificidad.
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Resultados

Los resultados variaron mucho entre los estudios en cada andlisis, y estuvieron muy influidos por los
factores de calidad y tamafio de los estudios, el pais de realizacidn, el porcentaje de participantes con
adenocarcinoma, la dosis de trazador FDG y el tipo de escaner PET-CT.

Los resultados de esta revision muestran que la exactitud diagnéstica de la prueba PET-CT es
insuficiente para tomar decisiones sobre tratamiento basadas solo en los resultados de la prueba. Por
lo tanto, los hallazgos respaldan las recomendaciones del Instituto Nacional de Salud y Atencién de
Excelencia (NICE) sobre este tema, por las que la prueba PET-CT es solo una guia para los médicos al
decidir el siguiente paso: ya sea la realizacion de una biopsia o, cuando los ganglios negativos son
pequefos, directamente la realizacion de cirugia.

En esta revision no se realizé una evaluacidn de la calidad de la evidencia, y no se construyeron tablas
de resumen de los hallazgos.

Esta revision se publicd originalmente en 2014 y no se ha actualizado desde su primera publicacién en
The Cochrane Library, debido a que la politica de actualizacién de Cochrane, mencionada
anteriormente, no se aplica a las revisiones de exactitud diagnostica.
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ABSTRACT
Background

A major determinant of treatment offered to patients with non-small cell lung cancer (NSCLC) is their intrathoracic (mediastinal) nodal
status. If the disease has not spread to the ipsilateral mediastinal nodes, subcarinal (N2) nodes, or both, and the patient is otherwise
considered fit for surgery, resection is often the treatment of choice. Planning the optimal treatment is therefore critically dependent on
accurate staging of the disease. PET-CT (positron emission tomography-computed tomography) is a non-invasive staging method of
the mediastinum, which is increasingly available and used by lung cancer multidisciplinary teams. Although the non-invasive nature of
PET-CT constitutes one of its major advantages, PET-CT may be suboptimal in detecting malignancy in normal-sized lymph nodes
and in ruling out malignancy in patients with coexisting inflammatory or infectious diseases.

Objectives

To determine the diagnostic accuracy of integrated PET-CT for mediastinal staging of patients with suspected or confirmed NSCLC
that is potentially suitable for treatment with curative intent.

Search methods

We searched the following databases up to 30 April 2013: The Cochrane Library, MEDLINE via OvidSP (from 1946), Embase via OvidSP
(from 1974), PreMEDLINE via OvidSP, OpenGrey, ProQ}uest Dissertations & Theses, and the trials register www.clinicaltrials.gov.
There were no language or publication status restrictions on the search. We also contacted researchers in the field, checked reference

lists, and conducted citation searches (with an end-date of 9 July 2013) of relevant studies.
Selection criteria

Prospective or retrospective cross-sectional studies that assessed the diagnostic accuracy of integrated PET-CT for diagnosing N2 disease
in patients with suspected resectable NSCLC. The studies must have used pathology as the reference standard and reported participants
as the unirt of analysis.

PET-CT for assessing mediastinal lymph node involvement in patients with suspected resectable non-small cell lung cancer (Review) |
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Data collection and analysis

Twao authors independently extracted data pertaining to the study characteristics and the number of true and false positives and true and
false negatives for the index test, and they independently assessed the quality of the included studies using QUADAS-2. We calculated
sensitivity and specificity with 95% confidence intervals (CI) for each study and performed two main analyses based on the criteria for
test positivity employed: Aerivity > background or SUVimax > 2.5 (SUVmax = maximum standardised uptake value), where we fitted a
summary receiver operating characteristic (ROC) curve using a hierarchical summary ROC (HSROC) model for each subset of studies.
We identified the average operating point on the SROC curve and computed the average sensitivities and specificities. We checked for
heterogeneity and examined the robustness of the meta-analyses through sensitivity analyses.

Main results

We included 45 studies, and based on the criteria for PET-CT positivity, we categorised the included studies into three groups: Activiry
> background (18 studies, N = 2823, prevalence of N2 and N3 nodes = 679/2328), 5UVimax = 2.5 (12 studies, N = 1656, prevalence
of N2 and N3 nodes = 465/1656), and Other/mixed (15 studies, N = 1616, prevalence of N2 to N3 nodes = 400/1616). None of the
studies reported (any) adverse events. Under-reporting generally hampered the quality assessment of the studies, and in 30/45 studies,
the applicability of the study populations was of high or unclear concern.

The summary sensitivity and specificity estimates for the *Acrivity > background PET-CT positivity criterion were 77.4% (95% CI
65.3 to 86.1) and 90.1% (95% CI 85.3 to 93.5), respectively, but the accuracy estimates of these studies in ROC space showed a wide
predicton region. This indicated high between-study heterogeneity and a relatively large 95% confidence region around the summary
value of sensitivity and specificity, denoting a lack of precision. Sensitivity analyses suggested that the overall estimate of sensitivity was
especially susceptible to selection bias; reference standard bias; clear definition of test positivity; and to a lesser extent, index test bias
and commercial funding bias, with lower combined estimates of sensitivity observed for all the low "Risk of bias’ studies compared with

the full analysis.

The summary sensitivity and specificity estimates for the SUVmax = 2.5 PET-CT positvity criterion were 81.3% (95% CI 70.2 to
88.9) and 79.4% (95% CI 70 to 86.5), respectively.In this group, the accuracy estimates of these studies in ROC space also showed
a very wide prediction region. This indicated very high berween-study heterogeneity, and there was a relatively large 95% confidence
region around the summary value of sensitivity and specificity, denoting a clear lack of precision. Sensitivity analyses suggested that
both overall accuracy estimates were marginally sensitive to flow and timing bias and commercial funding bias, which both lead to
slightly lower estimates of sensitivity and specificity.

Heterogeneity analyses showed that the accuracy estimates were significantly influenced by country of study origin, percentage of

participants with adenocarcinoma, (& F)-2-fluoro-deoxy-D-glucose (FDG) dose, type of PET-CT scanner, and study size, but not
by study design, consecutive recruitment, attenuation correction, year of publication, or tuberculosis incidence rate per 100,000
population.

Authors’ conclusions

This review has shown that accuracy of PET-CT is insufficient to allow management based on PET-CT alone. The findings therefore
support National Institute for Health and Care (formally "clinical’) Excellence (NICE) guidance on this topic, where PET-CT is used
to guide clinicians in the next step: either a biopsy or where negative and nodes are small, directly to surgery. The apparent difference
between the two main makes of PET-CT scanner is important and may influence the treatment decision in some circumstances. The
differences in PET-CT accuracy estimates between scanner makes, NSCLC subtypes, FDG dose, and country of study origin, along
with the general variability of results, suggest that all large centres should actively monitor their accuracy. This is so that they can make
reliable decisions based on their own results and identify the populations in which PET-CT is of most use or potentially little value.

PLAIN LANGUAGE SUMMARY
PET-CT scanning to assess the spread of non-small cell lung cancer within the chest

In the absence of distant metastasis, treatment options for non-small cell lung cancer depend on how much the disease has spread to
the different lymph nodes within the chest, that is, the stage of the disease. If the cancer has not spread beyond the nearest (N1) lymph
nodes, surgery is often the treatment of choice. Other treatment options for these patients include treatment with either radiotherapy,
chemotherapy, or both. Planning the optimal treatment is therefore critically dependent on accurate staging of the disease. PET-CT

PET-CT for assessing mediastinal lymph node involvement in patients with suspected resectable non-small cell lung cancer (Review) 2
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scanning is a non-invasive method of establishing the spread of NSCLC within the chest and elsewhere in the body, which is increasingly
available and used by lung cancer multi-disciplinary teams. Although the non-invasive nature of PET-CT constitutes one of the major
advantages of the test, PET-CT may be suboptimal in detecting malignancy in normal-sized lymph nodes and in ruling out malignancy
in patients with coexisting inflammatory or infectious diseases. We examined the accuracy of PET-CT scanning in establishing the
spread of cancer in patients with suspected or confirmed NSCLC that is potentially suitable for surgical treatment with curative intent.

We included 45 studies, and based on the criteria for a positive PET-CT scan, we performed two main analyses. In the 18 studies
(2823 participants) in the Acrivity > background group, PET-CT was found to accurately identify 77.4% (95% CI 65.3 to 86.1) of
the participants with NSCLC spread beyond the N1 nodes and 90.1% (95% CI 85.3 to 93.5) of the participants without spread
beyond the N1 nodes. In the 12 studies (1656 participants) in the SUVmax of = 2.5 group, PET-CT accurately identified 81.3% (95%
CI 70.2 to 88.9) of the participants with spread beyond the N1 nodes and 79.4% (95% CI 70 to 86.5) of the participants without
spread beyond the N1 nodes. However, the results varied a lot between the studies in each analysis, and the quality and size of the
studies themselves, country of study origin, percentage of participants with adenocarcinoma, FDG dose, and type of PET-CT scanner
influenced the results. We believe that the results of this review show that the accuracy of PET-CT is insufficient to allow management

based on PET-CT alone.

BACKGROUND Lung cancer staging is performed using an arsenal of different
complementary tests; some of these are non-invasive (e.g., various
types of imaging) (NICE 2011; Silvestri 2013), and some are inva-
sive (e.g., surgical staging, mediastinoscopy) or minimally invasive

Accurately determining the diagnosis and stage of lung cancer is
important to ensure that patients are oftered the best possible treat-

et Mowests HEpricers ol comillex: T paioniz sl (e.g., endobronchial ultrasound-guided transbronchial needle as-

piration (EBUS-TBNA), endoscopic ultrasound-guided fine nee-
dle aspiration (EUS-FNA), and various other methods for obtain-
ing biopsies) (Detterbeck 2007; NICE 2011). The most defini-
tive test is surgical staging - by means of resection of the primary

signs of lung cancer can be difficult to distinguish from those of
other diseases (some of which may coexist in lung cancer patients),
and many lung cancers are diagnosed via other routes (e.g., emer-
gency or Accident & Emergency admissions; through other spe-
cistiting o as itcklents’ Radiogs o Sogmnp; such 2y s rulio: tumour and systematic nodal dissection, with prior mediastino-
graphs and computed tomography (CT}) (Department of Health ; ;
. . i X scopy to assess the contralateral nodes. However, surgical staging
2011). The diagnosis is made by means of a variety of different . . T ; ; :
T : : i : el is highly invasive and thus not appropriate for many patients with-
biopsies and imaging techniques, some of which yield informa-
tion about both diagnosis and staging (NICE 2011). The need to

consider the location of the primary tumour; patient preferences;

out first acquiring further information about the likely suitability
for resection with curative intent. Imaging tests (including com-

bined positron emission tomography and CT (PET-CT)) - to as-

and the fitness of the patient, which itself may influence both di- s Shpicliabilicy o walgnatiinvalvatannt Autl descet Sia-

nostic and treatment decisions and may require a change to the . i )
28 ¥Rl = thoracic metastases and mediastinal lymph node merastasis that

diagnostic and staging pathway, augments the complexity. : G :
B e P 15 PIEEF would preclude treatment with curative intent - will most often

determine suitability for resection with curative intent. One or

more biopsies may have to follow imaging findings to pathologi-
Target condition being diagnosed cally confirm the results of these tests. Occasionally, when imaging

A major determinant of treatment offered to patients with non- €585 3¢ unequivocally positive for cancer, the findings alone will

small cell lung cancer (NSCLC) is the intrathoracic (mediastinal) be enough to exclude patients from radical treatment. This, in

nodal status (for a glossary, see Appendix 1). If the disease has effect, means that only the patients who receive resection will re-

not spread to either the ipsilateral mediastinal nodes, subcarinal ~ ©!V¢ the ultimate reference standard (i.e., surgical staging). Those

(N2) nodes, or both, and the patient is otherwise considered fit for patients who are found to have unresectable NSCLC will usually

surgery, resection is often the treatment of choice (Manser 2005). have had their cancer stage pathologically confirmed by a number

Other treatment options for these patients include combination of other tests that are considered suitable for the location of the

or single-modality treatment with either radiotherapy, chemother- affected lymph nodefs).

apy, or both (O'Rourke 2010). Planning the optimal treatment is Therefore, the reference standard for this review necessarily had

therefore critically dependent on accurate staging of the disease. ~ *© consist of a number of invasive tests thatall yield pathologically
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confirmable informartion and can be collectively considered as rests
that provide cytohistological confirmation of tumour extent. The
secondary aims of this review reflect our consideration of this issue
as we have tried to consider potential differences in the reference
standard as a source of heterogeneity between the studies.

Index test(s)

PET-CT is a non-invasive staging method of the mediastinum,
which is increasingly available and used by lung cancer multi-
disciplinary teams. PET-CT is most commonly performed using

(¥ F)-24 uoro-deoxy-D-glucose (FDG) as a tracer to provide a
measure of glucose uptake, with simultaneous CT to aid localisa-
tion. Before receiving a PET-CT scan, most patients will already
have received a CT scan, and PET-CT is most commonly used
to confirm early-stage disease in patients who have no significant
nodes (> 1 cm on the short axis) on CT or to clarify nodal sta-
tus, in which case PET-CT is not always the first test after CT.
That is, currently, the role of PET-CT is primarily in triaging pa-
tients, by identifying patients with no spread to the mediastinum
who may therefore be candidates for resection, and distingnishing
from those patents with either distant or mediastinal metastases,
or both, that may need to be biopsied before their treatment plan
can be developed.

Clinical pathway

NSCLC patients present with a variety of symptoms and signs as
described in the NICE guidelines on referral for suspected cancer
(NICE 2005). In England, about 38% of patients first present
through the emergency route (i.e., Accident & Emergency or med-
ical admissions). General practitioners urgently refer the majority
of the remainder. In most cases, with the exception of those who
are too ill to be helped by further diagnostic attempts, the first
diagnostic step when lung cancer is suspected is imaging that is ei-
ther chest radiography or multidetector CT. The latter should ide-
ally be done with the administration of intravenous contrast with
contiguous slices from the lower neck to upper abdomen. The sec-
ondary care pathway begins with this CT and a clinical assessment
where the history is taken, a physical examination, and basic blood
tests and lung function obtained. From this information, the first
estimate of fitness is made. As part of the two-way communication
with either the patient or carer (or both) the potential diagnosis
is explained, and some idea about the patient’s preference is for-
mulated. The next step in the pathway is to choose the test that
gives the most diagnostic and staging information with least risk
of harm, provided that the patient is agreeable to this and that fur-
ther informarion will likely help the patient. This choice is heavily
dependent on what is shown by the CT, and NICE clinical guide-
line 121 gives detailed guidance on the most appropriate choice of
test (NICE 2011; see also De Leyn 2014). The most relevant part

of this guidance for the purposes of this review concerns the stag-
ing of the mediastinum, which has a separate and more derailed
algorithm within the NICE guideline. Once diagnosis, stage, and
fitness assessment is confirmed, treatment may be offered on the
basis of this information, and follow-up is usually supervised in
secondary care in liaison with community services. On relapse,
patients may be reassessed, which may be as detailed as the inirial
work-up, but is usually less so, with treatment offered again on the
basis of the findings of the reassessment. Patients in the UK have
access to the support of lung cancer nurse specialists throughout
the pathway, and there should be holistic needs assessment at all
stages of diagnosis and treatment.

Role of index test(s)

PET-CT is central to the assessment of patients who might poten-
tially be suitable for treatment with curative intent. This test is able
to define more clearly whether lung cancer has spread to lymph
nodes or further. It is in routine use in the UK and a standard of
care. NICE recommends PET-CT when the CT does not show
significantly enlarged lymph nodes or where nodes of intermediate
probability of malignancy are seen (NICE 2011). In reality, many
PET-CTs are done for larger high-probability (of cancer) nodes
(on CT) prior to minimally invasive sampling, although this prac-
tice is unlikely to be cost-effective. Thus, PET-CT forms partof a
sequence of tests in the work-up of patients potentially suitable for
surgery and is increasingly being done early in the pathway after a
baseline CT scan. However, PET-CT is not a perfect test, and it
is important to quantify its accuracy and be aware of factors that
might alter this.

Alternative test(s)

Other imaging modalities can provide similarinformation to PET-
CT, and these include contrast-enhanced magnetic resonance
imaging (MRI) and single photon emission-computed tomogra-
phy (SPECT). Neither of these tests are as widely available as PET-
CT. and importantly, unlike PET-CT, they are also not embedded
in the lung cancer pathway. Other tests include the minimally in-
vasive lymph node sampling procedures (i.e., EBUS-TBNA, EUS-
FNA) and may be used ahead of PET-CT when treatment might
be determined by the result from a single nodal station. Where this
sample is negative for malignancy, this approach risks the need for
further sampling if PET-CT suggests malignancy in other node
stations. For the purposes of this review, the minimally invasive
sampling techniques are not considered as alternative tests per se,
but rather as part of the techniques that all provide pathological
information and thereby collectively constitute the reference stan-

dard (see also Target condition being diagnosed).

Rationale

PET-CT for assessing mediastinal lymph node involvement in patients with suspected resectable non-small cell lung cancer (Review) 4
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Although the non-invasive nature of PET-CT constitutes one of
the major advantages of the test, PET-CT may be suboptimal in
detecting malignancy in normal-sized lymph nodes and in ruling
out malignancy in patients with coexisting inflammatory or infec-
tious diseases (Cerfolio 2005; Kim 2006; Lee 2007a; Shim 2005;
Tournoy 2007; Yi 2007). The role of PET-CT in the accurate stag-
ing pathway for patients with lung cancer is therefore still debated,
and a crucial question is when a biopsy sample is needed to in-
crease the sensitivity and specificity of PET-CT. Muludisciplinary
teams must have a clear idea of the likelihood of false positive and
negative PET-CT results in a given circumstance (in particular,
the size of mediastinal nodes) in order to best manage patients and
advise them whether or not a biopsy is necessary. A false negative
rate that is consistently above 20% would cause clinicians to ques-
tion the utility of the test. However, the question is complex. For
example, in the case of detection of distant metastases in patients
otherwise fit for surgery, a 20% false negative rate might lead to
only one patient in 100 having futile surgery (as the baseline rate
of distant metastases is around 5%). In the case of assessing me-
diastinal nodes by PET-CT, the overall impact will again depend
on the prevalence. However, it is also noted that resection of these
nodes may not necessarily mean that an operation was the wrong
thing to do, as we know from the National Lung Cancer Audit
that outcomes are better when patients have had surgery, even
for N2 disease (NICE 2011). On balance, we have focused on
nodal metastases in this review. False negative outcomes of PET-
CT should only apply to nodes that are not significantly enlarged
on (a prior) CT, as enlarged nodes should be biopsied. False pos-
itives are of a lesser concern since they should always be followed
by a further test to confirm.

This review represents an extension to a previous review we have
undertaken in this area for the 2011 NICE updared guideline on
the diagnosis and treatment of lung cancer (NICE 2011); this
included fewer studies and no meta-analysis.

OBJECTIVES

To determine the diagnostic accuracy of integrated PET-CT
for mediastinal staging of patents with suspected or confirmed
NSCLC that is potentially suitable for treatment with curative in-

tent.

Secondary objectives

To assess potential sources of heterogeneity, including study de-
sign (e.g., retrospective/ prospective, consecutive/random series);
patient populations (number and characteristics, e.g., T- and N-
stage, significant nodes on prior CT, country); different cut-off
values for test positivity (malignancy); differences in either PET-

Resultados

CT image acquisition, scanning equipment, or both; and poten-
tial differences in reference standard (mediastinoscopy/patholog-
ical or surgical staging).

METHODS

Criteria for considering studies for this review

Types of studies

Prospective or retrospective cross-sectional studies that assessed
the diagnostic accuracy of integrated PET-CT for diagnosing N2
disease in patients with suspected resectable NSCLC. The studies
must have used pathology as the reference standard and reported
participants as the unit of analysis.

Participants

Patients with suspected/confirmed NSCLC who were considered
potentially suitable for primary resection. This review did not con-
sider patients who were being restaged after induction or necad-
juvant chemotherapy.

Index tests

PET-CT carried out on the various available integrated PET-CT
scanners with cut-off values for test positivity as reported in the
included studies. The type of integrated PET-CT scanner, scan-
ner manufacturer, and cut-off values did not influence whether we
included a study or not; rather, as part of the secondary objectives,
we examined the potential contribution of these factors to system-
atic between-study variation as potential sources of heterogene-
ity. However, we did not consider studies that employed tracers
other than FDG or other nuclear medicine imaging, such as single
photon emission-computed tomography (SPECT) or stand-alone

PET.

Target conditions

Resectability of lung cancer depends on the locoregional spread
of the disease. NSCLC is generally not considered resectable if it
has spread beyond N1 disease. Thus, the target condition of this
review was resectable NSCLC, which for the present purposes,
was defined as NSCLC that has not spread to either the ipsilateral
mediastinal lymph nodes, the subcarinal (N2) lymph nodes, or
both.

PET-CT for assessing mediastinal lymph node involvement in patients with suspected resectable non-small cell lung cancer (Review) 5
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Reference standards

Pathological confirmation of PET-CT results from samples ob-
tained via either surgical resection with mediastinal sampling,
mediastinoscopy, video-assisted thoracic surgery (VATS), en-
dobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA), EUS-FNA, TBNA (transbronchial needle aspi-
ration), TTINA (transthoracic needle aspiration), biopsies of extra-
thoracic sites, or a combination of the aforementioned.

Search methods for identification of studies

Electronic searches

We searched the following dawmbases up to 30 April 2013, using
the search terms and strategies identified in Appendix 2:

e The Cochrane Library (specifically, the Cochrane Central
Register of Controlled Trials (CENTRAL), the Health
Technology Assessment (HTA) database, the Database of
Abstracts of Reviews of Effects (DARE), and the Cochrane
Methodology Register (CMR));

o MEDLINE via OvidSP (from 1946);

o Embase via OvidSP (from 1974);

o PreMEDLINE via OvidSP;

e OpenGrey; and

o ProQuest Disserrations & Theses.

We also searched the trials register http://clinicaltrials.gov for re-
search projects in process on 30 April 2013. We used Web of Sci-
ence (or Scopus if the citation was not on Web of Science) to
track records citing those studies, which we included in the final
review, with an end-date of 9 July 2013. There were no language
or publication status restrictions on the search.

Searching other resources

We handsearched the reference lists of the included articles along
with the reference lists of any relevant review articles identfied
through the search. We also contacted the authors of the included
studies and other experts in the field of lung cancer staging for
information about any ongoing or unpublished studies. We im-

posed no language or publication status restrictions on the search.

Data collection and analysis

Selection of studies

Firstly, one of the review authors (MSH) assessed for potential
inclusion the titles and abstracts of all the studies identified by the
search. This first stage of screening excluded all records that were
not studies of PET-CT in patients with NSCLC. Secondly, two of

the review authors (MSH and DRB) assessed for potential inclu-
sion the titles and abstracts of the remaining records. Thirdly, two
of the review authors (MSH and DRB) independently considered
the full records of all potentially relevant studies for inclusion by
applying the selection criteria outlined in the Types of studies sec-
ton. We resolved any disagreements by discussion.

Data extraction and management

Using a standardised data extracdon form, two authors (MSH
and DRB or MRF) extracted data pertaining to study design,
participant detail, index and reference tests, and funding (see Table
1). We resolved any disagreements by discussion. With studies
where only a subgroup of the participants met the inclusion criteria
for the current review, we only extracted darta on this subgroup.

For the comparison of the index test with the reference standard,
we extracted the number of true and false positives and true and
false negatives for the index test when these numbers were pre-
sented in the studies. Otherwise, we reconstructed the two-by-two
table of true and false positives and negatives from the information
reported in the studies, and if this was not possible, we contacted

the study authors for the data.

Assessment of methodological quality

Two of three of the authors (MSH and DRB or MFR) indepen-
dently assessed the quality of each study using a modified version
of the QUADAS-2 tool (Whiting 2011), as outlined in Table 2.
QUADAS-2 consists of four domains that each require a "Risk of
bias’ judgement of low, high, or unclear. For three of these do-
mains, a further judgement needs to be made rating concerns of
applicability as low, high, or unclear in terms of how applicable the
individual study results are to the question posed by the review.
Signalling questions that require a yes, no, or unclear response
support the 'Risk of bias’ judgements. We included two additional
signalling questions on our checklist:

1. Was there a clear definition of a positive result? (We
included this under the 'Index test’ domain.)

2. Was the study free of commercial funding?
We included the item pertaining to the definition of positive re-
sults to take into account the subjective nature of PET-CT image
interpretation, which may be based on a variety of different crite-
ria, such as extensive clinical experience, different standard uptake
values (SUV), different morphological features, or a combination
of the aforementioned. We included the second additional item
in order to record any potential bias resulting from commercial
interest in the results. We resolved any disagreements between the
risk of bias and applicability concern ratings through discussion.

Statistical analysis and data synthesis

We extracted the numbers of true positives, false positives, true
negarives, and false negatives for each study based only on the
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ability of PET-CT to distinguish between N0 and N1 mediastinal
disease and N2 and N3 mediastinal disease. Therefore, we consid-
ered both N0 and N1 disease as negatives and both N2 and N3 as
positives. If PET-CT indicated N1 disease that was shown by the
reference standard to be NO disease (and vice versa), the PET-CT
results were still considered a true negative because N0 and N1
disease were both considered resectable disease. The same princi-
pleapplied to N2 and N3 disease, thatis, if PET-CT indicated N2
disease that was shown to be N3 disease by the reference standard
(and vice versa), the PET-CT results were still considered a true
positive. However, if PET-CT indicated NO or N1 disease that the
reference standard showed to be N2 or N3 disease, the FDG PET
result was considered a false negative. Similarly, if PET-CT indi-
cated N2 or N3 disease that was shown by the reference standard
to be NO or N1 disease, the PET-CT result was considered to be a
false positive. If data for more than one positivity threshold were
reported, we extracted all the data, but only analysed the threshold
most commonly used by all the studies. We only extracted data
with participant as the unit of analysis, not, for example, lymph
node.

