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RESUMEN TESIS DOCTORAL

INTRODUCCION

La fragilidad se define como un sindrome clinico de mayor vulnerabilidad a factores externos
gue pueden desencadenar efectos adversos para la salud y llevar a la muerte. Este sindrome se
caracteriza por una disminucidn acelerada de las reservas funcionales, donde los pacientes son
susceptibles a eventos aparentemente menores (por ejemplo, una infeccidbn o un nuevo
medicamento) que pueden provocar un empeoramiento grave de la salud con periodos
prolongados de recuperacién y repercusiones en el nivel general de funcionamiento. Los efectos
adversos asociados con la fragilidad incluyen caidas, discapacidad, hospitalizaciéon y mortalidad.
La prevalencia estimada de personas fragiles mayores de 65 afios en los paises europeos oscila

entreel 5,8 %y el 27,3 %.

La fragilidad es prevenible y parcialmente reversible si se diagnostica a tiempo, por lo que existe
un especial interés en desarrollar biomarcadores para la identificaciéon de personas en riesgo e
implementar intervenciones oportunas con el fin de reducir los eventos adversos. En este
sentido, el desarrollo de biomarcadores cuantitativos para el diagndstico de fragilidad es de

suma importancia.

El diagnéstico clinico de fragilidad se basa en la definicion operativa de Fried basada en cinco
criterios y es el método mas utilizado para identificar a las personas fragiles y prefragiles en el
entorno clinico. Aunque es una herramienta ampliamente validada, tiene algunas limitaciones
en la practica clinica. Por ejemplo, tiene una capacidad limitada para predecir la progresidn de
un estado robusto o prefragil a uno fragil. Ademas, algunos de los criterios de fragilidad son
subjetivos y pueden dificultar la evaluacién en varios escenarios clinicos (por ejemplo, en

pacientes con deterioro cognitivo o depresién).

Hasta la fecha, no existe un biomarcador cuantitativo especifico para el diagndstico de
fragilidad, aunque se estan investigando muchos marcadores circulantes y de imagen. Un buen
biomarcador debe ser accesible, rentable, preciso y fiable. En los uUltimos afos, el concepto de
paneles de biomarcadores en lugar de biomarcadores individuales estd ganando mas

importancia.

Aunque se estdn investigando varios parametros ecograficos, no esta claro si los pardmetros de
tamafio muscular o de calidad muscular o una combinacién de ambos muestran un mejor

rendimiento en el diagndstico de pacientes fragiles. Ademds, la falta de protocolos
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estandarizados para realizar ecografias musculares en pacientes ancianos con sarcopenia puede
disminuir la fiabilidad y la reproducibilidad de los resultados y presenta una importante

limitacion para la implementacidn clinica.

No hay estudios que hayan investigado la combinacién de marcadores circulantes y de
parametros de imagen ecografica para el diagndstico de fragilidad. Esto es importante ya que los
hallazgos de imagen deben respaldarse con datos bioldgicos para comprender los perfiles

histoldgicos y moleculares de los pardmetros visuales.

Aunque la ecografia muscular no forma parte de los protocolos actuales para el diagnéstico de
sarcopenia, esta técnica podria ser util en el ambito clinico, ya que puede medir cambios en el

volumen, la composicidn y la arquitectura del musculo.

Por lo tanto, asumimos que las imagenes ecograficas se pueden usar de manera fiable para
evaluar la sarcopenia siempre que se haya aplicado el protocolo apropiado y el operador esté
capacitado para realizar el examen. Asimismo, postulamos que el protocolo con una
combinacion de pardmetros ecograficos que evalien tanto la masa como la calidad muscular
pueda distinguir a los individuos en riesgo de fragilidad entre los pacientes ambulatorios.
Ademas, planteamos la hipdtesis de que la combinacidn de parametros ecograficos y circulantes
seria una buena herramienta cuantitativa para diagnosticar pacientes con riesgo de fragilidad en

el entorno clinico.

METODOLOGIA

Este fue un estudio experimental realizado en un entorno clinico ambulatorio. La parte
experimental del estudio incluyd ecografia muscular y analisis de sangre. El estudio se realizé en

humanos tras obtener la aprobacién del comité de ética del CHGUV.

Los criterios de inclusion para el grupo experimental:

- 60 afios 0 mas,

- capacidad para caminar de forma independiente (incluso con la ayuda de un bastén/andador),

- acceso a la historia clinica.

Los criterios de exclusion:
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- trastornos neuromusculares o enfermedades agudas o crdnicas que alterarian la arquitectura
muscular o interferirian con la mediciéon de la fuerza de prensiéon usando un dinamdémetro

manual,
- pacientes oncoldgicos en tratamiento (quimio o radioterapia),

- pacientes institucionalizados o pacientes que no pueden llegar al centro de investigacién

utilizando sus propios medios de transporte,

- demencia grave que influiria en la capacidad del paciente para comprender el consentimiento

informado y el cuestionario.
Se invitd a participar como grupo de control a sujetos sanos entre 20 y 59 afios.
Ecografia muscular

Se escanearon las cuatro cabezas del musculo cuddriceps femoral. El primer conjunto de
imagenes se tomd en el punto medio entre la espina iliaca anterosuperior y el céndilo femoral
lateral en planos transversal y longitudinal y se utilizé para evaluar las cabezas de los musculos
recto femoral y vasto intermedio. Luego, con la sonda sostenida en posicion longitudinal, se le
pidié al paciente que contrajera el musculo cuddriceps y se tomaron las imagenes en
contraccion. Desde este punto, la sonda se colocé lateralmente al mismo nivel para incluir la
cabeza del musculo vasto lateral. Las imdgenes se tomaron en planos transversal y longitudinal,
en reposo y en contraccion. Finalmente, la sonda se colocd en posicién medial y ligeramente
distal y se explord la cabeza del vasto medial en ambos planos (longitudinal y transversal) en

reposo y durante la contraccion.

Las imagenes se procesaron con Imagel software. La ecointensidad (El) y el grosor muscular
(MT) se midieron a partir de las imagenes tomadas en el plano transversal y se utilizé el valor
medio de las tres medidas para el anadlisis estadistico. Para la ecointensidad se trazdé un ROI
manual incluyendo la mayor parte del musculo visible en la imagen y evitando la aponeurosis y
el hueso. El grosor muscular se midié a partir de imagenes transversales como la distancia
maxima entre las dos aponeurosis, utilizando la herramienta de regla y se utilizé el valor medio
para el analisis. Los dangulos penados (PA) se midieron a partir de imagenes longitudinales en
reposo y en contraccién utilizando la herramienta de dngulo. Se eligié un fasciculo claramente
visible y se trazé el dngulo entre el fasciculo y su insercién en la aponeurosis profunda.
Finalmente, el area del recto femoral se midid a partir de las imagenes tomadas con el

transductor convexo utilizando ROl manual.
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La fuerza de prension de la mano dominante se midid utilizando un dinamémetro de mano.
Medicién de la velocidad de la marcha se midid con la aplicacidon de cronédmetro del teléfono

Android.

Cuestionario — se registraron los datos epidemiolédgicos y antropométricos, comorbilidades y

factores de riesgo.

Se utilizaron los criterios de fragilidad propuestos por Fried y colegas para determinar el
fenotipo de fragilidad. Estos criterios evalian la pérdida de peso no intencionada, el

agotamiento, la baja actividad fisica, la marcha lenta y la debilidad muscular.

Cada criterio positivo se puntud con un punto. La puntuacién final fue la suma de los cinco

criterios. Segun el nimero de puntos, los pacientes se clasificaron en:
Robusto — 0 puntos,

Pre-fragil — 1 o 2 puntos,

Fragil — 3-5 puntos.

Andlisis bioquimicos

Se extrajo sangre después de al menos 8 horas de ayuno. Se analizaron los siguientes analitos:
leucocitos con formula leucocitaria, hematies, hemoglobina, hematocrito, plaquetas, proteinas,
proteina C reactiva, albumina, glucosa basal, urea, creatinina, filtrado glomerular, calcio, fésforo,
transaminasas, cloro, potasio, sodio, colesterol total, triglicéridos, colesterol HDL y LDL,
creatinfosfoquinasa, homocisteina, ferritina, hierro, indice de saturacion de transferrina,
vitamina D, cortisol, insulina, parathormona (PTH), tirotropina (TSH) y factor de crecimiento

insulinico tipo 1 (IGF-1).

La muestra de plasma se utiliz6 para la determinacién de malondialdehido (MDA) y

carbonilacion de proteinas como marcadores de estrés oxidativo.

Las citoquinas pro y antiinflamatorias se evaluaron en muestras de plasma. Se utilizdé un kit de
ensayo Luminex comercial para la deteccidon y cuantificacion de las siguientes citoquinas: ITAC,
Fractalkine, IFN-y, IL-10, MIP-3a, IL-12p70, IL-13, IL- 17a, IL-1B, IL-2, IL-4, IL-23, IL-6, IL-7, IL-8,
TNF-a.

16



Andlisis estadistico

El analisis estadistico se realizé utilizando el software SPSS, versidn 22.0 para Windows (IBM,
SPSS Inc.). Todas las variables continuas se presentaron como medias * desviaciones estandar,
mientras que las variables ordinales se presentaron como cantidad y porcentajes. La distribucién
de las variables continuas se evalud con la prueba de normalidad de Kolmogorov-Smirnov. Para
evaluar las diferencias entre sexos se utilizé la prueba t-student para las variables con
distribucién normal (variables paramétricas) y la prueba de Mann-Whitney para las variables no
paramétricas. Las diferencias de las variables de estudio segin el fenotipo de fragilidad se
evaluaron mediante la prueba ANOVA para variables paramétricas seguida de la prueba post-
hoc de Bonferroni, mientras que para las variables no paramétricas se utilizd la prueba de

Kruskal-Wallis.

Se realizd un andlisis de correlacion para evaluar las relaciones entre las caracteristicas fisicas,
ecograficas y los pardmetros bioquimicos. La fuerza de la correlacién se dividié arbitrariamente
en tres categorias: débil, moderada y fuerte, y se interpretd como débil para valores r<0,399,

moderada para valores r de 0,400 a 0,699 y fuerte para valores r>0,700.

La precisién de los parametros ecograficos se evalué utilizando dreas bajo la curva ROC (por sus
siglas en inglés Receiver Operating Characteristic). La precision de la técnica de medicion se
evalué utilizando los coeficientes de correlacidn intraclase (ICC) y los limites de concordancia de

Bland-Altman.

Se realizé un andlisis de regresion logistica con parametros ecograficos y bioquimicos ajustados
con caracteristicas fisicas para determinar los mejores modelos predictivos de fragilidad. El
fenotipo de fragilidad se utiliz6 como variable dependiente, creando dos grupos: no fragiles y de
riesgo. Los pacientes robustos y los controles jévenes se asignaron al grupo no fragil, y los
pacientes fragiles y prefragiles se asignaron al grupo de riesgo. El nivel de influencia de las

variables independientes sobre la fragilidad se expresé mediante razones de probabilidad.

La significacion estadistica se definié como p<0,05.

RESULTADOS

La muestra consistié en 128 pacientes, de los cuales 66 fueron mujeres (51%) y 62 hombres
(49%). La muestra fue homogénea entre sexos en cuanto a edad, indice de masa corporal (IMC),
velocidad de la marcha y actividad fisica. Hubo diferencias significativas entre sexos en peso,

talla, fuerza muscular, actividad fisica intensa y moderada y tiempo sentado durante el dia.
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Hubo 36 controles (28%), 22 robustos (17%), 53 prefragiles (41%) y 17 pacientes fragiles (13%).
Hubo diferencias significativas entre los grupos en edad, talla, IMC, fuerza muscular, velocidad
de la marcha, actividad fisica intensa y marcha. No hubo diferencias significativas en peso,
actividad fisica moderada y tiempo sentado. Finalmente, la muestra se distribuyd

homogéneamente entre los grupos en cuanto al sexo.

En cuanto a los pardmetros ecograficos, hubo diferencias significativas entre sexos en casi todos
los parametros, excepto en los angulos penados del recto femoral, vasto intermedio y vasto

lateral, asi como del grosor muscular del vasto lateral.

Los parametros ecograficos segun el fenotipo de fragilidad mostraron los siguientes hallazgos:
hubo diferencias significativas entre los grupos para todos los parametros del recto femoral. El
grosor muscular de todas las cabezas del cuadriceps femoral mostrd diferencias significativas
entre los grupos. En cuanto a la ecointensidad, hubo diferencias significativas entre los grupos
para el recto femoral, mientras que el vasto intermedio, vasto medial y vasto lateral no
mostraron diferencias entre los grupos. Los angulos penados en reposo y en contraccién
mostraron diferencias significativas entre los grupos para todas las cabezas del cuadriceps

excepto el vasto medial en reposo.

Se analizaron un total de 61 muestras de sangre. Habia 34 mujeres (56%) y 27 hombres (44%)
individuos. Hubo 18 (29%) sujetos asignados al grupo control y 8 (13%) pacientes robustos, 26
(43%) prefragiles y 9 (15%) pacientes fragiles. Se realizd analitica general de sangre y estado

hormonal. Ademds, se evaluaron los parametros de estrés oxidativo.

Se realizé un analisis de correlacién de todas las variables del estudio con el fin de evaluar las
posibles relaciones entre los parametros ecograficos, fisicos y bioquimicos. Luego, estos
parametros se seleccionaron y utilizaron en el andlisis de regresion para determinar su valor

predictivo de fragilidad.

Las correlaciones del fenotipo de fragilidad con la ecografia y los pardmetros funcionales: hubo
una correlacién inversa moderada entre el fenotipo de fragilidad y el drea del recto femoral (r = -
0,612). El fenotipo de fragilidad mostré una correlacién negativa moderada con el grosor
muscular del recto femoral, vasto interno y el vasto lateral (r = -0,563, -0,483 y -0,403
respectivamente). Por otro lado, se mostraron correlaciones positivas moderadas entre la fuerza
muscular y el drea del recto femoral, asi como el grosor muscular del vasto medial (r=0,425 y
0,474 respectivamente). Inversamente, hubo correlaciones negativas entre la fuerza muscular y

la ecointensidad, moderadas para el recto femoral (r=-0,451) y débiles para el vasto medial y el
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vasto lateral (r=-0,380 y —0,382 respectivamente). Se encontraron correlaciones inversas débiles
entre la velocidad de la marcha y el grosor muscular del recto femoral, vasto medial y vasto
lateral (r=-0,260, -0,280 y -0,323), area del recto femoral (r=- 0.334), asi como con angulo
penado en contraccion del recto femoral y vasto intermedio y angulo pennado del vasto lateral
en reposo y contraido. No hubo correlaciones entre la velocidad de la marcha y la ecointensidad

de ninguna de las cabezas del cuadriceps femoral.

Se detectaron correlaciones negativas débiles entre las caidas y el drea del recto femoral, el
grosor muscular del recto femoral, vasto medial y lateral, asi como el angulo penado en la
contraccion del recto femoral y el vasto medial. Ademas, hubo correlaciones positivas débiles
entre la obesidad y la ecointensidad de todas las cabezas de los cuadriceps, asi como el grosor

de la grasa superficial.

El factor de crecimiento insulinico tipo 1 tuvo una correlacion positiva moderada con el area del
recto femoral y el fenotipo de fragilidad (r=0,510 y 0,582 respectivamente), y una débil
correlacién negativa con la ecointensidad del recto femoral, r=-0,378. También hubo
correlaciones positivas débiles con el grosor muscular del recto femoral y del vasto medial
(r=0,374 y 0,356 respectivamente), asi como con el angulo penado en la contraccién del vasto
intermedio, r=0,352. La parathormona mostrd una correlacidn positiva débil con el fenotipo de
fragilidad, r=0,352 y una correlacion negativa débil con el angulo penado del vasto lateral, r=-
0,302. El cortisol, la insulina y la hormona estimulante de la tiroides en su mayoria no tuvieron

correlaciones significativas con los parametros ecograficos.

Con el fin de evaluar el rendimiento de los parametros ecograficos como biomarcadores de

imagen y su utilidad clinica, los analizamos para determinar su exactitud y precision.

Para determinar la exactitud o el poder discriminativo de los parametros ecograficos, se
analizaron las areas bajo la curva ROC. El area del recto femoral y el grosor muscular del recto
femoral mostraron un poder de discriminacidon excelente (AUC = 0,838) y aceptable (AUC =
0,793), respectivamente. El 4drea del recto femoral mostré el poder discriminativo mejor que la

fuerza muscular. El resto de los pardmetros se comportaron de pobre a aceptable.

Para valorar la precision de los parametros ecograficos se evaluaron los coeficientes de
correlacién intraclase (ICC) y los limites de concordancia de Bland-Altman. Comparamos
mediciones repetidas para cada uno de los pardmetros ecograficos obteniendo un ICC excelente

para la mayoria de ellos, excepto el angulo pennado de los musculos vasto intermedio y vasto
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lateral, que mostré un buen ICC. La mayoria de los parametros tenian alta repetibilidad (o bajo

error de medicién).
Modelos de fragilidad con andlisis de regresion logistica

Se realizé un analisis de regresidn logistica utilizando parametros ecograficos y bioquimicos y
caracteristicas fisicas para estimar su poder diagndstico de fragilidad. Se desarrollaron multiples
modelos predictivos utilizando diferentes pardmetros ecograficos (grosor muscular,
ecointensidad, angulos penados y drea del recto femoral) ajustados con parametros bioquimicos
(parametros bioquimicos generales, panel de citoquinas y hormonas) y con las caracteristicas

fisicas (velocidad de la marcha, fuerza muscular, sexo, IMC).
1) Parametros ecograficos y caracteristicas fisicas

El modelo de analisis de regresién logistica BEST US fue estadisticamente significativo en el
primer paso (x2 (5) = 64.447, p<0.001). El modelo explicé el 54,2% de la varianza del fenotipo de
fragilidad y clasificd correctamente el 79% de los casos. Cuando se ajustd por caracteristicas
fisicas, el bloque y el modelo fueron estadisticamente significativos (p<0,001). El modelo explico
el 74,5% de la varianza del fenotipo de fragilidad y clasificd correctamente el 91,9% de los casos.
Area de recto femoral (p<0,001), grosor muscular de vasto medial (p=0,05), 4ngulo pennado en
contraccion de vasto medial (p=0,036), IMC (p=0,027), sexo (p=0,014) y fuerza muscular
(p<0,001) contribuyeron significativamente al modelo final. El grosor muscular del vasto lateral
fue significativo solo en el primer paso, mientras que el grosor de la grasa superficial del recto
femoral y la ecointensidad del vasto lateral no influyeron significativamente en la fragilidad. El
aumento de un centimetro cuadrado del area del recto femoral, y manteniendo el resto de
variables constantes, disminuye la probabilidad de fragilidad 1,95 veces. El aumento de un
centimetro de grosor muscular del vasto medial disminuye las probabilidades de fragilidad 4,18
veces. El aumento de un grado del angulo penado en contraccién del vasto medial aumenta las
probabilidades de fragilidad 1,16 veces. El aumento de un kg de fuerza muscular disminuye las
probabilidades de fragilidad 1,27 veces y el aumento de una unidad de IMC aumenta las
probabilidades de fragilidad 1,22 veces. Finalmente, las probabilidades de fragilidad fueron

14,08 veces mayores en mujeres que en hombres.
2) Pardmetros ecograficos y bioquimicos con caracteristicas fisicas

Se construyeron los modelos utilizando el drea del recto femoral o el grosor del recto femoral
(como los parametros con el AUC mas alto). Se evaluaron diferentes pardmetros bioguimicos, en

concreto, los que mostraron diferencias significativas entre los grupos de fragilidad. Las
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citoquinas y hormonas que mostraron correlaciones con el fenotipo de fragilidad también se

eligieron para este analisis.