We calculated sensitivity and specificity with 95% confidence in-
tervals (CI) for each study. We plotted the estimates of the ob-
served sensitivities and specificities together with their 95% CI
in forest plots and in a receiver operating characteristic (ROC)
plot of sensitivity versus 1-specificity in order to visually assess the
between-study variability. We fitted a summary ROC curve using
the HSROC model for the subset of studies sharing the same pos-
itivity threshold (Harbord 2007; Rutter 2001). We selected one
threshold per study in the special case of a single study reporting
data for more than one threshold. If the studies showed sufficient
clinical homogeneity (see Investigations of heterogeneiry), we de-
rived summary accuracy estimates for the studies using the same
criteria for test positivity for all participants (i.e., SUVmax = 2.5,
Activity > background). In the case of different thresholds used in
the studies for the analyses, we selected the most frequently used,
clinically relevant threshold among the included studies, We iden-
tified the average operating point on the SROC curve and com-
puted average sensitivities and specificities. We plotted averaged
accuracy estimates with their 95% confidence ellipse and predic-
ton region in ROC space. We had planned to compute the pos-
itive and negative likelihood ratios from the pooled estimates of
sensitivity and specificity, but given the high degree of heterogene-
ity we found, the accuracy estimates should be interpreted with
caution. As a consequence, we did not compute the likelihood
ratios in order to separate the results of our review from their use
in clinical pracrice for a specific padient (i.e., updaring post-test
probability after a test result).

Investigations of heterogeneity

Several factors can contribute to heterogeneity in diagnostic accu-
racy of a test across studies. We checked for heterogeneity as part

Resultados

of the planned meta-analysis. Anticipated sources of heterogene-
ity included study design (e.g., retrospective/ prospective, consecu-
tive/random series); FDG dose; patient populations (year, country,
sample size, percentage of adenocarcinoma, country tuberculosis
rate); and differences in PET-CT image acquisition or scanning
equipment (or both).

We could not explore potential differences in reference standard
(mediastinoscopy/ pathological or surgical staging), one of the
planned sources of heterogeneity, because of lack of adequate data.
We replaced another planned source of heterogeneity (different
cut-off values for test positivity) by the type of test positivity (sur-
rounding activity, SUVmax, and other criteria).

We conducted a subgroup analysis for each factor anticipated to
be a heterogeneirty source by including the factor as a covariate in
the bivariate model (Reitsma 2005). We performed comparison of
diagnostic accuracy berween subgroups by testing whether either
sensitivity or specificity, or both, differed in subgroups of studies
defined according to the covariate. The analysis aimed to estimate
valid measures of diagnostic accuracy taking into account the ef-
fect of any confounding variables. We used the non-linear mixed
models (NLMIXED) (Macaskill 2004) procedure in SAS version
9.1 for Windows (SAS Institute Inc, Cary, NC, USA) to fit the
HSROC and bivariate models.

Sensitivity analyses

We examined the robustness of the meta-analyses by conducting
sensitivity analyses using different components of the 'Risk of bias’
assessment. We performed these analyses by limiting inclusion in
the meta-analysis to those studies in the primary analyses that had
low risk of bias and low concerns about potential applicability.
We also excluded from the analyses studies according to other
characreristics that could potentially introduce bias into the results
(i.e., whether a clear definition for test positivity was used and
whether commercial funding was provided).

RESULTS

Results of the search

Our search strategy identified 19,004 records, of which we ex-
cluded 18,608 as not relevant, based on the title/abstract, and ob-
tained the full publications of 396 records. Of the full publica-
tions, 45 studies published in 58 papers met the inclusion criteria
while we excluded 338 articles for the following reasons: narrative
review/editorial/comment (N = 16); not meeting the PICO (pop-
ulation, intervention, comparison, outcome) criteria (i.e., either
the population or tests did not match the current target popu-
lation or index/reference tests, or the study did not examine the
accuracy of PET-CT for mediastinal staging) (N = 228); duplicate
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record or data (N = 23); or the two-by-two table could not be
extracted for patient level N0 and N1 versus N2 and N3 data (N =
71) (see also Figure 1 and the ’Characteristics of excluded studies’
tables). The 45 included studies had a total of 6095 participants
available for analysis (median = 112, interquartile range (IQR) =
54 to 169), 4551 of whom were N0 and N1 and 1544 participants
of whom were N2 and N3. The prevalence of positive nodes (N2
and N3) varied amongst the studies, ranging from as low as 4%
(Lee 2012) to 83% (Uskul 2009), with a median of 22% (IQR =
18 to 30). Thirty-two studies reported the percentage of partici-
pants with adenocarcinoma, which ranged from 20.5% to 87.2%.

The studies were categorised according to the incidence rate of
tuberculosis (TB, which also included HIV (human immunod-
eficiency virus)) as reported by the World Health Organization
(WHO) (www.who.int/ th/country/ data/profiles/en/index. html).
Two thirds of the studies (N = 30) had incidence rates lower than
50 per 100,000 population. Half of the studies were performed in
Asia (N = 22), while Europe provided 11 studies; North America,
a further three studies; and nine studies were from other countries
(Turkey, Egypr). All the studies were published after 2005 (2006
to 2009: N =17; 2010 to 2011: N = 17; and 2012 to 2013: N =
11):

Figure |I. Study flow diagram

18,554 records identified through database Number of

searching (split by database): additional

MEDLINE & PreMEDLINE: N = 6892 recards
identified

Embase: N = 11,388

through citation
tracking: N = 450

Cochrane/CRD databases: N = 196
ProQuest Dissertations & Theses: N =7
OpenGrey: N =1

Clinicaltrials.gov: N = 70

!

Number of recards without
duplicates removed: N = 19,004

Number of
records screened:
N=19,004

Number of
records excluded:

N=18608

Number of full-text
articles assessed
for eligibility: N =
396

338 full-text articles excluded, with reasons:
Narrative review/editarial/comment: N = 16

Not in PICO: N = 228

Duplicate record/data: N = 23

2-by-2 table could not be extracted: N = 71

Number of studies included in qualitative
synthesis: N = 45 studies published in 58
papers

Number of studies included in
quantitative synthesis (meta-analysis): N
=45 published in 58 papers
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The studies also varied in which PET-CT scanner they used, with
19 studies using a Discovery scanner, 14 studies using a Biograph
scanner, and the remaining 12 studies employing other/mixed/not
reported scanners. We also observed berween-study variation in
terms of the FDG dose used for the PET-CT scans. Where the
total dose was not reported directly, the data were converted to
total FDG dose in MBq (megabecquerel) in the following manner:
When the dose was reported as MBq/kg, we calculated a total dose
fora participant weighing 70 kg. When the FDG dose was reported
as a range, we used the mean value. According to these calculations,
12 studies used up to 300 MBq, 25 studies used 301 to 500 MBgq,
and four studies used > 500 MBq. The remaining four studies did
not report FDG dose. There was litte difference in injection-to-
scan time between the studies (> 45 minutes: N = 1; 30 to 60
minutes: N = 1; 40 to 60 minutes: N = 1; 45 minutes: N =2; 45 to
60 minutes: N = 1; 50 minutes: N = 3; 60 minutes: N = 26; 55 to
65 minutes: N = 15 50 to 70 minutes: N = 2; 60 to 120 minures: N
= 1; 75 minutes: N = 1; not reported: N = 5). Twenty-nine studies
used attenuation correction; one study did not; and 15 studies did

Resultados

not report whether they undertook attenuation correction. The
included studies used different criteria for test positivity. Based on
these criteria, we categorised the included studies into three groups
of criteria for test positivity: Activizy > background (18 studies, N
= 2823, prevalence of N2 and N3 nodes = 679/2823), SUVmax =
2.5 (12 studies, N = 1656, prevalence of N2 and N3 nodes = 465/
1656), and Other/mixed (15 studies, N = 1610, prevalence of N2
and N3 nodes = 400/1616). None of the studies reported (any)
adverse events. For full detail study details, see the 'Characteristics
of included studies’ tables.

Methodological quality of included studies

We have summarised below the methodological quality of the
included studies as assessed by QUAIDAS-2 and per study and per
QUADAS-2 item in Figure 2 and Figure 3, respectively. Inspection
of Figure 2 and Figure 3 reveals that a substantial amount of under-
reporting in the original studies, which led to many judgements

of unclear, hampered the quality of the data.
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Figure 2. ’Risk of bias’ and applicability concerns summary: review authors’ judgements about each domain
for each included study
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Resultados

s

Figure 3. ’'Risk of bias’ and applicability concerns graph: review authors’ judgements about each domain
presented as percentages across included studies
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We judged participant selection to be at low risk of bias in 18 of
the studies and at unclear risk of bias in the remaining 27 studies.

Applicability concerns

A substantial number of the included studies only included par-
ticipants who had received resection for NSCLC (Bille 2013;
Czepezynski 2011; El-Hann 2012; Hu 2011; Jeon 2010; Kim
2007; Koksal 2013; Kuo 2012; Lee 2009a; Lee 2011; Li 2012a;
Ose 2012; Perigaud 2009; Plathow 2008; Toba 2010; Uruga 2011;
Usuda 2013; Yang 2008; Yang 2010), while other studies only
included participants with T1 NSCLC (Lee 2012; Shin 2008) or
who were retired coal workers (Saydam 2012). All of these in-
clusion restrictions artificially narrow the range of patients who
would receive FDG/PET-CT in standard practice, in particular,
the patients with N2 and N3 disease, which in turn gives rise to
high concern about the applicability of the populations to the ob-
jective of this review. Eight studies did not provide enough infor-
mation for this item to be rared (i.e., we classified these studies as
unclear concerns about applicability), while the populations of the
remaining studies were directly applicable to the current question

(thus, we classified them as low concern about applicability).

The index test was of low or unclear risk in the vast majority of
the included studies. However, in three of the included studies,
the risk of bias for the index test was high because the results
were based on a posthoc specification of the optimal threshold
(Morikawa 2009; Ohno 2011} or on more data than just the PET-
CT images (Sommer 2012). This was along with a flexible/non-

systematic use of SUVs withour a general cut-off value (Sommer
2012).

Applicability concerns

We rated three of the included studies as unclear for applicabilicy
of the index test because not enough information was reported to
assess this question (Carnochan 2009; Czepczynski 20115 Ozkan
2011). We considered the index test as employed by the remaining
studies to be applicable to the aims of this review.

Reference standard

Risk of bias

We considered all of the included studies to be at low risk of
bias with the exception of Chen 2010; Czepczynski 2011; Lee
2011; Ozkan 2011; Sommer 2012; Usuda 2013, which were all
of unclear risk of bias for the reference standard.

Index test

Applicability concerns

We considered the reference standard to be applicable to the review
Risk of bias in all the included studies apart from three (Ozkan 2011; Sommer
PET-CT for assessing mediastinal lymph node involvement in patients with suspected resectable non-small cell lung cancer (Review) 12
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2012; Uskul 2009), which we rated as unclear because of a lack of
informarion reported in the papers, making it impossible to assess
the applicability of the reference standard in these cases.

Flow and timing

Risk of bias

Most of the studies were of low or unclear risk of bias, but we
considered two of the studies to be at high risk of bias for low and
timing because of missing data (Ohnishi 2011; Subedi 2009).

Other assessed "Risk of bias’ items

Prespecified cut-off values for PET-CT positivity

We selected this item for preplanned sensitivity analyses to assess
if the results were sensitive to whether the cut-off values for test
positivity were specified a priori or posthoc. However, on apprais-
ing the included studies, it became apparent that this item did not
apply to at least half of the included studies, that is, the studies
that did not use an explicitly quantitative test measure (i.e., SUV).
Because when no quantitative criterion has been employed, the
answer to this item is 'no’ without this in itself giving rise to a
problem. We therefore decided to just incorporate this potential
source of bias into the "Risk of bias’ assessment for the index test
and to limit the assessment of the influence of this item to the
sensitivity analysis of the risk of bias for the index test.

PET-CT test positivity clearly defined

Only in nine studies were the criteria for PET-CT positvity ei-
ther unclearly defined (Ohno 2011; Ozkan 2011; Plathow 2008;
Sommer 2012; Tournoy 2007) or not defined (Carnochan 2009;
Chen 2010; Czepczynski 2011; Darling 2011); whereas, the re-
maining 306 studies clearly defined test positvity.

Commercial funding of the studies

Only 19 studies reported any details about funding, and of those
studies, 14 had received non-commercial funding (Darling 2011;
Fischer 2011; Hu 2011; Hwangbo 2009; Kuo 2012; Lee 2012; Li
20105 Li 2012a; Morikawa 2009; Shin 2008; Usuda 2013; Yang
2008; Yang 2010; Yi 2008); two had received commercial funding
(Ohno 2011; Sommer 2012); and three studies reported that they
had received no funding (Saydam 2012; Tournoy 2007; Uruga
2011).

Findings

Accuracy of integrated PET-CT for mediastinal
staging

Figure 4, Figure 5, and Figure 6 show forest plots of PET-CT
sensitivity and specificity for assessing mediastinal lymph node in-
volvement for all the 45 studies included in the review, grouped
by the criteria for test positivity employed, i.e., Acrivity > back-
ground, SUVmax = 2.5, or Other/mixed/unclear. Both sensidvity
and specificity estimates varied greatly within all three groups. In-
deed, sensitivity estimates varied by more than 50% in all three
groups, with specificity estimates varying by at least 27% within
the groups.

PET-CT for assessing mediastinal lymph node involvement in patients with suspected resectable non-small cell lung cancer (Review) 12
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Figure 4. Forest plot of studies with Activity > background as the criterion for test positivity

Resultados

Study TP FP EN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% Cl)  Specificity (95% CI)
Plathow 2008 38 0 0 14  1.00[081,1.000  1.00[0.77,1.00] = —=
Chen 2010 31 1 0 24 1.00[0.89, 1.00] 0.96 [0.80, 1.00] —a —=
Toba 2010 8 4 0 30 1.00[0.63,1.00] 0.821[0.72, 097 —a —-
De Wever 2007 10 & 1 33 0.91 [0.59, 1.00] 0.85[0.69, 0.94] — —
Tasci 2010 1ir 19 2 89 0.89 [0.67, 0.99] 0.62[0.74, 0.89] — —&
Lee 2007 24 19 4 79  0BB[067,096)  0.81[071,088) —a -
Yang 2010 5 3 1 22 0.83[0.36, 1.00] 0.88 [0.69, 0.97] E— —
Lee 2009a 29 40 7 108 0.81 [0.64, 0.92] 0.73 [0.65, 0.80] — -
‘Yang 2008 18 11 7 86 0.72[0.51, 0.88) 0.89[0.81, 0.94] —— =
Gunluoglu 2011 35 30 14 89 0.71[0.57, 0.83] 0.75 [0.66, 0.82] —a— =
Li2012a 13 0 6 61 0.68[0.43 0.87] 1.00[0.94,1.00) — -
Yi2008 28 6 17 99 0.62 [0.47, 0.76] 0.94 [0.88, 0.98] —a— =
Jeon 2010 32 8 20 150 0.62[0.47, 0.75] 0.95[0.90, 0.98] —— -
Kim 2007 110 21 70 473 061[0.54, 068  0.96[0.04,097] - El
Kuo 2012 10 17 8 66 0.53[0.29, 0.76] 0.80 [0.69, 0.88] —— =
Harders 2012 15 22 15 62 0.50[0.31, 0.69] 074063 083 —— =
Shin 2008 11 8 12 153 0.48[0.27, 0.69] 0.95 [0.90, 0.98] —— -
Bille 2013 28 13 32 280 0.47 [0.34, 0.60] 096[093,098 [, —®— —_
0020406081 0020406081
Figure 5. Forest plot of studies with SUYmax = 2.5 as the criterion for test positivity
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl) Sensitivity (95% CI) Specificity (95% CI)
Uskul 2009 28 4 2 2 0.83 [0.78, 0.99] 0.33[0.04, 0.78] —& —&—
Subedi 2009 22 10 2 57 0.92 (0,73, 089 0.85(0.74, 053] — —=
Bryant 20062 131 33 12 195 092 (086, 0.96) 0.86[0.80,0.80] - =
Iskender 2012 63 B5 6 152 0.91 [0.82, 0.97] 0.70[0.63, 0.76] —= -
Hu 2011 29 25 5 43 0.85 [0.69, 0.95] 0.63[0.51, 0.75] —— ——
Saydarn 2012 18 8 3 15 0.84 [0B0,0.97] 0.65[0.43, 0.84] — —%—=
Li2010 41 12 8 97 0.84 070,093 0.89[0.82,0.94] — =
Sanli 2009 8 7 2 60 0.82 [0.48, 0.98] 0.90 [0.80, 0.96] — —&
Hwangbo 2009 21 35 9 52 0.70 [0.51, 0.85] 0.60[0.49,0.70] —— ——
Koksal 2013 8 22 4 47  0B7[0350890  0S[0AE079) —a —a—
Os5e 2012 T 858 7 93 0.50 [0.23, 0.77] 0.95 [0.88, 0.98] —— -
Uruga 2011 10 15 20 137 0.33 017,053 0.90[0.84, 0.94] | F—'i_ P et - e i
0020406081 0020406081
Figure 6. Forest plot of studies with Other/mixed/unclear criteria for test positivity
Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% Cl)
Czepczynski 2011 9 0 0 42 1.00 [0.66, 1.00] 1.00[0.92,1.00] —a —a
Morikawa 2008 55 11 6 21 000[0.80,0.96)  0.66[0.47,081) —& —a—
Tournoy 2007 25 4 3 16 089 [0.72,0.98] D BO[0&E, D.94] — —
El-Hariri 2012 6 2 1 24 0.86[0.42,1.00) 0.92[0.75, 0.99) S —=
Ozkan 2011 84 16 23 30 0.79[0.70, 0.86] D.65[0.50,0.79] = e
Ohno 2011 16 0 5 229 0.76[053,092) 1.00(0.98,1.00] T u
Darling 2011 14 8 6 121 0.70[0.46, 0.88] 0.94 [0.88, 0.97] — -
Fischer 2011 18 10 8 43 0.69(0.48, 0.86] 0.81 [0.68, 0.91) —a— —a—
Ohnighi 2011 21 4 10 75 0.68[0.49,0.83] 0D.95([0.88, 099 —— -
Camachan 2009 19 27 18 130 0.51[0.34, 0.68] 0.83[0.76, 0.88] —a— -
Lee 2011 712 8 27 047[0.21,0.73] DB9[0.52, 083 —R— ——
Perigaud 2009 4 B B 35 040[012,0.74] 0.85[0.71, 0.94] — —a
Usuda 2013 6 1 10 143 0.38([015, 0.65] 0.89[0.96,1.00] —— =
Sommer 2012 2 1 4 24 0.33[0.04,0.78] 096[0.60, 1000 —®%—— —=
Lee 2012 1 16 5 138 017 [0.00, 0.64] 090[0.84 094 —8—— e

We conducted two primary analyses based on the criteria for test
positivity: Regarding the Aetivity > background group, 18 of the
included studies employed a qualitative criterion for test positivity
based on the relative activation between the lymph nodes and
the surrounding tissue (Bille 2013; Chen 2010; De Wever 2007;
Gunluoglu 2011; Harders 2012; Jeon 2010; Kim 2007; Kuo

2012; Lee 2007; Lee 2009a; Li 2012a; Plathow 2008; Shin 2008;
Tasci 2010; Toba 2010; Yang 2008; Yang 2010; Yi 2008). The

summary sensitivity and specificity estimates for this criterion for

—t—tt
0020406081 0020406081

test positivity were 77.4% (95% CI 65.3 w 86.1) and 90.1%
(95% CI 85.3 to 93.5), respectively. Figure 7 shows the accuracy
estimates of these studies in ROC space along with a summary
ROC curve fitted with the HSROC model. The wide area of the
prediction region illustrates that between-study heterogeneity is
still high, and the 95% confidence region around the summary
value of sensitivity and specificity is also relatively large, denoting

lack of precision.
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Figure 7. Summary ROC Plot of studies with Activity > background as the criterion for test positivity.
Empty squares represent individual study estimates, with the size of the square proportional to the study
sample size. The solid line represent the SROC curve. The filled circle is the summary point representing the
average sensitivity and specificity estimates. The ellipses around this summary point are the 95% confidence
region (dotted line) and the 95% prediction region (dashed line). The dashed upward diagonal represents the

completely uninformative test
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Regarding the SUVimax = 2.5 group, 12 studies used a com-
mon cut-off value of SUVmax of = 2.5 (Bryant 2006a; Hu
2011; Hwangbo 2009; Iskender 2012; Koksal 2013; L12010; Ose
2012; Sanli 2009; Saydam 2012; Subedi 2009; Uruga 2011; Uskul
2009). The summary sensitivity and specificity estimates for this
most common threshold were 81.3% (95% CI 70.2 to 88.9) and
79.4% (95% CI 70 to 86.5), respectively. Figure 8 shows the ac-
curacy estimates of these studies in ROC space, along with a sum-
mary ROC curve fitted with the HSROC model. The wide area of
the predicton region illustrates that berween-study heterogeneity
is very high. The 95% confidence region around the summary
value of sensitivity and specificity is also large, denoting a clear

lack of precision.
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Figure 8. Summary ROC Plot of studies with SUVmax > 2.5 as the criterion for test positivity. Empty
squares represent individual study estimates, with the size of the square proportional to the study sample size.
The solid line represent the SROC curve. The filled circle is the summary point representing the average
sensitivity and specificity estimates. The ellipses around this summary point are the 95% confidence region
(dotted line) and the 95% prediction region (dashed line). The dashed upward diagonal represents the

completely uninformative test
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We did not conduct any further analyses for the studies using
Orherfmixed/unclear criteria for test positivity as the large variation
in these criteriawould have made any further analyses meaningless.

Investigations of heterogeneity

We report on subgroups based on preplanned covariates that were
anticipated to contribute to heterogeneity. We did not conduct
these analyses separately for the two main analyses as we found
no overall effect of test positivity criteria (Activity > background
(sensitivity = 0.77, 95% CI 0.65 to 0.86; specificity = 0.9, 95%
CI 0.85 to 0.93) versus SUVmax = 2.5 (sensitivity = 0.81, 95%
CI 0.69 to 0.89; specificity = 0.79, 95% CI 0.69 to 0.87) versus
Orherfmixed (sensitivity = 0.68, 95% CI 0.57 to 0.77; specificity
= 0.92, 95% CI 0.84 to 0.96); P = 0.77). Figure 9 presents the
results of the subgroup analysis.
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Figure 9.

Criteria for test positivity

- Activity = background (n= 18)
- SUVmax (n=12)

- OtharMixed (n=15)

Scanning equipment

- Discovary (n=19)

- Biograph (n=14)

- Othar/mixed/unclear {(n=12)

PETICT image acquisition
- Attenuate correction (n=29)
- Mo correction (n=16)

FDG Dose (MBq)

- <=300 (n=12)

- 301-500 (n=25)

> 500 (n=4)

- Not reported (n=4)

Adenocarcinoma (%)
- 0-55% (n= 24)

- 55.1 ~100% (n=8)

- Notreported (n=13)

Tuberculosis rate
- 0-50 (n=30)
-= 50 (h=15)

Year of publication

- 2005 - 2009 (n= 17)
- 2010 - 2011 (n=16)
- 2012 - 2013 (n=12)

Country
- Asia (n=22)
- Europe/USAfother (n=23)

Sample size

- =100 (n=19)
-100-200 {n=20)
- >200 {n=6)

Study design
- Prospective (n=20)
- Retrospectivelunclear (n=25)

Conseculive recruitment
- Yes (n=22)
- Nolunclear (n=23)

Sensilivity (95% Cl)

Investigations of possible sources of heterogeneity

Specificity (95% CI)

0.77 (0.65, 0.86)
0.8' {0.69, 0.89)
0,68 (0.57, 0.77)

0.90 (0.85, 0.93)
0.79 (0.69, 0.87)
0.92 (0.84, 0.96)

0.7 (0.62, 0.79)
0.84 (0.74, 0.91)
0.69 (0.52, 0.83)

0.93 (0.88, 0.96)
0.84 (0.75, 0.90)
0.84 (0.76, 0.89)

7(0.69, 0.83)

0.77 0.88 (0.82,0.92)
0.73 (0.58, 0.84)

0.89 (0.83, 0.93)

0.74 (0.6, 0.84)
0.74 (065, 0.81)
0.9° {0.78, 0.97)
0.64 (0,36, 0.85)

0.95 (0.91,0.97)
0.87 (0.81, 0.90)
0.80 (0.65, 0.90)
0.74 {0.58, 0.86)

0.77 (0,70, 0.83)
0.53 (0.40, 0.66)
0.82 (0.69, 0.91)

0.84 (0.77, 0.89)
0.96 (0.90, 0.98)
0.87 (0.81, 0.92)

0.78 (0.70, 0.84) 0.88 (0.83, 0.92)
0.70 (0.58, 0.80) 0.89 (0.81, 0.94)
0.8° (0.71, 0.88) 0.85 (0.78, 0.90)
0.77 {0.68, 0.85) 0.90 (0.83, 0.94)

0.6 (0.47, 0.73) 091 (0.82, 0.95)

0.69 (060, 0.77)
0.8° (0,72, 0.88)

0.91 (0.86, 0.95)
0.84 (0.79, 0.89)

0.85(0D.78, 0.81)
0.66 (0.56, 0.75)
0.75 (0,60, 0.85)

0.87 (0.80, 0.91)
0.87 (0.80, 0.91)
0.94 {0.86, 0.98)

0.76 (0.67, 0.84)
0.75 (0.65, 0.82)

0.91 (0.85, 0.95)
0.86 (0.80, 0.90)

0.77 (067, 0.84)
0.74 (0.64, 0.82)

0.87 (0.81,0.92)
0.89 (0.84, 0.93)

In summary, there were differences in accuracy for a number of
factors (country, type of PET-CT scanner, percentage of partici-
pants with adenocarcinoma, FDG dose, and study size), while we
observed no differences for design characteristics, year of publica-
tion, and tuberculosis incidence rate. The detailed results for each
factor follow.

Country of origin was significantly associated with diagnostic
accuracy. Studies performed in western countries (Europe/USA/
other: sensitivity = 0.81, 95% CI 0.72 to 0.88; specificity = (.84,
95% CI 0.79 to 0.89) showed greater sensitivity (p (pair-wise) =
0.045) and lower specificity (P (pair-wise) = 0.035) than studies

performed in Asian countries (sensitivity = 0.69, 95% CI 0.6 to
0.77; specificity = 0.91, 95% CI 0.86 to 0.95)); P (overall effect)
= 0.04). The type of PET-CT scanner was also associated with
different diagnostic accuracy: Compared to Discovery (sensitivity
= 0.71, 95% CI 0.62 to 0.79; specificity = 0.93, 95% CI 0.88
to 0.96), Biograph scanning equipment (sensitivicy = 0.84, 95%
CI 0.74 to 0.91; specificity = 0.84, 95% CI 0.75 to 0.9) showed
greater sensitivity (P (pair-wise) = 0.039) and lower specificity (P
(pair-wise) = 0.047; P (overall effect) = 0.039). Thirty-two studies
reported the percentage of participants with adenocarcinoma and
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ranged from 20.5% to 87.2%. There was a clear split in the data
between 54.8% and 69.1%, and we therefore employed a cut-off
of 55% to analyse this covariate with three levels: 0% to 55% (in
effect, this is 20.5% to 54.8%; N = 24), 55.1% to 100% (in effect,
69.1% to 87.2%; N = 8), and not reported (N = 13).

The percentage of participants with adenocarcinoma also influ-
enced the diagnostic accuracy of PET-CT (P (overall effecr) =
0.003) with the sensitivity being significandy higher (P (pair-wise)
= 0.004) and specificity (P (pair-wise) = 0.001) being significantly
lower in studies with = 55% adenocarcinoma participants (sen-
sitivity = 0.77, 95% CI 0.7 to 0.83; specificity = 0.84, 95% CI
0.77 to 0.89) compared with studies with > 55% adenocarcinoma
participants (sensitivity = 0.53, 95% CI 0.4 to 0.66; specificity =
0.96, 95% CI 0.9 to 0.98). We also found that FDG dose was
associated with different diagnostic accuracy estimates (P (overall
effect) = 0.015): Sensitivity was significantly higher (P (pair-wise)
= 0.031) and specificity significantly lower (P (pair-wise) = 0.044)
in studies using > 500 MBq (sensitivity = 0.91, 95% CI 0.76 to
0.97; specificity = 0.8, 95% CI 0.65 to 0.9) compared with stud-
ies using 300 or less MBq (sensitivity = 0.74, 95% CI 0.61 to
0.84; specificity = 0.95, 95% CI 0.91 to 0.97); specificity was also
significantly lower (P (pair-wise) = 0.003) in studies using 301 to
500 MBq (sensitivity = 0.74, 95% CI 0.65 to 0.81; specificity =
0.87, 95% CI 0.81 to 0.9) compared with studies using 300 or
less MBq, and sensitivity was significantly higher in studies us-
ing > 500 MBq compared with those using 301 to 500 MBq (P
(pair-wise) = 0.007). The heterogeneity analyses revealed one final
covariate that influenced sensitivity and specificity, namely, study
size (P (overall effect) = 0.025) with significantly higher sensitivity
in studies with < 100 participants (sensitvity = 0.85, 95% Cl1 0.76
to 0.91; specificity = 0.87, 95% CI 0.8 to 0.91) compared with
studies with 100 to 199 participants ((sensitivity = 0.66, 95% CI
0.56 to 0.75; specificity = 0.87, 95% CI 0.8 to 0.91); P (pair-wise)
= 0.003) and significantly higher specificity in studies with > 200
participants (sensitivity = 0.75, 95% CI 0.6 to 0.85; specificity =
0.94, 95% CI 0.86 to 0.98) compared with studies with < 100
participants (P (pair-wise) = 0.045) and studies with 100 to 199
participants (P (pair-wise) = 0.0495).

No other analysed covariates were associated with different diag-
nostic accuracy of the test: Design (prospective (sensitivity = 0.76,
95% CI 0.67 to 0.84; specificity = 0.91, 95% CI 0.85 to 0.95)

Resultados

versus retrospective/unclear (sensitvity = 0.73, 95% CI 0.65 to
0.82; specificity = 0.86, 95% CI 0.8 to 0.9); P = 0.444), consec-
utive recruitment (yes (sensitivity = 0.77, 95% CI 0.67 to 0.84;
specificity = 0.87, 95% CI 0.81 to 0.92) versus no/unclear (sen-
sitivity = 0.74, 95% CI 0.64 to 0.82; specificity = 0.89, 95% CI
0.84 to 0.93); P = 0.933), attenuation correction (yes (sensitivity
= 0.77, 93% CI 0.69 to 0.83; specificity = 0.88, 95% CI 0.82
to 0.92) versus nolunclear (sensitivicy = 0.73, 95% CI 0.58 to
0.84; specificity = 0.89, 95% CI 0.83 to 0.93); P = 0.55), year
of publication (2006 to 2009 (sensitivity = 0.81, 95% CI 0.71 to
0.88; specificity = 0.85, 95% CI 0.78 to 0.9) versus 2010 10 2011
(sensitivity = 0.77, 95% CI 0.68 to 0.85; specificity = 0.9, 95%
CI 0.83 to 0.94) versus 2012 to 2013 (sensitivity = 0.61, 95% CI
0.47 10 0.73; specificity = 0.91, 95% CI 0.82 10 0.95); P = 0.139),
and tuberculosis incidence rate per 100,000 population (0 to 50
(sensitivity = 0.78, 95% CI 0.7 to 0.84; specificity = 0.88, 95%
CI 0.83 to 0.92) versus > 50 (sensitivity = 0.7, 95% CI 0.58 to
0.8; specificity = 0.89, 95% CI 0.81 to 0.94); P = 0.688).

Where the overall effect of the covariate was significant but
one of the levels of the covariate was not reported (adenocar-
cinoma), Owher/mixed/unclear (scanning equipment), or unclear
(FDG dose), we have not reported any pair-wise comparisons in-
volving that level of the covariate because we would not be able to

make any useful statements about such analyses.

Sensitivity analysis

In Table 3, we present this restricted analysis including only studies
with low risk of bias or low concerns about applicability. Table
3 seems to suggest that in the Acrivity > background group, the
overall estimate of sensitivity especially is sensitive to selection bias;
reference standard bias; and clear definition of test positivity; and
to a lesser extent, index test bias and commercial funding bias,
with lower combined estimates of sensitivity observed for all the
low "Risk of bias’ studies compared with the full analysis. In the
SUVinax > 2.5 group, the sensitivity analyses suggest that both
overall accuracy estimates are much less sensitive to the exclusion of
studies according to the covariates analysed. Only flow and timing
bias and commercial funding bias led to slightly lower estimates
of both sensitvity and specificity. We did not make any formal
statistical comparison given the scarce number of studies analysed
after the exclusions in the sensitivity analysis.
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DISCUSSION

We have conducted an up-to-date review of studies that have ex-
amined the role of PET-CT in determining whether there has been
N2 or N3 disease. This is important because it is often crucial in
planning treatment. People with N2 or N3 disease do not usually
undergo radical treatment with surgery as their primary treatment
and instead receive palliative treatment. Where radical treatment
is to be offered, there needs to be careful planning, and knowledge
of the status of N2 or N3 nodes is essential.

Summary of main results

We found that there was considerable variation in sensitivity and
specificity amongst the 45 studies evaluated. Our two main anal-
yses showed thart in the studies employing a criterion of Aecrivity
> background, the summary sensitivity and specificity estimates
were 77.4% (95% CI 65.3 to 86.1) and 90.1% (95% CI 85.3
to 93.5), respectively, and for studies employing SUVinax > 2.5
as the criterion for test positivity, the sensitivity and specificity
estimates for this threshold were 81.3% (95% CI 70.2 to 88.9 )
and 79.4% (95% CI 70 to 86.5), respectively. However, it was the
case for both analyses that the predicton and confidence regions
were large, and further analyses found that the following covariates
partly explained berween-study variability: country of origin, with
studies performed in western countries showing greater sensitiv-
ity and lower specificity than studies performed in Asian coun-
tries; type of PET-CT scanner, with Biograph scanning equipment
showing greater sensitivity and lower specificity than Discovery;
the percentage of participants with adenocarcinoma, with the sen-
sitivity being significantly higher and specificity significantly lower
in studies with < 55% adenocarcinoma participants compared
with studies with > 55% adenocarcinoma participants; FDG dose,
with significanty higher sensitivity and significantly lower speci-
ficity in studies using > 500 MBq compared with studies using
300 or less MBq, significantly lower specificity in studies using
301 to 500 MBq compared with studies using 300 or less MBq,
and significantly higher sensitivity in studies using > 500 MBq
compared with those using 301 to 500 MBg; and study size, with
significantly higher sensitivity in studies with < 100 participants
compared with studies with 100 to 199 participants and signif-
icantly higher specificity in studies with 200+ parricipants com-
pared with studies with > 100 participants and studies with 100
to 199 participants. Sensitivity analyses also suggested that the
summary estimates from the two main analyses were sensitve to a
number of biases. Specifically, in the Aciivity > background group,
the overall estimate of sensitivity especially is sensitive to selection
bias; reference standard bias; clear definition of test positivity; and
to a lesser extent, index test bias and commercial funding bias,
with lower combined estimates of sensitivity observed for all the
low "Risk of bias’ studies compared with the full analysis. In the

SUVmax = 2.5 group, the sensitivity analyses suggested that both
overall accuracy estimates were somewhat sensitive to flow and
timing bias and commercial funding bias, which led to slightly
lower estimates of both sensitivity and specificity.

The observation that studies performed in western countries
showed higher sensitivity and lower specificity compared with
studies performed in Asian countries may be linked to the obser-
vation that the sensitivity was significantly higher and specificity
significantly lower in studies with < 55% adenocarcinoma partici-
pants compared with studies with > 55% adenocarcinoma parrici-
pants. This is because we know that there are differences in tumour
biology of lung cancer in east Asians, with a greater proportion of
cancers being adenocarcinoma and in non-smokers (Maemondo
2010). This may influence the FDG uptake, which is lower in
adenocarcinoma than in other common forms of NSCLC (Casali
20105 Davidson 2009; Jeong 2002; Lu 2010), and therefore the
sensitivity, which also fits well with the finding that studies using
a relatively higher dose of FDG (> 500 MBq) had a higher sensi-
tivity than those using a relatively lower dose (< 500 MBq).

The observation that the type of PET-CT scanner employed is
associated with different accuracy estimates suggests that the two
main integrated PET-CT scanner manufacturers have produced
products with different characteristics, and it is of potendal im-
portance to lung cancer clinicians to know that the equipment
alone may influence the result obtained.

The finding that study size and various biases influenced the re-
sults of this review underscores the need for well-designed and
adequarely powered (and reported) diagnostic test accuracy stud-
tes in NSCLC staging research, specifically, but also in diagnostic
medical research in general. It should however also be noted that
even within the different test positivity criteria subgroups, the ac-
tual criteria/cut-offs used varied berween the studies (e.g., in the
Orher/mixed/unclear group, SUVmax > 3.5 versus = 4.1 versus =
4.45), which may well explain a significant amount of the remain-
ing between-study heterogeneity. Unfortunately, we were unable
to investigate the contribution of this variable in greater detail be-
cause of the low number of studies within each test positivity sub-
category. We also note that SUVmax may show some variation in
value on repeated measurements, but this is minimal in relation to
the spread of values normally obtained in studies (i.e., few are on
the cut-off value). There may be some variation in the SUVmax
measured in different centres, bur this is again likely to be minimal
as the majority of the measurement is standardised by the software

(Lindholm 2014).

Strengths and weaknesses of the review

We performed an extensive search for relevant studies and were
able to obtain data from 45 studies for inclusion. With these stud-
ies, we were able to show that a number of conceivably connected
factors influence the accuracy of PET-CT for mediastinal staging
of NSCLC, namely adenocarcinoma; Asian population; and FDG
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dose, as well as by scanner type, a tinding which we do not believe
is linked to the influence of the other covariates after careful exam-
ination of potential overlap between the studies that contributed
to the different results. However, despite the relatively large num-
ber of relevant studies and a number of prespecified heterogene-
ity and sensitivity analyses, a substantial amount of unexplained
heterogeneity still mark the results, which we hypothesise can, at
least in part, be explained by the large variation in the criteria used
for test positivity in the different studies. Unfortunately, we were
unable to examine in detail this hypothesis because too few studies
used the same criteria.

While we are also reasonably confident thar the reference standard
used in our review is robust and clinically appropriate, it should
be noted that some of these tests themselves have limitations in
their accuracy. Where EBUS-TBNA was positive, there was often
no further sampling. False positives would be very uncommon
and unlikely to influence the results unless there was a systematic
error within the study by the clinicians involved. Where EBUS-
TBNA or mediastinoscopy was negative, reliance was placed ei-
ther on a period of follow-up, confirming negativity, or system-
atic nodal dissection and sampling as part of surgery. Where the
latter was not clearly specified or the nodal sampling potentially
was incomplete, we identified this as a potential source of bias.
However, we were clearly unable to assess the quality of adherence
to the protocol specified in the studies. It is possible that nodal
sampling quality varied amongst surgeons and studies, although
most of these studies were conducted at large centres where one
would expect high standards. There is also a small risk that N3
nodes might have been missed where mediastinoscopy was not
performed prior to surgery. This would mean that contralateral
nodes would only have been sampled by EBUS-TBNA, as only
ipsilateral nodes are sampled in a systematic nodal dissection. A
further limitation is that we were unable to find sufficient studies
that looked art the accuracy of PET-CT in lymph nodes that were
not significantdy enlarged by CT criteria (< 10 mm maximum
short axis diameter). However, those studies with a low prevalence
of malignancy were likely to have included people with smaller
nodes as nodal size is strongly correlated with malignancy; in these
studies, specificity appeared to be high. Lastly, we would have pre-
ferred to be able to include more studies in potentially more diffi-
cult populations, such as those with a high prevalence of diseases
or conditions known to produce false positive results, such as tu-
berculosis and industrial exposure to pathogens. Unfortunately,
this was not possible as not enough relevant studies appear to have

been conducted in such populations.

Applicability of findings to the review question

Broadly speaking, our findings are applicable to the review ques-
tion in terms of the index test and reference standard where, gener-
ally, there was good correspondence between the tests used in the
included studies and those specified in our review question. How-

Resultados

ever, as outlined in Methodological quality of included studies, a
substantial number of the included studies only included partici-
pants who had received resection for NSCLC while other studies
only included participants with T1 NSCLC or who were retired
coal workers. And all of these inclusion restrictions artificially nar-
row the range of patients who would receive FDG/PET-CT in
standard practice, in particular, the patients with N2 or N3 dis-
ease, and this, in turn, gives rise to high concerns about the appli-
cability of the populations to the question of the present review.
On the other hand, enough studies were available to enable us to
address these applicability concerns through sensitivity analyses,
which suggested that sensirivity is increased while specificity is de-
creased relative to the overall estimates within both of the main
analyses when we only analysed the studies with low concerns
about applicability. We believe that these results are directly ap-
plicable to the typical populations seen in routine clinical practice
(accepting thart these differ in different countries). We have shown
clearly that there is variadon in the accuracy of PET-CT in the
differentiation of N2 and N3 lymph node metastasis in NSCLC
and that this variation is related to, among other factors, NSCLC
subtype (adenocarcinoma), country of study origin (Asia), FDG
dose, and PET-CT scanner type, all of which should be born in

mind by the lung cancer diagnostician.

AUTHORS' CONCLUSIONS

Implications for practice

This review has provided up-to-date data on the accuracy of PET-
CT scanning in determining N2 and N3 nodal status in non-
small cell lung cancer. It has shown that pooled sensitivity and
specificity, whilst reasonable at around 0.8, is insufficient to allow
management based on PET-CT alone. In clinical practice, PET-
CT is a useful test, and this review supports that. However, the re-
view has also confirmed that PET-CT has to form part of a clinical
pathway supported by other investigations and cannot be used as
a stand-alone test. The findings therefore support NICE guidance
on this topic, where PET-CT is used to guide clinicians in the
next step, which is either a biopsy or where negative and nodes are
small, directly to surgery (NICE 2011). The apparent difference
berween the two main makes of PET-CT scanner is important,
as this appears independent of the operator or other factors. This
a new finding, to our knowledge, and may be important for lung
cancer multidisciplinary teams to know. The relatively low sen-
sitivity but high specificity of the Discovery could, in some cir-
cumstances, such as where the patient is of very borderline fitness,
influence the decision. This would, as is recommended, include
the wishes of the patient after a fully informed discussion. The
difference berween makes and the general variability of results sug-
gests that all large centres should actively monitor their accuracy
so that they can make reliable decisions based on their own results.
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The pooled results by country identified important differences in
the accuracy of PET-CT, showing that it may be less sensitive in
Asian countries. Again, this calls for centres to audit their results
and identify the populations in which PET-CT is of most use or
potentially little value.

Implications for research

In radiology, as in many other areas of medicine, rechnological
advances may lead to rapid changes in clinical pracrice. Newer
PET-CT scanners will be introduced that have higher resolution
and lower radiation dose. As they are expensive, it will take some
tume before they become universally used, but it will be important
to measure their accuracy as soon as possible. A key question will
be how they perform in different populations and according to the
size of lymph nodes. Studies should be designed in populations
with a high prevalence of tuberculosis or industrial disease and
in participants with interstidal lung disease. These patients are
commonly encountered in clinical practice, and we do not know
exactly how these conditions alter the accuracy of PET-CT. There
should be correspondence between the protocols and make of
scanners in studies conducted in Asia and in the western countries
so that comparisons can be made and so that populations can be
identified where PET-CT is of use or no use. The reasons for our
observed difference between the make of PET-CT scanners are not

clear, and studies should be undertaken to establish the reason for

the difference, which is likely to relate to calibration rather than
a difference in the accuracy of detectors. Another key question is
whether some N2 nodes that are shown to be positive on PET-CT,
with or without pathological confirmation, should be resected as
partof a definitive operation. This may depend on nodal size, SUV,
and number of nodal stations involved. NICE clinical guideline
121 (NICE 2011) has already made recommendations for research
into this area.
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Discusion

6 Discusion

6.1 Discusion especifica de las publicaciones

El presente trabajo de tesis doctoral es un trabajo metodoldgico, pero, del anélisis de las RS incluidas
en la tesis, se pueden extraer mensajes generalizables a las RS en su conjunto. Por ello, la discusién
especifica se organizara por las fortalezas y limitaciones de las publicaciones que incluye, asi como las
estrategias que se plantean para superarlas.

Por completitud en este capitulo se discuten, ademas, los resultados de otras dos publicaciones que, si
bien no forman parte del compendio de publicaciones de la tesis, son RS que complementan el
contenido conceptual de la tesis al abordar preguntas clinicas de factores prondstico [41,42]. Las
publicaciones 5y 6 se presentan en el anexo 2.

6.1.1 Principales resultados

Las publicaciones que conforman esta tesis presentan resultados en distintos ambitos, desde el
metodoldgico hasta &mbitos de aplicacion en salud. La publicacién 1 presenta resultados en el ambito
metodoldgico al mostrar una seleccion de métodos y recursos para desarrollar revisiones sistematicas
de alta calidad que responden a la mayoria de los tipos de preguntas clinicas. Esta publicacion ofrece
una guia de recursos completa para revisiones que abordan preguntas de la prevalencia de una
condicién clinica, el prondstico, el diagnéstico y la efectividad de intervenciones. Se trata de una
herramienta muy Util para aquellos investigadores que deseen desarrollar RS o realizar trabajos de
investigacion metodoldgica en el campo de la investigacion de sintesis [30].

Las restantes publicaciones compiladas en este trabajo de tesis presentan resultados en el d&mbito
clinico. La publicacién 2 muestra en sus resultados de metanalisis que el ejercicio conlleva algunos
beneficios en las personas mayores fragiles, aunque todavia existe incertidumbre con respecto a qué
caracteristicas del ejercicio (tipo, frecuencia, duraciéon) son mas efectivas. La evidencia que compara
diferentes modalidades de ejercicio es escasa y heterogénea [31]. La publicacién 3 muestra que las
técnicas de fisioterapia toracica analizadas (técnicas espiratorias pasivas convencionales o técnicas
espiratorias forzadas) no han demostrado una reduccién en la gravedad de la bronquiolitis aguda en
nifios. La calidad de la evidencia es de baja a alta, segun el tipo de fisioterapia [32]. Finalmente, la
publicacién 4 muestra que la exactitud diagnostica de la prueba PET-CT es insuficiente para realizar un
estadiaje mediastinico que sustente la toma de decisiones sobre el tratamiento de pacientes con
NSCLC [40]. La evidencia obtenida presenta inconsistencia y falta de precisién. Estos hallazgos
respaldan las recomendaciones de NICE sobre este tema, por las que la prueba PET-CT es solo una
guia para los médicos al decidir el siguiente paso: ya sea la realizacidon de una biopsia o, cuando los
ganglios negativos son pequefios, directamente la realizacién de cirugia.

Las dos publicaciones adicionales presentadas como anexos presentan también resultados en el
ambito clinico. La publicacién 5 muestra que la evidencia disponible no respalda que las mochilas
escolares que pesan > 10% del peso corporal estén asociadas a una mayor prevalencia de dolor
lumbar entre los escolares de 9 a 16 afios. La certeza de la evidencia es baja. Se requiere mas
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investigacion sobre la relacion entre el peso de la mochila y el dolor lumbar, de caracter longitudinal, y
que tenga en cuenta la duracién del transporte y la capacidad fisica de cada sujeto [41]. La publicacién
6 muestra que la evidencia del impacto del comportamiento sedentario sobre los biomarcadores es
inconsistente. Cuando se encontraron resultados estadisticamente significativos, el sedentarismo se
asocié de manera desfavorable a los biomarcadores, pero los resultados se derivaron principalmente
de estudios transversales y, por lo tanto, deben interpretarse en consecuencia. La evidencia obtenida
es de calidad variable y muy heterogénea [42].

6.1.2 Fortalezas

Este trabajo de tesis presenta diversas fortalezas generales, ya que se ha facilitado un recurso
metodoldgico esencial para la realizacion de distintos tipos de RS, y se han desarrollado tres RS de alta
calidad que proporcionan evidencias sobre eficacia de las intervenciones y exactitud diagndstica en
tres ambitos de salud relevantes. A continuacidn, se exploraran estas fortalezas con mas detalle. Se
exploraran, desde un punto de vista general, las fortalezas metodoldgicas de las publicaciones del
compendio asi como las 2 RS incluidas en los anexos.

Identificacion de retos metodoldgicos para el desarrollo de revisiones sistematicas de
prevalencia, prondstico y diagnostico

Una de las fortalezas de este trabajo de tesis es la identificacién de retos metodoldgicos para el
desarrollo de RS de prevalencia, pronéstico y diagnostico. La recopilacion de métodos para desarrollar
los principales tipos de RS que configura la publicacion 1, junto con las experiencias al desarrollar las
RS incluidas en este trabajo de tesis, permiten identificar algunas lagunas metodoldgicas que se
presentan en la tabla 4 organizadas por etapa de revision.

Tabla 4. Lagunas metodoldgicas para el desarrollo de RS

No existe un manual especifico monografico para desarrollar RS de modelos pronésticos, y el
manual Cochrane para el desarrollo de RS de precision diagnéstica esta todavia incompleto.

Pregunta No hay laguna, ya que se dispone de guias para formular preguntas para todos los tipos de RS.

BG g Mas dificil para estudios observacionales (prevalencia, pronéstico, diagndstico). Faltan filtros
usqueda . . - , . , .
especificos para estas cuestiones para limitar el nimero de titulos y resimenes a cribar.

\EITETElNC SIB  No existe una escala especifica para valorar el riesgo de sesgo de estudios de pronéstico global
sesgo (incidencia), y deberia validarse la propuesta de Hoy 2012 para los estudios de prevalencia.

Sintesis No estan bien desarrollados los métodos para la valoracion de la heterogeneidad estadistica en
estadistica RS de factores y modelos pronéstico, y RS de exactitud diagndstica.