El modelo de andlisis de regresidn logistica BIO 1 utiliza el grosor muscular del recto femoral
combinado con los mejores pardmetros bioquimicos generales. El modelo fue significativo en el
primer paso (p<0,001), explicdé el 47% de la varianza del fenotipo de fragilidad prediciendo
correctamente el 75,8% de los casos. Al ajustar con parametros bioquimicos, el bloque y el
modelo permanecieron significativos (p<0,001), el modelo explicé el 69,4% de la varianza y la
prediccion correcta fue del 87,1%. Finalmente, al ajustar con las caracteristicas fisicas, el bloque
y el modelo resultaron significativos (p<0,001), el modelo explicé el 83,8% de la varianza y
predijo correctamente el 93,5% de los casos. El grosor muscular del recto femoral (p=0,035), las
proteinas (p=0,022), la velocidad de la marcha (p=0,047) y la fuerza muscular (p=0,046)
contribuyeron significativamente al modelo final. La glucosa fue significativa en el segundo paso
(p=0,016) y no alcanzé significacion estadistica en el paso final. El aumento de un centimetro de
grosor muscular del recto femoral y el mantenimiento de todas las demas variables constantes,
disminuye 333 veces las probabilidades de fragilidad. El aumento de una unidad de proteinas
disminuye las probabilidades de fragilidad 143 veces. El aumento de un segundo del tiempo de
marcha (disminucién de la velocidad de la marcha) aumenta las probabilidades de fragilidad
8,87 veces. El aumento de un kg de fuerza muscular disminuye las probabilidades de fragilidad

1,26 veces.

Para el modelo BIO 2 los parametros utilizados fueron MIP-3a e IL-1B. Ambos parametros
mostraron correlaciones con el drea del recto femoral asi como con el fenotipo de fragilidad. El
modelo fue significativo en los tres pasos (p<0,001). Cuando se ajustd con parametros
bioquimicos y caracteristicas fisicas, el modelo explicd el 87,2% de la varianza y predijo
correctamente el 95,1% de los casos. Por cada centimetro cuadrado de aumento del area del
recto femoral y manteniendo constantes el resto de variables, la probabilidad de fragilidad
disminuye 2,69 veces. El aumento de una unidad de MIP-3a reduce las probabilidades de
fragilidad 1,17 veces. El aumento de una unidad de IL-18 disminuye las probabilidades de
fragilidad 12,34 veces. El aumento de una unidad de IMC aumenta las probabilidades de
fragilidad 1,67 veces. El aumento de un kilogramo de fuerza muscular disminuye las
probabilidades de fragilidad 1,6 veces. Las probabilidades de fragilidad eran 5000 veces mayores

en las mujeres.

El modelo BIO 3, utiliza IGF-1 e IFN-y, ambos pardmetros tuvieron una correlaciéon significativa

con el fenotipo de fragilidad. El modelo fue significativo en los tres pasos (p<0,001). En el paso
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final, cuando se ajusté con los pardmetros bioquimicos y las caracteristicas fisicas, el modelo
explico el 80,1% de la varianza y predijo correctamente el 93,3% de los casos. El grosor muscular
del recto femoral (p=0,030), el IFN-y (p=0,016) y la fuerza muscular (p=0,029) contribuyeron
significativamente al modelo final. IGF-1 fue significativo en el segundo paso (p=0,037), y cuando
se ajusté con caracteristicas fisicas, no alcanzé significacion estadistica (p=0,08). La disminucién
de un centimetro de grosor muscular del recto femoral aumenta las probabilidades de fragilidad
58,8 veces. El aumento de una unidad de IFN-y reduce las probabilidades de fragilidad 1,12
veces. El aumento de un kg de fuerza muscular disminuye las probabilidades de fragilidad 1,18

veces.

DISCUSION

Los resultados de este estudio confirman que la ecografia muscular podria utilizarse en
pacientes ambulatorios como método de cribado y es posible diagnosticar sujetos en riesgo de
fragilidad con una precisién de hasta el 95 % utilizando modelos de fragilidad que combinan

parametros ecograficos y bioquimicos. Varios hallazgos importantes respaldan este resultado:

1. La ecografia muscular es una herramienta util para evaluar el volumen y la arquitectura
muscular en el contexto del sindrome de fragilidad, con alta precisién y exactitud y podria
considerarse como una alternativa valida a los métodos estdndar para la evaluacién de masa
muscular en un entorno clinico. Los pardmetros de ecografia muscular por si solos, como el drea
del recto femoral y el grosor del musculo recto femoral, fueron capaces de identificar un tamafio
muscular bajo y tuvieron un buen poder de discriminacion para la fragilidad con AUC de 0,84 y
0,79 respectivamente y fueron comparables con la fuerza muscular, AUC= 0,80 (IC 95% 0,73-
0,88) y la velocidad de la marcha, AUC=0,74 (IC 95% 0,67-0,83). La sensibilidad para detectar
fragilidad fue del 87% y 86% para el grosor muscular y el area del recto femoral respectivamente
(con valores de corte de 1,72 cm para el grosor muscular y 6,72 cm2 para el area del recto

femoral).

2. Los modelos de analisis de regresion logistica demostraron que la tasa de prediccién de
fragilidad de los parametros de la arquitectura muscular por si solos oscilé entre el 76,5 % y el
82,5 %, y cuando se ajustaron con las caracteristicas fisicas, los modelos clasificaron

correctamente hasta el 91,9 % de los casos.

3. La combinacion de pardmetros de arquitectura muscular y parametros bioquimicos ajustados
con caracteristicas fisicas mostré buenos resultados y predijo fragilidad hasta en el 95% de los

casos. Tanto la disminuciéon del grosor muscular como del area del recto femoral aumentaron la
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probabilidad de fragilidad en todos los modelos mostrados. Varios pardmetros bioquimicos,
citocinas y hormonas mostraron correlaciones significativas con el fenotipo de fragilidad y se

utilizaron para el andlisis de regresion.

4. El tamafo muscular tuvo correlaciones positivas tanto con la fuerza muscular como con la
velocidad de la marcha, mientras que la calidad muscular se asocié con la fuerza muscular pero

no con la velocidad de la marcha.

5. Varios analitos bioquimicos mostraron correlaciones con los parametros ecograficos, asi como
con el fenotipo de fragilidad. Hubo correlaciones positivas entre el tamafo muscular y los
niveles de hemoglobina. Los niveles altos de glucosa basal se correlacionaron con un bajo grosor
y area del recto femoral, asi como con el fenotipo de fragilidad. IGF-1 mostré una correlacidn

positiva con el tamafio del musculo y una correlacién negativa con el fenotipo de fragilidad.

Uno de los componentes clave de la fragilidad es la sarcopenia, una condicién caracterizada por
la pérdida de masa y funcidon del musculo esquelético. La posibilidad de evaluar la masa
muscular en atencidn primaria o al pie de la cama en un entorno hospitalario fue la idea
principal detras de este estudio. Las pautas actuales para el diagndstico de sarcopenia del Grupo
de trabajo europeo revisado sobre sarcopenia en personas mayores (EWGSOP2) recomiendan
DXA y BIA para evaluar la masa muscular. Sin embargo, la disminucién de la masa muscular y la
fuerza no se produce al mismo ritmo. Goodpaster y colaboradores demostraron que en los
ancianos que viven en la comunidad existe una mayor pérdida de fuerza muscular que de masa

muscular.

Se cree que los cambios relacionados con la edad se deben a la arquitectura y composicién
muscular, y no solo al tamafio muscular, y pueden explicar la pérdida de fuerza muscular en esta
poblacion. DXA y BIA no pueden evaluar la composicion muscular. La RM y la TC se consideran
como pruebas de referencia. Sin embargo, estas técnicas no son practicas para uso clinico

debido a los precios elevados, la accesibilidad, la portabilidad y la radiacién ionizante.

La ecografia puede superar estas limitaciones ya que puede evaluar no solo el tamafo sino
también la composicidn muscular. Los cambios en la composicion muscular se pueden observar
como un aumento de la ecointensidad debido a la acumulacién de tejido adiposo y fibroso
intramuscular. Ademads, el cudadriceps femoral es un musculo penado, donde las fibras
musculares se unen en angulo a su tenddn. Este angulo se puede medir por ecografia y esta

disminuido en los musculos sarcopénicos.
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Los parametros que tienen un buen rendimiento técnico (precisiéon y exactitud) y clinico
(sensibilidad y especificidad) son biomarcadores de imagen adecuados para uso clinico. Estos
podrian tener una ventaja importante sobre la evaluacidn clasica del fenotipo de fragilidad que
incluye parametros subjetivos como la sensacion de agotamiento. De hecho, se encontré que el
efecto prondstico independiente de cada criterio de fragilidad mostré diferencias importantes
en la prediccion de discapacidad crdnica, hospitalizacion y muerte. Aqui es donde la ecografia
muscular podria tener un mayor impacto clinico. Los pardmetros ecograficos se pueden medir
objetivamente en pacientes ambulatorios asintomaticos, asi como en pacientes hospitalizados, y
los valores se pueden comparar a lo largo del tiempo. De esta forma se puede evaluar
cuantitativamente la presencia de fragilidad, la evolucién en el tiempo o la efectividad de una
potencial intervencion terapéutica. La implementacién de ecografia muscular podria facilitar las

decisiones clinicas y el manejo de pacientes fragiles en la practica diaria.

Mostramos que los pardmetros ecograficos evaluados en nuestro estudio tenian un buen
desempeiio como biomarcadores de imagen. Primero, los valores medidos son similares a otros
estudios y por lo tanto parecen ser validos. A continuacion, los pardmetros mostraron una alta
precision con un error de medicidn relativamente bajo. Ademas, varios parametros también
mostraron una buena precisién en el entorno clinico y se comportaron igual o mejor que la

fuerza musculary la velocidad de la marcha.

El grosor muscular, el drea y la ecointensidad tuvieron una alta precisién. Los dangulos penados
mostraron una menor precisiéon con hasta un 21 % de imdagenes excluidas (no cumplian con los
criterios de calidad de imagen). Otros estudios informaron una alta precision para las
mediciones del grosor y el drea muscular en adultos mayores con menor precision para las
mediciones de ecointensidad y dngulo penado. Encontramos los errores estandar de medicién
de 0,04 a 0,1 cm para espesores musculares, 0,3 cm? para el drea, 1,5 a 1,9 AU para
ecointensidad y 0,9 a 1,6° para angulos penados. Por lo tanto, estos pardmetros son sensibles a

cambios en el grosor y el area del musculo tan pequefios como 1 mm y 3 mm2 respectivamente.

Los angulos penados en contraccion fueron generalmente mas altos que los angulos en reposo y
hubo diferencias significativas entre los grupos. Sin embargo, nétese que hubo mayores
diferencias entre los dngulos en reposo y en contraccidon para el grupo control de individuos
jovenes mientras que para otros grupos esta diferencia fue mucho menor. Si consideramos que
el error estandar de medicion para el recto femoral fue de 0,9° y 1,1° en reposo y en contraccién
respectivamente, resulta obvio que cuanto menor es el angulo, mas dificil es medir cambios

reales entre dngulos en reposo y en contraccién. Ademas, este parametro requeria la
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contraccion voluntaria del cuadriceps y una parte importante de los pacientes no pudo
mantener la contraccion maxima durante el tiempo suficiente o presentd fasciculaciones que
disminuyeron la calidad de la imagen. Consideramos que la utilidad de este parametro es

bastante limitada en pacientes fragiles.

Se encontraron correlaciones significativas entre la fuerza y el grosor muscular de todas las
cabezas del cuadriceps, con la correlacion mas fuerte para el vasto medial. La ecointensidad

mostré una correlacidén negativa con la fuerza muscular.

En cuanto a la velocidad de la marcha, hubo correlaciones con el tamafio muscular (correlacion
mas fuerte con el area del recto femoral, sin embargo, no hubo correlaciones significativas con

la ecointensidad de ninguna de las cabezas del cuadriceps.

Curiosamente, hubo pocas o ninguna correlacién entre los parametros ecograficos y los
parametros de actividad fisica obtenidos con el cuestionario. Estos parametros demostraron ser
poco fiables. Esto nuevamente cuestiona la importancia que se debe dar a todos los parametros

subjetivos al diagnosticar a una persona como 'fragil' o 'no fragil'.

Nuestro estudio confirma que los pardmetros ecograficos que evaluan el cuadriceps femoral son
utiles en la deteccidn de pacientes fragiles, con valores de AUC para el drea del recto femoral y
grosor muscular. Ademas, mostramos correlaciones de multiples parametros ecograficos con el
fenotipo de fragilidad. Los parametros que denotaban sarcopenia - grosor muscular bajo, area
baja y dngulos penados bajos, asi como ecointensidad alta, se correlacionaron con la fragilidad.

La correlacion mas fuerte se encontré para el drea del recto femoral.

Se encontraron correlaciones débiles pero significativas entre los parametros ecograficos y
varias comorbilidades con la mayoria de los parametros ecograficos (>10) correlacionados con
osteoartritis, fracturas/osteoporosis, pérdida visual, hipertensién y obesidad, y menos
parametros (5-10) correlacionados con diabetes mellitus, neoplasia maligna previa,
hiperlipidemia, EPOC, hipoacusia y depresidn. Se cree que la sarcopenia y estas enfermedades
comparten factores de riesgo comunes en las personas mayores: inactividad fisica, inflamaciény
desnutricién/obesidad; de hecho, se encontré que la sarcopenia es muy prevalente en pacientes
con enfermedades cardiovasculares, demencia, diabetes mellitus y problemas respiratorios.
Otros estudios relacionan la sarcopenia con un mayor riesgo de caidas. Encontramos una
correlacién inversa entre el area del recto femoral y el nUmero de caidas en los ultimos seis
meses. Parece que la baja masa muscular, anadida al deterioro sensorial, pone a estos

individuos en un mayor riesgo de caidas, lo que a su vez conduce a una actividad fisica limitada y
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una disminucién funcional y, en ultima instancia, aumenta el riesgo de institucionalizacion,

morbilidad y mortalidad. Este fue el Unico resultado (outcome) que estudiamos.

El concepto de validacidn bioldgica de las caracteristicas de imagen se esta convirtiendo en una
parte esencial de la traduccidn de los parametros radioldgicos a la practica clinica. Seguimos

esta idea con el objetivo de explorar el sustrato bioldgico de nuestros pardmetros ecograficos.

Los niveles de creatinina se correlacionaron positivamente con el grosor del vasto medial. Los
niveles de creatinina en suero son proporcionales a la masa muscular lo que explicaria este
hallazgo. Sin embargo, no encontramos correlaciones significativas entre los niveles de
creatinina y el grosor muscular de otras cabezas de cuadriceps ni con el fenotipo de fragilidad.
Aparte de la masa muscular, existen varios factores que influyen en los niveles de creatinina

(como la funcién renal y la ingesta) que podrian explicar la falta de esta correlacion.

Aunque los niveles de albimina por si solos no mostraron ninguna correlacidon con la masa
muscular ni con la fragilidad, los niveles de proteinas séricas mostraron una correlacion positiva
con el area del recto femoral y una correlacidon negativa con el fenotipo de fragilidad. Otros
estudios informaron una asociacion entre las concentraciones bajas de albdimina y la sarcopenia

y encontraron que la albumina baja puede aumentar el riesgo de desarrollar sarcopenia.

Encontramos que los niveles mas altos de glucosa basal se correlacionaron con un bajo grosor
muscular y un area baja del recto femoral. Ademas, la glucosa tuvo una correlacion positiva con
el fenotipo de fragilidad. Una revisién sistemdatica de 2020 informd que los pacientes con
diabetes mellitus tipo 2 (DM2) tenian un mayor riesgo de sarcopenia. Varios estudios
encontraron una correlacién positiva entre la resistencia a la insulina y la fragilidad. Se
propusieron varios mecanismos fisiopatoldgicos para explicar esta correlacién. La insulina tiene
efectos anabdlicos sobre el musculo esquelético, regulando la sintesis de proteinas y el
transporte de glucosa y mejorando el metabolismo muscular. Estas funciones se ven alteradas
por la resistencia a la insulina presente en pacientes con DM2. La resistencia a la insulina

disminuye la sintesis de proteinas y promueve la degradacion de proteinas.

Los niveles de hemoglobina tuvieron una correlacidn positiva con el grosor muscular del vasto
medial y una correlacion negativa con la ecointensidad del recto femoral y el grosor de la grasa
superficial. Un estudio del 2015 mostré una correlacion entre la baja masa muscular medida con
DXA y la anemia en hombres coreanos de edad avanzada. El estudio INCHIANTI también informd
una asociacién entre niveles bajos de hemoglobina con menor densidad muscular y masa

muscular medida por TC. La razén de esta asociacién podria ser la menor oxigenacién del
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musculo esquelético en la anemia. Ademds, como los pacientes anémicos pueden experimentar
mas fatiga, a menudo tienden a tener un estilo de vida mas sedentario con menos actividad
fisica y, por lo tanto, tienen menos masa muscular y una acumulacidn de grasa subcutdnea,
aunque no encontramos una relacidn directa entre la masa muscular y la actividad fisica

autoinformada en nuestra poblacién de estudio.

No hubo correlaciones significativas entre el volumen muscular y la tasa de filtracion glomerular
(TFG). Sin embargo, hubo correlaciones con los pardmetros de la arquitectura muscular. Los
angulos penados del vasto externo en reposo y en asi como el recto femoral en contraccién
mostraron correlaciones positivas con la TFG. Hubo una correlacidon negativa entre la TFG y el
fenotipo de fragilidad. Un estudio coreano de 2020 informd la relacién entre la obesidad
sarcopénica y la disminucién de la TFG en mujeres posmenopausicas. La sarcopenia se
encuentra con frecuencia en pacientes con enfermedad renal crénica y se debe al balance
proteico negativo causado por multiples factores que promueven el catabolismo proteico y

disminuyen la sintesis de proteinas.

No encontramos correlaciones significativas entre la vitamina D y el volumen muscular ni con el
fenotipo de fragilidad para nuestra poblacién de estudio. Los niveles bajos de vitamina D estdn
asociados con la osteoporosis y la sarcopenia entre los adultos mayores, lo que a su vez
aumenta el riesgo de caidas. Esta asociacidon puede deberse a los efectos sobre el metabolismo
de la célula muscular. Los resultados del estudio Newcastle 85+ informaron asociaciones entre
niveles bajos de vitamina D y poca fuerza muscular en personas mayores. Otro estudio encontrd
una asociacién entre los niveles bajos de vitamina D y la fragilidad incidente en una cohorte
prospectiva de mujeres mayores; sin embargo, esta asociacion dejé de ser significativa después
de ajustar por enfermedades cardiometabdlicas. En cuanto a nuestros resultados, creemos que
diferentes poblaciones de estudio, la cantidad de exposicidn al sol y las variaciones estacionales
en los niveles de vitamina D podrian haber contribuido a nuestros hallazgos. Ademads, no
preguntamos sobre la ingesta de suplementos vitaminicos, lo que también podria haber

interferido con los resultados.

Hubo una correlacién positiva entre los niveles de IGF-1 y el volumen muscular, medido como el
area del recto femoral y el grosor muscular del recto femoral. Estos hallazgos pueden explicarse
por el papel que juega IGF-1 en la homeostasis muscular. Tiene un efecto anabdlico sobre el
tejido muscular, es decir, estimula la produccién muscular y activa la hipertrofia celular, e inhibe
la degradacidn de proteinas musculares. Por otro lado, la ecointensidad del recto femoral tuvo

una correlacién negativa con los niveles de IGF-1. La ecointensidad es una medida ecografica de
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la calidad muscular; los niveles mas altos indican infiltracion de grasa intramuscular y estan
asociados con la pérdida de masa muscular funcional, lo que podria explicar este hallazgo.
Ademas, los niveles plasmaticos de IGF-1 fueron significativamente mdas bajos en el grupo fragil
en comparacidn con los controles. Varios estudios relacionan los niveles bajos de IGF-1 con el
rendimiento fisico, la sarcopenia y la fragilidad. También encontramos una correlacién negativa

entre los niveles circulantes de IGF-1 y el fenotipo de fragilidad.

Con respecto a los marcadores inflamatorios, hubo correlaciones significativas de varias
citoquinas con parametros ecograficos, asi como con fragilidad, pero la direccién de esas
correlaciones fue generalmente opuesta a la de la literatura publicada. Es decir, encontramos
correlaciones positivas entre el grosor del musculo vasto intermedio y lateral con los niveles
circulantes de IL-6. No hubo correlaciones entre los pardmetros ecograficos musculares y el TNF-
a. En la literatura, las concentraciones mas altas de IL-6 y TNF-a se asociaron con baja masa
muscular y fuerza en personas mayores sanas. Por otro lado, los estudios también han mostrado
concentraciones mas altas de citoquinas proinflamatorias IL-6, TNF-a y CRP en pacientes
fragiles. No encontramos esta correlacidon con el fenotipo de fragilidad en nuestro grupo de
estudio. Estas moléculas de sefializacién también juegan un papel en otros procesos y esta
puede ser la razén por la que no hemos encontrado resultados similares. En cuanto a las otras

citoquinas proinflamatorias, la tendencia general fue similar.

La interpretacion de estos hallazgos resulta ser compleja. La literatura publicada se centra
principalmente en IL-6, TNF-a y CRP como marcadores de inflamacién y concluye que la
inflamacién juega un papel importante en la patogénesis de la fragilidad. Cabe mencionar que
ademas de ser una citoquina proinflamatoria, la IL-6 también se conoce como mioquina, ya que
es producida por los miocitos durante el ejercicio y un aumento transitorio de sus niveles
promueve la hipertrofia muscular. Contrariamente a esto, en el Framingham Heart Study, un
aumento en los niveles de IL-6 predijo sarcopenia de dos afios en mujeres mayores. Creemos
que las caracteristicas particulares de nuestra poblacidon de estudio, asi como el pequefio
tamafio de la muestra, podrian ser los principales contribuyentes para nuestros hallazgos. Por lo
tanto, aunque varias citoquinas mostraron correlaciones con la masa muscular y el fenotipo de
fragilidad, debido a la direccidon de estas correlaciones, no confiamos en extraer conclusiones
definitivas sobre su papel en la sarcopenia, ni recomendarlas como biomarcadores

independientes para el diagndstico de fragilidad.
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Modelos de fragilidad.

En primer lugar, valoramos la influencia de la masa y calidad muscular evaluada por ecografia
sobre la fragilidad en nuestra poblacién de estudio. Para ello, exploramos combinaciones de
parametros ecograficos ajustados con pardmetros funcionales y caracteristicas fisicas,
mostrando el mejor modelo de andlisis de regresidn una tasa de prediccidon del 91,9%. El tamafio
muscular (medido como grosor y area), asi como la fuerza muscular, tuvieron la mayor
influencia en la fragilidad dentro de este modelo, mientras que los parametros de la
arquitectura muscular tuvieron una contribucion menor en el diagndstico de la fragilidad. Este
hallazgo es interesante ya que se cree que los cambios en la arquitectura muscular ocurren
antes que la pérdida de volumen muscular en la evolucién de la sarcopenia, y siguiendo esta
idea, se esperaba que los angulos penados y la ecointensidad mostraran una mayor influencia
en la fragilidad dentro de los modelos. Creemos que la técnica y la adquisicidon de pardmetros
ecograficos podrian ser parcialmente responsables de esto. El grosor y el area muscular parecen
ser pardmetros mas robustos con menor error de medicién, al menos para el cuadriceps
femoral. Seria interesante explorar la contribucion de otros grupos musculares (la pierna o cara
posterior del muslo) utilizando el mismo protocolo ecografico para confirmar este hallazgo. Otro
hallazgo curioso es que los modelos de fragilidad no dependian de la velocidad de la marcha
sino de la masa y la fuerza muscular. Otros estudios encontraron que la marcha lenta era un
fuerte predictor de discapacidad y caidas. En proyectos futuros, se podrian valorar otros
parametros funcionales (Timed up and go, Short Physical Performance Battery, etc.) y

compararlos con los parametros ecograficos.

Aunque muchos pacientes fragiles presentan sarcopenia, el sindrome de fragilidad debe
entenderse como una entidad multidimensional que implica disfuncién musculoesquelética
combinada con senescencia endocrina e inflamacién crénica que vuelve a la persona vulnerable
a factores estresantes externos. Por lo tanto, consideramos que no existe un pardmetro 'mejor’
que lo describa, mas bien, podria haber varias combinaciones de pardmetros que pueden
identificar a pacientes fragiles e individuos en riesgo de desarrollar fragilidad. Exploramos las
asociaciones de los parametros sanguineos con la masa muscular y la fragilidad y utilizamos el
concepto de combinaciones de parametros bioquimicos para desarrollar modelos integrados.
Estos modelos tienen en cuenta la presencia de baja masa muscular medida por el grosor
muscular o area del recto femoral (mejores parametros ecograficos), el bajo rendimiento fisico
medido por la fuerza muscular y la velocidad de la marcha, asi como el desequilibrio de varios

factores bioquimicos, hormonas y citoquinas inflamatorias.
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Varios modelos mostraron indices de prediccidon >90 %, lo que demuestra que, incluso con un
numero limitado de pardmetros, se pueden construir modelos precisos y eficientes para
diagnosticar la fragilidad. En todos los modelos, el aumento de la masa muscular (grosor
muscular y area del recto femoral) disminuyd las probabilidades de fragilidad de 2,5 a mas de
300 veces. Este hallazgo respalda la idea de que la actividad fisica es un componente importante
en la prevencion de la fragilidad. Otros estudios han demostrado un aumento del area muscular
medida por TC después de una intervencion de ejercicio en pacientes fragiles, asi como un
aumento de la fuerza muscular. Ademas, todos los modelos que incluyeron el sexo como
variable mostraron que las mujeres tenian mayores probabilidades de fragilidad, lo que también
se informa en otros estudios. Este es un hallazgo esperado, ya que las mujeres en promedio
tienen menos masa muscular que los hombres a cualquier edad, por lo tanto, la sarcopenia las
pone en mayor riesgo de cruzar el umbral de masa muscular critica necesaria para la movilidad y
la vida independiente. Esto, junto con una mayor longevidad en comparacion con los hombres,
explica por qué es mas probable que las mujeres necesiten institucionalizacion en sus ultimos

anos de vida.

Buscamos modelos que usaran parametros bioquimicos generales preferiblemente sobre
citocinas, ya que creemos que es mas probable que se acepten para un uso clinico generalizado.
El modelo que utiliza el grosor muscular del recto femoral en combinacién con los niveles

basales de glucosa y las proteinas séricas podria ser un candidato aceptable para uso clinico.

Hasta donde sabemos, este es el primer estudio que vincula diferentes pardmetros de imagen,
bioquimicos y fisicos para obtener herramientas cuantitativas que podrian usarse para la
deteccion y, potencialmente, para el seguimiento de pacientes con sindrome de fragilidad. Sin
embargo, se necesitan estudios longitudinales en una poblacién mas amplia para validar la
eficacia de estos modelos en la prediccion de resultados adversos como hospitalizacidn,

discapacidad y mortalidad.

Habiendo explorado todas las cabezas del cuadriceps, consideramos que el recto femoral podria

ser el mejor candidato para evaluar la sarcopenia en el contexto del sindrome de fragilidad.
CONCLUSIONES
En base a los resultados obtenidos, hemos llegado a las siguientes conclusiones:

1. La ecografia muscular es util para evaluar el tamafo y la arquitectura muscular en el contexto
del sindrome de fragilidad, con varios pardmetros que muestran una alta precision y exactitud

con un bajo margen de error.
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2. Entre todas las cabezas del musculo cuddriceps, el recto femoral es el mejor sitio para la

evaluacidn ecografica de la sarcopenia.

3. El drea y el grosor del recto femoral tienen un buen poder de discriminacién para la fragilidad
y son comparables con pardmetros funcionales como la fuerza muscular y la velocidad de la

marcha.

4. La ecografia muscular es factible en la practica clinica diaria, ya que supone la medicién de

solo uno o dos parametros, lo que requiere tiempo y entrenamiento minimo.

5. Los parametros de ultrasonido muscular no tienen asociacién con los pardmetros de actividad

fisica autoinformados

6. Los parametros de imagen por ecografia muestran correlaciones con varios parametros
bioquimicos que se alteran en pacientes fragiles, como la creatinina, las proteinas séricas, la

glucosa, la hemoglobina, la tasa de filtracién glomerular y el IGF-1.

7. Los modelos de fragilidad que combinan ecografia muscular y pardmetros bioquimicos tienen
un buen rendimiento diagndstico en la identificacidon de individuos en riesgo de fragilidad con
hasta un 95% de precisién. La disminucion del tamafio muscular aumenta las probabilidades de

fragilidad en todos los modelos

8. El modelo de fragilidad que aplica el grosor muscular del recto femoral, los niveles basales de
glucosa y las proteinas séricas podria usarse en la practica clinica debido a la simplicidad de la

medicion ecografica y la disponibilidad de pardmetros bioquimicos de una analitica rutinaria
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INTRODUCTION

1.1 Ageing.

Ageing is a normal physiological process that consists of increased catabolism with the
degeneration of organs and their function. Successful ageing means the ability to live
independently, move without the support of others and preserve intellectual capacity for daily

living (Sieber et al, 2017).

The number of old people is rising around the world, both in developed and developing regions
(UN Dept. of Economic and Social Affairs, World population prospects, 2022). According to the
World Health Organisation, in 2020 the world’s population of people aged 60 and older was one
billion and by 2050 this number will double (2.1 billion). This shift in the demographic profile is

due to a steady increase in life expectancy over the last fifty years (figure 1.1).
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Figure 1.1 Life expectancy in Spain (1900-2019), a) at birth and b) at 65 years. Source: Fedea 2021,
(https://documentos.fedea.net/pubs/eee/eee2021-07.pdf)
However, there is little evidence that this increased longevity is paired with an extended period
of good health (Beard et al, 2016). In fact, there is an increase in comorbidities and disabilities
associated with old age, which raises demands for long-term assistance and support
(Congressional Budget Office, 2013) and increases the overall costs of health care. Modern
healthcare systems are faced with the challenge to provide diagnosis and adequate

management for this rising number of old people in order to improve their quality of life and
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extend the disability-free period during old age. In this regard, frailty syndrome has special

importance.

1.2 Frailty.

Frailty is defined as a clinical syndrome of increased vulnerability to outside stressors which can
lead to adverse health outcomes and death (Morley et al, 2013). This syndrome is characterized
by an accelerated decline in functional reserves, where patients are susceptible to seemingly
minor events (for example an infection or new medication) which can result in serious
worsening of health with extended periods of recovery and repercussions on the overall level of
function. The adverse outcomes associated with frailty include falls, disability, hospitalisation,
and mortality (Fried et al, 2001). The estimated prevalence of frail individuals older than 65

years in European countries ranges from 5.8% to 27.3% (Santos-Eggimann et al, 2009).

It is important to note that frailty is not a definitive state but rather a spectrum, where
individuals may present a pre-frail phase where they function well but are at higher risk of
developing severe frailty. Likewise, it was demonstrated that frailty can be partly reversible with
adequate intervention programs (Cameron et al, 2013, Ng et al, 2015). Therefore, it is important
to diagnose frail and non-disabled individuals and treat them to prevent dependency (Morley et

al, 2013).
- Frailty phenotype

Initial efforts towards recognising frailty as an independent clinical entity were performed by
Fried and colleagues (2001), who suggested that frailty is related to but different from disability
and comorbidity. They developed a ‘frailty phenotype’ evaluation for identifying frailty in
community-dwelling older adults which includes assessment of five criteria: unintentional
weight loss, feeling of exhaustion, weakness, slow walking speed, and low physical activity.
Individuals presenting three or more criteria are diagnosed as frail, and people presenting one

or two criteria are considered at risk of frailty.
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Table 1.1 Frailty criteria by Fried and colleagues

Weight loss >4.5 kg/year

Exaustion Self reported

Weakness Grip strength (lowest 20%)
Slowness Walking time/4.6 m (slowest 20%)
Low physical activity Kcal/week (lowest 20%)

Diagnosis of frailty 3 or more criteria met

Diagnosis of pre-frailty 1 or 2 criteria met

Table 1.1 Frailty criteria developed by Fried et al. (2001)

The most common positive criteria were found to be weakness (54%) and slow gait speed (43%)
(Rothman et al, 2008). Both these parameters are associated with accelerated muscle decline in

old age.

1.3 Sarcopenia.

Sarcopenia is a term that refers to muscle wasting, and it is defined as age-related loss of
skeletal muscle mass and strength which increases the risk of disability, poor quality of life,
dependency, and death (Cruz-Jentoft et al, 2010). The updated European consensus on the
definition of sarcopenia from 2019 (Cruz-Jentoft et al, 2019) proposes the use of the SARC-F
questionnaire and low muscle strength as parameters for identifying sarcopenia, following the
diagnostic confirmation by the existence of low muscle quantity or quality and use of physical
performance tests for quantifying the severity of sarcopenia. The proposed cut-off points for
diagnosis of sarcopenia are appendicular muscle mass (ASM, kg) per height (m?) <7 kg/m? for
men and <5.5 kg/m? for women; grip strength of <27 kg for men and <16 kg for women and gait

speed <0.8 m/s (Cruz-Jentoft et al 2019).

The skeletal muscle is involved in locomotion and is the second largest store of energy in our
body. It enables standing up from the chair, reaching for objects, preparing food, and
performing personal hygiene. These simple tasks are those that ensure independence for daily
living and when a frail person experiences a stressor event, the ability to perform these tasks is
reduced. Additionally, during these events body mobilizes muscle proteins that are used for

energy, synthesis of acute phase proteins, and the immune response (Attaix et al, 2005). This

34



leads to muscle wasting and further depletion of protein depots which impairs the aging

organism to recover from stress, and ultimately increases the risk of immobility and falls.

Muscle homeostasis is regulated by the neuroendocrine and immune systems and the overall
muscle mass depends on the balance between protein synthesis and breakdown. This balance is
also affected by physical activity and nutritional status. Muscle wasting is a multi-factorial
process that results from decreased protein synthesis, increased proteolysis, or both processes
(Attaix et al, 2005). In sarcopenia, there is atrophy of type 2 muscle fibers, a decrease in the
number of motor units as well as a decline in the number of a-motoneurons (Muscaritoli et al,
2010). Multiple endogenous and exogenous factors are believed to contribute to its

development (figure 1.2).
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Figure 1.2 Factors potentially leading to sarcopenia.

1.3.1 The role of muscle architecture in sarcopenia

The definition of sarcopenia includes both muscle mass and strength since the relationship
between them is not linear. There seems to be a faster decline in muscle strength than muscle
mass in the community-dwelling old population (Goodpaster et al, 2006). Additionally, there are
regional differences in the rate of muscle decline, with the loss of muscle mass in lower limbs
more than twice the rate of loss in upper limbs (Janssen et al, 2000). This may be due to
decreased use (less walking) as well as greater loss of motor units in the legs than in the arms

(Narici and Maffulli, 2010).

This disparity between muscle mass and strength can be attributed to muscle architecture

changes and not only a reduction in muscle volume (Narici and Maffulli, 2010). Muscle
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architecture refers to the spatial arrangement of the muscle fibres and it determines its force
and excursion capability (Mitchell et al, 2012). Most locomotor muscles are pennate muscles,
where fibres are oriented at an angle to the tendon. This is an evolutionary adaptation for
muscles that require the generation of large forces since it allows the packing of as much
contractile tissue as possible along the tendon aponeuroses (figure 1.3). Muscle architecture is
responsible for the force-generating potential. Muscle force depends on the number of
sarcomeres in parallel, i.e., on muscle cross-sectional area, while shortening capability (velocity)
depends on the number of sarcomeres in series, i.e., on fibre length. Due to the architecture of
pennate muscles, anatomical cross-sectional area (ACSA) underrepresents the true muscle
volume; therefore, the physiological cross-sectional area (PCSA) is calculated taking into account
fibre angles. For fusiform muscles, due to the parallel orientation of the fibres (and angles at 0°),
ACSA and PCSA are the same. Fusiform muscles have higher contractile velocity while pennate

muscles produce higher force for the same muscle length.

Fusiform muscle Bipennate muscle
(Biceps brachii) (Rectus femoris)

PCSA

=
=

MFL = ML MFL < ML

Figure 1.3 lllustrations of fusiform and pennate muscles. In fusiform muscles, muscle fibres run parallel to
the muscle’s force-generating axis. In pennate muscles, muscle fibres run at a fixed angle relative to the
force-generating axis. PCSA-physiological cross-sectional area, MFL-muscle fascicle length, ML-muscle

length
Muscle architecture is dynamic and can change with training or immobility. Changes in muscle
architecture with ageing include a decrease in pennate angles and cross-sectional area as a

reflection of a loss of sarcomeres in parallel and consequent loss of muscle force-generating

potential (Narici and Maffulli, 2010).
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This loss of muscle tissue is frequently accompanied by intramuscular fat infiltration, known as
myosteatosis (Taaffe et al, 2009). There is an association between greater fat infiltration
assessed by computed tomography and lower muscle strength (Goodpaster et al, 2001).
Moreover, it was found that greater fat infiltration was a predictor of mobility limitations (Visser
et al, 2005). Sarcopenic obesity is a condition where age-dependent muscle loss and obesity
appear together. It was shown that functional impairment is higher in sarcopenic obesity than in

either sarcopenia or obesity alone (Rolland et al, 2009).

1.3.2. Sarcopenia and frailty phenotype - are they the same?

The relationship between frailty and sarcopenia is not yet fully defined. Indeed, frailty
phenotype (Fried et al, 2001) and sarcopenia show overlap in diagnostic criteria (grip strength,
gait speed) as well as treatment options (protein intake, supplementation of vitamin D, physical
exercise) (Cruz-Jentoft et al, 2019). Additionally, both frailty and sarcopenia share clinical
outcomes and some authors consider sarcopenia as a physical manifestation of frailty (Cesari et
al, 2014, Landi et al, 2015). This makes sense since muscle decline is at the root of many of the
negative health outcomes of frailty; in fact, physical function impairment is a common factor in
both conditions (Cesari et al, 2014). Some authors propose the recognition of physical frailty and
sarcopenia as a distinct entity (Cesari et al, 2017). Nevertheless, other authors consider that
frailty syndrome is a much broader concept that includes a decline in multiple physiological
systems that result in consequences not only on physical but on cognitive and social levels as
well (Cruz-Jentoft et al, 2019). We are inclined to agree with the latter opinion — although
sarcopenia is an important component of frailty syndrome; we consider these entities as

different from each other.