Calidad de la No existe un desarrollo GRADE especifico para RS de prevalencia ni de modelos pronostico. El
evidencia desarrollo existente para RS de factores prondstico deberia ser validado de forma externa.

Inf No existe una ampliacion de la declaracién PRISMA especifica para RS de prevalencia ni de
nforme Lo P_— - P
prondstico (prondstico global, factores prondstico y modelos prondstico).

Valoracion de

la RS No existen escalas de calidad metodoldgica para RS que no sean de intervencion.
a
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Riesgo de sesgo y calidad metodologica de las revisiones sistematicas de la tesis

Otra fortaleza de este proyecto de tesis es la elaboracién de las RS de alta calidad y rigor, cuyas
conclusiones son fiables. La calidad de las RS se ha evaluado con las herramientas ROBIS y AMSTAR-2
[43,44].

La herramienta ROBIS es una escala destinada a valorar el riesgo de sesgo en cuatro tipos de RS en
salud: intervencion, diagndstico, prondstico y etiologia [43]. ROBIS sigue un enfoque basado en
dominios de sesgo y comprende no solo la evaluacidn de la validez interna del proceso de revision,
sino también la relevancia de la pregunta de revisién para sus usuarios. Evalla cuatro dominios
especificos (criterios de elegibilidad, identificacién y seleccion de estudios, recopilacion de datos y
evaluacion de estudios, y sintesis y hallazgos) por los que el sesgo puede afectar a la revision, y cada
dominio se evalta en funcién de un nimero de preguntas indicadores. A partir de las respuestas a las
preguntas indicadoras se obtiene una valoracién ponderada de las inquietudes (concerns) que plantea
el proceso de revision para cada dominio; la valoracién puede ser de inquietud alta, baja o poco clara.
A partir de las evaluaciones por dominios y de la forma en que la RS aborda las inquietudes
identificadas, se genera una valoracion general del riesgo de sesgo de la RS. ROBIS dispone de una
guia de aplicacion para realizar las valoraciones de los motivos de inquietud por dominio y la
valoracion del riesgo de sesgo. Por otra parte, la escala AMSTAR-2 es una herramienta de valoracién
de la calidad metodoldgica especifica para RS de intervencion, que, a partir de 16 preguntas, genera
una valoracion de la confianza en los resultados de la revision. Esta confianza puede ser alta,
moderada, baja o criticamente baja. AMSTAR-2 dispone de una guia muy detallada de aplicacién para
realizar las valoraciones de los distintos items [44].

En la tabla 5 se presentan las valoraciones de riesgo de sesgo de las 5 RS evaluadas, mientras que en la
tabla 6 se presentan las valoraciones de calidad metodolégica de AMSTAR-2 para las dos RS de
intervencidn. Cuatro de las RS incluidas en esta tesis doctoral presentan un bajo riesgo de sesgo global
medido con la herramienta ROBIS. La valoracién de bajo riesgo de sesgo implica que la interpretacion
de los resultados y la formulacion de las conclusiones de las RS han considerado adecuadamente los
motivos de inquietud detectados en los dominios. Por tanto, los resultados de las publicaciones son
probablemente fiables, ya que las conclusiones parecen debidamente fundamentadas en la evidencia y
tienen en cuenta la relevancia de los estudios incluidos en la RS. Esto no obsta para que la calidad de
la evidencia generada en cada caso pueda ser mayor o menor, ya que la misma depende de como
fueron realizados los estudios incluidos y de cémo era la evidencia generada por los mismos. La Ultima
RS presenta un riesgo de sesgo poco claro, debido principalmente a la incertidumbre sobre el impacto
en las conclusiones de las decisiones tomadas en identificacién de estudios y sintesis narrativa de
resultados.

Las dos RS de intervencion de este trabajo de tesis presentan valoraciones dispares de su calidad,
segun la guia de interpretaciéon de los resultados de la escala AMSTAR-2 [44]. La publicacion 2
presenta una calidad metodoldgica criticamente baja, debido a que presenta diversas debilidades en
items considerados criticos, como la preespecificacion metodoldgica a priori (disponibilidad de un
protocolo previo), el listado de los estudios excluidos o la valoracién del sesgo de publicacion [31].
Esto significa que, segun la valoracion AMSTAR-2, la revisibn no proporciona un resumen preciso y
completo de los estudios disponibles que abordan la cuestion de interés. Sin embargo, la publicacion
3 presenta una calidad metodolégica alta, debido a que no presenta ningun defecto critico (es decir,
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cumple con los items considerados criticos) [32]. Por ello, la RS proporciona un resumen preciso y
completo de los resultados para la pregunta clinica de interés.

La discrepancia entre las valoraciones del riesgo de sesgo y la calidad metodoldgica de la publicacion
2 puede explicarse por las diferencias entre sesgo y calidad metodoldgica. Sesgo y calidad
metodoldgica son conceptos relacionados, aunque distintos. La calidad metodol6gica nos indica hasta
qué punto una revisién fue diseflada, realizada, analizada, interpretada y reportada siguiendo los
estdndares mas rigurosos. Por el contrario, el riesgo de sesgo indica en qué medida una revision evita
errores sistematicos en la evidencia que genera [1]. Un estudio puede estar realizado con la mayor
calidad metodologica posible en el tema que evalla y, sin embargo, estar sesgado. Asi, por ejemplo, al
comparar intervenciones que no pueden enmascararse no incurririamos en una limitacién
metodoldgica, pero estariamos abiertos a un sesgo. Y, por el contrario, determinados elementos de
calidad metodologica (como puede ser el calculo del tamafio muestral), no estan relacionados con una
reduccién del riesgo de sesgo. En el caso de la publicacién 2, deberia valorarse si las limitaciones
identificadas en AMSTAR-2 pueden matizar la confianza en los resultados que nos indica ROBIS.

Tabla 5. Valoracion del riesgo de sesgo de las RS con la herramienta ROBIS

Inquietud

Riesgo de

Identificacis Extraccion de

entiricacion

Eligibilidad de aclony datos y Sintesis y sesgo
seleccién de

estudios i valoracion del resultados
estudios X
estudio

Publicacion 2 Alta Baja Baja Alta O
Publicacion 3 Baja Baja Baja Baja O
Publicacién 4 Baja Baja Baja Baja O
Publicacion 5 Alta Baja Baja Baja O
., . Sin informacion . Sin informacion
Publicacion 6 Baja o Baja o
suficiente suficiente

.: Alto riesgo de sesgo; O : Bajo riesgo de sesgo; O: Riesgo de sesgo desconocido
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Tabla 6. Resultados de valoracién de calidad metodoldgica de las publicaciones mediante la escala

AMSTAR-2
PICO Si Si
Métodos a priori No Si
Disefio del estudio Si Si
Busqueda Si Si
Seleccién duplicada Si Si
Extraccion duplicada Si Si
Listado de estudios No Si
Caracteristicas estudios Si Si
RoB Si Si
Financiacién No Si
Metanalisis Si NA
RoB en los resultados No NA
RoB en la interpretacién Si Si
Heterogeneidad Si Si
Sesgo de publicacién No Si
Conflicto de intereses Si Si

* |tems criticos. Los enunciados completos de los items se listan en el anexo 3

Impacto de las revisiones sistematicas de la tesis

Otra fortaleza de las RS que conforman la tesis doctoral es su utilidad e impacto directo en la practica
clinica y la toma de decisiones. Dado el contexto de investigacion clinica actual, en el que con
frecuencia existen numerosas evidencias dispersas sobre un mismo tema de salud, la sintesis de la
evidencia se erige como una base sobre la que formular recomendaciones de practica clinica e
investigacion. Las publicaciones 2, 3 y 4 de esta tesis han aportado conocimiento a tres areas de
practica asistencial (geriatria, fisioterapia y oncologia) mediante la aplicacién de técnicas rigurosas de
sintesis, lo que queda reflejado en su incorporacién a guias de practica clinica (GPC) de los respectivos
ambitos. La publicacion 5 es todavia muy reciente para valorar adecuadamente su impacto, y la
publicacién 6 ha tenido un impacto directo en el disefio de un ECA. A continuacion, se detalla el
impacto observado de cada una de las publicaciones de esta tesis.

Publicacién 2: La publicacion 2 ha sido citada en una GPC reciente en identificacién y manejo de la
fragilidad fisica en personas mayores, desarrollada por la International Conference on Frailty and
Sarcopenia Research [25]. La GPC formula una recomendacion sobre programas multicomponente de
gjercicio fisico para personas mayores, basandose en la evidencia de 5 RS (entre ellas, la publicacion 2)
segun la cual «Older people with frailty should be offered a multi-component physical activity
programme (or those with pre-frailty as a preventative component)» [25]. La recomendacion es fuerte,
por lo que se interpreta que los beneficios de la intervencién probablemente compensan cualquier
riesgo asociado. Esta recomendacion se basa en una calidad global de la evidencia moderada, por lo
que se interpreta que podrian aparecer resultados de estudios adicionales que podrian tener un
impacto importante en los estimadores del efecto obtenidos, y por esta razon la confianza en estos
estimadores de la eficacia de las intervenciones analizadas es limitada.
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Publicacion 3: La RS Cochrane que da lugar a la publicacidon 3 ha tenido un impacto relevante en las
recomendaciones de las GPC sobre bronquiolitis. En 2005, era practica habitual usar las técnicas de
vibracién y percusion en el tratamiento de la bronquiolitis, pese a que estan asociadas a un mayor
riesgo de efectos adversos como, por ejemplo, las fracturas. La publicacién de la RS en 2005 llevo a la
American Association of Pediatrics a no recomendarlas en su GPC de 2006 por falta de eficacia [45].
Posteriormente, en paises como Francia, se popularizaron las técnicas de espiracion forzada,
consideradas mas seguras, pero que tampoco demostraron tener un beneficio en el control de la
bronquiolitis, en la version de 2012 de la publicacion 3 [35]. Esta es la base de las recomendaciones de
las actualizaciones de 2014 y 2019 de la GPC de la American Academy of Pediatrics [46] y de la GPC de
la Canadian Pediatric Society [47]. En todas ellas, se mantiene la recomendacion de no realizar
fisioterapia respiratoria para el tratamiento de la bronquiolitis. La AAP emite su recomendacién con
una valoracion de calidad de la evidencia B (se interpreta que la evidencia proviene de estudios con
limitaciones menores), y una fuerza de recomendacién moderada al considerar simultaneamente que
los beneficios anticipados de seguir la recomendacion claramente superan a los dafios, y la calidad de
la evidencia es buena, pero no excelente. Desafortunadamente, en el caso de la Canadian Pediatric
Society, su recomendaciéon no va acompaiada de valoracién de la calidad de la evidencia ni de la
fuerza de la recomendacién. Finalmente, la GPC de NICE [27], publicada inicialmente en 2015 vy
actualizada en 2019, se basa en la evidencia de la publicacién 3 para recomendar no realizar
fisioterapia respiratoria en niflos con bronquiolitis, a menos que presenten otras comorbilidades
relevantes que dificulten la expulsién de mucosidades, como atrofia musculo-espinal o traqueomalacia
severa. No se da informacién de la fuerza de la recomendacién ni de la certeza de evidencia.

Publicacién 4: La prueba de imagen PET-CT para el estadiaje del NSCLC es una préactica habitual y ya
era una recomendacién en las GPC previas a la RS. La RS de la publicacion 4 pretendia resolver
determinados aspectos de su indicacion. Esta publicacion fue seleccionada por el editor de JAMA para
un comentario corto en su seccion Clinical Evidence Synopsis [48] y, ademas, ha sido citada en una
guia clinica nacional de diagnostico, estadiaje y manejo del cancer de pulmoén, desarrollada por el
Health Service Executive de Irlanda [29]. A partir de la publicacion 4 y de diversos estudios individuales,
la GPC formula las recomendaciones «/n non-small cell lung cancer (NSCLC) patients with mediastinal
and hilar adenopathy, PET-CT is recommended for mediastinal and hilar lymph node staging in patients
with potentially radically treatable non-small cell lung cancer (NSCLC) prior to invasive staging” y "In
non-small cell lung cancer (NSCLC) patients with mediastinal and hilar adenopathy, patients with PET
activity in a mediastinal lymph node and normal appearing nodes by CT (and no distant metastases),
sampling of the mediastinum is recommended over staging by imaging alone» [29], ambas con grado C,
por lo que se interpreta que la evidencia proviene de revisiones sistematicas con homogeneidad de
estudios de cohortes o casos-controles.

Publicacion 5: No ha sido posible determinar el impacto de los resultados de esta publicacién dada su
reciente aparicion en la literatura indexada.

Publicacion 6: La RS de la publicacion 6 tiene por objetivo sintetizar la evidencia de la asociacion entre
biomarcadores asociados al envejecimiento y el comportamiento sedentario. Los resultados
permitieron identificar biomarcadores diana para ser evaluados en un subestudio del proyecto
SITLESS, en el que el comportamiento sedentario medido objetivamente se correlacioné con
biomarcadores y resultados de biopsias musculares para determinar la influencia bioquimica del
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comportamiento sedentario sobre desenlaces de salud [40]. Esta RS ha tenido un impacto directo en la
investigacion, al proporcionar evidencia para guiar el analisis de biomarcadores del proyecto SITLESS,
ECA multinacional financiado por el programa Horizonte 2020 de la UE [49].

Impacto de la politica de actualizacion Cochrane en la vigencia y validez de las
revisiones

Finalmente, otra fortaleza de este trabajo de tesis es su utilidad para ilustrar el impacto de la politica
de actualizacion Cochrane en la vigencia y validez de las revisiones. Las revisiones Cochrane siguen un
proceso de actualizacion periddica, durante el cual se pueden incorporar mejoras metodoldgicas, pero
también corregir errores o imprecisiones, e incorporar las aportaciones de investigadores externos a la
revision. Las nuevas versiones de las revisiones Cochrane reciben una nueva referencia bibliogréfica si
presentan cambios relevantes respecto a una version anterior (por ejemplo, si se han modificado las
conclusiones), de modo que en los buscadores bibliograficos se consideran dos publicaciones (dos
revisiones) distintas, aunque son esencialmente la misma revision.

La publicacion 3 es un buen ejemplo del impacto de esta politica de actualizacidn sobre la calidad y
validez de los resultados de las revisiones Cochrane. El proceso de actualizacion ha permitido mejorar
la revisién a lo largo del tiempo, no sélo por la actualizacién de la bisqueda y los métodos, sino a
partir de los comentarios recibidos de tres investigadores externos y los cambios que se derivaron en
respuesta, que se resumen en la tabla 7.

El historial de la publicacién 3 ilustra dos ideas: la primera es que ningun autor esta libre de cometer
errores de transcripcién o interpretacién que limiten la validez de su trabajo, y la segunda es que
cualquier trabajo de investigacién se beneficia de procesos de actualizacion y mejora de la calidad que
los hacen vigentes y aumentan su validez. Ademas, introduce la necesidad de un nuevo concepto: las
revisiones sistematicas actualizadas continuamente (living systematic reviews), que se discutirdn mas
adelante.
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Tabla 7. Comentarios recibidos a las versiones publicadas de la publicacion 3

Version Comentarios recibidos Cambios respecto a la version anterior publicada

Cambio en la terminologia de las técnicas de espiracién
pasiva, y clasificacion de las mismas en los subgrupos de
Marzo de 2012 - Comentarios | técnicas de flujo lento y espiracion forzada. También se
Roqué 2012 de Guy Postiaux, autor de uno | corrigieron pequefios errores en la descripcion de los

de los estudios incluidos [37]. estudios, y se incorpor6 el concepto de gravedad de la
enfermedad en la descripcion e interpretacion de los
resultados de la revisién sistematica.

Correccion de un error en la transcripciéon de resultados
Abril de 2016 - Comentarios de | de un estudio incluido

Helen Main [38]. Nueva version publicada mayo de 2016 sin nueva cita
bibliogréafica

Los comentarios incidian en la necesidad de reclasificar el
estudio en funcion de la intervencién evaluada, mejorar la

Roqué 2016

Mayo de 2017 - Comentarios descripcion del comparador e incorporar datos minimos
de Fernanda Remondini, autora | sobre un desenlace secundario.

de uno de los estudios Nueva versién publicada en junio de 2017, publicacion

incluidos [39]. incluida en esta tesis. Esta version no generé una nueva

cita bibliogréfica, sin embargo es la versién que aparece al
consultar The Cochrane Library.

6.1.3 Limitaciones

Este trabajo de tesis presenta también limitaciones relacionadas con su enfoque y realizacion. Por una
parte, la tesis integra sintesis de la evidencia en problemas de salud muy dispares en lugar de
considerar un Unico problema de salud y realizar las RS sobre distintos aspectos del abordaje del
mismo en términos de prevalencia, prondstico, exactitud diagndstica y efecto de las intervenciones.
Esta variabilidad representa una oportunidad perdida para realizar transferencia de conocimiento y
experiencia clinica de un trabajo de sintesis a otro. Sin embargo, no limita la evidencia obtenida en
cada RS ni limita el trabajo y las conclusiones metodoldgicas derivadas.

En segundo lugar, a pesar de que la tesis proporciona directrices metodoldgicas para los principales
tipos de RS, la metodologia de sintesis se ha aplicado solo a preguntas de efecto de las intervenciones
y exactitud diagnéstica. La incorporacidn de trabajos de RS de prevalencia y modelos pronéstico al
compendio de publicaciones hubiera permitido una discusidn mas transversal y completa de la
metodologia de revision aplicada a distintas preguntas, pero esto superaba el alcance previsto de la
tesis doctoral. Sin embargo, este trabajo de tesis doctoral incluye como anexos dos RS de factores
pronostico, que han permitido ampliar la discusion metodoldgica mas alld de los efectos de las
intervenciones y la exactitud diagndstica.

Finalmente, cada publicaciéon presenta limitaciones inherentes a su disefio de estudio y ejecucién, que
ya se han comentado en la discusion de las respectivas publicaciones. A continuacidn, se exploraran,
desde un punto de vista general, las limitaciones metodolégicas de las publicaciones del compendio
asi como las 2 RS complementarias.
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Consideraciones metodoldgicas

En esta seccién se comparan los métodos empleados en cada revision con los recomendados en la
publicacién 1, en un ejercicio de consistencia interna para evaluar hasta qué punto las RS incluidas
aplican los métodos mas apropiados, y en qué aspectos podrian mejorar su metodologia en futuras
actualizaciones. Se realizara este ejercicio siguiendo las etapas de desarrollo de una RS: formulacion de
la pregunta de investigacion, busqueda bibliogréfica, valoracién del riesgo de sesgo de los estudios
incluidos, sintesis de resultados, y valoracién de la calidad de la evidencia.

Pregunta de investigacion y registro del protocolo: Todas las publicaciones han especificado una
pregunta de investigacion y unos criterios de inclusion claros, y todas las publicaciones, excepto la
publicacién 2, registraron el protocolo de revision en el registro PROSPERO o en la CDSR.

Busquedas bibliogréaficas: Todas ellas han realizado busquedas bibliograficas exhaustivas en 2 o mas
bases de datos y proporcionan una copia de la estrategia aplicada, lo que garantiza su
reproducibilidad, asi como el flujo de articulos identificados en la busqueda y posteriormente cribados.
Tan solo las dos RS Cochrane (publicaciones 3y 4) realizaron busquedas de estudios no publicados.

Valoracion del riesgo de sesgo de los estudios incluidos: Todas las revisiones han valorado el riesgo de
sesgo de los estudios incluidos. Las publicaciones 2, 3 y 4 han aplicado las escalas de valoracién de
riesgo de sesgo recomendadas para RS diagndsticas y de efecto de las intervenciones (QUADAS-2 y
RoB). Por el contrario, las publicaciones 5y 6 no han aplicado la escala de riesgo de sesgo QUIPS
recomendada para RS de factores prondstico, sino que han aplicado escalas de valoracion de la
calidad metodoldgica. La publicacién 5 ha aplicado la escala de Newcastle-Ottawa para estudios
longitudinales y una escala especifica para estudios transversales de dolor lumbar [50]. La publicacion
6 ha valorado los estudios incluidos a partir de una modificacién de la escala CASP derivada dentro de
un programa internacional de formacién en habilidades para la lectura critica de la literatura médica
(http://www.redcaspe.org ). Todas las revisiones, salvo una (publicacion 5), han presentado de forma

explicita los resultados de la valoracion de la calidad para cada estudio incluido.

Sintesis de resultados: En los casos en que se ha realizado un metanalisis (publicaciones 2, 4 y 5), se
han descrito los métodos aplicados, incluyendo la valoracién de la heterogeneidad, métodos de
sintesis y analisis de subgrupos y sensibilidad previstos y finalmente realizados. En los casos en que no
se ha realizado un metanalisis (publicaciones 3y 6), se han justificado los motivos por los que no se ha
realizado dicho anilisis estadistico y se han presentado sendas sintesis narrativas de los resultados. En
las publicaciones en las que se realizd un metandlisis se evalud la heterogeneidad estadistica ademas
de la heterogeneidad clinica, en las publicaciones 2 y 5 mediante el indicador 1> y en la publicacion 4
mediante la incorporacién de los posibles factores de heterogeneidad como covariables en el modelo
estadistico bivariado de metanalisis. Ademas, en la publicacién 5, se realizd un metandlisis de datos de
pacientes individuales, que permitié recalcular las medidas de asociacion de cada estudio, ajustando
por los mismos factores, a fin de eliminar eventuales fuentes de confusion que pudieran inducir
variabilidad en los resultados. Todas las publicaciones describieron los analisis de sensibilidad y
subgrupos previstos, y, en caso de no poder realizarlos (publicaciones 2 y 3), se describieron los
motivos.
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Calidad global de la evidencia: Dos de las revisiones publicadas (publicaciones 3 y 5) realizaron una
valoracion de la calidad de la evidencia, en ambos casos mediante el sistema GRADE. La publicacién 5
aplicé una modificacion especifica para RS de factores prondstico.

Reporte de las RS: De las publicaciones que forman parte de esta tesis, solo la publicacion 6 refiere
explicitamente adherirse a los estdndares PRISMA [51], pero el cumplimiento con los estandares o sus
extensiones es muy elevado en todas ellas. Los incumplimientos de los estandares de reporte
corresponden generalmente a informacién disponible para los autores pero que no se reportd en la
publicacién (como la presentacion de los datos individuales de los estudios), y, por tanto, pueden ser
subsanados. En contadas ocasiones el incumplimiento de los estdndares se debe a limitaciones
metodoldgicas en la realizacion de las revisiones (como no registrar el protocolo de la RS), que no son
subsanables.

De los parrafos previos se deriva que las publicaciones que integran este compendio no siempre han
aplicado metodologias congruentes con las recomendaciones metodoldgicas de la publicacién 1. Esto
puede explicarse parcialmente porque estas publicaciones anteceden a la publicacién 1y a varios de
los desarrollos metodolégicos presentados alli. Asi, por ejemplo, la publicacién 3 era previa a las
recomendaciones SWiM para sintesis narrativa, y la publicacién 4 antecedia a la publicacién de las
herramientas para evaluar la calidad de la evidencia en RS diagnosticas [52-54]. Ademas, en el caso de
las publicaciones 4, 5 y 6, que corresponden a RS de diagndstico y prondstico, los investigadores no
disponian de manuales completos que guiaran su desarrollo, o no estaban suficientemente
familiarizados con los materiales disponibles. Cuando no existe un consenso claro sobre los mejores
métodos a aplicar, la eleccion de los métodos depende de la experiencia, conocimientos y preferencias
de los investigadores que desarrollan la RS, asi como de los consensos que alcancen respecto a la
metodologia a aplicar. Un ejemplo es la aplicacion de una escala de valoracién metodoldgica distinta a
QUIPS en la publicacién 5, o la aplicacion de una herramienta basada en CASP en la publicacion 6.
Finalmente, la eleccién de los métodos depende de las particularidades de cada RS. Asi, por ejemplo,
la publicacion 6 es una RS de prondstico de caracter exploratorio, en la que se debia sintetizar un
volumen de evidencia muy amplio y heterogéneo, y en la que se aplicé una estrategia de «recuento de
votos» de los estudios, clasificados siguiendo una regla de decisién basada en la significacion de los
resultados [55]; pero todo ello sin dar resimenes numéricos de los resultados, que serian poco
interpretables y comparables al ser estudios prondsticos que se ajustan por diferentes factores.

Propuestas de mejora de cara a futuras actualizaciones

Las limitaciones identificadas en estos trabajos podrian ser subsanadas en futuras actualizaciones de
las RS. La actualizacién de una revisién debe considerar cuatro ambitos de mejora: actualizacion de la
bldsqueda para incorporar nueva evidencia, actualizacion de los objetivos para asegurar que la
pregunta que se responde sigue siendo pertinente, actualizacién metodoldgica para incorporar
métodos mas apropiados y mejorar la calidad, y actualizacion de la implicacién (engagement) de los
usuarios finales para incrementar la usabilidad de la RS y su grado de transferencia del conocimiento
al publico [56]. El plan de actualizacion y mejora de las revisiones que conforman la tesis deberia
incorporar los aspectos presentados en la tabla 8.
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Tabla 8. Propuestas de mejora de las RS incluidas

Publicacion 2

Publicacion 3

Publicacion 4

Publicacion 5

Publicacion 6

Busqueda

La fecha de busqueda
es 2015, por lo que
deberia realizarse una
nueva busqueda.