1.4 Pathophysiology of frailty.

An understanding of the underlying processes that lead to frailty is needed for identifying
possible biomarkers for its diagnosis and eventually, for developing treatment options. The
pathophysiology of frailty is complex and multifactorial, it is hypothesized that molecular
pathways governed by cellular senescence with DNA damage, oxidative stress, and
mitochondrial decline lead to neuroendocrine dysregulation and chronic inflammation (Walston

et al, 2006). These endocrine and inflammatory factors affect muscle metabolism and contribute
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to the development of sarcopenia, as well as a decline in immune and cognitive functions and

energy metabolism.

- Hormone dysregulation
Multiple hormonal dysregulations are evident in the ageing process. Hypothalamic-
pituitary axis is the main regulator of the ageing process and frailty. Deficits in the
regulation of glucocorticoid secretion, insulin-like growth factor (IGF) signalling, and
androgen production have been associated with ageing and frailty. The effects of these
hormonal changes on frailty may be due to muscle decline, appetite changes, or
activation of inflammatory pathways (Walston et al, 2006). Additionally, vitamin D and
insulin resistance might also play role in the pathogenesis of frailty (Clegg and Hassan-

Smith, 2018).

- Chronic low-grade inflammation
Chronic inflammation seems to be connected both with frailty and sarcopenia.
Immunosenescence denotes immune dysregulation that accompanies ageing and is
characterised by an increase of pro-inflammatory cytokines and a reduction of anti-
inflammatory cytokines which results in chronic low-grade inflammation (Michaud et al,
2013). This is different from acute inflammation which is beneficial to the host since it
helps in pathogen removal and tissue repair (Furman et al, 2019). Chronic inflammation
in old people is thought to be caused by cellular senescence and the development of
senescence-associated secretory phenotype (SASP), where cells secrete pro-
inflammatory cytokines, chemokines, and other pro-inflammatory molecules (Zhu et al,
2014). These factors can promote frailty through the effect on the musculoskeletal and
endocrine systems, anaemia, cardiovascular diseases, and nutritional dysregulation.
Elevated inflammatory mediators have inverse associations with haemoglobin
concentration, IGF-1, and albumin levels as well as levels of micronutrients and vitamins

(Chen et al, 2014).

This pro-inflammatory state is characterized by the increase in pro-inflammatory
cytokines such as interleukin-6 (IL-6), IL-1B and tumour necrosis factor-a (TNF-a) as well
as C-reactive protein (CRP) and a decrease in anti-inflammatory cytokines such as IL-10
(Wilson et al, 2017). Interleukin-6 is involved in various somatic functions and has been

identified as a regulating factor of the SASP (Zhu et al, 2014). Various studies report that
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increased IL-6 levels correlate with frailty (table 1.2). TNF-a is another cytokine that is
responsible for multiple pathways in the body and its increased expression is also
associated with SASP (Kim et al, 2018). Studies show both positive and negative
correlations with frailty (table 1.2). The list of most investigated cytokines in the frailty

context is presented in table 1.2.

Cutokine Primnary activity Correl ation with Frailty Study
proportional pckechnie et al, 2021 Hau et al, 2019;
Mascimento et al, 2018; Collerton et al,
202; Buigues et al, 2020; Furtado et al,
acute phase resporss, B cell 2020 [in saliva); Liu et al, 2076, Ternbo et
IL-B praliferation, synergistic with al. 2021; Hubbard et al, 2008; Leng et al,
IL-1and TNF 2009; Lai et al. 2014 Barzilaw et al. 2007
inversely proportional no published data
no correlation Hamrnarni et al, 2020, Alberro et al, 2027;
Bayliz et al, 2013
proportional Harmrnarni et al, 2020; Mascirmento et al,
2012; Collerton et al, 2012, Furtado et al,
THF-a pro-inflammatory response, _ ) 2020
cytotoxic activity inversely proportional harzett et al, 2019 [in men)
o correlation Hsu et al, 2019; Buigues et al, 2020;
Alberro et al, 2027; Lai et al, 2004
pro-irFl arrnatory, proportional Hzu et al, 2019; Harmmami et al, 2020;
IL-a chernoattractant far Buigues et al, 2020
revtrophils and T cells inversely proportional tarzetti et al, 2019
proportional Furtada et al, 2020 [in saliva)
IL-1B |?10Fr::nrpn:T|z?r:§zofr;i:r no corrslation Hsu et al, 2019; Nascirmenta et al, 2016:
Buigues et al, 2020; Bayli= et al, 2013
i proportional boharnad et al, 2013
promates cell mediated . . . )
IFN-y ity antiviral effects inversely Drnportlo_nal Marzetti et al, 2019 [in men)
i no correlation Furtada et &, 2020
antibody production, proportional Furtado et &, 2020
|Lag  Supresses cellular imrmurity, re carrelation Heu et al, 2013; Nascimenta et al, 201;
inkibits the sunthesiz of IFR- Baylis et al, 2013: Su et al, 2007
v and THF-a
pro-inflamrnatory activities inversely proportional tarzett et al. 2019 [men)
IL-17 zirnilar to IL-1and THF-a, )
sutairnrLniby no correlation Hey et al, 2019
promotes cell mediated inversely proportional Cornpté et al, 2013
IL-12p70 immune functions, IFA
production
anti-inflarnratary, inkibition no correlation Hey et al, 2019
IL-4 of ronaokine production, B
cell proliferation
IL-7 T and B lurnphopoiesis o correlation Hsy et al, 2019
IL-13 IL-4 like activities o carrelation Hsu et al, 2013

Abbreviations: IL-interleukin, THF-turnor necrosiz Factor, IFM-interferan

Table 1.2 circulating cytokines and their relationship with frailty according to published literature

1.5 Biomarkers of frailty.

The clinical diagnosis of frailty relies on Fried’s operational definition based on five criteria (table
1.1) and it is the most commonly used method for identifying prefrail and frail individuals in the
clinical setting (Buta et al, 2015). Although it is an extensively validated and useful tool up to

date, it has some limitations in clinical practice. For example, it has a limited ability to predict
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progression from a robust or prefrail to a frail state (Saedi et al, 2019). Additionally, some of the
frailty criteria are self-reported and can hinder the assessment in various clinical scenarios (for
example, in patients with cognitive impairment or depression). The overview of different frailty

assessment tools is available in table 1.3.

Frailty assessment tool Type of assessment Components Classification
5 criteria (handgrip strength,  0: robust; 1-2:
it d, unintetional refrail; 23: frail
Fried Frailty Phenotype Mixed Ealt speed, unintetions P

weigth loss, exaustion and
physical acivity level}

5 criteria (fatigue, resistance, 0:robust; 1-2:
FRAIL scale Subjective ambulation, illnesses, weight prefrail; 23: frail
loss)

0—4: no frailty, 5-6:
apparently
vulnerable, 7-8:
mild frailty, 9-10:
moderate frailty,
=11: severe frailty

9 domains (cognition, general
health state, functional
Mixed independence, emotional
support, medication use,
nutrition, mood, continence,
and functional performance)
36 items (selected from the ratio between

Edmonton Frail Scale

ICPC-coded, includes deficits present
symptoms, diseases, within the total of 36

Rockwood Frailty Index Subjective functional impairments and  deficits. (Cut-off
social problems). 0,08); =0,08 Frail,

<0.08 robust
Global functionality, classifies the subject
functional systems ‘cognition, in one of the 10
mood, mobility, and clinical-functional
. communication’, major strata z4: frail
Comprehensive i i i
Mixed physiological systems,

geriatric assessment o 3
medication use, past history

and contextual factors ‘socio-
family, environmental and
caregiver assessment’
Body weight, peak expiratory 0: robust; 1-2:
flow, cognition, presence of a prefrail; 23: frail
vision problem a hearing
Mixed problem or urinary
incontinence—low mastery,
depressive symptoms, and
comorbidity

Cumulative deficit
approach (Puts model)

Table 1.3 Overview of selected tools for assessing frailty. Adapted from Andrade et al., 2021

It is worth noting that frailty is often accompanied by various comorbidities that contribute to
increased mortality. In fact, in some individuals, the development of frailty may be determined
by multimorbidity rather than ageing itself. This contributes further to the phenotypic
heterogeneity of this syndrome and hinders the development of clinical interventions for its

treatment.
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Therefore, there is great interest in developing objectively measured biomarkers for the
identification of individuals at risk of frailty. This has proven to be a challenging task, largely due
to multisystem involvement, complex pathophysiology, and overlap with different

comorbidities.
There is a wide array of potential biomarkers being investigated:

1.5.1. Circulating markers

- Serum_markers (haemoglobin, albumin, creatinine, glomerular filtration rate) and
hormonal changes (DHEA, testosterone, vitamin D, IGF-1). These markers are generally
associated with age-related decline and were studied in a frailty context. For example, various
studies report correlations between lower haemoglobin levels and frailty in old people
(Steinmeyer et al, 2020, Pires Corona et al, 2015, Lee et al, 2021). Furthermore, low albumin
levels are an independent risk factor for frailty in type 2 diabetes mellitus patients (Yanagita et
al, 2020). Likewise, low vitamin D levels are associated with an increased risk of frailty (Ju et al,
2018), and low levels of IGF-1 are associated with sarcopenia and frailty (Payette et al 2003, Doi

et al 2018).

- Inflammatory markers — most studies have investigated CRP, IL-6, and TNF-a reporting

positive and negative associations (summarized in table 1.2), however, there is interest in

including more cytokines in biomarker panels (Cardoso et al, 2018).

- Products of oxidative damage - protein carbonyls were reported to be a predictor of

walking disability (Semba et al, 2007).

However, these circulating markers can assess only individual features of the syndrome.
Additionally, most of these biomarkers are weak predictors of disease progression (from prefrail

to frail) or do not show an association with the outcomes (Saedi et al, 2019).

It is becoming clear that the search for a single best biomarker may not be an appropriate
strategy and instead, a multidimensional approach could render better tools for detecting
subclinical cases, diagnosing clinically manifested frailty, monitoring the evolution and response
to eventual therapeutic interventions (Calvani et al, 2015). Recent studies are moving in this
direction and investigating the multi-marker approach using blood-based biomarkers (Cardoso
et al, 2018, Wennberg et al, 2021) or blood and muscle mass (measured by Dual-energy X-ray

absorptiometry) parameters (Calvani et al 2021).
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1.5.2. The current method for assessing sarcopenia

European Working Group on Sarcopenia (Cruz-Jentoft et al, 2019) proposes the use of the

following techniques for assessing sarcopenia:

- Muscle strength — measured by a hand-held dynamometer. There is a moderate correlation
between grip strength and strength in other muscle groups so a hand dynamometer can be
used instead of more complex techniques for reliable assessment of muscle strength in
clinical practice.

- Muscle mass — Dual-energy X-ray absorptiometry (DXA) is the standard method of assessing
muscle mass; it can provide total body lean mass as well as appendicular muscle mass
measurements. Bioelectrical impedance (BIA) is another method of estimating skeletal
muscle mass based on whole-body electrical conductivity. The equipment is portable and
affordable but lacks standardisation for different populations. Both methods can be
influenced by hydration status.

- Physical performance — measured by gait speed, the Short Physical Performance Battery
(SPPB), and Timed-Up and Go test (TUG). Gait speed is recommended for clinical practice as

a quick and reliable method of assessing sarcopenia.

1.5.3. Imaging markers

Low muscle strength is predictive of immobilisation, physical disability, and increased mortality
(Newman et al, 2006). However, active muscle strength and performance testing in elderly
patients in clinical practice is often limited by several factors, for example, immobilisation of the
patient, pain, acute illness, surgical interventions, or cognitive impairments. This prompted
interest in the evaluation of quantifiable features from medical images and the development of
imaging biomarkers that correlate with muscle strength. Quantitative imaging biomarker (QIB)
is an objectively measured characteristic derived from in vivo images as an indicator of normal
biological processes, pathogenic processes, or response to a therapeutic intervention (Sullivan
et al, 2015). In other words, a biomarker should be able to diagnose, and track changes over

time and help the clinical and therapeutic decision-making process (Cesari et al, 2012).

Several criteria need to be met to consider a QIB candidate for clinical use. On one hand, QIBs
need to show good technical performance - good precision with a low margin of error as well as
concordance with the reference value. Table 1.4 summarises these concepts. On the other hand,
clinical validation should be determined — clinical usefulness (benefit to a subject in terms of

outcomes) and clinical performance (sensitivity and specificity) (Sullivan et al, 2015).
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Table 1.4 Technical and clinical performance of quantitative imaging biomarkers

Precision The closeness of agreement between measured quantity values obtained
by means of replicate measurements of the same or similar experimetal
units with specified conditions. Repeatability and reproducibility are
types of precision

Bias An estimate of a systematic measurement error. Bias is the difference
between the mean of measurements of an object and its true value. For
in vivo imaging estimation of bias is not possible. Therefore the
assessment of bias is made by selecting patients to represent the whole
spectrum of clinical characteristics (such as age) and by performing two
or more replicats for each of measurand levels (as measured according
to a reference method)

Reference value The mean of replicates from reference method. Reference methodis a
methodology that has exact and clear description of the necessary
conditions and procedures that provide accurate and precise laboratory
data for it to be used to assess the validity of other laboratory methods.

Adapted from Metrology standards for Quantitative imaging biomarkers, Sullivan et al, 2015, doi:
10.1148/radiol.2015142202.

Table 1.4 Technical and clinical performance of quantitative imaging biomarkers

1.6 Imaging of sarcopenia - the role of ultrasound.

The earliest notions of muscle architecture and arrangement come from cadaveric studies. The
obvious shortcoming of these studies is the inability to correlate anatomy with functional
properties and muscle strength. Advancement in imaging techniques has allowed this
assessment in vivo. MRI and CT are considered “gold standard” imaging techniques for muscle
assessment, however, due to elevated cost, lack of availability and portability as well as ionising

radiation (CT) use in primary care is limited.

MRI as well as ultrasound can measure both muscle volume and its architectural properties.
There is high concordance between ultrasound and MRI for assessing muscle mass in healthy
individuals (Worsley et al, 2014) (figure 1.4). MRI has a larger field of view but ultrasound can

scan muscle in real-time and record dynamic changes during contraction (Franchi et al, 2018).

B-Mode ultrasound analyses echo waves that penetrate the body and reflect from structures
with different acoustic impedance (lowest for air and highest for bone). The reflection
coefficient depends on the acoustic impedances at the interface between two tissues and the
angle at which an echo wave hits the structure of interest (Franchi et al, 2018). Skeletal muscle is
hypoechoic (dark) on ultrasound due to high water content. The perimysial connective tissue

appears brighter (hyperechoic) and gives muscles a characteristic dotted appearance in the
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transverse plane (also referred to as starry sky appearance). Figure 1.4 shows MRI and
ultrasound images of the thigh, rectus femoris, and vastus intermedius are seen as dark dotted
areas on ultrasound. On the longitudinal plane, this perimysial connective tissue corresponds to
white lines that are oriented at an angle to the muscle aponeurosis and give it a striated
appearance (figure 1.5). This allows direct assessment of architecture by measuring muscle
fascicles and the angle of insertion onto the aponeurosis (pennate angle). This architecture can
be assessed at rest and during dynamic contraction, where muscle area and pennate angles
increase (figure 1.6). Additionally, the presence of intramuscular fat infiltration is seen as

hyperechoic or brighter than normal muscle (figure 1.7)

Figure 1.4 On the left, axial T1-weighted MRI image of the right mid-thigh and on the right, an ultrasound
image of a section of anterior thigh (bordered in yellow), centred over rectus femoris and vastus
intermedius muscles, shows comparability between the two imaging techniques. Arrows and dotted lines
indicate the same anatomical features (orange arrow-central tenddn of rectus femoris, blue arrow
aponeurosis of vastus intermedius, dotted line-femur)
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Figure 1.5 On the left, sagittal T1-weighted MRI image of the right mid-thigh. On the right, the ultrasound

image shows the section (bordered in yellow) of the rectus femoris and vastus intermedius muscles in the

longitudinal plane. Note pennate architecture is clearly visible in ultrasound with fascicles attaching at an
angle to the aponeurosis

Figure 1.6 Longitudinal images of rectus femoris and vastus intermedius muscles at rest (A) and during
dynamic contraction (B). Note that muscle thickness and pennate angles increase in image B.
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Figure 1.7 Transverse images of rectus femoris (yellow oval) of two different individuals showing normal
muscle (A) and severe fat infiltration (B)
In order to assess sarcopenia by ultrasound in a clinical setting, some considerations should be

taken into account:

1 The anatomic site of measurement

As stated before, with age there is greater muscle loss for the lower than upper limbs. This
means that the same patient may have some muscles affected by sarcopenia and others
not (Abe et al, 2011). Studies of Japanese people from 20 to 95 years old showed that there
is a faster decline in muscle thickness of the anterior than the posterior compartment of the
thigh (Abe et al, 2011). Given that sarcopenia in lower limb muscles should have a greater
impact on mobility, muscle thickness of quadriceps femoris could be an early biomarker of
sarcopenia. However, a link between muscle thickness of quadriceps femoris and gait speed
could not be established (Abe et al, 2012), rather the authors found a correlation with a
zigzag walk, which is not a standardised measurement of physical performance.
Additionally, the local architecture of the quadriceps heads is different, and some muscle

heads are better predictors of knee extension force than other heads (Ando et al, 2015).
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This could mean that architectural changes in some quadriceps heads may have a greater

impact on functional outcomes in sarcopenic patients.

Scanning technique

In order to obtain standardised and comparable measurements in the clinical setting, apart
from fixing anatomical landmarks, care should be taken in performing the ultrasound
technique regarding probe orientation relative to the body surface and level of pressure
exerted since this can alter tissue dimensions and echointensity (Harris-Love et al, 2014).
Studies report comparable results using both linear and curved array probes for measuring

the cross-sectional area of the muscle (Warner et al, 2008, Mandal et al, 2016).

Ultrasound parameters

Five different parameters can be obtained by ultrasound for the assessment of sarcopenia.
Most studies report the measurement of muscle thickness and cross-sectional area for
assessing muscle quantity. Muscle thickness is measured as the perpendicular line that joins
the superficial and deep aponeurosis of the muscle. The measurement ought to be
performed on the thickest portion of the muscle in order to obtain comparable values.

Likewise, the cross-sectional area is the area of the muscle traced at its thickest portion.

On the other hand, echointensity, pennate angle, and fascicle length are used for assessing
muscle quality. Echointensity (El) refers to the mean pixel intensity in a defined region of
interest. These values are expressed in arbitrary units with a range from 0 (the darkest) to
255 (the brightest). The overall value is the sum of contractile and non-contractile tissue
(fat and fibrous tissue) within the said region. Lower El indicates superior muscle quality
(figure 1.7) (Young et al, 2016). Pennate angle (PA) is the angle of insertion of muscle
fascicle to its aponeurosis (figure 1.6). This angle varies along the muscle length and is
dependent on joint position and the degree of muscle contraction. Fascicle length can be
traced from insertions on superficial and deep aponeuroses. For quadriceps muscle, fascicle
length is greater than the field of view of standard probes which requires using specialized
probes with a larger field of view or applying trigonometric equations to calculate this value
(Miron Mombiela et al, 2020).

The use of contrast-enhanced ultrasound for the assessment of muscle vascularization and
elastography is in the initial phase of the investigation and seems to have limited
applicability in clinical practice (Mirén Mombiela et al, 2020). The strengths and limitations

of each parameter are summarised in table 1.5.
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Ultrazound  Anatornic site of Lenel of

pararneter assessment Strengths Lirnitations evidence™
Fluzcle All Simple and Fixed anatomic landrmarks Lewvel 2
thickness  compartments reproducible, Good — needed for site-specific
[most studies on correlation with gold  meazurement. Results depend on
quadriceps standard imaging prezzure applied to the probe,
fernori=) techniques Site-zpecific sarcopenia maw bias
the results
Cross Lower lirmbz Sirnple and Fixed anatoric landrarks Level 2

zectional area [mostly rectus reproducible. Good  needed for site-zpecific
fernoris muscle  correlation with gold  measurernent. Assesarnent
head) standard imaging technigque not cormnpletely
techniques. Bath standardized. May nat be
linear and curved appropriate for pennate ruscles
array probes can be
Lized

MLzcle quantity

Echaointensity All Gives information Abzolute values of echointensity  Level 2
cornpartrments  about the amount of — are not cormmparable between

[Fniosty fibrotic changes and studies. Software For analyziz
quadriceps Fatty infiltration. rneedid [zeveral available For
fernaris] Good correlation with free]. Assesment technigue not

ruscle strength and  standardized. Influenced by
fumnction. Better intra- technical pararneters [gain,
rater than interrater  focus, frequency] and tizsue

carrelation thickness
Pennate  Lower limbs Gives information Specific training For operator Level 3
- angle [Fniosty about muzcle needed. Requires patient
% gastrochemius  structure and collaboration. Results are
= rmedializ] strength generation  influenced by joint position and
o capacity deqgree of muscle contraction.
% Correlation with Functional
= pararneters sl unclear
Fazcicle  Lower limbs Gives information Specific training for operator Lewvel 3
length [rostly about muscle reeded. Requires use of non
gastrocremius  structure and standard traneducers [with
medialis] strength generation  extended field of wiew) or
Ccapacity caleulation From other parameters

uzing trigonometric equations. Mo
studies that compare this
pararneter with clinical outcornes

"Blased on the Oxford Centre for Evidence-Based Medicine 2011 Lewels of Evidence. OCEERM Lewels of Evidence working Group

Table 1.5 Ultrasound parameters for assessing sarcopenia. Table adapted from Miron Mombiela et al,
2020

Additionally, some studies reported measurements of muscle activity with ultrasound, where
pennate angles increased during isometric contraction for various muscle groups of the upper

and lower limb as well as oblique abdominal muscles (Hodges et al, 2003).

1.7 The challenge.

In frail individuals, the ageing process is accelerated which leads to disability, increased
morbidity, and eventually death. Frailty is preventable and partially reversible if diagnosed early
enough (Puts et al, 2017), therefore, there is special interest in developing biomarkers for the

identification of individuals at risk of frailty in order to implement timely interventions and
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reduce poor outcomes. In this regard, the development of quantitative biomarkers for the

diagnosis of frailty is of paramount importance.

Up to date, there is no specific quantitative biomarker for diagnosis of frailty although many
circulating and imaging parameters are being investigated. A good biomarker needs to be
accessible, cost-effective as well as precise, and reliable. Over the last few years, the concept of
biomarker panels rather than single biomarkers is gaining more momentum (Cardoso et al,

2018; Wennberg et al, 2021; Calvani et al, 2021).

Although various ultrasound parameters are being investigated, there is no clear evidence
whether muscle size or muscle quality parameters or a combination of both show better
performance in diagnosing frail patients. Additionally, the lack of standardised protocols for
performing muscle ultrasound in elderly patients with sarcopenia can decrease the reliability
and reproducibility of the results and showed to be a significant limitation for the clinical
implementation. There are no clear guidelines for the muscle group that should be studied, for
scanning technique (patient position and probe placement) nor parameters acquired (Ticinesi et

al, 2017).

Moreover, no studies investigated the combination of circulating and imaging parameters for
diagnosing frailty. This is important since imaging findings should be backed with biological data
in order to understand histologic and molecular profiles of the visual parameters (Tomaszewski

and Gillies, 2021).

Although muscle ultrasound does not form part of current protocols for diagnosing sarcopenia,
this technique could be useful in the clinical setting as it can measure changes in muscle volume,
composition, and architecture (Ticinesi et al, 2017). In fact, ultrasound is already used in clinical
practice for other muscle-related pathologies such as neuromuscular disorders (Pillen and van
Alfen, 2011). Additionally, the European Geriatric Medicine Society recently proposed a

consensus protocol for using ultrasound for muscle mass assessments (Perkisas et al, 2021).

Therefore, we assumed that ultrasound imaging can be used reliably for assessing sarcopenia
provided that appropriate protocol was applied, the operator was trained in performing the
exam, and that the protocol with a combination of ultrasound parameters that assess both
muscle mass and quality could distinguish community-dwelling individuals at risk of frailty.
Additionally, we hypothesized that the combination of ultrasound and circulating parameters
would render a good quantitative tool for diagnosing patients at risk of frailty in the clinical

setting.
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OBJECTIVES AND HYPOTHESIS

Work hypothesis: a combination of muscle ultrasound and biochemical parameters offers good

diagnostic performance in detecting patients at risk of frailty

General objective — identify the best imaging and biochemical biomarkers for diagnosing

subjects at risk of frailty.
Specific objectives:

- Assess the properties of muscle ultrasound parameters (accuracy and precision) as
potential clinical biomarkers in opportunistic screening and baseline evaluation of frailty
patients.

- Evaluate the feasibility of using muscle size and architecture parameters obtained by
ultrasound in a clinical setting.

- Correlate muscle ultrasound parameters with physical parameters (physical activity, gait
speed, and muscle strength measured with a hand dynamometer) as well as biochemical
parameters.

- Assess the diagnostic performance of muscle ultrasound and biochemical parameters in
distinguishing subjects at risk of frailty from non-frail individuals and determine the best

frailty models.
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MATERIALS AND METHODS

3.1 Materials.

The present study was carried out in the Radiology and Clinical Analysis departments of the

General University Hospital of Valencia (CHGUV) and the Physiology department of the

University of Valencia.

For the ultrasound exams and functional measurements:

Ultrasound machine (Model Acuson S2000, Siemens, Munich, Germany)

Electronic programs for the citation, image archiving (Impax, Agfa HealthCare, Belgium),

and patient control (Connect Hall, Connectall Systems S.L, Spain)
Handheld digital dynamometer (Trailite Steiner, TL-LSC100 Coesfeld, Germany)
Digital balance (SECA model 803, 150kg capacity)

Chronometer (Samsung Galaxy Smartphone).

For the laboratory analysis:

Clinical chemistry analyser (AU 5400, Beckman Coulter, USA)
Immunoassay analyser ( UniCel DxI 800 Access, Beckman Coulter, USA)

Flow cytometry analyser (xMAP Luminex 100, Luminex Corporation, USA)

High-performance liquid chromatography (HPLC) system (Dionex Ultimate 3000,

Thermo Fisher Scientific, USA)

Figure 3.1 HPLC equipment for the determination of MDA levels
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3.2 Study Design and Setting.

This was a prospective experimental study performed in an outpatient clinical setting. The
project was a collaboration between the Radiology and Clinical Analysis departments of CHGUV

and the Physiology department of the University of Valencia.

The experimental part of the study included muscle ultrasound and blood tests. The ultrasounds
were performed at the Radiology Department of CHGUV. After the image acquisition, a muscle
strength measurement was performed. Then the patient was instructed to walk at a normal
pace the distance of 4.6 metres previously marked on the floor in the hall outside the ultrasound
booth, and the walking time was recorded. We proceeded to the height and weight
measurements and study questionnaires (available in the Annex as STUDY QUESTIONNAIRE).
This data was used to determine frailty phenotype (Fried et al, 2001) as a reference method.
Frailty phenotype was chosen for comparability with other studies since it is the most widely
used technique for assessing frail patients in the clinical setting (Buta et al, 2015). Medical
histories were acquired retrospectively from electronic history viewer (PANGEA, Grupo de

Informatica Medica BET, UPV).

For the patients who accepted the blood test the electronic appointment for blood extraction
was issued on the day of the ultrasound exam. Blood extraction was carried out at the Clinical
Analysis Department of CHGUV after 8 hours of fasting, per usual protocol. Blood samples were
processed as soon as possible, always within the hour of the extraction. The biochemical
analysis was carried out on the same day. Additionally, 4 vials of plasma and serum per patient
were stored at -80°C at the Biobank of CHGUV for the oxidative stress, hormone, and cytokine
analysis. The extraction protocol is available in the Annex. Once all the patients were examined,
these samples were sent for the respective analyses — oxidative stress analysis was carried out
at the University of Valencia, and hormone and cytokine panels were performed at the Clinical

Analysis department of CHGUV.

3.3 Study Subjects.

The study was conducted on humans after obtaining the approval of the ethics committee of the
CHGUV. Each patient gave written informed consent for ultrasound or ultrasound and blood test

before entering the study (available in the Annex as INFORMED CONSENT).

The inclusion criteria for the experimental group were:
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- age 60 and above,
- ability to walk independently (including with the help of a cane/walker),

- access to the medical history.
The exclusion criteria:

- neuromuscular disorders or acute or chronic diseases that would alter the muscle
architecture or interfere with measuring grip strength using a hand dynamometer,

- oncologic patients undergoing chemo or radiotherapy (oncologic patients in remission
were included in the study),

- institutionalised patients or patients unable to get to the research centre using their
means of transportation,

- severe dementia that would influence the patient’s ability to understand the informed

consent and the study questionnaire.

Healthy subjects between 20 and 59 years were invited to participate as the control group since
there is a peak in muscle thickness measured by ultrasound between these ages (Arts et al,

2007).

Patients were referred from primary care (Centro de Salud Fuensanta) and recruited from the
ultrasound exams for unrelated pathologies (ex. abdominal and thyroid exams) carried out by

the main researcher from June to October of 2017.

For calculating the sample size an online calculator was used (https://riskcalc.org/samplesize/).
We used data from our previous study due to similarities in socio-demographic characteristics -
the prevalence of frailty was 29% among patients older than 60 years (Mirén Mombiela et al,
2017). With a type | error rate (a) of 0.05 and an absolute error of precision (d) of 10%, the

study sample was calculated for n=80.

A total of 163 patients were invited to the study, of which 140 accepted to participate (figure
3.2). Muscle ultrasounds were performed on 140 individuals. At the time of the ultrasound
exam, the main researcher was blinded for medical histories and frailty parameters of the
participants. This way the selection bias was reduced and random sampling of the general
geriatric population of the area was possible. Of 140 ultrasounds performed 128 subjects met
the inclusion and exclusion criteria and were included in the study. Of all the enrolled patients

72 accepted to donate blood for the testing. There were a total of 62 samples processed.
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Did not show up for the appointment
a Refused to participate afterinformed consent was read to them

Medical data was unavailable
Presented exclusion criteria after reviewing medical history

Blood sample not available Blood sample available

Figure 3.2 Flow chart of study participants

3.4 Methods of Measurement.

3.4.1 Muscle ultrasound

A small pilot study was conducted in order to calibrate the ultrasound machine and verify the
protocol. Test ultrasounds were performed on 5 healthy young subjects in order to determine
the anatomical site (the anterior compartment of the thigh was chosen over other areas due to
size and accessibility), view planes (axial/sagittal views), and possible parameters (from our
previous work and available literature we planned to measure muscle thickness and
echointensity. We tested if it was possible to capture images for assessing pennate angles at rest
and in contraction, more specifically, whether the subjects could perform the maximum
contraction of the quadriceps at the request and maintain the contraction steady long enough
to obtain three images for the analysis, figure 3.3). Additionally, the optimal settings of gain and
focus were tested, and a musculoskeletal pre-set was chosen to provide the best contrast
resolution between muscle and connective tissue and ensure comparability between images.
Total exam time was also estimated at this point in order to schedule the patients more

efficiently.
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Figure 3.3 Test ultrasound of rectus femoris muscle at rest (image on the left) and in contraction (image on
the right). Note the increase of the angle between the deep aponeurosis and muscle fibers. RF — rectus
femoris, VI —vastus intermedius, F — femur, PA — pennate angle, PAC — pennate angle in contraction

The tissues of the anterior compartment of the right thigh were scanned using ultrasound in B
mode with a 4-9 MHz linear transducer in musculoskeletal pre-set. The patients were placed in
the supine position and the images were taken applying an abundant quantity of contact gel and

with minimal pressure with the probe during the exam in order to avoid tissue distortion.

All four heads of the quadriceps femoris muscle were scanned (Blazevich et al, 2006; Ando et al,
2016). The first set of images was taken at the midpoint between the anterior superior iliac
spine and the lateral femoral condyle in transverse and longitudinal planes and was used to
assess rectus femoris and vastus intermedius muscle heads (Figure 3.4 A — anterior view). Then,
with the probe held in a longitudinal position, the patient was instructed to contract the
qguadriceps muscle and hold steady for a few moments and the images in contraction were
taken. From this point, the probe was positioned laterally at the same level (Figure 3.4 B —
lateral view) in order to include the vastus lateralis muscle head. The scans were also performed
in transverse and longitudinal planes at rest following imaging in contraction. Finally, the probe
was positioned medially and slightly distally (Figure 3.4 C — medial view) and the vastus medialis

head was scanned in both planes (longitudinal and transversal) at rest and during contraction.
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Figure 3.4 Probe placement — A) anterior view (rectus femoris and vastus intermedius

heads), B) lateral view (vastus lateralis head) and C) medial view (vastus medialis head)
Finally, a convex transducer was used to obtain a sufficient field of view and include the cross-
sectional image of the rectus femoris muscle head in order to trace the total area at its widest
point (Narici, 1989). For this, images were taken in the anterior view (Figure 3.4 A). Figures 3.5

and 3.6 show examples of ultrasound images in transverse and longitudinal planes.

Figure 3.5 Ultrasound probe placement — the transverse plane of rectus femoris muscle, examples of
measurements of echointensity (selected area in the middle image) and muscle thickness (distance at the
widest portion of muscle belly, image on the right)
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Figure 3.6 Ultrasound probe placement — the longitudinal plane of rectus femoris muscle, examples of
measurements of pennate angles at rest (middle image) and in contraction (image on the right)

Each image was acquired three times for statistical analysis. A total of 30 images per patient
were stored in the Picture Archiving and Communication System (PACS) of the hospital; there
were nine images per each view — anterior view in the transverse plane (3 images), the
longitudinal plane at rest (3 images), the longitudinal plane in contraction (3 images); lateral
view in the transverse plane, the longitudinal plane at rest and in contraction (total of 9 images,
3 per plane), as well as medial view (9 images). Finally, there were 3 images in the anterior

transverse view with the convex transducer.

After each exam, a radiological report was written and saved in medical history. A template was

used for efficiency (available in the Annex as RADIOLOGY REPORT).

The images were processed using Image) for Windows, 64-bit version (National Institute of
Health, USA), free software available at https://imagej.nih.gov/ij/download.html. Each image
was calibrated (Set Scale tool) before measuring. Echointensity (EI) and muscle thickness (MT)
were measured from the images taken in the transverse plane and the mean value of the three
measurements (one measurement per image) was used for the statistical analysis. For the
echointensity, a manual ROI (Caresio et al, 2015) was traced including most of the muscle visible
in the image and avoiding aponeurosis and bone. Additionally, for comparison reasons,
echointensity was measured in the longitudinal plane applying the same manual ROl method.
Muscle thickness was measured from transverse images as the maximum distance between the

two aponeuroses, using a ruler tool, and the mean value was used for the analysis. Examples of
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El and MT measurements are shown in figure 3.7. Pennate angles (PA) were measured from
longitudinal images at rest and in contraction using an angle tool. Clearly visible fascicle was
chosen and the angle was traced between the fascicle and its insertion in the deep aponeurosis
(figure 3.8). Images from patients who did not comply with the contraction request (unable to
contract the muscle at the request or maintain the contraction/presented muscle fasciculations
etc.) were annotated at the time of the imaging and were not taken into account for the results.
Additionally, the superficial fat thickness was measured from all the images in the transverse
plane (fat distribution differs among the scanning landmarks) as the distance between the skin
and the superficial aponeurosis. Finally, the rectus femoris cross-sectional area was measured
from the images taken with the convex transducer (Hammond et al, 2014) using manual ROI.
Parameters were measured once from each of the three respective images whenever possible.
In cases where one of the images was suboptimal (partially blurry, no visible attachment of the
fascicle to the aponeurosis, etc), the measurement was taken twice from the optimal image of

the same view.

[}

Rectus femoris Vastus intermedius

anterior view

Vastus medialis Vastus lateralis

lateral view

Figure 3.7 contains images in the transverse plane of all four quadriceps heads and shows examples of
echointensity (El) and muscle thickness (MT) measurements. Note that rectus femoris and vastus
intermedius are measured from the same image.
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contraction

Figure 3.8 Example of measurements of echointensity (El) and pennate angles at rest (PA) and in
contraction (PAC) of vastus lateralis muscle. Images are taken in lateral view, longitudinal plane at rest,
and contraction. Note that the pennate angle increases with contraction.

3.4.2. Muscle strength measurement

The grip strength of the dominant hand was measured using a digital hand dynamometer
(Tralite, TL-LSC100). Patients were seated and held the dynamometer with the elbow flexed at a
90° angle and the wrist in a neutral position (figure 3.9). Previously it was explained that the test
consisted of making as much pressure as possible (as opposed to holding for the longest time).
Patients had three attempts for maximal pressure for 5 seconds with 30 seconds of rest
between them. During the test, patients were encouraged to try their best. Values were

expressed in kg. The mean of the three measurements was used for the analysis.
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Figure 3.9. lllustration of muscle strength measurement with a hand dynamometer. Image downloaded

from wikihow.com

3.4.3. Walking speed measurement

A distance of 4.6-meter was marked on the floor of the corridor outside the ultrasound booth.
Patients were instructed to walk at a normal pace without rushing, as would they normally walk
on the street, and were allowed to use their usual walking aids (cane, walker). The starting point
was located 0.5 m away from the start line in order to avoid reaction time biases and the patient
was encouraged to walk until fully crossing the end mark. Walking time was measured with a

Smartphone chronometer application.

3.4.4. Study questionnaire

- Epidemiological and anthropometric data

This section included general epidemiological data (date of birth, sex, age) and height and
weight measurements. A measuring tape was placed on the wall of the ultrasound booth,
subjects were instructed to stand barefoot straight against the wall with their feet together. A
ruler was placed at the top of the patient's head and the measurement was read from the tape.
The value was expressed in metres. The weight was determined afterward, instructing patients
to step barefoot on the scale. The scale was calibrated before each ultrasound session. The
value was expressed in kilograms. Body mass index was calculated for each patient using the

formula: BMI = weight (kg)/height (m)°.
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- Medical history and risk factors

Medical histories were reviewed to determine the presence of associated diseases
(hypertension, hyperlipidemia, diabetes mellitus, chronic obstructive pulmonary disease (COPD),
hearing and visual impairment, previous stroke/transitory ischaemic attack (TIA), congestive
heart failure, heart disease, myocardial infarction, renal disease, osteoarthritis,
anxiety/depression, osteoporotic fractures, hepatopathy, dementia, connective tissue disease,
previous malignancy with proven remission, peripheral vascular disease, and peptic ulcer.
Additionally, patients were screened for Parkinson's disease, hemiplegia, and active malignancy
and excluded from the study if positive due to association with secondary sarcopenia (exclusion
criteria): three patients had active malignancy at the time of the ultrasound, two had

Parkinson's disease and none had hemiplegia.