Alcance/objetivo

La definicion de
fragilidad centrada en
déficits fisicos podria
ser reconsiderada, y se
podria ampliar a una
definicién que incluya
déficits sociales,
cognitivos y
psicolégicos.

Métodos

Incorporar la
valoracién de la
calidad de la evidencia
y una tabla de
resumen de los
hallazgos

Incorporar elementos
de SWiM para la
sintesis narrativa de
los estudios no
metanalizados

Discusion

Implementacién

Incorporar el punto de

La fecha de busqueda
es 2015, y se
identificaron estudios
en curso, por lo que
deberia realizarse una
nueva busqueda.

El alcance de la revision
incluye la fisioterapia
ambulatoria, por lo que
deberian incorporarse
desenlaces y
perspectivas
ambulatorias.

Si en la siguiente
actualizacion la sintesis
es todavia narrativa,
incorporar elementos
de SWiM.

vista directo de
pacientes en el
planteamiento de la
revision, interpretacién
de resultados y
formulacion de
conclusiones.

La fecha de busqueda
es 2013, por lo que
deberia realizarse una
nueva busqueda.

Incorporar la
valoracién de la
calidad de la evidencia
y una tabla de
resumen de los
hallazgos

La fecha de busqueda
es 2019, por lo que
todavia se considera
actualizada.

Evaluar el riesgo de
sesgo con la escala
QUIPS.

La fecha de busqueda
es 2015, por lo que
deberia realizarse una
nueva busqueda.

El alcance deberia ser
menos amplio y
exploratorio y centrarse
en los biomarcadores
especificos para los que
exista mas evidencia.

Incorporar la
valoracién de la
calidad de la evidencia
y una tabla de
resumen de los
hallazgos.

Incorporar los
resultados de los
proyectos en marcha
sobre comportamiento
sedentario para
delimitar los
biomarcadores de

mayor interés.

6.2 Discusion en el contexto del conocimiento actual

6.2.1 Consideraciones en la aplicacion de ROBIS y AMSTAR

Las escalas ROBIS y AMSTAR, descritas anteriormente, son dos herramientas clave para el investigador
que debe evaluar la solidez de una RS de intervencién, o que realiza un overview de intervencion y

debe evaluar las RS incluidas. Algunos investigadores han realizado estudios de validacion

comparando la aplicacién de ambas herramientas en muestras de RS de intervencién. Pieper y

colaboradores destacan una buena concordancia entre las respuestas en items comparables de ambas

escalas [57]. Por otro lado, Gates y colaboradores destacan la dificultad que implica para los autores
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menos experimentados valorar los items de ROBIS, debido a cierta ambigiiedad en los documentos de
guia y el grado de subjetividad implicito en las valoraciones [58].

Los investigadores que realizan overviews de intervencion tienen la opcidén de evaluar de forma
complementaria tanto la calidad metodoloégica como el riesgo de sesgo, aplicando las dos
herramientas a las RS incluidas. Asi, por ejemplo, un overview Cochrane concluye que las RS incluidas
son de bajo riesgo de sesgo por ROBIS y de alta calidad metodolégica por AMSTAR, aunque
lamentablemente no informa de cdmo se habrian interpretado posibles resultados discrepantes entre
las herramientas [59].

Sin embargo, los autores que deben evaluar la calidad metodoldgica de RS que no son de intervencion
se enfrentan a la disyuntiva de valorar el riesgo de sesgo con ROBIS como una aproximacién de la
calidad metodoldgica, o aplicar la escala AMSTAR a pesar de que no sea una herramienta especifica
para el tipo de RS considerado. Esta situacion corresponderia, por ejemplo, a un overview especifico de
cuestiones clinicas de prevalencia (o de prondstico o de exactitud diagnostica), pero también a un
overview transversal que incluya RS de diversos tipos, por ejemplo, por estar centrado en la deteccién,
pronostico e intervencién de una patologia determinada.

Una busqueda exploratoria de la literatura permite ver cémo han afrontado la disyuntiva los autores
de overviews o umbrella reviews. Algunos autores de overviews transversales optan por presentar la
evidencia de RS de prevalencia, prondstico, diagndstico e intervencién, pero solo dan la valoracion
metodoldgica de AMSTAR para las RS incluidas de intervencién [60,61]. Otros han resuelto aplicar
AMSTAR a todos los tipos de RS [62,63], con las limitaciones que esto conlleva. En el caso de los
overviews especificos que incluyen un Unico tipo de RS, coexisten trabajos que optan por la aplicacion
abusiva de AMSTAR [64,65], con otras publicaciones que optan por la opcidn mas correcta de valorar
el riesgo de sesgo aplicando ROBIS [66,67]. La busqueda exploratoria no permitié identificar ningun
overview de prevalencia o diagndstico que aplicara ROBIS.

La aplicacion de la herramienta AMSTAR-2 a tipos de RS que no son de intervencidn plantea
problemas de consistencia y estructurales, porque algunos de los items en AMSTAR-2 no son
aplicables o relevantes en el contexto de una RS de prevalencia, prondstico o diagnostico. Asi, por
ejemplo, el item 3 sobre la justificacion de incluir estudios no aleatorizados (ver anexo 3), es
irrelevante en RS diagnésticas o pronosticas, donde los disefios que proporcionan evidencia de calidad
son precisamente no aleatorizados [30, 68]. El item 7 de adecuada identificacion de los estudios
excluidos es dificil de aplicar a las revisiones no publicadas en revistas electronicas, y a los tipos de RS
en los que no existen filtros precisos para la identificacién de estudios, y que, por tanto, deben excluir
un elevado numero de referencias. El item 9 de valoracion del riesgo de sesgo en los estudios no
aleatorizados indica que debe contemplar el dominio de riesgo de sesgo de confusién, sesgo de
seleccion de la muestra, medicién de las exposiciones y desenlaces, e informe selectivo de desenlaces
y andlisis. Sin embargo, aunque estos elementos serian totalmente relevantes para las RS prondsticas,
para las RS diagnosticas el sesgo de confusidon es poco relevante (ya que todos los participantes
reciben el test de interés y el estandar de referencia), igual que la medicién de las exposiciones.
Finalmente, el item 15 de sesgo de publicacidn corresponde a un aspecto que estd poco explorado en
el dmbito diagndstico y prondstico, y para el que no hay recomendaciones claras de como llevarlo a
cabo en estas RS [54,69].
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Por todo ello, se puede concluir que existe una necesidad clara de desarrollar una herramienta para
valorar la calidad metodoldgica de las RS de prevalencia, prondsticas y diagnosticas que evite el uso
inadecuado de AMSTAR en estos ambitos. Dicha herramienta complementaria a ROBIS en Ia
evaluacion de estos tipos de RS. La herramienta ROBIS es todavia insuficientemente conocida y se
percibe dificil de aplicar, por lo que parece conveniente darla a conocer y promover su uso dada la
relevancia fundamental de la valoracién del riesgo de sesgo. Finalmente, seria interesante establecer
pautas para los investigadores que ayudaran a interpretar las posibles discrepancias entre las
valoraciones de riesgo de sesgo y calidad metodoldgica, e incidieran en aquellos aspectos que se
pueden solventar (por ejemplo, aplicando métodos mas rigurosos en la actualizaciéon de la RS) y en
aquellos aspectos que dependen exclusivamente del cuerpo de evidencia de base (y que requeririan
de la realizacién de nuevos estudios individuales, menos sesgados).

6.2.2 Otros tipos de revisiones sistematicas en salud

Esta tesis se ha centrado en cuatro tipos principales de RS, pero existen otros tipos, también
relevantes, como pueden ser las RS metodolégicas, cualitativas, econdmicas, psicométricas o de
intervenciones complejas [68,70]. El grado de desarrollo metodolégico para realizar estas RS es muy
variable para los distintos tipos, y el conocimiento se encuentra a menudo fragmentado y es
incompleto. Algunas publicaciones han realizado un esfuerzo de compilacion metodoldgica similar al
de la publicacion 1 para un abanico de tipos de RS. Asi, por ejemplo, Pollock y colaboradores
identifican los manuales disponibles y las herramientas de valoracién de calidad para tipos de RS que
incluyen las RS cualitativas o las psicométricas [70]. Munn y colaboradores revisan la estructura del
titulo y las guias de informe, manuales y herramientas de valoracion de la calidad para 10 tipos de RS,
entre las que se incluyen las revisiones metodolégicas [68].

Las revisiones metodoldgicas tienen por objeto examinar aspectos metodoldgicos especificos
relacionados con el disefio, la realizacion y la revision de estudios de investigacion y sintesis de
evidencia. Aunque llevan realizdndose desde hace tiempo, la variabilidad en sus tematicas dificulta el
desarrollo de guias metodoldgicas y manuales, y no hay ningiin manual completo disponible [68].
Trabajos recientes van en la direccién de clasificar adecuadamente los estudios metodoldgicos, con el
fin de sentar las bases para las RS metodoldgicas [71,72]. Las revisiones cualitativas se centran en el
analisis de las experiencias humanas y los fendmenos sociales y culturales. Una de las fuentes mas
solventes en este tipo de RS es el Joanna Briggs Institute, institucion de referencia en el desarrollo de
RS metodoldgicas que publica un manual de referencia para llevarlas a cabo [73].

Las RS de evaluacién econdmica revisan los costes de una determinada intervencion, proceso o
procedimiento, a menudo en relacién con su efectividad. El investigador van Mastrigt y sus
colaboradores realizaron un esfuerzo similar al de la publicaciéon 1, integrando las recomendaciones
formuladas por distintas entidades, que estaban previamente fragmentadas, no siempre eran
especificas para estudios econdmicos, o no eran suficientemente detalladas [74].

Las RS psicométricas evaltan los instrumentos de medicidn en base a, entre otras, sus caracteristicas
de validez, fiabilidad y respuesta. La iniciativa COSMIN (COnsensus-based Standards for the selection
of health Measurement INstruments) mantiene actualizada una base de datos de RS psicométricas
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(https://www.cosmin.nl/database/), asi como un repositorio de recursos metodoldgicos para

desarrollar RS psicométricas, como pueden ser filtros de busqueda o herramientas de valoracion de la
calidad.

Las RS de intervenciones complejas analizan intervenciones con multiples componentes, que a
menudo estan influidas por interacciones complejas de las caracteristicas individuales, determinantes
sociales, elementos del sistema de salud y las propias intervenciones [75]. La Agency for Healthcare
and Quality desarrollé una serie de publicaciones sobre el desarrollo de RS de intervenciones
complejas, disponibles de forma centralizada en su web.

6.2.3 Las revisiones sistematicas del futuro

No es facil hacer predicciones de como seran las RS del futuro, ya que las RS abarcan campos y
preguntas muy diversos, el desarrollo metodoldgico es constante, y la investigacidn primaria tiene una
altisima velocidad de desarrollo. Sin embargo, se pueden hacer algunos apuntes de los cambios que
se estan produciendo ahora mismo.

¢ Qué formato tendran las revisiones sistematicas?

loannidis y colaboradores plantean el futuro de las RS en términos de RS prospectivas, RS de datos
individuales, revisiones de revisiones (overview o umbrella reviews), y metanalisis en red (network
metanalysis) [76,77]. Todas estas opciones presentan ventajas y limitaciones sobre el formato de una
RS tradicional, y cada una de ellas presenta sus propias condiciones. Asi, por ejemplo, tanto las
revisiones prospectivas, en las que los ensayos se disefian con el propésito explicito y predefinido de
integrar la RS, como las revisiones de datos individuales requieren colaboracién con los investigadores
de los ensayos, lo que no siempre es posible para un autor de revisiones sistematicas. Por otra parte,
las revisiones de revisiones y los metandlisis en red se interesan en una constelacién o familia de
intervenciones. La opcidn més apropiada dependera del uso que se le quiera dar a la RS como sintesis
de la evidencia.

Sin embargo, una controversia mas actual surge como critica a la complejidad metodoldgica de las RS
tradicionales y a la importante inversidn de recursos y tiempo necesarios para desarrollarlas. Como
alternativa a este disefio tradicional se han propuesto las revisiones rapidas, que sintetizan el
conocimiento simplificando los procesos de la revision sistematica sin disminuir su rigor [3]. Acelerar la
sintesis de la evidencia es esencial para mejorar los tiempos de respuesta de los sistemas sanitarios y
los gestores de salud. Especialmente en situaciones de emergencia y crisis, las revisiones rapidas
pueden ser cruciales para la toma de decisiones y la formulacién de respuestas rapidas por parte de
los sistemas de salud [78]. En la situacion de emergencia global creada por el virus SARS-CoV-2, la
iniciativa COVID-END ha llegado a proponer un modelo para el desarrollo de informes de sintesis en
un maximo de 3 horas (https://www.mcmasterforum.org/networks/covid-end). Sin embargo, las

revisiones rapidas dependen aldn mas de la fiabilidad de la investigacion primaria que las RS
tradicionales, y una sintesis prematura de evidencia poco sélida o insuficientemente contrastada
puede dar lugar a conclusiones sesgadas. Diversos estudios, que comparan la fiabilidad de las
conclusiones de las revisiones rapidas con la de las RS tradicionales, muestran que no siempre
alcanzan las mismas conclusiones y sefialan la importancia de valorar en qué situaciones las revisiones
rapidas son un sustituto adecuado de las RS tradicionales [79].
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Otro hito que marcard el futuro de las RS son las revisiones actualizadas continuamente (living
systematic reviews), como respuesta a la necesidad imperiosa de disponer constantemente de la mejor
evidencia actualizada [80,81]. Si el ejemplo de la publicacién 3 mostraba como el paso del tiempo
influye en la vigencia y calidad de la evidencia de una RS, la situacién creada por la Covid-19 muestra
la velocidad a la que se puede llegar a publicar informacion y la necesidad de evidencia inmediata para
la practica clinica asistencial. Por ello, las revisiones actualizadas continuamente representan una
evolucidon necesaria a las RS tradicionales. Se caracterizan por una monitorizacion continua y activa de
la nueva evidencia (mensual e incluso semanal), la inclusion inmediata de cualquier nueva evidencia
relevante identificada (estudios o datos), y la comunicaciéon y difusion periddica del estatus de la
revision y la nueva evidencia incorporada. Aunque la metodologia de estas revisiones no es
fundamentalmente distinta a la de una RS, si que debe incorporar el informe transparente y explicito
de las decisiones tomadas en cuanto a la frecuencia de busqueda de nueva evidencia, y cémo esta
nueva evidencia es incorporada a la RS.

¢ Quién desarrollara revisiones sistematicas?

Los equipos de investigadores contardn cada vez mas con recursos informéticos basados en
inteligencia artificial y automatizacién de procesos que permitirdn semiautomatizar distintos pasos del
desarrollo de RS [82]. Ademas, se abandonara progresivamente la concepcion de la RS como un
simple proyecto de investigacion secundaria realizado por un grupo reducido de investigadores de
élite, para concebir las RS como proyectos transversales que implican a los autores de la revision pero
también a los autores de los estudios individuales, agentes interesados como gestores sanitarios o
consumidores, y a redes de investigadores externos que pueden realizar tareas especificas como el
cribado de referencias, a menudo de forma transversal en distintas revisiones. Esta concepcion de las
RS como una iniciativa colaborativa y menos personalista se refleja en la respuesta a la pandemia por
SARS-CoV-2, en que investigadores, instituciones y revistas aunaron esfuerzos y generaron registros
abiertos de revisiones, ensayos y publicaciones sobre la pandemia como el Covid-19 Study Register
(https://covid-19.cochrane.org/) o Covid Reviews (https://covidreviews.cochrane.org/).

¢En qué ambito se desarrollaran?

Las RS surgieron en el campo de la salud y la atencién sanitaria, pero como herramienta de
investigacion son aplicables a cualquier otro campo en que se desee obtener sintesis de la evidencia.
Actualmente, ya se desarrollan RS en campos como las ciencias sociales [83], las ciencias politicas [84],
la veterinaria [85] o la agricultura [86]. Incluso, existen colaboraciones similares a Cochrane para la
sintesis de evidencia en algunos de estos campos, como puede ser la Campbell Collaboration
(https://campbellcollaboration.org/), red internacional que tiene por objeto desarrollar sintesis de

evidencia de alta calidad, gratuitas y relevantes para la formulacién de politicas sociales. Otras
iniciativas similares incluyen la Collaboration for Environmental Evidence

(https://www.environmentalevidence.org/), red internacional que promueve y disemina sintesis de
evidencia en temas de entorno global sostenible y conservacion de la biodiversidad; el Centre for

Evidence-Based Agriculture (https://www.harper-adams.ac.uk/research/ceba/), que sintetiza la
evidencia en agricultura y alimentacion para apoyar la toma de decisiones en politicas, industria,
practica e investigacion, y, finalmente, la iniciativa Systematic Reviews for Animals & Food
(http://www.syreaf.org/), que ofrece materiales formativos y un repositorio de protocolos de RS en

veterinaria y seguridad alimentaria.
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Conclusiones

7 Conclusiones

7.1 Conclusiones para la practica

e Los programas multicomponente de ejercicio fisico deberian ofrecerse a las personas mayores
fragiles para mejorar su capacidad fisica, dado que han mostrado tener un impacto clinicamente
relevante sobre la velocidad de la marcha normal, la velocidad de la marcha rapida y la escala
SPPB de funcion fisica.

e En nifios hospitalizados con bronquiolitis aguda, moderada o severa, no es recomendable realizar
fisioterapia respiratoria con técnicas convencionales (vibracion y percusion) o espiracion pasiva
forzada. Las técnicas de espiracion pasiva lenta son aparentemente seguras (calidad de la
evidencia muy baja) pero ineficaces en la mejora de la enfermedad (calidad de la evidencia baja).

e En pacientes con NSCLC potencialmente resecable, la prueba PET-CT es Util para el estadiaje

ganglionar, como paso previo al estadiaje invasivo por biopsia.

7.1 Conclusiones para la investigacion

e La metodologia para desarrollar RS de prevalencia y pronéstico es incompleta y se requiere
investigacion para desarrollar un manual especifico para RS de modelos prondstico, métodos y
herramientas para la valoracion del riesgo de sesgo en RS de prevalencia, guias para la valoracién
de la calidad de la evidencia en RS de prevalencia y modelos prondstico, y guias para el reporte de
RS de prevalencia y pronodsticas. Asimismo, seria conveniente desarrollar herramientas de
valoracion de la calidad metodolégica especifica para las RS de prevalencia, prondstico y exactitud
diagnostica.

e Las RS son iniciativas complejas y costosas en tiempo y esfuerzo, que deben realizarse por equipos
multidisciplinarios que apliquen metodologia rigurosa. Para evitar la duplicacion de esfuerzos,
todas las RS deberian tener un plan de actualizacion y de incorporacion de comentarios, que
permita la incorporacién periddica de nueva evidencia o de innovaciones metodoldgicas después
de su publicacion inicial.

e Es necesario desarrollar mas evidencia sobre los criterios que deben guiar las politicas de

actualizacién de RS, ya sea por priorizacién o por criterios temporales.
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Anexo 1: Abreviaturas

DM Diferencia de medias

ECA Ensayos clinicos aleatorizados

Fl Factor de impacto

GPC Guias de practica clinica

GRADE Grading of Recommendations Assessment, Development and Evaluation
IC Intervalo de confianza

NICE Instituto Nacional de Salud y Atencién de Excelencia

NSCLC Cancer de pulmén no microcitico

PET-CT Tomografia con emisién de positrones combinada con tomografia computada
RR razén de riesgo

RS Revisién sistematica

SUvV Valores de captacién estandar
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Anexo 2. Publicaciones complementarias

Se presentan dos publicaciones anexas que complementan los resultados de este trabajo de tesis.
Estas publicaciones son:

Publicacion 5

Calvo-Munoz |, Kovacs FM, Roqué M, Seco-Calvo J. The association between the weight of schoolbags
and low back pain among schoolchildren. A systematic review, meta-analysis and individual patient
data meta-analysis. Eur J Pain. 2019;00:1-19.

Fl: 3.492 (2019). Puntuacion de atencion Altmetric: 86

Esta publicacion puede consultarse al completo y de forma libre en
https://onlinelibrary.wiley.com/doi/10.1002/ejp.1471
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Abstract

Background: The objective of this study was to determine whether carrying a heavy
schoolbag is associated to a higher prevalence of low back pain (LBP).

Methods: A systematic review and meta-analysis was conducted (PROSPERO,
CRD42018077839). Observational studies analysing the relationship between schoolbag
weight and LBP. were searched for in 20 electronic databases and 12 specialized journals until
February 28th, 2019, without date or language restrictions. All studies which included > 50
subjects aged 9 to 16, were reviewed. Methodological quality was assessed by two review-
ers separately, using validated tools. A meta-analysis and an individual patient data (IPD)
meta-analysis were conducted to examine the relationship between schoolbag weight and
LBP. Certainty of evidence was assessed using an adapted GRADE methodology.
Results: 5.524 citations were screened, 21 studies (18,296 subjects) were reviewed and
11 studies (9.188 subjects) were included in the meta-analysis. The IPD meta-analysis
included 9.188 subjects from seven studies. Among the 21 studies reviewed, the mean
score for methodological quality was 78.3 of 100. Only one study suggested an as-
sociation between heavier schoolbags and LBP. Neither the meta-analysis nor the IPD
meta-analysis found an association between carrying schoolbags weighing > 10% of
bodyweight. and LBP. No differences based on age, gender or sport activity were found.
Discussion: Available evidence does not support that schoolbags weighing > 10% of
bodyweight are associated with a higher prevalence of LBP among schoolchildren
aged 9-16. The certainty of evidence is low. Further research is required on the rela-
tionship between schoolbag weight and LBP.

Significance: This systematic review, with a meta-analysis and an IPD meta-analy-
sis, failed to find a link between schoolbags weighing > 10% of body weight and
LBP among schoolchildren aged 9 to 16. Further longitudinal studies. with large
samples, long follow-up periods, and rigorous methods taking into account duration
of carry and the physical capacity of each subject, are required in this field.

WILEY

Abbreviations: CI 95%, confidence interval 95%; HKSJ, Hartung- Knapp-Sidik-Jonkman method; IPD meta-analysis, individual patient data meta-analysis;

LBP, low back pain; OR, odds ratio.

Eur J Pain. 2020.24:91-109.
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1 | BACKGROUND

Common low back pain (LBP) is defined as pain between the
costal margins and the inferior gluteal folds, which is usually
accompanied by painful limitation of movement, may be as-
sociated with pain referred down to the leg. and is not related
to fracture, direct trauma or systemic diseases, such as neo-
plastic, infectious, vascular, metabolic or endocrine-related
processes (Bardin, King, & Mabher, 2017: Hoy et al.. 2012;
Maher. Underwood, & Buchbinder, 2017).

LBP represents a major health. social and economic bur-
den. It is the main cause of years lived with disability world-
wide (Hoy et al., 2014) and. only in the United States, the
yearly costs associated with the condition have been esti-
mated at 100 billion dollars (Dieleman et al.. 2016).

LBP is more common among schoolchildren than previ-
ously believed (Calvo-Mufoz, Gémez-Conesa, & Sdnchez-
Meca, 2013; Kamper, Yamato, & Williams, 2016), with a
lifetime prevalence of 47% at 14 years (Swain et al., 2014).
Moreover, reporting LBP during adolescence is a risk fac-
tor for suffering it in adulthood (Hestbaek, Leboeuf-Yde, &
Kyvik, 2006).

Many factors have been suggested to be associated with
a higher risk of LBP among schoolchildren (Calvo-Mufioz,
Kovacs, Roqué. Gago Ferndndez, & Seco Calvo, 2018), in-
cluding biological (e.g., body weight, weight bearing, mus-
cle strength or ergonomics) (Fairbank, Pynsent. Poortvliet,
& Phillips, 1984: Sano et al., 2015; Yamato, Maher. Traeger.
Wiliams, & Kamper, 2018). psychosocial (e.g.. family and
social relations or satisfaction with school) (Dianat, Alipour,
& Asghari Jafarabadi, 2017; Mikkonen et al., 2016) and life-
style related variables (e.g.. physical activity, participation
in sports or smoking) (Kovacs et al.. 2003; Wedderkopp.
Leboeuf-Yde, Bo Andersen, Froberg, & Hansen, 2003).

A recent systematic review has found that the evidence
assessing the association between these factors and LBP in
childhood and adolescence. is inconsistent (Calvo-Mufioz et
al.. 2018). It also suggested that the weight of the schoolbags
schoolchildren carry to school is one of the factors which
should be researched further. In fact, over 80% of schoolchil-
dren reporting LBP blame the excessive weight of the school-
bag for their pain (Skaggs. Early, D'Ambra, Tolo, & Kay,
2006}, the percentage of body weight that the schoolbag rep-
resents among schoolchildren exceeds the limit recommended
for adults carrying weight in the work environment, which is
usually established at 10% (Alghadir, Gabr, & Al-Eisa, 2017
Erne & Elfering, 2011: Grimmer & Williams, 2000; Negrini.
Carabalona, & Sibilla, 1999; Spiteri et al., 2017), and sev-
eral studies have suggested that excessively heavy schoolbags
may be a risk factor for LBP (Dockrell, Simms. & Blake.
2013; Goodgold & Nielsen, 2003; Mackenzie, Sampath,
Kruse, & Sheir-Neiss, 2003; Moore, White, & Moore, 2007,

Rateau, 2004 Siambanes, Martinez, Butler, & Haider. 2004;
Viry, Creveuil, & Marcelli, 1999).