Risk factors (smoking, alcohol abuse, and obesity) were recorded. Patients were asked about the
number of falls in the last 6 months. (Landi et al, 2012). Additionally, a number of primary care
visits, emergency room visits, and hospitalizations in the last 6 months were also recorded

(Beaudart et al, 2017).

3.4.5. Frailty phenotype

Frailty criteria proposed by Fried and colleagues (Fried et al, 2001) were used for determining
frailty phenotype. These criteria assess unintentional weight loss, exhaustion, low physical
activity, slow walking speed, and muscle weakness. The Frailty criteria chart is available in the

Annex as FRIED'S FRAILTY CRITERIA CHART.

Appetite and weight loss — this information was obtained by asking the following question: did

you lose more than 4.5 kg unintentionally in the last year?

Exhaustion — a positive answer to one or both statements — | feel that everything | did in the last

3-4 days was a great effort/I feel the lack of energy to do the things | normally like doing.

Low physical activity — walking less than 2.30h/week for men or less than 2h/week for women.

Slow walking speed — speed lower than predetermined values according to sex and height of the

subject.

Muscle weakness — values lower than predetermined according to BMI and sex of the subject.

Each positive criterion was scored with one point. The final score was a sum of the five criteria.

According to the number of points, the subjects were classified to:
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Robust — 0 points,
Pre-frail — 1 or 2 points,
Frail — 3-5 points.

3.4.6. IPAQ

This section was based on the International Physical Activity Questionnaire (IPAQ) (2016).
(Retrieved from https://sites.google.com/site/ theipag/ in May of 2017). Patients were asked to
recall and quantify their physical activities in the last seven days. The questions included
vigorous and moderate physical activities, walking, and time spent sitting (Figure 3.10). This
guestionnaire was chosen in order to have standardised and comparable data with other

international studies (Craig et al., 2003).

IPAQ-E
1 Durante los Gltimos 7 dias, éen cuantos realizd actividades fisicas intensas tales
como levantar pesos pesados, cavar, hacer ejercicios aerdbicos o andar rapido en
bicicleta?
2 Habitualmente, {cuanto Hiempo en total dedico a una actividad fisica intensa en
uno de esos dias? Indigue cuantos minutos por dia.
3 Durante los Gltimos 7 dias, éen cuantos dias hizo actividades fisicas moderadas

tales como transportar pesos livianos, o andar en bicicleta a velocidad regular? No
incluya caminar

4 Habitualmente, {cuanto fiempo en total dedico a una actividad fisica moderada
en uno de esos dias? Indique cuantos minutos por dia.

5 Durante los Ultimos 7 dias, écamind por lo menos 10 minutos seguidos?

5] Habitualmente, {cuanto tiempo en total dedicd a caminar en uno de esos dias?
Indigque cuantos minutos por dia.

7 Durante los dltimos 7 dias, écuanto tiempo pasé sentado durante un dia habil?

Indique cuantos minutos por dia.

Figure 3.10 International Physical Activity Questionnaire in Spanish.

3.4.7. Biochemical analysis

General biochemical and immunochemical analysis

Blood was drawn after at least 8 hours of fasting. The extraction was carried out in a tube with
EDTA anticoagulant for the complete blood count and in a tube without additives for the rest of
the parameters. After extracting the sample without additives, the clot was retracted and the
tube was centrifuged at 2000 g for 10 minutes at room temperature. The list of the analytes and

corresponding procedures is detailed in table 3.1.
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Table 3.1 General biochemical and immunochemical analysis
Analyte Procedure Equipment
Leucocytes Impedance DXH-800, Beckman Coulter|
Leucocyte formula Flow cytometry DXH-800, Beckman Coulter
c RBC Impedance DXH-800, Beckman Coulter,
g HGB Spectrophotometry DXH-800, Beckman Coulter
g HCT Mathematical calculation  |DXH-800, Beckman Coulter,
T [Mcv Mathematical calculation  |DXH-800, Beckman Coulter
MCH Mathematical calculation  |DXH-800, Beckman Coulter
MCHC Mathematical calculation DXH-B800, Beckman Coulter
Platelets Impedance DXH-800, Beckman Coulter,
@ |Proteins Coluorimetry AL 5800, Beckman Coulter
E CRP Immunoturbidimetry AU 5800, Beckman Coulter
& |Albumin Coluorimetry AU 5800, Beckman Coulter
Glucose Enzymatic UV method AL 5800, Beckman Coulter
=& Urea Kinetic UV method AU 5800, Beckman Coulter
E g Creatinine Kinetic colourimetry AU 5800, Beckman Coulter
~ |Glomerular filtration rate | Calculation AU 5800, Beckman Coulter
= |Calcium Coluorimetry AU 5800, Beckman Coulter
® Phosphorus Coluorimetry AU 5800, Beckman Coulter
5 ALT Kinetic UV method AU 5800, Beckman Coulter
= |ALP Kinetic UV method AU 5800, Beckman Coulter
" Chlorine lon-selective electrode AL 5800, Beckman Coulter
§ |Potassium lon-selective electrode AU 5800, Beckman Coulter
Sodium lon-selective electrode AU 5800, Beckman Coulter
¢ | Total cholesterol Enzymatic colourimetry AU 5800, Beckman Coulter
E% Triglycerides Enzymatic colourimetry AU 5800, Beckman Coulter
- ‘E HDL cholesterol Enzymatic colourimetry AU 5800, Beckman Coulter
LDL cholesterol Enzymatic colourimetry AU 5800, Beckman Coulter
# CPK Kinetic UV method AU 5800, Beckman Coulter
G |Homocysteine Turbidimetry ACL TOP 700, Werfen
£ Ferritin Immunoturbidimetry AU 5800, Beckman Coulter
= [iron Coluorimetry AU 5800, Beckman Coulter
= |18 Immunoturbidimetry AU 5800, Beckman Coulter
Vitamin D Chemiluminescence DX1 800, Beckman Coulter
Cortisol Chemiluminescence DXI 800, Beckman Coulter
E Insulin Chemiluminescence DXl 800, Beckman Coulter
E PTH Chemiluminescence DXI 800, Beckman Coulter
£ |[TSH Chemiluminescence DXI 800, Beckman Coulter
IGF-1 Chemiluminescence Liaison XL, Diasorin

Abbrewiations: RBC - red blood cells, HGB - hemoglobin, HCT - hematecnt, MCV - mean corpuscular volume,
MCH - mean corpuscular hemoglobin, MCHC - mean corpuscular hemoglobin concentration, ALT - alanine
aminotransferase, ALP - alkaline phosphatase, HOL - high-density lipoprotein, LOL - low-density lipoprotain,
CPK - creatine phosphokinase, TS - transferrin saturation, CRP- C-reactive protein, PTH - parathormone, TSH
- thyroid stimulating hormone, IGF 1 - Insulin-like growth factor 1

Table 3.1 General biochemical and immunochemical analysis
Oxidative stress analysis

Plasma sample was used for the determination of Malondialdehyde (MDA) and

carbonylation.

protein
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a) Oxidative stress in lipids

Malondialdehyde (MDA) is a result of the lipid peroxidation of polyunsaturated fatty acids,
mainly from the cell membranes, which are degraded by reactive 02 species. High-performance
liguid chromatography (HPLC) was used for this determination. Chromatography is a physical
separation method in which the components that need to be separated are distributed between
two phases, the stationary phase (column of silica or alumina particles) and the mobile phase,
which in this case is liquid and acts as a sample carrier. The chromatographic separation in HPLC
is the result of the specific interactions of the sample molecules in both phases. MDA [CH,
(CHO),] is a very reactive compound, its molecule is small (molecular weight of 72.0636 g/mol)
and it is volatile, all of which makes its measurement very difficult. Therefore, before
measurement sample derivatization needed to be performed using thiobarbituric acid (TBA).
The method described by Wong and colleagues was used (Wong et al, 1987), in which a
molecule of MDA reacts with 2 molecules of thiobarbituric acid (TBA) producing an adduct that
is a pink chromogen with an absorption maximum between A= 532-535 nm. The results obtained
were expressed in micromolarity (UM) equivalent to nanomoles/mL (nm/mL). The procedure

description is available in Annex as DETERMINATION OF MDA IN PLASMA.

b) Oxidative stress in proteins

The Protein Assay Kit based on the Lowry method (Lowry et al, 1951) was used for this analysis,
which is a colorimetric method for the quantitative assessment of proteins in plasma. Lowry's
reagent, included in the kit, contains sodium dodecyl sulfate (SDS), which facilitates the
dissolution of partially insoluble proteins, and alkaline cupric tartrate, which binds proteins.
Folin's reagent, also included in the kit, contains phenol, which interacts with tartrate and gives
rise to a blue-colored compound (heteropolymolybdenum Blue). The colour intensity of this
compound is proportional to the protein concentration, according to the Lambert-Beer law. The
concentration of the unknown sample was determined graphically by plotting the absorbance
against known concentrations of our internal standard, bovine serum albumin (BSA). This

procedure is detailed in Annex as DETERMINATION OF PLASMA PROTEINS BY LOWRY.

For the determination of carbonylated proteins, the Western blotting or immunoblotting
method was applied, using the OxyBlot protein oxidation detection Kit. Electrophoresis was
carried out in gels with a polyacrylamide matrix (PAGE), under denaturing conditions, in order to
separate proteins by their molecular weight. For this, the combination of a denaturing detergent
(SDS) and a reducing agent (B-mercaptoethanol) was used. The densitometry of the bands was

determined using the Imagel software (NIH, USA). As a loading control, membranes were
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stained with Ponceau red. The densitometry of the membrane was calculated as a ratio:
densitometry of protein carbonylation/densitometry of the membrane stained with Ponceau
red, expressing the result as arbitrary units of oxidised proteins. The procedure is available in

Annex as PROTEIN CARBONYLATION.

Cytokine analysis

Pro and anti-inflammatory cytokines were assessed in plasma samples using XMAP Luminex
technology. A commercial Luminex assay kit (MILLIPLEX MAP HSTCMAG-28SK-16plex) was used
for detection and quantification of following cytokines: ITAC, Fractalkine, IFN-y, IL-10, MIP-3q,
IL-12p70, IL-13, IL-173, IL-1B, IL-2, IL-4, IL-23, IL-6, IL-7, IL- 8, TNF-a.

This technology is a bead-based immunoassay, colour coded beads are dyed with a graded
mixture of two fluorophores (red and infrared) in different concentrations in order to create up
to 100 different regions on the fluorescent spectrum enabling measurement of up to 100

analytes in one sample.

The technique is based on the ELISA sandwich test and consists of the following steps:

1. Each bead is precoated with a cytokine-specific antibody (capture antibody). The sample
is added to the mixture of beads and the antibodies bind to the cytokines of interest.

2. The specific biotinylated antibody is added (detection antibody), and it forms an
antibody-antigen sandwich with the cytokine.

3. Phycoerythrin (PE)-conjugated streptavidin is added (reporter dye). It binds to
biotinylated antibodies. This provides the bead with an additional fluorescent emission
signature when it binds to the cytokine of interest.

4. Beads are read on a dual-laser flow-based detection instrument. Red laser (635 nm)
excites both the red and infrared dyes and enables detection of the type of bead
(identifies the cytokine of interest). Green laser (525 nm) excites the reporter dye bound

to the antigen-antibody complex (quantifies the amount of cytokine bound to the bead).
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Figure 3.11. Luminex assay principle: a.b. there are up to 100 different regions based on different
proportions of red and infrared fluorophores. c. cytokine binds to capture antibody; biotinylated
(detection) antibody is added, and it forms a sandwich with the cytokine; PE-conjugated streptavidin
(reporter dye) is added, and it binds to detection antibody. Image downloaded from https.//www.bio-
rad.com/es-es/applications-technologies/multiplex-immunoassays
The samples were processed on a 96-well plate. Reagents for standards and quality controls
were provided in the kit and prepared as instructed in technical guidelines. The overnight
protocol was used following the instructions detailed in the guidelines and the plate was read on
a flow cytometry instrument (protocol available in Annex as LUMINEX PROTOCOL). A report for
each analyte was created including standard curves, mean fluorescence of the beads vs

background, bead count, recovery percentages, and concentrations of the analytes. Data were

acquired and analysed using xPonent 3.1 software.

3.4.8. Statistical analysis

Statistical analysis was performed using SPSS software, version 22.0 for Windows (IBM, SPSS
Inc.). All continuous variables were presented as means + standard deviations while ordinal
variables were presented as quantity and percentages. The distribution of the continuous
variables was assessed with the Kolmogorov-Smirnov normality test. For assessing differences
between sexes t-student test was used for the variables with a normal distribution (parametric
variables) and the Mann-Whitney test for non-parametric variables. The differences of study
variables according to frailty phenotype were evaluated using the ANOVA test for parametric
variables followed by the Bonferroni post-hoc test, whereas the Kruskal-Wallis test was used for

non-parametric variables.

Correlation analysis was performed to assess the relationships among physical characteristics,

ultrasound, and biochemical parameters. Spearman's coefficient (rho) was used for continuous
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variables and Kendall’s tau was used for ordinal variables. The strength of correlation was
arbitrarily divided into three categories — weak, moderate and strong, and interpreted as weak

for values r<0.399, moderate for values r from 0.400 to 0.699, and strong for values r>0.700.

The accuracy of ultrasound parameters was tested using areas under the receiver operating
characteristic (ROC) curve. Frailty phenotype was divided into the non-frail group (controls and
robust group) and at-risk group (pre-frail and frail) based on the different behaviour of these
two populations observed in our previous work (Mirén Mombiela et al, 2021). The values were
classified as poor for <0.70, acceptable for 0.71-0.80, excellent for 0.81-0.90, and outstanding
for 0.91-1.00 (Hosmer and Lemeshow, 2000). The precision of the measurement technique was
also tested using the intraclass correlation coefficients (ICC) and Bland-Altman Limits of
Agreement. The ICC values were classified as poor for values <0.50, moderate for 0.51-0.75,

good for 0.75-0.90, and excellent for 0.91-1.00 (Koo and Li, 2016).

Stepwise logistic regression analysis was performed with ultrasound and biochemical
parameters adjusted with physical characteristics to determine the best predictive models for
frailty. The frailty phenotype was used as a dependent variable, creating two groups: non-frail
and at-risk groups. Robust patients and young controls were assigned to the non-frail group, and
pre-frail and frail patients were assigned to the at-risk group. In order to avoid using
independent variables with high correlation among them, which would introduce errors in the
regression models (inflation of variance and changes in the signs and confidence intervals (Ryan,
2009)) a test for multicollinearity was performed using the Variance Inflation Factor (VIF).
Generally, VIF >5 or >10 suggests multicollinearity (Chatterjee and Simonoff, 2013), whereas VIF
= 1 indicates a complete absence of multicollinearity. The independent variables selected for
each model had VIF <2.5. The level of influence of the independent variables on frailty was
expressed by odds ratios. Values >1 increase the odds while values between 0 and 1 decrease
the odds of frailty. In order to compare these ratios, the values <1 were converted using the

formula 1/0R.

Due to multiple tests performed on our data, there is an increased rate of false positive results.
For all the data analysed we obtained 1901 p values. Benjamini and Hochberg's formula was
used to assess false discovery rates (FDR) and provide reasonable estimates for truly significant
data. The p values were ranked in ascending order and then adjusted p-values (or g-values)
were calculated using the formula FDR = PvalCount * Pval / PvalRank. For the selected g-value of

0.05, we should expect to have 10 false positives out of 206 positive results.

Statistical significance was defined as p<0.05.
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RESULTS

4.1 Baseline characteristics.

The sample consisted of 128 patients, of which 66 were females (51%) and 62 males (49%).
Table 4.1 shows physical characteristics (age, weight, height, BMI, muscle strength, and gait
speed) and physical activity questionnaire parameters (IPAQ) according to sex. The sample was
homogeneous regarding age, BMI, gait speed, physical activity, and walking. There were
significant differences between sexes in weight, height, muscle strength, intense and moderate

physical activity, and time spent seated during the day.

Table 4.1 Baseline characteristics according to sex
Sex| Female (N=66) Male (N=62) Total (N=128) |Statistical test
Variable {unit) Mean = 5D Mean = 5D Mean = 5D p
g Age (years) 62+ 15 62+ 20 62+ 17 0,810*
-::': Weight {kg) T03+148 80+14 75+ 151 =0.001
g Height (m) 157 +0.08 1.71 2009 164201 =0.001*
% BMI (kg/m2) 2855 £ 580 2736405 2797 +493 0175
g Muscle strength <0.001*
w |(kg) 19.64 £ 6.21 33341003 26.33£10.75
& | Gait speed (s) 44=+2 4+£12 42+18 0,534*
Physical activity
(h/week) 937 107115 10£95 0,864*
IPA (min/day) 3z 1544 9+32 0,046*
g | MPA (min/day) 75+ 85 45 + 55 6173 0,026
— | Walking
{min/day) 8160 92 + 99 8681 0.952*
Seared (min/day)
250 £ 137 308 + 141 279 + 142 0,021*
J;bt_}r?viations: IPA - intense physical activity, MPA - moderate physical activity, SD - standard
eviation

* non parametric test

Table 4.1 Baseline characteristics according to sex

There were 36 controls (28%), 22 robust (17%), 53 prefrail (41%), and 17 frail patients (13%).
Physical characteristics (age, weight, height, BMI, muscle strength, and gait speed) and IPAQ
parameters that included weekly physical activity, daily intense and moderate physical activity,
daily walking, and seated time according to frailty phenotype are represented in table 4.2. There
were significant differences between groups in age, height, BMI, muscle strength, gait speed,
physical activity, intense physical activity, and walking. There were no significant differences in
weight, moderate physical activity, and time spent seated. Finally, the sample was

homogeneously distributed among groups regarding sex. The table includes the number of
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positive frailty criteria, based on which the patients were assigned to a corresponding group.

Frailty criteria were also applied in the control group for comparison.

Tahle 4.2 Baseline characteristics according to frailty phenotype

Frailty Phenotype| Control (N=36) Robust (N=22) Prefrail (N=53) Frail (N=17) Total (N=128) |Statistical test

Variable {unit) Mean = 5D Mean = 5D Mean = 3D Mean = 5D Mean = 5D P
8 Age (years) IT£8 66 8 TEES: T4+0 62 £17 =0.001*
% Weighr (kg) 7T63+184 7T53+124 T5+1349 T2+152 75+ 151 0.515
g Height (m) 172011 1.64 £ 0.09 1.61+0.09 1.56+£0.08 16401 =0.001*
% BMI (kg/m2) 256147 2800+£4M 29.06 £ 4.93 2943 £5.05 2797 £4.93 0.005
E Muscle strength 0,004
o |(kg) 3216+ 11.38 3255+ 0.50 2225544 18.90 + 6.59 26.33 £10.75
T Gait speed (s) 35+08 3705 4217 6.4+£21 42+186 <0.001*

Physical activity

{hiweek) 13.3£149 10848 89+6.1 5447 10+£95 ao10

IPA (min/day) 29 + 55 415 128 0:0 932 <0.001*
g MPA (min/day) 56 + 64 62+ 98 67+ 71 50 + 62 6173 0,727
— | Walking

{min/day) 17 +128 93+M TG +53 46 + 40 V| aaor

Seared

{min/day) 298 + 154 255+ 141 286 + 128 307 £ 158 279+ 142 0,600
5 |Female 17 g 28 12 66 0.287*
@ Male 19 13 25 5 62

0 26 22 0 0 43
-% 1 T 0 24 0 32
E 2 3 0 29 0 32 0004
= |3 0 0 0 13 13
E 4 0 0 0 3 3

5 0 0 0 1 1

Abbreviations: IPA - intense physical activity, MPA - moderate physical activity, SD - standard deviation
* non parametric test

Table 4.2 Baseline characteristics according to frailty phenotype

4.2 Comorbidities.

Comorbidities were assessed according to sex and frailty phenotype.

Table 4.3 shows the distribution of comorbidities, risk factors, and use of the healthcare system

according to sex. Most of the parameters were homogeneous except for COPD and alcohol

abuse which were more frequent in men, and anxiety/depression and osteoporotic fractures

which were more common in women.

69



Table 4.3. Comorbidities and risk factors according to sex

Sex| Female (N=066) | Male (N=62) Total (N=128) | Statistical test*

Variable M (%) M (%) M (%) p
Hypertension 32 (43.5) 37 (58.7) 69 (53.9) 0.204
Hyperlipidemia 37 (56.1) 35 (56.5) 72 (56.3) 0.964
Diabetes Mellitus 13 (19.7) 15(24.2) 28 (21.9) 0.539
COPD 0 10 (16.1) 10 (7.8) 0.001
Hearing impairment 10(15.2) 9 (14.5) 19 (14.8) 0.920
Visual impairment 24 (36.4) 20 (32.3) 44 (34.4) 0.623
Previous stroke/TIA 5(7.6) 6 (8.7) 11 (8.6) 0.672
Congestive heart failure 5(7.8) 3(4.8) 8 (6.3) 0.523
% Heart disease 9 (13.6) 12(19.4) 21 (16.4) 0.383
2 Myocardial infarction 1(1.5) 4 (6.5) 5(3.9) 0.130
E Renal disease 6 (9.1) 5(8.1) 11 (8.6) 0.536
7§ Arthritis/Osteoarthritis 26 (39 .4) 16 (25.8) 42 (32.8) 0.102
§ Anxiety/depression 27 (40.9) 10 (16.1) 37 (28.9) 0.002
Dsteoporotic fractures 211(31.8) 00 21(16.4) =0.001
Hepatopathy 1{1.5) 1{1.6) 2(1.6) 0.964
Dementia 71(10.6) 4 (6.5) 11 (8.8) 0.402
Connective tissue disease 6(9.1) 10 (16.1) 16 (12.5) 0229
Previous malignancy™ 10{15.2) 9({14.5) 19 (14.8) 0.820
Peripheral vascular disease 2(3) 3(4.8) 5(3.9) 0.598
Peptic ulcer 4(6.1) 4 (6.5) 8 (6.3) 0.927
@ Smoking 10(15.2) 14 (22.6) 24 (18.8) 0.282
:G; Alcohol abuse Q) 13 (21) 13 (10.2) =0.001
= Falls 22(33.3) 12(19.4) 34 26.8) 0.074
o Obesity 26 (39 .4) 16 (25.8) 42 (32.8) 0.102
wg| Primary care visits (N) 172 14217 15219 0.448
X ER visits (N) 04208 03207 04208 0.913
=&[ " Hospitalizations (N) 01203 0.1£0.2 0.12023 0.614

Abbreviations: COFPD - chronic obstructive pulmonary disease, TIA - transitory ischemic attack, ER -
emergency room, N - number, **proven remission, no active treatment.

* non parametric test used for all the variables

Table 4.3 Comorbidities and risk factors according to sex

The distribution of comorbidities, risk factors, and healthcare system use according to frailty
phenotype is represented in table 4.4, showing significant differences between groups for
hypertension, hyperlipidemia, diabetes mellitus, hearing and visual impairment, congestive
heart failure and heart disease, osteoarthritis, anxiety/depression, osteoporotic fractures,

dementia, previous malignancy, falls and primary care visits.
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Table 4.4 Comorbidities and risk factors according to frailty phenotype

Frailty Fhenotype | Control (N=36) | Robust (N=22) | Prefrail (N=53) | Frail (N=17) |Statistical Test*

Variable M (%) M (%) M (%) M (%) p
Hypertension 21(5.6) 12 (54.5) 44 (83) 11 (64.7) =0.001
Hyperlipidemia 3(8.3) 14 (63.6) 40 (75.5) 15 (88.2) =0.001
Diabetes Mellitus 00) 2(9) 20 (37.7) 6 (35.3) =0.001
COPD 00 2(9) 6(11.3) 2({11.8) 0.224
Hearing impairment 00) 4(18.2) 11 (20.8) 4 (23.5) 0.030
Visual impairment Q) 5(22.7) 27 (50.9) 12 (70.6) =0.001
Previous stroke/TIA 00) 2(9) & (15.1) 1(5.9) 0.094
Congestive heart failure Q) 00 5(9.4) 3(17.8) 0.036
% Heart disease 1(2.8) b (22.7) 10 (18.9) 5(29.4) 0.049
2 | Myocardial infarction Q) 1(4.5) 3(5.7) 1(5.9) 0.532
E Renal disease 00) 2(9) & (15.1) 1(5.9) 0.094
%‘ Arthritis/Osteoarthritis 1(2.8) 9(40.9) 23(43.4) 9(52.9) =0.001
§ Anxiety/depression 1(2.8) 4(18.2) 21 (39.6) 11 (64.7) =0.001
Dsteoporotic fractures 1(2.8) 3 (13.8) 10 (18.9) 7(41.2) 0.0035
Hepatopathy 00) 0 (0) 1{1.9) 1(5.9) 0.389
Dementia Q) 00 7{13.2) 4(23.5) 0.008
Conne;tive tissue . ) _ _ 0.242

disease 1(2.8) 4 (18.2) &(15.1) 3 (17.6)

Previous malignancy™ Q) 4(18.2) 12 (22.6) 3 (17.8) 0.028
P ease 0 3(13.6) 2(3.8) 0(0) 0.032
Peptic ulcer 0{0) 1({4.5) 6(11.3) 1(5.9) 0.184
@ Smoking 9 (25) 7(31.8) 7(13.2) 1(5.9) 0.058
:G; Alcohol abuse 1{2.8) 4(18.2) 4(7.5) 4(23.5) 0.039
= Falls 2(5.6) 5 (22.7) 22 (41.5) 5 (29.4) 0.002
o Obesity T(19.4) 2(364) 20 (37.7) T(41.2) 0.244
w g| Primary care visits (N) 061 14217 18219 27222 <0.001
¢ ER visits (N) 02205 0.4207 0.4207 0.7213 0.296
= & Hospitalizations (N) 0£02 0.1£0.2 0£0.1 02:05 0.308

Abbreviations: COFD - chronic obstructive pulmonary disease, TIA - transitory ischemic attack, ER - emergency
room, M - number, **proven remission, no active treatment.

* non parametric test used for all the variahles

Table 4.4 Comorbidities and risk factors according to frailty phenotype

4.3 Ultrasound parameters.

Table 4.5 summarizes ultrasound parameters for all heads of the quadriceps femoris muscle
according to sex. There were significant differences between sexes in almost all parameters
except pennate angles for rectus femoris, vastus intermedius, and vastus lateralis heads as well

as muscle thickness of vastus lateralis head.
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Table 4.5 Ultrasound parameters according to sex

ﬁ Sex| Female (N=066) Male (N=862) Total (N=128) |Statistical Test

E Variable {unit) Mean £ 5D Mean £ 5D Mean £ 5D p
SFT (cm) 154+ 081 072032 114+ 064 <0.001*
= MT (cm) 1.47 £ 0.40 162042 154041 0.044
E AREA (cm?) 591+284 7.02+ 286 6.45 + 2 80 0023
g El Tr (AU} 66.27 + 16.66 51.61+ 16.69 59.17 + 18.16 =0.001*
E EIL (AL) G4.15+ 169 4913 +16.10 56.88 + 13.10 =0.001
- PA (%) 13.20£3.11 1217 +2.94 12.69 = 3.06 0.061
PAC (%) 1376+ 356 1322+344 1348 + 350 057z
MT (cm) 132043 1.50 2 0.47 1.41+0486 0,035*
@ é El Tr (AU) R7.80+18.51 44 51+ 17.87 51.42+19.32 =0.001
% g EIL (AU) 60.12 £ 19.08 47.50 £ 19.28 54.06 + 20.12 =0.001
= E PA (%) 1460 + 353 1449+ 354 1455 + 352 oFroe
PAC (%) 16.07 = 3.97 16.67 £4.15 16.38 £ 4.05 0.452
SFT (cm) 133+052 06503 1.00+ 055 <0.001*
% MT (cm) 369+ 061 4.07 £ 0.61 3870064 =0.001*
E El Tr (AU) 59.35 + 14 .49 49 45 + 15.42 5456 + 1570 <0.001*
5 EIL (AU) 67.03 £ 16.26 52.73+1525 60.10 + 17.28 =0.001*
§ PA (%) 1820 + 367 2007 + 453 191341 0013
PAC (%) 21.24 £ 463 2417 £5.70 2267 £5.36 0.002
SFT (cm) 143 +070 050+028 0928+071 <0.001*
% MT (cm) 1.80+0.37 189033 1.84+0.35 0.145
g El Tr (AU) R9.37 +15.28 4789 +16.78 53.81 +16.96 =0.001
E EIL (AU) 60.47 £ 15.79 51.68 £ 17.32 56.21 £ 17.06 0.003
E PA (%) 1593+ 337 16.12 + 326 16.02+3 31 0747
PAC (%) 16.26 = 3.14 16.82 £ 3.83 16.54 = 3.49 0.367

Abbreviations: SFT - superficial fat thickness, MT - muscle thickness, El - echointensity, Tr -
transverzal plane, L - longitudinal plane, PA - pennaie angle, PAC pennate angle in contraction,

Al - arbitrary units

* non parametric test

Table 4.5 Ultrasound parameters according to sex

Ultrasound parameters according to frailty phenotype are summarized in table 4.6. There were
significant differences between groups for all the parameters of the rectus femoris muscle.
Muscle thickness of all quadriceps heads showed significant differences between groups. As for
the echointensity, there were significant differences between groups for the rectus femoris
head, whereas vastus intermedius, vastus medialis, and vastus lateralis heads did not show
differences between groups. Pennate angles at rest and in contraction showed significant

differences between groups for all muscle heads except vastus medialis at rest.
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Table 4.6 Ulirasound parameters according to frailty phenotype

;—?g: Frailty Phenotype | Control (N=36) Robust (N=22) Prefrail (N=53) Frail (M=17) Statistical Test

E Variahle (unit) Mean = 5D Mean = 5D Mean = 5D Mean = 5D p
SFT {cm) 1.16 £ 0.57 0.82+0.49 122+ 068 120073 0,031*
@ MT (cm) 191+035 156038 138034 127028 =0.001
E AREA (cm?) 923270 6.54 +2.08 5.06+1.87 475 +1.43 =0.007*
E EI'Tr (AU} 4943 £ 17.82 61.89 + 20.04 §2.00 + 15.80 67.46 + 165.82 0.001*
% EIL (AU) 48.76 £ 16.80 58.54 +20.24 59.75 + 16.94 62.97 £ 17.15 0.012
& PA %) 14102275 12.54 + 2 96 11892092 1224+ 349 0.003
PAC (%) 15.48 = 3.68 13.22 £ 3.62 12.20+2.82 13.13 £ 267 0,002*
MT (cm) 1.65+ 050 140038 1.26+039 136049 0,002*
@ é El Tr (AU} 52.42+17.45 53.45+19.64 50.84 £ 19.71 48.43 £ 22,60 0.854
‘% E EIL (AU} 55311924 55.95 + 20.37 53.97 £ 1974 4924 + 23 66 0732
- E PA (%) 1548 £ 3.05 14.31 £ 3.82 13.62 = 3.63 15.31 £ 3.50 0,036*
PAC (%) 1940+ 329 1547 £ 320 1480+ 392 14312279 =0.001
SFT {cm) 1.02 047 0.80 050 1.03+ 061 1102053 0,144*
% MT (cm) 440+ 064 378060 370+048 344045 <0.007*
E El Tr (AU} 52.78 £ 16.19 5717 £ 18.59 53.91+14.48 56.96 + 14.94 0,867*
E EIL (AU} 56.67 + 17.02 58881725 61.77 £ 17.03 63761875 0,.536*
§ PA (%) 2018434 18.44 £ 3.43 1872454 19.13 £ 3.69 0.359
PAC (%) 2473570 21.00 = 3.66 2231551 2145+504 0.035
SFT {cm) 1.02+0.62 075059 0.99 + 0.69 1.19+0.99 0,217*
% MT (cm) 210+ 037 177028 1.75+0.30 166028 =0.001
g El Tr (AU} 47.99 + 15.69 53.88+19.39 56.18 £ 17.26 B3.67 £ 1274 0.081
E EIL (AU} 4923 £ 15.00 59.41+1910 5734+ 1712 63321435 0.017
§ PA (%) 18.24 £ 3.27 15.72 £ 3.06 14.87 = 2.60 15.18 £ 3.52 =0.007*
PAC (%) 1832304 16.46 £ 3.73 1536+ 3.18 16.53£3.73 0.001

Abbreviations: SFT - superficial fat thickness, MT - muscle thickness, El - echointensity, Tr - transversal plane, L -
longitudinal plane, PA - pennate angle, PAC pennate angle in confraction, AU - arbitrary units

* non parametric test

Table 4.6 Ultrasound parameters according to frailty phenotype

Post-hoc analysis of statistically significant variables with normal distribution showed the

following (table 4.6):

- There were differences in muscle thickness of rectus femoris and vastus lateralis as well
as the pennate angle in the contraction of vastus intermedius between controls and all
three experimental groups. No differences in these parameters were noted between
robust, prefrail, and frail individuals.

- Echointesity of rectus femoris measured in the longitudinal plane was different between
the control and prefrail group as well as the control and frail group. No differences were
found between the robust and prefrail nor the robust and frail group.

- The pennate angle of the rectus femoris was different between the control and prefrail

groups. There were no differences between the rest of the groups.
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There was a significant difference in pennate angle in the contraction of vastus medialis

between groups, but in post hoc analysis there was no significant difference (p=0.058

for control and robust group)

The echointensity of vastus lateralis in the longitudinal plane was different between the

control and frail group. No differences were found between the rest of the groups.

There were significant differences in pennate angle in the contraction of vastus lateralis

between the control and prefrail group, but no differences were shown between the

robust and prefrail nor the robust and frail group.

Table 4.6A Posi-hoc analysis of ultrasound parameters according to frality phenotype
\ariable Group Control Robust Prefrail Frail
Confrol 0.001 0.000 0.000
MT RE Robust 0.001 0237 0.057
Frefrail 0.000 0237 1.000
Frail 0.000 0.057 1.000
Confrol 0249 0.026 0.041
EILRF Robust 0.249 1.000 1.000
Prefrail 0.026 1.000 1.000
Frail 0.041 1.000 1.000
Confrol 0311 0.004 0282
PA RF Robust 031 1.000 1.000
Prefrail 0.004 1.000 1.000
Frail 0282 1.000 1.000
Confrol 0.058 0214 0238
Robust 0.058 1.000 1.000
PAC VM ooue
Prefrail 0214 1.000 1.000
Frail 0.238 1.000 1.000
Control 0.001 0.000 0.001
Robust 0.001 1.000 1.000
PAC VI oo
Frefrail 0.000 1.000 1.000
Frail 0.001 1.000 1.000
Control 0.001 0.000 0.000
Robust 0.001 1.000 1.000
MT VL oo
Frefrail 0.000 1.000 1.000
Frail 0.000 1.000 1.000
Confrol 0.150 0.152 0.027
BILVL Robust 0.150 1.000 1.000
Prefrail 0.152 1.000 1.000
Frail 0.027 1.000 1.000
Control 0241 0.000 0.442
PAC VL Robust 0.241 1.000 1.000
Prefrail 0.000 1.000 1.000
Frail 0.442 1.000 1.000
Abbreviations: MT - muscle thickness, El L - echointensity in longitudinal plane, PA -
penngate angle, PAC - pennate angle in contraction, RF - rectus femoris, VM - vastus medialis,
VI - vastus intermedius, VL - vastus lateralis

cells in yellow represent significant difference between groups (p<0.05)

Table 4.6A Post-hoc analysis of ultrasound parameters according to frailty phenotype
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4.4 Biochemical analyses.

A total of 61 blood samples were analysed. There were 34 female (56%) and 27 male (44%)
individuals. There were 18 (29%) subjects assigned to the control group and 8 (13%) robust, 26
(43%) prefrail, and 9 (15%) frail patients. General blood analysis was performed as well as

hormone status. Additionally, oxidative stress parameters were assessed.

Table 4.7 shows biochemical parameters (hemogram, proteins, glucose metabolism, renal and
liver function, bone metabolism, ions, lipid metabolism, cardiovascular risk parameters, iron

metabolism) and hormones (TSH, PTH, cortisol, insulin, IGF-1) according to sex.

There were differences between sexes in red blood cell parameters (RBC count, haemoglobin,
haematocrit, MCH, MCHC), platelets, creatinine, phosphorus, total cholesterol, HDL, LDL,

ferritin, and TS. Groups were homogeneous according to hormone levels.