However, most of the studies assessing the relationship be-
tween schoolbag weight and LBP among school students, are
exploratory studies of low methodological quality (Huguet et
al.. 2013). and their heterogeneity makes it difficult to per-
form systematic reviews and meta-analysis (Dretzke et al.,
2014: Riley et al., 2013). Individual Participant Data (IPD)
meta-analysis offers advantages over meta-analysis of sum-
mary data, such as the opportunity to standardize the catego-
rization of exposure variables and to explore heterogeneity
through subgroup analysis (Stewart & Tierney, 2002).

Hence. IPD meta-analysis would be appropriate to analyse
the existing data on the potential relationship between carrying
schoolbags weighing more than 10% of bodyweight, and LBP
among schoolchildren {Abo-Zaid, Sauerbrei, & Riley, 2012).

Therefore, the objective of this study was to perform a
systematic review. coupled with a meta-analysis and IPD
meta-analysis, to estimate whether carrying a heavier school-
bag, and specifically one weighing > 10% of bodyweight, is
associated with a higher prevalence of LBP among school-
children aged 9-16.

2 | METHODS
The protocol of this meta-analysis was registered in an inter-
national register (PROSPERO, CRD42018077839).

- &

An electronic search was conducted up to February 28th,
2019, in the following databases: CINAHL,Current Contents,
EMBASE. Family health database. FSTA (Food Science and
Technology Abstracts), ISI Web of Knowledge. LILACS,
MEDLINE, NNNConsult, OvidMD, PEDro, ProQuest
Central, PubMed, SciFinder Scholar, Science Direct, Scopus,
SPORTDiscus. The Cochrane Library. Web of Science.
Wiley Online Library. The search strategy used both MeSH
and terms in "all fields", and was designed to ensure maxi-
mum sensitivity. It was conducted in seven successive phases,
as shown in Appendix 1, adding references retrieved at each
phase to those identified in the previous ones.

Additionally. an electronic search was conducted in the
Websites of the Journals which were considered more likely
to publish high quality studies on LBP in children. These
Journals were: "Pain”, "European Journal of Pain”, "Clinical
Journal of Pain". "Spine". "Spine Journal”. "European
Spine Journal”, "Open Journal of Pediatrics”, "European
Journal of Pediatrics”, "European Journal of Public Health",
"Scandinavian J Public Health", "Ergonomics” and "Applied
Ergonomics”. This second electronic search combined the
terms “adolescent™, “children”, “schoolchildren™, “young™,

Search and study selection
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“pediatric™, “back pain”, “low back pain”, “lumbar pain”,
“prevalence”, “epidemiology®, “risk factors”, "schoolbags”,
“school bag™, "backpack”, “carrying bag” and "bag".

Finally, references in the reviewed studies were manually
tracked to identify additional studies.

All the references identified were listed and crosschecked
to delete redundancies. The title and abstract of each study
were screened by two authors separately (ICM and JSC).
The full texts of those which were eligible were assessed for
inclusion criteria by two authors separately (ICM and JSC).
Disagreements at the screening and assessment stages were
resolved through consensus with a third author (FMK).

Studies were included in this review if they: (a) were pub-
lished. observational studies focusing on risk factors for LBP,
either cross-sectional or longitudinal, including case—control
studies and cohort studies; (b) included > 50 subjects aged
9-16: (c) explored the relationship between the schoolbag
weight (as a proportion of bodyweight) and LBP. No date or
language restrictions were applied.

Among the studies included in the review, those which
also provided estimates of the association between schoolbag
weight (as a proportion of body weight) and LBP, with the
corresponding 95% CI. were included in the meta-analysis.

The authors of the studies included in the meta-analysis
were contacted and requested to provide the datasets of their
original studies. with the names of the subjects deleted and
substituted by codes. An individual patient data meta-analysis
(IPD meta-analysis) was conducted including all data from all
the studies whose authors had provided the data requested. In
order to assess the completeness and consistency of these data,
the analyses performed in each original study were reproduced,
and consistency of results with those published was assessed.

Variables

o5

For the systematic review and the (non-IPD) meta-analysis,
the weight of the schoolbag was categorized as "hot heavy"
or "heavy” based on the definition implemented in the origi-
nal studies. For the IPD meta-analysis, >10% of body weight
was used as the cut-off value (Devroey. Jonkers, Becker,
Lenaerts. & Spaepen, 2007: Mackie & Legg, 2008).

Covariates were; age. gender and sport activity outside the
school (yes/no). since previous studies suggest that the preva-
lence of LBP increases with age, being female and practicing
sports on a competitive level, and results from a previous sys-
tematic review on factors associated with a higher prevalence
of LBP among children aged 9-16, supported this (Calvo-
Mufoz et al., 2018).

23 |

The Ottawa-Newcastle Scale was selected to assess the
methodological quality of longitudinal studies (Wells et

Quality assessment of the studies

Eurapean Journal gf Pair._W [ LEYJ—%

al., 2009). This scale scores the quality of each study from
0 to 12 points (from worst to best). The score is composed
of a maximum of 9 points assigned to studies meeting
eight specific methodological criteria (one of these criteria
is scored with up to 2 points), and 3 additional points at-
tributed to studies complying with three criteria which are
specific for LBP.

A tool used previously in systematic reviews and meta-
analyses on the prevalence of LBP (Calvo-Mufioz et al..
2018; Loney & Stratford, 1999; Louw, Morris, & Grimmer-
Somers, 2007; Walker, 2000). was selected to assess the meth-
odological quality of the cross-sectional studies included in
this review (Table S1). This tool includes 12 questions and
assesses; how detailed the definition of LBP was (precision
of anatomic description, gathering of data on frequency, du-
ration, severity, etc.), validity of the sample (representative-
ness, description and management of missing data, etc.) and
data quality (data gathered directly from subjects -without
intermediaries-, methods for data gathering, etc.). The score
ranges, from worst to best, from 0% to 100%.

Two independent authors conducted assessments sep-
arately (ICM and JSC), and disagreements were solved
through consensus with a third author (FMK).

24 |

Odds Ratios and 95% CI were calculated to assess the as-
sociation between reporting LBP and using a school-
bag weighing > 10% of body weight, versus a schoolbag
weighing < 10%.

A meta-analysis was conducted under the random effects
model. in order to calculate a combined OR based on the in-
dividual OR for each study. An IPD meta-analysis was sub-
sequently conducted. For both meta-analyses, the combined
OR and corresponding 95% CI were converted post-hoc to the
Hartung-Knapp-Sidik-Jonkman method (IntHout, loannidis,
& Borm, 2014).

For all the studies for which adjusted ORs were available,
the ORs adjusted in the most saturated models were included
in the meta-analysis. When studies only presented unadjusted
ORs, the latter were included. In the IPD meta-analysis, ORs
were adjusted for age and gender.

In the meta-analysis, the same definition of "heavy"
schoolbag which had been used in the original studies. was
maintained. In the IPD meta-analysis, the cut-off value to de-
fine a bag as "heavy” was > 10% of bodyweight.

Heterogeneity was assessed through the 17 (Higgins &
Thompson, 2002; Higgins, Thompson, Deeks, & Altman,
2003). 17 values between 30% and 60% were considered to be
indicative of moderate heterogeneity, and values > 60% were
considered to indicate considerable heterogeneity.

Two sub-group analyses were conducted in order to
explore possible differences in the relationship between

Analyses

Tesis Doctoral - Marta Roqué i Figuls

175



CALVO-MURNDZ &r AL

* LwiLey-EJP

ropean joumal of Pain

schoolbag weight (<10% vs.> 10% of bodyweight) and LBP.
depending on age and sport activity. The first sub-group anal-
ysis categorized the schoolchildren in "children” (< 12 years
of age) and "teenagers” (= 13 years), and combined risk es-
timates adjusted for gender. The second sub-group analysis
categorized schoolchildren depending on whether they per-
formed any sport activities outside the school, and combined
estimates adjusted for age and gender.

25 |

Certainty of the evidence in the review was assessed using an
adaptation of the GRADE system for studies on prognostic
factors (Huguet et al., 2013).

Certainty of evidence was assessed based on the extent to
which users can be confident that the estimated prognostic
association reflects the item being evaluated (Guyatt et al..
2008), taking into account limitations in the methodology of
the studies included, the inconsistency, indirectness and im-
precision of results, and the potential for publication bias in
the review (Huguet et al., 2013).

The certainty of evidence for prognosis was initially con-
sidered to be high, given that this review focuses on Phase 2
explanatory studies “aimed to confirm independent associa-
tions between potential prognostic factor and the outcome™
(Huguet et al., 2013). This initial assessment was later down-
graded due to limitations in five factors (study limitations,
inconsistency, indirectness, imprecision and publication bias)
and/or upgraded due to impact factors (moderate or large esti-
mated effects and dose—response effects) (Huguet et al., 2013).

Assessment of certainty of evidence was conducted by
two independent authors (ICM and JSC), and a consensus
was reached through discussion with a third author (MR).

Assessment of certainty of evidence

3 | RESULTS
The search strategies provided a total of to 5,524 records.
which were reduced to 5.502 after duplicates were removed.
and led to 84 full-text articles being assessed for eligibility.
Among these 84 studies, 21 representing a total sample of
18,296 complied with the criteria to be included in the system-
atic review (Akbaret al.. 2019; Alghadiret al., 2017; Alghamdi.
Nafee, El-Sayed, & Alsaadi, 2018; Angarita-Fonseca et
al., 2019; Chiang, Jacobs, & Orsmond, 2006; de Oliveira.
Chinaglia. & Lima, 2017; Dianat et al.. 2017; Dianat, Sorkhi,
Pourhossein, Alipour. & Asghari-Jafarabadi, 2014; Grimmer &
Williams, 2000; Johnson, Adeniji. Mbada, Obembe, & Akosile,
2011; Korovessis, Koureas, & Papazisis, 2004; Martinez-
Crespo et al., 2009; Minghelli, Oliveira, & Nunes, 2016;
Mohseni-Bandpei, Bagheri-Nesami, & Shayesteh-Azar, 2007,
Mwaka. Munabi. Buwembo. Kukkiriza. & Ochieng, 2014:
Noormohammadpour et al., 2019; Oka, Ranade, & Kulkarni,

2019; Trevelyan & Legg. 2011: Vidal, Borras, Ponseti, Gili. &
Palou, 2010: Watson et al., 2003; Young. Haig, & Yamakawa,
2006). 11 with 9,188 subjects were included in the meta-analy-
sis (Akbar et al., 2019; Alghadir et al., 2017; Angarita-Fonseca
et al.. 2019; de Oliveira et al., 2017; Dianat et al., 2017, 2014;
Martinez-Crespo et al., 2009; Minghelli et al.. 2016; Mohseni-
Bandpei et al., 2007; Trevelyan & Legg, 2011; Vidal et al.,
2010). and data from 8,218 subjects from 7 studies were in-
cluded in the IPD meta-analysis (Akbar et al., 2019; de Oliveira
et al., 2017; Martinez-Crespo et al.. 2009; Minghelli et al..
2016; Mohseni-Bandpei et al.. 2007; Trevelyan & Legg, 2011:
Vidal et al.. 2010). Figure 1 shows the PRISMA flow diagram.

31 |

All of the 21 studies included in the review were cross-sec-
tional, and in all of them the outcome was the prevalence of
LBP. Six studies focused on the point prevalence (Alghamdi
et al.. 2018; de Oliveira et al., 2017; Johnson et al., 2011;
Korovessis et al., 2004; Noormohammadpour et al., 2019;
Young et al., 2006). 4 on the 1- or 2-week prevalence (Chiang
et al., 2006; Grimmer & Williams, 2000; Mwaka et al., 2014;
Vidal et al., 2010). 10 on the I-month prevalence (Akbaret al.,
2019: Angarita-Fonseca et al.. 2019; Dianat et al., 2017, 2014:
Martinez-Crespo et al., 2009; Mohseni-Bandpei et al., 2007;
Noormohammadpour et al., 2019; Okaet al., 2019; Trevelyan
& Legg, 2011; Watsonet al., 2003), 2 on the 1-year prevalence
(Alghadiret al., 2017; Minghelli et al., 2016) and 3 on the life-
time prevalence (Akbar et al., 2019; Noormohammadpour et
al.. 2019; Vidal et al., 2010). Table 1 shows the main charac-
teristics of the studies included in the review.

Sample size of the studies ranged between 55 and 4,813,
Three studies included only children (Angarita-Fonseca et al.,
2019; de Oliveira et al., 2017; Vidal et al.. 2010), and three
studies included only teenagers (Akbar et al., 2019; Alghamdi
et al., 2018; Noormohammadpour et al.. 2019). while all the
others included both children and teenagers. Two studies in-
cluded only girls (Alghamdi et al.. 2018; Noormohammadpour
et al.. 2019) while all the others included both boys and girls.

Among these 21 studies, 19 used standardized self-re-
port questionnaires to determine the prevalence of LBP
(Akbar et al., 2019; Alghadir et al., 2017; Alghamdi et al.,
2018; Angarita-Fonseca et al.. 2019; Chiang et al.. 2006; de
Oliveira et al., 2017; Dianat et al., 2017, 2014; Grimmer &
Williams, 2000; Johnson et al.. 2011; Martinez-Crespo et al.,
2009; Minghelli et al., 2016: Mohseni-Bandpei et al., 2007:
Mwaka et al., 2014; Noormohammadpour et al.. 2019; Oka
et al., 2019; Trevelyan & Legg, 2011; Vidal et al., 2010;
Watson et al.,, 2003). One study used a non-standardized.
ad hoc self-questionnaire (Young et al., 2006), and the last
one verbally asked the subjects a non-standardized question
(Korovessis et al., 2004). Twelve of these 21 studies (includ-
ing the two studies which did not use standardized self-report

Systematic review
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questionnaires), also used some form of physical examination
(Akbar et al., 2019; Alghadir et al., 2017; Chiang et al., 2006;
de Oliveira et al., 2017; Johnson et al., 2011: Minghelli et
al., 2016: Mohseni-Bandpei et al., 2007: Mwaka et al., 2014;
Noormohammadpour et al.. 2019; Trevelyan & Legg, 2011).

Among the studies included in the systematic review, the
relationship between the weight of the schoolbag and body
weight was assessed quantitatively in six studies (Chiang et
al., 2006; Korovessis et al., 2004; Noormohammadpour et al.,
2019; Okaetal., 2019; Vidal et al., 2010; Young et al., 2006).
The other 15 studies classified this relationship into catego-
ries. The cut-off values for establishing these categories var-
ied across studies, as follows:">6.6% of bodyweight" in one
study (Alghadir et al., 2017).">10% of bodyweight” in 10
studies (Akbar et al., 2019; de Oliveira et al., 2017; Dianat et
al., 2017, 2014; Grimmer & Williams, 2000; Martinez-Crespo
et al.. 2009: Minghelli et al., 2016: Mohseni-Bandpei et al.,
2007; Mwakaetal.. 2014; Trevelyan & Legg, 2011),“>12% of
bodyweight” in one study (Angarita-Fonsecaetal., 2019), two
categories ("10% to 15%". ">15%") in one study (Alghamdi
etal., 2018), five categories ("2.2% to 6.6%"; "6.7% to 8.8%";
"8.9% to 10.5%"; "10.6% to 13.5%" and "13.6% to 32.1%") in
one study (Watson et al., 2003), and "normal and abnormal”
(without defining the classification criteria in these catego-
ries) in one study (Johnson et al.. 2011).

Ten studies gathered data on whether subjects partici-
pated in sports outside the school hours (Akbar et al., 2019;

Full-text articles
assessed for eligibility
(n=84)

» Subjects > 16 years (n=9)

= No data to determine
weight of schoolbag as a

l proportion of bodyweight

(n=37)

« Did not focus on low back
pain (n = 16}

» No data to determine age
{m=1)

Studies included in
systematic review
(n=21)

l

Studies included in
meta-analysis
(n=11)

Studies induded in IPD meta-
analysis
(n=7)

Alghadiret al.. 2017: Angarita-Fonseca et al.. 2019: Dianatet
al.. 2017; Johnson et al., 2011; Martinez-Crespo et al., 2009;
Noormohammadpour et al., 2019; Oka et al.. 2019: Vidal et
al.. 2010: Young et al.. 2006).

Among the studies included in the review, the mean score
for methodological quality was 78.3% of 100%., with all
scores ranging between 55% and 100% (Table 2). Six studies
scored < 70%. five scored between 71% and 80%. five scored
between 81% and 90% and three over 90%. Table 2 shows the
methodological strengths and weaknesses of each study.

Among the 10 studies which were not included in the
meta-analyses, only one suggested that LBP was more preva-
lent among the children who carried schoolbags representing
a higher percentage of their bodyweight. especially among
boys (vs. girls). with the percentage of the bodyweight as-
sociated with a higher risk for LBP being smaller when the
children were younger (Grimmer & Williams, 2000). None
of the other nine studies which were not included in the meta-
analysis, found such an association (Alghamdi et al., 2018;
Chiang et al., 2006; Johnson et al., 2011; Korovessis et al.,
2004; Mwaka et al.. 2014; Noormohammadpour et al., 2019;
Oka et al.. 2019; Watson et al., 2003; Young et al., 2006).

32 |

Seven studies were included in the IPD meta-analysis (Akbar
et al., 2019; de Oliveira et al., 2017; Martinez-Crespo et al..

Meta-analysis
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2009; Minghelli et al., 2016; Mohseni-Bandpei et al., 2007;
Trevelyan & Legg, 2011; Vidal et al., 2010).

Four additional studies were included in the meta-analysis.
but could not be included in the IPD meta-analysis because
their authors did not provide IPD data (Alghadir et al., 2017;
Angarita-Fonseca et al., 2019; Dianat et al., 2017, 2014).
Among these four studies, three defined "heavy” schoolbag
using the > 10% bodyweight threshold (Angarita-Fonseca et
al., 2019: Dianat et al., 2017, 2014), while the last one had
used > 6.6% (Alghadir et al., 2017).

The methodological scores of studies included in the
meta-analysis ranged between 55 and 91, and those included
in the IPD meta-analysis ranged between 70 and 91 (Tables
1 and 2).

The meta-analysis failed to identify a significant associ-
ation between carrying schoolbags representing > 10% of
bodyweight, and the prevalence of LBP (OR = 1.06 [95%
HKSJ CI]: 0.94: 1.20; 0% 11 studies, 10,087 partici-
pants; "low" certainty of evidence) (Figure 2; Table 3).

The forest plots (Figures 2—4) do not distinguish between
adjusted and non-adjusted ORs, because there was no hetero-
geneity between them.

Results were homogeneous (I = 0%) and no significant
differences were found among studies, both in the meta-anal-
ysis of unadjusted results (OR = 1,13 [95% HKSI CI]: 0.91;
1.40) and in the meta-analysis of adjusted results (OR = 0.95
[95% HKSJ CIJ: 0.86 to 1.05).

The reanalysis of data from studies included in the IPD
meta-analysis, led to results which were consistent with those
from the original studies except in one case (Trevelyan &
Legg. 2011), in which the database provided by the authors
identified 75 of the included 245 subjects as reporting LBP,
whereas the publication only mentioned 67. In the IPD meta-
analysis, the 75 subjects identified in the database as report-
ing LBP, were treated as such.

The sub-group meta-analyses were conducted with indi-
vidual participant data (IPD meta-analysis). In the first one,
on age, there were non-significant differences between chil-
dren (ie.. < 12 years) and teenagers (i.e.. > 13 years) with
regards to the value of the weight of the schoolbag (as a pro-
portion of bodyweight) to predict LBP (test for differences be-
tween subgroups: Chi® = 2.88. df = 1 [p = .09], I = 65.2%).
Moderate heterogeneity was found in the group of teenagers
(four studies; 4,982 participants; I> = 26%: "very low" cer-
tainty of evidence), while no heterogeneity was found in the
group of children (six studies; 2.421 participants: I* = 0%:
"very low" certainty of evidence).

In the second subgroup analysis, on sport activity. school-
bag weight (as a proportion of bodyweight) was not found
to predict LBP regardless of whether the subjects did and
did not do sports (test for differences between subgroups:
Chi® = 0.52, df = 1 [p = .47], I = 0%). No heterogeneity
was found in the group practicing sports (three studies: 2,889

participants; 12 = 0%: "very low" certainty of evidence), while
moderate heterogeneity was found in the group not practicing
sports (two studies: 3,005 participants; I* = 35%: "very low"
certainty of evidence).

4 | DISCUSSION

The notion that the excessive weight of schoolbags carried
by school students can trigger LBP, makes clinical sense.
Moreover. the cut-off point of > 10% of bodyweight defin-
ing an "excessive" weight to be carried, is indirectly sup-
ported by some evidence and has elicited consensus among
clinicians, researchers and some professional associations
(Alghadir et al.. 2017: American Chiropractic Association,
2018: American Occupational Therapy Association. 2017;
American Physical Therapy Association, 2017; Devroey et
al., 2007; Erne & Elfering, 2011; Grimmer & Williams, 2000:
Mackie & Legg, 2008; Negrini et al., 1999; Sahli et al., 2013;
Spiteri et al.. 2017).

However, results from this meta-analysis reflect that the
available evidence does not support this notion. In fact. the
prevalence of LBP was the same among subjects carrying
schoolbags weighing > 10% of their body weight. and those
carrying lighter ones, even after adjusting for age, gender or
sport activity. These results are consistent with data from
most of the previous studies which have analysed the rela-
tionship between the weight of the schoolbag and the preva-
lence of LBP (Table 2) (Calvo-Muiioz et al., 2018).

Therefore, the "take home" message from this study is
that the available evidence does not show a relationship be-
tween schoolbag weight and LBP among children and teen-
agers aged 9-16, despite having been assumed for years and
sounding plausible. Nevertheless, only cross-sectional, ob-
servational studies could be included in this systematic re-
view and meta-analysis. and the certainty of evidence is low.
An IPD meta-analysis was designed to allow reanalysis of
the data gathered by the previous original studies, but only
seven studies could be included and some of their limitations,
such as their cross-sectional design, could not be overcome.
Therefore, the available evidence does not completely rule
out the possibility that excessive weight of the schoolbags
may indeed influence the presence, recurrence or persistence
of LBP among school students, or that this may be the case
among some school students facing specific circumstances
(e.g.. those needing to carry their schoolbags for long dis-
tances or periods). In fact, the level of certainty of the conclu-
sion on the irrelevance of schoolbag weight to predict LBP is
very low, implying that further research may modify it.

Establishing 10% of the bodyweight as the cut-off point
to consider the weight of the schoolbag as "excessive” may
appear reasonable; it has some data supporting it and is
equivalent to the threshold most commonly used for adults
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FIGURE 2

Test for overall effect: Z=0.88 (P = .38)
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TABLE 2 Methodological quality of the studies included in the systematic review
Methodological criteria®
1 2 3 4 5 6 7 8 9 10 11 12 Score"
Alghadir et al., 2017 YES YES NO YES YES YES YES NA YES NO YES YES 82
Alghamdiet al., 2018 YES NO NO YES YES YES YES NA NA NO YES YES 70
Akbaretal., 2019 YES YES NO YES YES YES YES NA YES YES YES YES 91
Angarita-Fonseca et YES YES YES YES YES YES YES NA NA YES YES YES 100
al., 2019
Chiang et al., 2006 YES YES YES YES YES YES YES NA YES NO NO YES 82
de Oliveira et al., YES YES NO YES YES YES YES NA YES NO NO YES 73
2017
Dianat et al., 2014 YES NO NO YES YES YES YES NA NA NO NO YES 60
Dianat et al., 2017 YES YES YES YES YES YES YES NA NA NO YES YES 90
Grimmer & YES NO YES YES YES YES YES NA NA NO NO YES T0
Williams, 2000
Johnson et al.. 2011 YES NO NO YES YES YES YES NA YES NO NO YES 64
Korovessis et al.. YES YES YES YES YES YES NA NO YES YES NO YES 82
2004
Martinez-Crespo et YES YES NO YES YES YES YES NA NA NO YES YES 80
al., 2009
Minghelliet al.. 2016  YES YES NO YES YES YES YES NA YES YES YES YES 91
Mohseni-B andpei et YES NO YES YES YES YES YES NA  YES YES NO YES 82
al., 2007
Mwaka et al., 2014 YES YES YES YES YES YES YES NA YES YES NO YES 91
Okaet al., 2019 YES  YES NO YES YES YES YES NA NA YES YES YES 90
Noormohammadpour  YES NO NO YES YES YES YES NA YES YES NO YES 73
etal., 2019
Trevelyan & Legg, YES NO NO YES ¥ES YES YES NA YES NO YES YES 73
2011
Vidal et al., 2010 YES YES YES YES NO YES YES NA NA YES YES YES 0
‘Watson et al., 2003 YES  YES YES YES YES YES YES NA NA NO YES NO 80
Young et al., 2006 YES NO YES YES NO YES NO NA YES NO YES NO 55
Note: Score range (from worst to best): 0100
Abbreviation: NA, not applicable.
*The methodological criteria and the scoring procedure are described in Table 81.
Odds Ratio Odds Ratio
Study Weight IV, Random, 95% CI IV, Random, 85% CI
Akbar 2019 B.4% 1.07 [0.67, 1.71]
Alghadir 2017 30.5% 1.10 [0.86, 1.41]
Angarita 2019 5.3% 1.88 [1.04, 3.40]
Dianat 2014 2.1% 1.50 [0.59, 3.81] ] -
Dianat 2017 7.3% 1.14 [0.69, 1.88] N
Martinez-Crespo 2009 17.6% 0.90 [0.65, 1.24] =
Minguelli 2016 25.2% 0.97 [0.74, 1.27] .
Mohsani 2007 0.8% 1.28 [0.28, 5.92]
Oliveira 2017 0.5% 0.72 [0.11, 4.71]
Trevelyan 2011 0.7% 0.77 [0.15, 3.84]
Vidal 2010 1.6% 1.18 [0.40, 3.49]
Total (35% CI) 100.0% 1.06 [0.93, 1.22] ?
Heterogeneity: Tau® = 0.00; Chi* = 6.13, df = 10 (P =.80); 1* = 0% o2 i 3 : 2

Favours highar % BW Favours lower % BW

Meta-analysis of the relationship between carrying schoolbags representing >10% of bodyweight. and low back pain
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Test for subaroup differences: Chi? = 0.52, df = 1 (P = .47),1?= 0%

VO-MUNOZ i1 AL. 0
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Odds Ratio Odds Ratio
Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Age <=12
Angarita 2019 20.9% 1.88 [1.04, 3.40] —
Martinez-Crespo 2009 10.3% 1.86 [0.80, 4.32] =
Minguelli 2016 57.6% 1.30 [0.91, 1.86] T
Oliveira 2017 21% 0.72[0.11, 4.71]
Trevelyan 2011 2.8% 0.70[0.14, 3.50]
Vidal 2010 6.2% 1.18 [0.40, 3.49]
Subtotal (95% CI) 100.0% 1.41 [1.07, 1.84] <
Heterogeneity: Tau? = 0.00; Chi?=2.84, df =5 (P=.72);/12= 0%
Test for overall effect: Z = 2.46 (P=.01)
Age >12
Akbar 2019 30.4% 1.07 [0.67, 1.71] —
Martinez-Crespo 2009 43.7% 0.75[0.53, 1.06] —T
Minguelli 2016 22.4% 1.32[0.74, 2.35] -
Mohsani 2007 3.5% 2.01[0.39, 10.36]
Subtotal (95% CI) 100.0% 0.98 [0.72, 1.34] <
Heterogeneity: Tau? = 0.03; Chi* = 4,07, df = 3 (P = .25); I* = 26%
Test for overall effect: Z=0.11 (P=.91)
01 02 05 1 2 5 10
) i Favours higher %BW Favours lower %BW
Test for subgroup differences: Chi* = 2.88, df =1 (P=.09), /> = 65.2%
FIGURE 3 Subgroup meta-analysis on age, adjusting by gender
Odds Ratio Odds Ratio
Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Sports
Martinez-Crespo 2009 94.2% 1.10 [0.76, 1.59]
Mohsani 2007 2.9% 0.91[0.11, 7.53]
Trevelyan 2011 2.9% 0.41[0.05, 3.36]
Subtotal (95% CI) 100.0% 1.06 [0.74, 1.52] ’
Heterogeneity: Tau? = 0.00; Chi* = 0.84, df = 2 (P = .66); 1= 0%
Test for overall effect: Z = 0.33 (P = .74)
No sports
Martinez-Crespo 2009 75.9% 0.46 [0.22, 0.96] ——
Mohsani 2007 24.1% 2.04 [0.22, 18.92] .
Subtotal (95% Cl) 100.0% 0.66 [0.19, 2.29] e
Heterogeneity: Tau? = 0.39; Chi?=1.55,df= 1 (P =.21); 1= 35%
Test for overall effect: Z = 0.66 (P =.51)
0.01 0.1 1 10 100

Favours higher %BW Favours lower %BW

FIGURE 4  Subgroup meta-analysis on sport activity, adjusting by age and gender

in the work-related environment. This has led to most rec-
ommendations establishing that the "acceptable” weight for
the schoolbag should be below this threshold (Alghadir et al.,
2017: American Chiropractic Association, 2018; American
Occupational Therapy Association, 2017; American Physical
Therapy Association, 2017; Devroey et al., 2007; Erne &
Elfering, 2011; Grimmer & Williams, 2000; Mackie & Legg,
2008: Negrini et al., 1999; Sahli et al., 2013; Spiteri et al.,

2017). However, other cut-off points have been proposed, as
low as 5% or as high as 20% (Dockrell et al., 2013; Rateau,
2004). A different cut-off limit for schoolbag weight might
alter the conclusions from this study but this could not be
analysed in the IPD meta-analysis because, due to the data
available, it was impossible to explore other thresholds.

The weight of the schoolbag has been shown to vary sig-
nificantly from one day to another (Negrini & Carabalona.
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2002).Therefore, the data on weight gathered in a cross-sec-
tional study, may not accurately reflect the load the school
student carries most of the days. The reporting of LBP on one
day (i.e.. point prevalence) may be more influenced by the
load carried previously than on the weight of the schoolbag on
that very day. Moreover, most data on prevalence of LBP for
longer periods (e.g., 14 days, 1 month or 1 year), were based
on children's memory, as opposed to data included in a reg-
istry. All of the above may have diluted the potential relation
between "weight of the schoolbag” and "LBP". Ideally. future
studies should use previously validated methods, register data
on LBP and on the weight of the schoolbag for a period long
enough to capture daily variations in the weight of the school-
bag, and determine whether there is a minimum exposure to
the presumed risk factor for it to increase the risk of LBP.

The method used to carry the schoolbag (e.g.. cross-body
bag vs. backpack vs. hung on one vs. two straps, etc.), has not
shown to be significantly associated with the prevalence of
LBP among schoolchildren, probably because the vast major-
ity use backpacks strapped on both shoulders (Calvo-Munoz
et al., 2018). Nevertheless, this and other mechanical factors.
such as the consistence between the size of class furniture and
the students' size, could be further explored in future studies.

Some studies suggest that non-mechanical factors can
also increase the risk of schoolchildren reporting LBP.
These factors include students' perception that the weight
of the schoolbag is excessive for them, irrespective of its
actual weight (Dockrell, Blake, & Simms, 2015; Dockrell.
Simms, & Blake. 2015), and psycho-social factors, such
as a conflictive relationship with parents and school-
mates, behavioural or emotional problems, hyperactivity.
and lack of attention (Dianat et al., 2017: Mikkonen et al..
2016 Sjolie, 2002; Watson et al., 2003). Therefore, future
studies should also gather valid data on these factors.

Furthermore, it is likely that the key mechanical factor
triggering LBP when carrying a schoolbag is not its weight
per se, but whether it exceeds the physical capacity of the sub-
ject, how often and severely this occurs, and for how many
years the overexertion persists or recurs. This would explain
results from studies showing that LBP and other musculoskel-
etal complaints are higher among children who have to carry
their schoolbags for longer periods. (Delele. Janakiraman,
Bekele Abebe, Tatese, & Water, 2018; Dockrell, Blake, et al.,
2015; Dockrell, Simms, et al., 2015) and may suggest that the
weight of schoolbags is less relevant in environments where
the children have to walk carrying their schoolbag short dis-
tances, than in those where they have to carry them for miles
every day to attend class (Delele et al., 2018).

Therefore, further studies should gather valid and reli-
able data on the usual duration of carry and on the physical
capacity of the children, such as muscle balance, strength
and resistance. In this study, "sport activity” was included
in the meta-analysis as a surrogate for "physical capacity”.

assuming that LBP could be more prevalent among children
who, carrying schoolbags of equal weight to those of their
peers, had a lower level of physical fitness, and factoring in
previous studies which suggest that LBP is more prevalent
among schoolchildren involved in competitive sports (Kovacs
et al., 2003; Wedderkopp et al.. 2003). Results did not con-
firm this assumption, although this may be due to the fact that
gathering valid and reliable quantitative data on sport activity
is difficult, and that the methods used to this end in the orig-
inal studies included in the meta-analysis were inconsistent.
Future studies on this topic should be longitudinal, include
large samples, implement follow-up periods long enough
for the potential etfects of a heavy schoolbag to appear. and
use reliable and valid methods to gather data on presence,
recurrence and duration of LBP, psychosocial factors, daily
variations in the weight of the schoolbag. duration of carry,
bodyweight, as well as variables reflecting the balance,
strength and resistance of muscles involved in spine function.
In conclusion, data analysed in this study do not support the
notion that carrying schoolbags weighing > 10% of bodyweight,
is associated with a higher prevalence of LBP among school-
children aged 9-16. However, this conclusion is based only on
cross-sectional studies, and future research may modify it.
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APPENDIX 1

Search strategy

PHASE 1

"adolescent"[MeSH Terms] OR "adolescent"[All Fields]

"child"[MeSH Terms] OR "child"[All Fields]

"young"[All Fields]

"schools"[MeSH Terms] OR "schools"[All Fields] OR
"school"[All Fields]

"pediatrics"[MeSH Terms] OR "pediatrics"[All Fields]
OR "pediatric"[ All Fields]

("adolescent"[MeSH Terms] OR  "adolescent"[All
Fields]) OR ("child"[MeSH Terms] OR "child"[All Fields])
OR ("Young"[Journal] OR "young"[All Fields]) OR
("schools"[MeSH Terms] OR "schools"[All Fields] OR
"school"[All Fields]) OR ("pediatrics"[MeSH Terms] OR
"pediatrics"[All Fields] OR "pediatric"[ All Fields])

"back pain"[MeSH Terms] OR ("back"[All Fields] AND
"pain"[All Fields]) OR "back pain”[All Fields]

"low back pain"[MeSH Terms] OR ("low"[All Fields]
AND "back"[All Fields] AND "pain"[All Fields]) OR "low
back pain"[All Fields]

"low back pain"[MeSH Terms] OR ("low"[All Fields]
AND "back"[All Fields] AND "pain"[All Fields]) OR "low
back pain"[All Fields] OR ("lumbar"[All Fields] AND
"pain”[All Fields]) OR "lumbar pain"[All Fields]

("back pain”"[MeSH Terms] OR ("back"[All Fields] AND
"pain"[All Fields]) OR "back pain"[All Fields]) OR ("low
back pain"[MeSH Terms] OR ("low"[All Fields] AND
"back"[All Fields] AND "pain"[All Fields]) OR "low back
pain"[All Fields]) OR ("low back pain"[MeSH Terms] OR
("low"[All Fields] AND "back"[All Fields] AND "pain"[All
Fields]) OR "low back pain"[All Fields] OR ("lumbar"[All
Fields] AND "pain"[All Fields]) OR "lumbar pain"[All
Fields])

waist[All Fields] AND ("pain"[MeSH Terms] OR
"pain"[All Fields])
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1. Introduction

According to the National Institute of Health (NIH) Biomark-
ers Definitions Working group (Biomarkers Definitions Working
Group, 2001),abiomarkeris acharacteristic that is objectively mea-
sured as an indicator of normal biological processes, pathogenic
processes, or a pharmacological response to a therapeutic inter-
vention. Therefore, biomarkers can be very helpful as surrogate
markers for diseases or pathophysiological links between exposure
and disease; or as intermediate measures of the effectiveness of
interventions on disease processes. Within the past few decades,
a considerable amount of literature has clearly demonstrated that
physical activity (PA) has a range of benefits on the health (Nelson
et al., 2007; Castaneda et al., 2002) and wellbeing of older adults
(McAuley et al., 2000). Recently, there has been an interest in
understanding the biomarkers underlying the response to PA. For
example, in a cohort of community dwelling older adults, lev-
els of N-terminal pro-brain natriuretic peptide (NT-proBNFP) and
high-sensitive troponin T have been associated with objectively
monitored PA and showed a more beneficial profile with increas-
ing PA, suggesting a dose response relationship (Jefferis et al., 2014;
Klenk et al., 2013). To date, most of the PA biomarker research has
focussed on cardiovascular risk factors (Gabriel et al., 2012; Reaven
etal., 1991; Jefferis et al., 2014), but there are many other biological
systems with associated biomarkers which may be affected by PAor
especially SB. Recent examples include B-amyloid burden and glu-
cose metabolism as markers of neurodegeneration (Okonkwo et al.,
2014), interleukin-6 {IL-6) and C-reactive protein (CRP) as markers
for systemic inflammation (Jarvie et al., 2014) or DNA-repair as a
marker for cell homeostasis (Brocklebank et al., 2015).

An emerging evidence base has started to demonstrate that
sedentary behaviour (SB), over and above time spent in PA, is inde-

pendently associated with several important detrimental health
outcomes, including endpoints such as mortality, frailty, sarcope-
nia, dementia, and cardiovascular diseases (Biswas et al., 2015).
According to the Sedentary Behaviour Research Network, SB is
defined as any waking behaviour characterised by an energy expen-
diture =1.5 metabolic equivalents (METs) whilst in a sitting or
reclining posture (Sedentary Behaviour Research Network, 2012).
The emerging research highlighting the deleterious impact of SB on
health is of particular concerns as adults spend on average 5h of
their time in sedentary behaviour (Loyen et al., 2016). Indeed, some
studies have demonstrated that on the population-level sedentary
time (ST) increased over the decades from 1960 to 2010 (Church
etal., 2011). Especially older people spent most of their time in 5B.
A recent meta-analysis illustrated that older people were seden-
tary for 65-80% of their waking time (Wullems et al., 2016), other
sources mentioned ST with an average of 9h (Dunlop et al., 2015)
to 13.8h per day (Cawthon et al., 2013). Older people are seen
as the age group engaging in the highest level of 5B (Wullems
etal., 2016) and thus could benefit most from changing their daily
habits. The developing evidence on the harms associated with SB
has illustrated that it is not only the absence of daily or weekly
moderate-to-vigorous physical activity (MVPA), but rather, 5B is
a separate category of behaviour with unique determinants, con-
sequences and sequences for possible intervention (Owen et al,
2010). Considering the physiological changes occurring with age in
several organ systems (Boss and Seegmiller, 1981), results from
middle-aged adults can't be simply transferred to older adults.
Therefor the EU study SITLESS investigates how 5B can be reduced
sustainably and how sedentariness effects biomarkers especially in
older adults. In this framework the interest on outcomes of studies
performed in elderly, assessing 5B and its impact on biomarkers
was the focus. In addition, biomarker studies are important to
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further understand the link between 5B, PA and adverse health out-
comes like total mortality and harmful phenotypes like Metabolic
Syndrome (MES) (Gardiner et al., 2011), frailty or sarcopenia. Per-
haps it can help to understand the role of biomarkers as possible
mediators of the association between SB and adverse phenotypes
or aging-related diseases. Therefore, the aims of this systematic
review were to provide a comprehensive overview of aging-related
biomarkers associated with 5B and report on the strength of the
observed associations in community-dwelling older adults.

2. Methods
2.1. Study design

This systematic review adhered to the PRISMA guidelines
(Moher et al., 2009) and followed a predetermined published pro-
tocol (PROSPERO No. CRD42015023731) (Stubbs et al., 2015).

2.2. Condition or domain being studied

SB, as defined by the Sedentary Behaviour Research Network
(2012) (waking behaviour with an energy expenditure < 1.5 METs
whilst in a sitting or reclining posture), represented our exposure
of interest. We also considered studies which did not fully com-
ply with this definition (e.g. television watching time, 5B identified
by other questionnaires or accelerometer data that do not allow
for disentangling posture issues or clearly indicate METs) but are
highly relevant to SB.

With respect to the biomarkers we were interested in any
inflammatory, renal and cardiac biomarkers, lipids and metabolic
markers, genetic and metabolomics markers, endocrine markers
and markers of muscle strength, body composition, as well as of
specific physical performance measures (e.g. gait speed and bal-
ance).

2.3. Information sources and searches

Two authors (KW, BS) searched the electronic databases:
MEDLINE (PubMed), EMBASE, CINAHL (via EBSCO), AMED (via
Ovid/EBSCO) from inception to 15 July 2015. We used search terms
described in Appendix A. Appropriate search strategies and MESH-
terms were selected (see Appendix A).

24. Study selection and eligibility criteria

Studies meeting the following criteria were included:

a Explicitly measured SB using objective accelerometer wear
time = 3 days (to follow the recommendations of good clinical
practice (Ward et al., 2005)) or self-report instruments. Studies
defining SB purely as a lack of PA were excluded.

b Including community dwelling, older adults (mean age of sam-
ple = 60 years).

¢ Sample size of n = 50 participants, to ensure adequate power.

d Quantitative study design including randomized controlled
trials (RCTs), controlled clinical trials (CCTs), pre- and post-
intervention measurement studies, prospective observational
studies (POS), or studies (only prospective trials) that examined
an association of any biomarker with 5B. We also consid-
ered cross-sectional studies {CSS) but present them separately
because of their descriptive nature due to the inability to clearly
establish the temporal sequence between SB and biomarkers.

2.5. Participants and population

We selected studies, with the above mentioned characteristics
that included older adults (mean age = 60 years) conducted in the
community.

When we encountered studies with alarge age range and a mean
age below 60 years, indicating the study included some older adults
(=60years), we attempted to contact the authors to acquire the
variables of interest for all participants with an age of 60 years and
older. Populations with specific co-morbidity (e.g. diabetes mellitus
type 2 (DM-11)}, peripheral artery disease ( PAD), chronic obstructive
pulmenary disease (COPD) were included, but critically evaluated
and highlighted as such.

2.6. Data extraction

All results of the searches were inserted in a bibliographic
database. A data extraction form was created and amended to the
requirements of the review. Two authors piloted (KW SB) the data
extraction form in a random sample of 3 studies that employ differ-
ent study designs. This ensured that the relevant information was
selected to assess the effectiveness and study quality.

All data were extracted by these two reviewers. Data extrac-
tion included: first author, country, setting, population, aims of
the study, type of the study (RCT, POS or CSS), number of studies
and participants included in the article, details of the intervention
(including duration), inclusion criteria, type of recruitment, type
and definition of 5B or PA used, biomarkers analysed and results,
details of control condition, overall study quality {internal risk of
bias), association statistics, acknowledged limitations by authors,
the authors’ conclusions and other notes.

Any disagreements in data extraction were resolved through
discussion between the reviewers.

2.7. Risk of bias and quality assessment

Assessment of studies followed the PRISMA {Moher et al., 2009)
guidelines. Two authors conducted the methodological quality
appraisal of all included studies using a modified Critical Appraisal
Skills Programme ( CASP) tool, adapted for each study design (CASP,
2016):

e RCTs {max. CASP score=6) were assessed for risk of bias in the
following domains: clearly focused issue, randomization, perfor-
mance {blinding, personnel), comparability ( treatment, groups at
baseline) and attrition { participants accounted for at its conclu-
sion).

POS {max. CASP score=8) were assessed for risk of bias in the fol-
lowing domains: clearly focused issue, selection and recruitment
(random approach or representative for a defined population,
accuracy of measurement (exposure, outcome), identification of
important confounding factors, adjustment for confounding fac-
tors and follow-up (period, completion).

CCS {max. CASP score =6) were assessed for risk of bias in: clearly
focused issue, selection and recruitment (random approach or
representative for defined population), accuracy of measurement
(exposure, outcome), identification of important confounding
factors and adjustment for confounding factors.

In an attempt to assess the potential effect and direction of the
effect of SB on specific biomarkers, additional information related
to statistical evidence of an association. as adapted from the Cana-
dian Agency for Drugs and Technology in Health {CADTH) (CADTH,
2016), was included in Table 2 for the high quality studies. The fol-
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E Reconds identified in Records identified in
E MEDLINE database: EBSCO database:
n = 10938 n=1762
£
o
=
W
'E Records screened for title and abstract:
g n=12701
[} Excluded papers by titles
or abstract and duplicate
J— records:
— n=12426
A,
Articles screened on full-text:
n=275 Full-text articles excluded because of:
E‘ = not measuring sedentary behaviour:
B n=134
= =  mean age <60 years: n=72
i i o] * samplesize < 50 people: n =10
= article design {review, etc.):n=8
# nobiomarker:n=5
#» accelerometer use < 3days:n=1
[ » no full-text available:n =2
— - = Sedentary behaviour as outcome: n=1
. » Sedentary behaviour and biomarker not
Studies included in final assessment: correlated: n w2
Total: n=40*
RCTs: n=4
POS: n=3*%
CSS: n=34*
Excluded studies because of lack
' of quality [CASP eriteria):
3 > ACT: n=0
2 " POS: n=1
C35: n=13
studies included in final report:
Total: n= 26*
RCTs: n=4
POS: n=2*
€588 n=21*

*Rermark: One study of Cooper et al. was & cohort study with prospective data as well as ¢ross sectional data and thus

counted as POS and €55

Fig. 1. Flow chart for article selection of randomized controlled trials (RCT), prospective observational studies (POS) and cross-sectional studies [CS5).
*Remark: One study of Cooper et al. {20112} was a cohort study with prospective data as well as cross sectional data and thus counted as POS and C5.

lowing decision rules as suggested by CADTH (CADTH, 2016), were
used for standardised statements about the statistical significance:

¢ 0% of studies showed statistically significant results = no evidence
for any association

# 1% to 33% of studies showed statistically
results = generally no evidence for any association.

* 34% to 66% of studies showed statistically significant
results =mixed evidence for association

e 67% or more studies showed statistically
results = generally evidence for association

significant

significant

Due to the few studies of high quality, we decided to apply this
method of categorisation, although often less than 5 studies with
statistically significant results were found. To ensure a minimum
level of validity, we applied this tool in all biomarkers measured in
=3 studies (RCT and/or POS).

2.8. Swmategy for data synthesis and subgroup analysis

We tabulated the single study results and grouped them accord-
ing to comparable biomarkers. All results were stratified with
appropriate subgroup analyses, for instance according to expo-
sure type (SB and PA separately), type of SB/PA assessment
(guestionnaire- versus sensor-based), biomarker type and study
design (RCT and CCT separately). We anticipated conducting a
meta-analysis if sufficient homogeneity was evident across the
study types and outcomes of interest and enough studies could be
identified in comparable areas.

3. Results
3.1. Results of the literature search

Our initial searches identified 12,701 hits. After the exclusion at
title level, removing of duplicates and the matching of results from

the two independent reviewers (including removing duplicates), a
final list of 275 full-text articles was scrutinised. 235 articles were
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subsequently excluded according to our in- and exclusion crite-
ria (full details in Fig. 1). 3 studies included people with a large
age range in their sample, yet a mean age below 60 years. Upon 3
attempts to contact the authors, 1 group (Aadahl et al., 2014)) pro-
vided additional data, whilst 2 authors did not respond and were
subsequently excluded due to age <60years (Knight et al., 2014;
Mohri et al., 2013).

After exclusions, 40 studies were considered eligible, however
after further revision and evaluation, another 14 articles (1 POS,
13 CSS) were excluded (for more details see “risk of bias (quality)
appraisal”), thus leading to a total of 26 articles (4 RCT, 2 POS and
21 CS5). The study from Cooper et al. (2012) was included as a POS
and CSS due to longitudinal and cross-sectional analysis of the data
reported by the study authors.

3.2. Definition of sedentary behaviour

We found a highly heterogeneous definition of SB, which was
often misclassified as simply the absence of PA and therefor 134
papers were excluded. The most frequent definition of SB was total
time spent at less than 100 counts per minute using data from an
accelerometer (Gabriel et al., 2012; Cooper et al., 2012; Bann etal,,
2015; Gennusoetal., 2013; Lee et al., 2015; Lynch et al., 2010, 2011;
Santos et al., 2012; Sardinha et al, 2015; Stamatakis et al., 2012).
Henson et al. (2013 ) defined SB in a similar way but with smaller
epochs of less than 25 counts per 15 5. Other authors used the same
definition of 5B as used in this review with less than 1.5 MET (Bann
et al., 2015; Cooper et al,, 2014; Suboc et al., 2014). Some studies
did not define 5B at all { Aadahl et al., 2014; Kirk et al., 2009).

A total of 14 studies (3 RCT, 1 POS, 11 C55, whereas Cooper et al.
(2012) were included as POS and C55) measured SB with sensors
or accelerometers, another 2 C55 (Bann et al,, 2015; Stamatakis
et al,, 2012) with both, accelerometer and questionnaire, while 10
studies measured 5B by questionnaires only. Of these 10 question-
naires, 6 enquired about TV watching time (1 POS, 5 CSS), whilst
the remainders included more detailed questions about 5B (1 RCT,
3 CSS).

3.3. Characteristics of included studies

3.3.1. Randomized controlled trials (RCTs)

An overview of the RCTs is listed in Table 1a. Overall, a total of
397 participants in the RCTs were represented (Intervention Group,
(1G): 245; Control Group, (CG): 152). Although SB was evaluated,
the primary aims of 2 RCTs were to increase PA but not reduce SB. 3
RCTs(Aadahl etal,, 2014; Suboc et al., 2014; Ewald et al., 2010) cap-
tured SB objectively with an accelerometer (ActiGraph), whereas
Kallings et al. (2009) evaluated SB with the International Physical
Activity Questionnaire (IPAQ), which consists of 2 questions on the
amount of sitting time in the last 7 days: one for average weekday
and one for average weekend day.

Intervention was mainly focused on increasing habitual PA. This
was triggered through different processes: an intervention with
pedometer-use plus a weekly visit on an interactive website with
the aim of increasing PA level by 10% each week up to 10,000
steps/day (Suboc et al, 2014); written PA prescription with the
aim of increasing PA level to 30 min MVPA per day (Kallings et al.,
2009); a written PA pack with a self-instructional workbook based
on a trans-theoretical model of behaviour change (Kirk et al., 2009).
Only 1 study focused on decreasing SB with 4 main aims, such as
decreasing daily TV viewing time, substitute sitting with standing,
break up prolonged sitting time and a maximum of 30 min of sitting
per episode {Aadahl et al., 2014).

3.3.2. Prospective observational studies (POS)

An overview of the POS is listed in Table 1a. In the 2 cohort
studies (Cooper et al., 2012; Fung, 2000) a total of 846 participants
were represented. Fung (2000) used a questionnaire focusing on
the number of hours of television watching to measure SB in men,
whereas Cooper et al. (2012 used objectively measured SB time by
accelerometer measurements (ActiGraph).

3.3.3. Cross-sectional studies [C55)

A total of 41,816 participants were included across the 21 CS5.
The characteristics of these CCS are listed in Table 1b. Most of
the studies focused on 5B and its association to biomarkers (16/21
studies), from which 5 focused on TV watching time. 2 other stud-
ies investigated both SB and PA as exposure (Lynch et al., 2010;
Santos et al., 2012), 1 study (Larsen et al., 2014a) calculated sit-
ting time, whereas 2 studies evaluated SB as secondary outcome
(Gabriel et al., 2012; Reaven et al., 1991).

The majority of the studies used objectively measured time of SB
by accelerometer (11/21 studies). 2 studies evaluated both objec-
tively measured SB and SB measured by questionnaire (Bann et al.,
2015; Stamatakis et al.,, 2012). 5 studies focused on time spent with
TV watching and 3 used the following questionnaires: Reaven et al.
(1991) adapted a questionnaire from the Health Interview Survey,
which measured 17 different leisure time activities in the last 2
weeks; Larsen et al. (2014a) measured daily SB by asking about
time spent being sedentary on a typical weekday; Allison et al.
(2012} evaluated the time spent being sedentary by using the “Typ-
ical Week Physical Activity Survey” which measures 5B in the last
7 days.

34. Sedentary behaviour and biomarkers

34.1. Overview of biomarkers explored in the literature

Table 2 provides an overview of the associations between SB and
each biomarker system including: anthropometric parameters, sys-
temic parameters, blood lipids, glycaemic parameters, performance
biomarkers, inflammatory biomarkers and others. A total of 63
biomarkers were evaluated (counting ratios of different biomarkers
separately). Table 3 considers the specific biomarker results within
each study design. There was insufficient homogenous data to per-
form a meta-analysis. Therefore, we describe the number of studies
that explored each biomarker and the summary statistics report-
ing the overall proportion of these studies that found a statistical
association. Only the statistically significant results from the mul-
tivariable analyses are shown. If significant, biomarkers showed
evidence for an unfavourable association with higher ST. Body mass
index (BMI, 9 of 15 of the studies significant), waist circumference
(WC, more than 8 of 15 of the studies significant), insulin (4 of
8 studies significant) and high density lipoprotein (HDL, 6 of 15
studies significant) were examined in a lot of studies and demon-
strated the most reliable results. For a more detailed description
see Tables 2 and 3.

We identified 4 “risk population” studies. 1 POS of Cooper et al.
(2012), performed in diabetes type 2 patients, showed a (statisti-
cally significant) positive correlation for SB with WC, HDL, insulin
and HOMA-IR. The CSS from Cooper et al. (2014 ), also performed in
diabetes type 2 patients, revealed a positive association for 5B with
WOC, too. The study from Lee et al. (2015}, performed in the high
risk osteoarthritis population showed lower gait speed and lower
chair stand rate associated with higher levels of SB. There were no
statistically significant results for the study of Lynch et al. (2010)
investigating the association between 5B with BMI, WC and insulin
in a breast cancer survivor cohort.
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3.5. Risk of bias (quality) appraisal

After revising the 40 articles by CASP criteria (CASF, 2016) and
general quality criteria {correctness of data illustration, selection
or reporting bias, misclassification etc.) we excluded 13 CSS for the
following quality linked issues [CASP score] and 1 POS:

a SBwas not sufficiently measured: Ewald et al. (2010) [3 of 6] and
Bianchi et al. (2008) [2 of 6] evaluated time spent being sedentary
with the Physical Activity Scale for the Elderly (PASE) and Kaino
et al. (2013) [2 of 6] used the Japan Arteriosclerosis Longitudinal
Study Physical Activity Questionnaire (JALSPAQ) which are good
instruments to measure PA but weak in calculating SB; Calderon-
Garciaetal. (2013) [4 of 6] calculated ST by asking “How much do
you exercise or strain yourself physically in your leisure time?”,
which had poor validity.

b Missing information about recruitment or cohort characterstics

(Azzabou et al,, 2015);

SB defined as simply being the opposite of PA, as in Gaba et al.

(2012) |3 of 6] or unclear definition of sedentariness (Elkan et al,,

2011} [1 of 6], Belza et al. (2001) [3 of B]):

d Poor quality of exposure or outcome assessment; e.g. Inoue et al.

(2012)[3 of 6] calculated BMI by self- reported weight and height,

among other issues;

Missing evaluation or lack of adjustment for important confound-

ing factors {comorbidities, medication status etc.), e.g. Li et al.

{2009)]2 of 6], Babaroutsi et al.(2005) [3 of 6] and others (Azzabou

etal., 2015; Elkan et al., 2011; Belzaet al., 2001; Inoue et al., 2012);

f Evidence of selection bias - like in Knight and Bermingham (1999)
|2 of 6] who compared a cohort from Day Care Centre to a cohort
from a bowling club;

g Implausible or irreproducible data - e.g. implausible data of sam-
ple size and sample origin (Azzabou et al., 2015) [3 of 6]);

h Biomarker calculated by self-report, like BMI from self-reported
weight and height or SB and biomarkers weren't measured at the
same point in time (Scott et al., 2015));

i We excluded the POS from Wijndaele et al.(2009) [3 of 8] because
BMI was calculated by self-report weight.

-

m

After the exclusion of these studies only 2 articles (Reaven et al.,
1991; Chase et al., 2014) with a low CASP-score < 3 remained. The
mean CASP score of RCTs was 5 out of 6, for cohort studies 5 out of
8 and for CSS 4.5 out of 6.

3.6. Relation of 5B and biomarkers

3.6.1. Sedentary behaviour and anthropometric and systemic
biomarkers

Of the 15 studies exploring this biomarker, 9 demonstrated a
positive association, including 1 RCT (Kallings et al., 2009) and 1
POS (Fung, 2000) study ( Table 2 and 3), whereas 2 RCTs(Suboc et al,,
2014; Kirk et al,, 2009) didn't show statistically significance, thus
there is mixed evidence for the association of 5B to BMI. WC was
also positively associated with SB in 1 POS (Cooper et al., 2012) and
7 CSS, but were not statistically significant in 4 RCTs. Relationships
between SB and both systolic BP (3 of 11 studies reporting this
biomarker found positive association) and diastolic BP (1 out of
10 studies found a positive associations) were found, whereas the
majority showed non-significant results. Neck circumference and
fat mass were positively correlated to 5B but were investigated in
only one RCT. There was only limited or no evidence for the other
anthropometric biomarkers (see Table 2 and 3).

3.6.2. Sedentary behaviour and blood lipids
Total cholesterol, HDL, low density lipoprotein (LDL) and triglyc-
erides were the main focusin the investigated studies. If statistically

significant association was prevalent, it was in an unfavourable
direction. For total cholesterol positive association was found in
1 RCT (Kallings et al., 2009), whereas the 3 RCTs (Aadahl et al.,
2014; Suboc et al., 2014; Kirk et al., 2009) and 1 POS (Fung, 2000)
didn't show any statistically significant association. HDL was sta-
tistically significant negatively associated with SB in 2 POS (Cooper
et al., 2012; Fung, 2000) but results in 4 RCTs (Aadahl et al,, 2014;
Suboc et al., 2014; Kirk et al., 2009; Kallings et al., 2009) were sta-
tistically not significant. Similar results were detected for the other
blood lipids (see Tables 2 and 3). Most RCTs didn’t show statistically
significant results, hence there is generally no evidence for an asso-
ciation of SB and blood lipids. Results linking SB and blood lipids
mostly derived from €SS studies and thus should be interpreted
accordingly.

3.6.3. Sedentary behaviour and glycaemic biomarkers

There was some indication found of an unfavourable impact of
SB on fasting insulin levels, with statistically significant associa-
tions in 1 RCT (Aadahl et al., 2014) and 1 POS (Cooper et al., 2012).
However 1 RCT (Suboc et al., 2014) and 1 POS (Fung, 2000) didn't
show any association, which lead to mixed evidence for a possi-
ble impact of SB on insulin levels. For HbA, ¢, only 1 RCT (Kallings
et al., 2009) was statistically significant. HOMAR-IR (Cooper et al.,
2012) and C-peptide (Fung, 2000) were positively correlated to SB
in 1 POS. Glucose levels did not appear to be related to SB in 3 RCTs
(Aadahl et al., 2014; Suboc et al., 2014; Kallings et al., 2009). Initially
equivocal results in 2 CSS, with 1 positive (Gennuso et al., 2013) and
1 negative association (Bankoski et al., 2011) were clarified by con-
tacting the author. In both studies SB was associated with higher
blood glucose levels. The impact of SB on glycaemic biomarkers was
limited and largely restricted to CS5 (Tables 2 and 3), precluding
definitive conclusion.

3.6.4. SB and muscle or physical performance biomarkers

Muscle tissue, performance, strength or other performance
components were measured in 5 CSS (Bann et al., 2015; Santos
et al., 2012; Sardinha et al., 2015; Lee et al., 2015; Larsen et al.,
2014a). 4 CS5 also evaluated the association of SB and some perfor-
mance biomarkers. Lee et al. (2015) found a statistically significant
negative correlation for SB with gait speed and chair stand rate.
Santos et al. (2012) constructed a composite Z-score of 6 perfor-
mance biomarkers (6 min walk test, 8 foot up and go, arm curl,
chair stand rate, chair sit and reach or back scratch) which associa-
tion with 5B was significant negative, but he did not list the results
separately. Bann et al. (2015) and Sardinha et al. (2015} did not find
a significant correlation for SB and performance biomarkers.

3.6.5. 5B and inflammatory biomarkers

There was a relative paucity of studies investigating inflamma-
tory biomarkers and SB. CRP was investigated most frequently,
although restricted to 4 CSS studies and 1 RCT, with only 2 CSS
studies demonstrating that SB was positively associated with CRP.
Only 2 CSS studies investigated IL-6 and SB, with 1 CSS finding a
positive association. Given the limited number of studies and over
reliance on CSS, the evidence base is inconclusive concerning the
relationship between SB and inflammatory markers.

3.6.6. SB and other biomarkers

There was a distinct lack of studies investigating renal or bone
biomarkers and SB. Only 1 study measured Vitamin D status (Scott
et al., 2015), but it was considered as too low in quality ((see 9) in
‘Risk of bias appraisal'), because different points of time exposure
and outcome were measured.

Leptin, which can be seen as adiposity-associated inflammation
marker or regulation marker of hunger and fat metabolism, was
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higher with a higher amount of time spent sedentary (2 of 4 studies
significant, 1 POS).

We could not identify any study investigating renal, cellular,
respiratory, signal transduction or genetic biomarkers and SBE meet-
ing our inclusion criteria. None of the included studies evaluated
the impact of SB on biomarkers of the gastrointestinal or periph-
eral/central nervous system, neither focused on steroid or hormone
biomarkers.

4. Discussion

Within our comprehensive systematic review, findings from
high quality papers showed mixed evidence for the association
of SB and biomarkers. When statistically significant results were
prominent, SB was associated in an unfavourable direction, espe-
cially in anthropometric (BMI, WC, neck circumference, fat mass),
blood lipid (cholesterol, HDL, LDL), glycaemic (HbA;c, insulin,
HOMA-IR, C-peptide) and hormonal (leptin) biomarkers. However
several statistically non-significant study results were detected,
many of which were of high quality. Some results of lower qual-
ity studies may be incidental findings or point to the existence of
additional confounders, which are unaccounted so far.

Despite the relative paucity and equivocal nature of SB and
biomarkers in older age, studies performed in younger cohorts
strengthen the hypothesis that SB has harmful effects on biomarker
levels. For instance, Healy et al. (2008a,b} found an inverse relation
of breaks in ST and BMI (Healy et al., 2008a) and WC (Healy et al.,
2008a,b)or Zhou et al. (2016) revealed an increased risk for devel-
oping Metabolic Syndrome {MES) with higher ST support those
findings. Fasting insulin levels, another MES risk factor, improved
with reducing ST (Aadahl et al, 2014; Cooper et al., 2012). Simi-
lar results for glycaemic biomarkers, such as postprandial glucose
and insulin levels were detected in other RCTs (Duvivier et al.,
2013: Peddie et al., 2013) or CSS (Yates et al., 2012) performed
in younger cohorts. Considering results from Krogh-Madsen et al.
(2010), showing a decrease in insulin-stimulated muscle activity
phosphorylation and decreased peripheral insulin sensitivity by
reducing daily activity for only 2 weeks, there appears to be a
strong connection between SB and impaired glucose and insulin
metabolism in younger age.

Our review identified some studies that evaluated the associ-
ation between change in ST and systemic parameters, including
blood pressure (Gabriel et al., 2012; Reaven et al., 1991; Jakes et al.,
2003), or heart rate (Reaven et al., 1991). Surprisingly and contrary
to our expectation we identified no association between change
of SB with blood pressure in 3 included RCTs (Suboc et al, 2014;
Kirk et al., 2009; Kallings et al., 2009). Investigations in younger
cohorts demonstrated a clear trend of significantly improving BP
levels by reducing ST (Christofaro et al., 2015) or by breaking up
prolonged sitting periods (Larsen et al., 2014b). Already the advice
of increasing PA levels seems to have a positive effect coming along
with lower BP levels (Figueira et al., 2014). Possible explanations for
no effects in older cohorts could be confounding by antihyperten-
sive medication, increased arterial stiffness or reduced heart rate
variability (Bonnemeier et al., 2003) in older age. Similar effects
were detected for blood lipids, with better profiles associated to
less ST (Marsh et al., 2014). As underlying mechanism Hamilton
et al. (2007, 2004) suggested a poor lipid metabolism with inac-
tivity by suppression of skeletal muscle lipoprotein lipase activity.
SB has also been associated with chronic low-grade inflamma-
tion in younger cohorts (Yates et al, 2012; Falconer et al., 2014).
When looking in elderly people we only identified few, mainly CSS
(Gennuso et al,, 2013; Henson et al., 2013; Fung, 2000; Allison et al.,
2012; Hamer et al., 2013), showing higher levels of CRP, IL-6 and
leptin in those with less physical activity. Besides missing longitudi-

naldata a higher low-grade inflammation (Franceschi and Campisi,
2014) in older age could distort or reduce the effect size of these
outcomes,

Over and above preserving autonomy in older age is impor-
tant in order to maintain independence and quality of life. Dunlop
et al. (2015) reported a 46% greater odds of ADL disability
for each hour spent sedentary. Muscle function (Conley et al.,
2013) also appears to be negatively affected by SB suggesting
that macroscopic/performance (Cawthon et al., 2013) and micro-
scopic/biochemical parameters { Conley et al., 2013) would change
depending on 5T. The results found for our systematic review were
few. Results from Santos et al. (2012), who constructed a com-
posite Z-score out of different performance biomarkers, suggests
a negative association for performance biomarkers with SB, but no
longitudinal data of performance or muscle biomarkers is available
and thus drawing of causal conclusions is not possible. Given this,
future prospective studies should prioritise functional assessments
like the short physical performance battery (SPPB), grip strength
and dynamic muscle function. Such measures are easy to ascertain
with an evaluated predictive profile and can serve as modifiable
surrogates of autonomy in later life.

The highlighted results of the four “risk population” studies
showed associations for SB with biomarkers in the same direc-
tion as the studies performed in non-risk populations. The results
from Lee et al. (2015), performed in the high risk osteoarthri-
tis population with lower gait speed and lower chair stand rate
associated with higher levels of SB can be argued over. This is
the only study, which showed (remaining) statistically significant
results for performance parameters. Even if SB measurements were
adjusted for osteoarthritis pain index, osteoarthritis symptoms and
other comorbidity indices, there could be still another unknown
confounder, related to osteoarthritis triggering this biomarker out-
COMme.

Surprisingly, there was an absence of studies (meeting our inclu-
sion criteria) investigating SB and its possible impact on renal,
muscle or bone biomarkers performed in the elderly. There is
howewver good reason to believe that especially bone and muscle
metabolism is influenced from SB due to multifactorial processes.
Prioreschi et al. (2015) results from a smaller cohort revealed low
bone mass for higher levels of SB and a possible protective effect for
bone mineral density with breaking up ST more frequently. Even
in younger cohorts, ST has been implicated as being negatively
related to changes in whole-body bone mineral density, lumbar
spine bone mineral content, lumbar spine bone area and femoral
neck (Ivuikans et al., 2015).

A large number of studies were excluded from our review
because they specifically measured PA rather than focus on the dis-
tinct construct of SB. For instance, several studies focussed ona lack
of PA rather than SB (Kirk et al,, 2009; Kallings et al., 2009). Recently
there is a rising interest of SB consequences and the idea of clearly
differentiating between the distinct behaviours of SB and PA. In this
direction, Barone Gibbs et al. (2016) demonstrated a higher effec-
tiveness for improving the SPPB score by reducing SB compared
to increasing moderate to vigorous PA. For that reason, biomark-
ers should be evaluated for both, PA and SBE. Former investigations
have shown that SB effects on biomarkers are independently of
MVPA levels (Cooper et al., 2014; Healy et al.,, 2008b; Yates et al.,
2012). Additionally reducing inactivity often has a higher effective-
ness on the biomarker level, than the amount of physical activity
itself (Duvivier et al., 2013; Peddie et al., 2013). For that reason
new studies should investigate biomarkers and health outcomes
with focusing on reducing SB.

Whilst our comprehensive review provides novel insights, some
limitations should be mentioned. First, we identified relatively few
high quality or longitudinal studies investigating SB and biomark-
ers specifically in older adults. Therefore, we were not able to
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conduct a meta-analysis as we anticipated. Additionally the CADTH
tool (CADTH, 2016), used for standardised statements about the
statistical significance, was adapted, so we were able to apply it
to fewer studies available. This should be considered, when rat-
ing the state of evidence. Second, there were no stratified analyses
assessing the question if age or gender is a possible effect mod-
ifier. Both, age and gender were often added into the analysis as
confounders, but there is still the necessity to evaluate the possi-
ble presence of interaction in the association between sedentary
behaviour and different biomarkers. Third there was consider-
able heterogeneity in the definitions of SB and the high diversity
of reported outcome-parameters, again a pertinent factor making
meta-analysis impossible. SB was often misclassified as simply a
lack of PA. With respect to the performed analyses some stud-
ies measured the mean change (Bann et al., 2015; Kallings et al,,
2009), others calculated odds ratios (Gao et al., 2007) or Pearson
correlation coefficients (Gabriel et al., 2012), whereas others calcu-
lated a linear or multiple regression coefficient (Henson et al., 2013;
Cooper et al., 2014; Allison et al., 2012). Strict definitions focussing
specifically on SB are necessary to allow comparison of results from
different studies. There are currently several initiatives attempting
to harmonize these approaches such as the standardised defi-
nition of SB published in 2012 (Sedentary Behaviour Research
Metwork, 2012), the 2011 launched online “Sedentary Behaviour
Research Metwork™ (SBRN) (SERN, 2016) or the SIT project from
Chastin and Skelton (in press). There are some initiatives aimed
tackling SB. A large Canadian organization called ParticipACTION
(ParticipACTION, 2016) is trying to help Canadians to sit less by
offering age adjusted activity programs. Similar intentions are
given in the multi-centre EU study SITLESS (SITLESS, 2016) with
the aim of reducing SB in elderly by a PA intervention enhanced
by self-management-strategies. Objectively measured SB will be
correlated with several biomarkers and muscle biopsy results to
further elucidate the biochemical influence of SB on health out-
comes.

Currently, we have limited understanding of the impact of SB
on different biomarker systems in older age. The current knowl-
edge base in this regard is overwhelmingly based upon CSS. Given
our findings, there is an urgent need for adequately representative,
prospective cohort and randomized controlled studies to investi-
gate the impact of SB on various biomarkers in order to ascertain
a better understanding of the pathophysiological and also to test
the hypothesis for causality. Besides the majority of studies were
of moderate to high quality, the presence of reporting bias should
still be considered. Some effects of selection bias could be present as
well, regarding that some studies focused on participants of a high
risk population, such as diabetes mellitus patients (Cooper et al.,
2012, 2014) or breast cancer survivers (Lynch et al., 2010). Addi-
tionally 17 of our 26 studies calculated SB by subjective methods,
which are less accurate than objective methods, since people tend
to underestimate their time spend in SB, due to simple uncertainty
or social desirability (Harvey et al., 2013). In future research objec-
tively measured SB should be preferred to better calculate the real
time spent sedentary.

5. Conclusion

There is a paucity of studies investigating the impact of seden-
tariness in older people. Currently there is mixed evidence for the
impact of SB and biomarkers. When statistically significant results
were found, SB was associated in an unfavourable way to biomark-
ers, but results were mostly derived from cross sectional studies
and thus should be interpreted accordingly. Due to a broad defini-
tion and misclassification of sedentary behaviour as simple lack of
physical activity there is still a deficiency of evident, causal rela-

tions. There is a need for high guality studies to better understand
the underlying pathophysiological pathways and finally the bur-
den between sedentary behaviour and the biomarkers implicated.
Broad investigations are necessary to evaluate possible impact
of sedentary behaviour on biomarkers, including those with an
absence of data such as bone and muscles biomarkers. Future
research should utilise an official definition of sedentary behaviour,
clearly disentangle the relationships between each biomarker and
sedentary behaviour and physical activity and use objective or at
theleast use standardised self-report measures for assessing seden-
tary time.
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Appendix A.

Table A1

Table Al
Search strategy.

concepts search terms

sedentariness seden® OR television OR accelerometer OR pedometer

age age OR aging OR elderly OR older

biomarkers bone biomarker OR biomarker OR CRP OR interleukin OR
endocrine OR diabetes OR insulin OR cardiovascular OR CNS
OR central nervous system OR neurological OR hormones OR
inflammation OR hematology O blood OR liquor OR
epigenetic OR genetic OR DNA OR RNA or ultrasound OR BlA or
bicelectrical OR caliper OR stem cell OR cerebrovascular OR
cancer OR cytokine OR mitochondr® OR immune OR protein
OR urine OR muscle OR gait OR factor OR transcription OR
strength OR handgrip OR oncology OR nephrology OR men
health OR women health OR COPD OR pulmonary OR lung OR
asthma OR glucose OR GID OR gastrointestinal OR gastric OR
lipoprotein OR anabol OR katabol OR thyroid OR steroid OR
metabolic OR testosterone OR estrogen
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Appendix B.
Table A2
Table A2
Definitions.
Accelerometer An instrument for measuring the acceleration
of a moving body
Biomarker A characteristic that is objectively measured

and evaluated as an indicator of normal
biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic

intervention

Moderate-vigorous physical  Physical activity performed at intensity =3

activity Metabolic Equivalents [METs)

Sedentary behaviour Activities with an energy expenditure = 1.5
Metabolic Equivalents (METs) while in a sitting
or reclining posture during waking hours; not
simply the absence of physical activity
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Anexo 3. Escala AMSTAR-2: herramienta de evaluacion critica de
revisiones sistematicas de estudios de intervenciones de salud.

AMSTAR-2 item

1. ¢Las preguntas de investigacion y los criterios de inclusién para la revision incluyen los componentes
PICO?

2. El reporte de la revisién contiene una declaracion explicita de que los métodos de la revision

fueron establecidos con anterioridad a su realizacion y justifica cualquier desviacion significativa del
protocolo?

3. ;Los autores de la revisién explicaron su decision sobre los disefios de estudio a incluir en la
revision?

4. ;Los autores de la revision usaron una estrategia de busqueda bibliografica exhaustiva?

5. ;Los autores de la revision realizaron la seleccion de estudios por duplicado?

6. ;Los autores de la revision realizaron la extraccion de datos por duplicado?

7. iLos autores de la revision proporcionaron una lista de estudios excluidos y justificaron las
exclusiones?

8. ;Los autores de la revision describieron los estudios incluidos con suficiente detalle?

9. ¢Los autores de la revisidon usaron una técnica satisfactoria para evaluar el riesgo de sesgo de los
estudios individuales incluidos en la revision?

10. Los autores de la revision reportaron las fuentes de financiaciéon de los estudios incluidos en la
revision?

11. Si se realizd6 un metanalisis, ;los autores de la revision usaron métodos apropiados para la
combinacion estadistica de resultados?

12. Si se realizd un metanalisis, ;los autores de la revisién evaluaron el impacto potencial del riesgo de
sesgo en estudios individuales sobre los resultados del meta-analisis u otra sintesis de evidencia?

13. iLos autores de la revisidn consideraron el riesgo de sesgo de los estudios individuales al
interpretar / discutir los resultados de la revision?

14. ;Los autores de la revisién proporcionaron una explicacidon satisfactoria y discutieron cualquier
heterogeneidad observada en los resultados de la revisién?

15. Si se realizd sintesis cuantitativa ;los autores de la revisidon llevaron a cabo una adecuada
investigacion del sesgo de publicacién (sesgo de estudio pequefio) y discutieron su probable impacto
en los resultados de la revisién?

16. ;Los autores de la revision informaron de cualquier fuente potencial de conflicto de intereses,
incluyendo cualquier financiamiento recibido para llevar a cabo la revisién?
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