75



Table 4.7 Biochemical parameters and hormones according to sex

Sex| Female (N=34) Male (N=27) Total (N=61) Statisiical Test
Variable (unit) [reference value] Mean £ 5D Mean £ 5D Mean = SD p
Leucocytes (107l [3.8-10.8] 676+ 155 6.84 + 159 6.80 + 156 0.553
Neutrophils {10%pL) [40.0-75.0] 364 £ 1.14 3.86 £ 1.21 374147 0,384
Lymphocytes (10%/uL) [20.0-45.0] 234 +0.90 2.04 + 050 220+ 0.76 0171
_ |RBC (10uL) 14.7-6.0] 450 £ 0.38 477 £0.50 462 £ 0.46 0.018
% HGB (g/dL) [13.5-18.0] 13.62 + 1.05 14.83 + 1.30 14.16 = 1.31 0.000
£ |HCT (%) [42.0-52.0] 40.45 £ 3.00 43.46 £ 3.94 41812378 0.001
= [mCcV () 78 0-100.0] 90.03 + 4.04 9134572 90.62 + 4.87 0.293
MCH (pg) [27.0-31.0] 30,31 £ 1.49 3118 £ 2.11 3070 £ 1.83 0,015*
MCHC (gidL) [32.0-36.0] 3366+ 0.77 3412 0.79 33.87 = 0.8 0.025
Platelets {10°uL) [135.0-350.0] 23415+ 5441| 20578:46.01| 2213425235 0.033
« | Proteins (g/dL) [6.68 3] 5.80 = 0.38 6.90 + 0.52 6.85 + 0.45 0.403
2 [CRP (mgiL) [0.0-0.5] 030 £ 0.43 0.38 £ 0.45 0.30 £ 0.43 0,689
& [Albumin (g/dL) [3.4.54) 417 +0.40 420034 419 +0.37 0,589"
Glucose (mgidL} [74.0-100.0] 106.94 + 26.64| 1051122270  106.11 = 25.93 0,921
5 |urea (mgidL) 117.0-43.0] 3374 +9.29 37.04+7.45 3523+ B.60 0.134
g Creatinine (mgfdL) [0.67-1.17] 071018 0.85 £ 0.15 0.78 £ 0.18 0.001
T |Glomerular filtration rate
& |(mLmins.73n7) $2.40 = 12.98 83.42 £ 0.56 82.86 £ 11.48 0,639
E | Calcium (mgfdL) [5.5-10.6]
o3 9.50 « 0.31 9.54+0.38 9.52+0.34 0.633
£ |Phosphorus (mgidL) [2.5-4.5] 3.50 £ 0.47 3212057 3.37£0.53 0.032
s 5 ALT (U/L) [10.0-45 0] 2259+ 16.92 2046+ 6.78 2163+ 13.28 0,547+
= 5 |ALP (UL) [20.0-120.0] 81.32:26.03| 69.32:17.82 75.90 £ 23.31 0,082
Chlorine (mEq/L) [95.0-106.0] 10315266 10339+ 285 103.26 + 2.73 0.728
£ [Potassium (mEqiL) [355 1] 430028 445034 442 £0.31 0.429
[ sodium (mEq/L) [136.0-146.0) 1395:243| 13964+175 139.56 + 2.13 0,828
£ |Total cholesterol (mgidL) [100.0-200.0] | 206.70+34.31| 177.57+3176| 193552 36.02 0.001
gé Triglycerides (mg/dL) [50.0-150.0] 13250 +8138| 13246+6273| 132487297 0641
3 £ |HDL cholesterol (mg/dL) [40.0-200.0] 58.32:17.44|  48.36:11.35 53.32 £ 15.70 0,027
£ [LDL cholesterol (mg/dL) [0.0-130.0] 123.88+2905| 104822236 11527 +27.74 0.006
I |CPKUm) 240-171.0) 1423517911 1021124271 12418 = 136.27 0,983
£ |Total cholesterol/HDL 380 £ 1.11 383008 381104 0,453
E Homocysteine (mmaoliL) [4.3-11.1] 10.38 £ 3.12 1188+ 428 11.06 £ 3.73 0,090
£ |Ferritin (ngimL) [20.0-250.0) 91.09+9168| 19096=17199| 13619+ 14195 0.001*
52 [iron (ugidL) [70.0-180.0] 816322616 0332:3234 26.03 £ 20.45 0.122
E [Ts 1250500 2531+908] 3115:1098 27.95 + 10.32 0.025
Vitamin D (ng/mL} [30.0-100.0] 26.68 = 14.97 24.19£7.74 2556 £ 12.22 0,783
Cortisol {ug/dL) [5.0-25.0] 11.80 + 2.84 10.99 + 2.99 11.44 + 2,91 0.263
g |Insulin (uiUmmL) [2.6-24.9] 9.00 £ 7.85 9.16 £ 0.12 9.07 £ 5.36 0,420
g |PTH (pgiml) [10.0-55.0] 50562570 37.89+ 1666 4495 + 22 89 0,074
2 |TSH miuL) [0.37-4.7] 234121 1.99 £ 0.87 218 +1.08 0,369+
IGF-1 (ng/ml) [sex/age dependent™] 115.35+39.03| 124847058 11962+5518 0,829"

Abbreviations: N - number, SD - standard deviation, RBC - red blood cells, HGE - hemoglobin, HCT - hematocrit, MCV -

mean corpuscular volume, MCH - mean corpuscular hemoglobin, MCHC - mean corpuscular hemoglobin concentration, ALT
- alanine aminotransferase, ALP - alkaline phosphatase, HOL - high-density lipoprotein, LDL - low-density lipoprotein, CPK -
creatine phosphokinase, TS - transferrin saturafion, CRP- C-reactive protein, PTH - parathormone, TSH - thyroid simulating
hormone, 1GF-1 - Insulin-like growth factor 1, IU - international units

* non parametric test

** yalues available in annex table 4.7TA

Table 4.8 summarizes biochemical parameters and hormones according to frailty phenotype.

Table 4.7 Biochemical parameters and hormones according to sex
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There were significant differences between groups in MCV and MCH levels, proteins, glucose,

urea, glomerular filtration rate, potassium, sodium, homocysteine, albumin, PTH, and IGF-1.

Table 4.8 Biochemical parameters and hormones according to frailty phenotype
Frailty phenotype| Control (N=18) Robust (N=8) Prefrail (N=26) Frail (N=9) Statistical Test
Variable (unit) [reference value] Mean £ 5D Mean £ 5D Mean £ SD Mean £ SD 1]
Leucocytes (10%0L) [3.6-10.8] .27 + 152 5.08 « 1.35 7.00 = 1.50 710+ 1.08 0.410
Neutrophils (10%uL) [40.0-75.0] 330+1.12 364+ 1.08 410=1.18 362+1.13 0178
Lymphocytes (10%uL) [20.0-45.0] 223058 2.48 £ 0.47 2.03 £ 0.62 2432140 0.137*
~ |RBC (1050 (4760 479+0.52 452+ 0.36 461033 433063 0.102
g HGB (g/dL) [13.5-18.0] 1422+ 133 14,48+ 1.16 1437+ 1.31 13,17+ 1.08 0.003
£ [HCT %) #2.0-524] 4172+3.38 4231+279 4250+ 3.92 3018 = 3.21 0.137
© [mMeV @) 78.0-100.0] 87.27 £ 2.63 91,66 « 3.38 92.23+3.98 9150 + 5.28 0.005
MCH {pg} [27.0-31.0] 2074+1.19 3131+ 138 3113+1.48 20.80 = 3.29 0.015°
MCHC (gidL) [32.0-36.0] 34.07 2 0.87 3415+ 0.74 3374072 33.50 = 0.9 0.278
Platelets (10%uL) [135.0-350.0) 238725800 239.13:5282| 206.30+48.68) 21589+ 4260 0.155
w |Proteins (g/dL) [5.6-83] 714050 5.83 = 0.40 5.56 < 0.35 5.82 = 0.41 0.004
2 |CRP (mgiL) [0.0-0.5) 0.27 +0.34 0.26 + 0.26 0.47 = 0.49 0.40+052 0.338"
& [Albumin (gidL) [3.4-5 4] 4360234 423+ 067 407 =027 416+ 028 0.032*
Glucose {mg/dL) [74.0-100.0] 85.61+10.66| 107.13+18.15| 117.56+28.04| 111.80 z 24.84 <0.001
5 | Urea (mgidL) [17.0-43.0] 3233+ 835 36.70 = 7.08 38.25 + 8.38 3061 = 8.3 0.037
}é Creatinine (mgidL) [0.67-1.17] 077 +0.13 078+0.19 0.80 = 0.20 0.70+0.21 0.512
T | Glomerular filtration rate
& | (mLmin/1.73n7) 2805311 2440+ 008 72.25+1366| 23131160 0.009"
E | Calcium (mg/dL) [5.8-10.8]
22 .57 = 0.30 0.46+0.40 0.42+0.38 054 +0.28 0.121
= £ |Phosphorus (mgidL) [2.54.51 3.41 £ 0.56 3.50 = 0.49 327+ 0.53 3.44 £ 0.59 0.669
58 ALT {UiL} [10.0-45.0] 1911478 24132920 20,00 9,11 2044 +9.09 0.477*
= 5 |ALP (UL} [30.0-120.0] 0.00+10.06| 81883450 7763:2211| 79.22+2384 0.568"
Chlorine (mEqiL) [98.0-106.0] 101.04+234| 10450+283| 10381+204) 10311106 0.069
£ [Potassium (mEqL) [3551] 427+ 0.25 450 £ 0.33 450+ 0.33 432:0.14 0.015
"~ [Sodium (mEg/L) [136.0-146.0] 13817+275| 14000+120| 14033+173|  130.67=1.00 0.017*
£ [Total cholesterol mg/dL) [100.0-200.01] 19076+ 2492 20563+3459| 19111=4068| 195674426 0771
g% Triglycerides {mg/dL) [50.0-150.0) 103676234 12275:7640| 152.85+76.45| 12878+57.28 0.071*
3 Z | HDL cholesterol (mg/dL) [40.0-200.0] 5578+ 15.36| 61.88+19.90| 49.44: 1150 55892144 0.323"
& [LDL cholesterol (mg/dL) [0.0-130.0] 11433+2027| 117.25+27.87| 11572+3139| 113.80+23318 0.993
£ |CPK(Um)240-171.0 1942223511 100.00:21.67| 95.15+44.86|  89.67  39.67 0.151*
éﬁ Total cholesterol/HDL 3167 £1.13 356+1.10 4.00£1.02 376+ 0.95 0.475°
4  |Homocysteine (mmakiLj [4.3-11.1] 9.02 = 2.60 11.48 + 2.40 12,34+ 4.43 10.01+2.84 0.016*
£ |Ferritin (ngimL ) [20.0-250.0] 14367 £ 193.75| 188.63 = 168.30| 131.48=104.85| 88.78 + 88.74 0.3147
5 [Iron (ug/dL) [70.0-150.0] 0117+ 3405 8425+1602| 87.37+3127| 7956+ 2475 0.607
E [TS (%) 2505007 28.37 + 10.77 2665+ 608) 2002:1112| 2506+ 1081 0.773
Vitamin D (ng/mL} [30.0-100.0] 2541+7.18 2820+050| 2584+ 1618 2327+927 0.355"
Cortisol {ug/dL} [5.0-25.0] 1171+ 3.47 11.96  2.98 10,81+ 225 12,27 + 3.43 0.514
§ |Insulin (uiuAmL) (26-24.9] 570+473 B44+302| 1021:1004] 12.60+ 1053 0.295°
g |PTH (pgimL) [10.0-55.0] 33441381 4200:2374| 5181:2563| 50.78+21.00 0.039*
£ |TSH (miUL) [0.37-4.7] 212+ 0.85 243+ 1.01 2.00 £ 0.76 237 £ 2.08 0.701*
IGF-1 (ng/ml) [sex/age dependent*] | {8576+ 64.11| 115.80+4034| 0088+2808| 83.60+ 4280 <0.001

Abbreviations: N - number, SD - standard deviation, REC - red blood cells, HGE - hemoglobin, HCT - hematocrit, MCVY - mean corpuscular
volume, MCH - mean corpuscular hemoglohin, MCHC - mean corpuscular hemoglobin conceniration, ALT - alanine aminotransferase, ALP
- alkaline phosphatase, HOL - high-density lipoprotein, LDL - low-density lipoprotein, CPK - creatine phospheokinase, TS - fransferrin
saturation, CRP- C-reactive protein, PTH - parathormone, TSH - thyroid stimulating hormone, IGF 1 - Insulin-like growth factor 1, IU -
international units

* non parametric test

** values availahle in annex table 4.TA

Table 4.8 Biochemical parameters and hormones according to frailty phenotype
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Table 4.9 shows cytokines (ITAC, fractalkine, IFN-y, IL-10, MIP-3a, IL-12p70, IL-13, IL-17a, IL-1b,

IL-2, IL-4, IL-23, IL-6, IL-7, IL-8, and TNF-a) and oxidative stress parameters (MDA and oxidized

proteins) according to sex.

Both sexes were homogeneous for all the parameters except for MIP-3a.

As to oxidative stress parameters, there were significant differences in levels of oxidized

proteins.
Table 4.9 Cytokines and oxidative stress parameters according o sex

Sex| Female (N=34) Male (N=2T) Total (N=61) Statistical Test

Variable (unit) [reference intervals®] Mean £ 5D Mean £ 5D Mean £ 5D p
ITAC {pg/mL) [17.67-75.02] 3794 +1339 3866 + 17. 11 3826+ 1512 0 7g4=
Fractalkine (pg/mL) [63.80-492.43] | 24068 = 102.08| 209.03 z 98.56( 226.67 =101.45 0.229
IFN-y (pgimL) [3.51-61.61] 2210+1544 2170+ 12.47 2193 +14.09 [
IL-10 {pgimL} [0.12-38.87] 10.11 £ 5.93 10.37 + 10.04 1022794 0,455
MIP-3a (pg/mL) [4.51-64.21] 2280+1280 2835 +13.27 2526+13.20 0043
IL-12pT0 (pg/mL} [0.0-20.27] 3.65+1.96 482551 417 £3.95 0,942+
- IL-13 (pg/mL) [0.0-23 5] 6.02+443 486 +547 5514 0,115%
é IL-17a (pg/mL) [2.58-55.26] 2047 £ 1382 21.79+13.91 21051376 0,611
*E, IL-1B (pg/mL) [0.06-4.46] 083+053 115+ 119 097 +0.89 0352~
© IL-2 {pgimL} [0.50-13.82] 438227 568373 4,95+ 3.05 0,159+
IL-4 {pg/mL} [0.0-52.02] 999 +1319 884801 948 + 11.42 0FFre
IL-23 (pgimL) [20.31-543.68] 327.41£23269| 2773925611 30527 24255 0,231*
IL-6 (pg/mL} [0.35-5.88] 288+19090 348+2325 313+ 206 0.376*
IL-7 {pgimL} [0.70-16.27] 9.43 390 B77x433 9.14 £ 4.07 0.532
IL-8 (pg/mL} [3.57-44 44] 11.40 + 855 13.84 +10.03 1248+023 0.0595*
TNF-o (pgimL) [4.64-15.43] 838242 9172251 873247 0, 110"
é ﬁ MDA (uh) 1.63 = 0.50 181+083 171+ 057 0.213*
5 = | Protox (AU 113.44267.11| 77.53:4259| 97.22:59.70 0,017*

Abbreviations: ITAC - interferon-inducible T-cell alpha chemoatiractant, IFNy - inferferon gamma, IL - interleukin, MIP -
Macrophage Inflammatory Protein, TNFa - Tumour Necrosis Factor Alpha, MDA - malondialdehyde, Protox - oxidized proteins,
M - mumber, AU - arbitrary units

* non parametric test

** gstimated intervals, calculated from control group as 2. 5th and 97 .5th percentiles

Table 4.9 Cytokines and oxidative stress parameters according to sex

Cytokines according to frailty phenotype are summarized in table 4.10.

Significant differences between groups were found for the levels of IFN-y, MIP-3a, IL-12p70, IL-

13, IL-173, IL-1b, IL-2, IL-4, IL-7, and IL-8. There were no differences in levels of ITAC, fractalkine,

IL-10, IL-23, IL-6, and TNF-a.

Note that there were no differences between groups in oxidative stress parameters.
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Table 4.10 Cytokines and oxidative stress parameters according to frailty phenotype

Frailty Phenotype | Control (N=18) Robust (N=8) Prefrail (N=28) Frail (N=9) Statistical Test

Variable (unif) [reference intervals**] Mean £ 5D Mean £ 5D Mean = SD Mean £ SD p
ITAC {pg/mL} [17 67-75.02] 3767 + 1699 3949+ 1614 3745+ 1544 4069 +10.79 07a3
Fractalkine {pg/mL] [63.80-482 43 257 21+6125| 2352012081 19542+ 9549 24830 = 14658 0.208
IFN-y (pgimL; [3.51-61.61] 3278 £16.52 2253+12.92 13.52+6.14 2396+ 12.05 =0.001*
IL-10 (pg/mL) [0.12-35.87] 13.14 £ 10.36 10.74+9.19 7.90+5.41 10.65 = 6.49 0.196*
MIP-3a (pg/mL) [4.81-84.21] N.T3Iz1678 30.79+13.20 18.20 £ 6.63 2778 +10.50 0.002*
IL-12p70 (pg/mL}) [0.0-20.27] 569+ 342 672+ 820 271173 3.04+200 a.004*
- IL-13 (pg/mL} [0.0-23.5] T76+527 325+ 324 428+ 308 6.55+7.80 o044
é IL-17a (pg/mL) [2 58-55.26] 30.67 + 14 .62 2303+ 16.06 1337745 2225+1271 a.002*
g; IL-1B (pofmL) [0.06-4.46] 152+1.29 1.03=z0.62 0612039 0872070 0.002*
IL-2 (pgimL) [0.50-13.52] 6.35x2.41 6.20 = 4.45 3.69+2.61 4.60 = 2.69 0.005*
IL-4 {pg/imL} [0.0-52.02] 14851379 7.33+ 353 532x7.28 1265+ 16.14 o010
IL-23 (pg/mL) [20.31-843.68] 365 B2 £223 71| 27719 +£244.42| 28080+ 26635 27082 +£22178 0.309*
IL-6 (pg/mL) [0.35-5.88] 386+21 385+314 254 +1.40 303+182 0336
IL-7 (pg/mL} [0.70-18.27] 11.20+ 3 46 953+430 7.54 + 340 912+526 0.023
IL-8 (pgimL) [3.57-44.44] 7.58+1.95 14.68 = 4.82 16.25 £ 12.17 945+574 0.004*
TNF-tf (pg/mL) [4.64-15.43] 822221 8.90=1.45 8.69=+2.288 972+239 0.407*
é ﬁ MDA (uh) 1.84 + 0.68 1.71+0.49 1.74 £ 0.55 1.38+0.28 0374
E | Protox (AU, 8135+ 3563 5410+ 3044 10237 +7453 12521+ 62 46 0.438*

Abbreviations: ITAC - interferon-inducible T-cell alpha chemeatiractant, IFMy - interferon gamma, IL - intedeukin. MIP - Macrophage Inflammatory
Protein, TNFa - Tumour Mecrosis Factor Alpha, MDA - malondialdehyde, Protox - oxidized proteins, N - number, A - arbitrary units

* non parametric test

** estimated intervals. calculated from conirol group as 2.5th and 97 .5th percentiles

Table 4.10 Cytokines and oxidative stress parameters according to frailty phenotype

4.5 Correlations.

Correlation analysis of all the variables of the study was performed in order to assess possible
relationships among ultrasound, physical and biochemical parameters. These parameters were
then selected and used in the regression analysis in order to determine their predictive value for

frailty.

4.5.1. Frailty phenotype and baseline characteristics

Table 4.11 shows correlations between frailty phenotype and baseline characteristics.
Statistically significant correlations are in yellow for p values <0.01 and in green for p<0.05. Cells
in white represent non-significant correlation coefficients. Frailty phenotype showed a strong
positive correlation with age (r=0.760), and a moderate positive correlation with gait speed and
primary care visits (r=0.624 and 0.410 respectively). There was a moderate negative correlation
between frailty phenotype and muscle strength (r=-0.614) and intense physical activity (r=-
0.472) while there was a weak negative correlation for physical activity and walking (r= -0.229

and -0.252 respectively). A strong positive correlation was found between height and muscle
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strength (r=0.704) and there was a moderate positive correlation between sex and muscle

strength (r=0.678). The rest of the correlations are shown in table 4.11.

Table 4.11 Correlations of frailty phenotype and baseline
characteristics (N = 128)
pn';r::gpe Sex | Weight | Heignt | BMI
Frailty phenotype -l -138 -052| -a4s2=|  a7ET
Age 760 021 -012 - 381 250
Gait speed JG24% -.055 026 - 283 210%
Muscle strenght - G614 Tk 31T 704+ -165
Primary care
VISITS A0 - 0867 -.085 - 275 106
ER visits 158 -.009 000 - 144 A17
Hospitalizations 021 045 -0n -.045 056
Physical activity -,220% 015 -060 017 -142
IPA - 472 7e 041 357 - 224
MPA -015 -, 199* N -.051 031
Walking -, 252 ooz -.051 016 -130
Seated 003 205* 227 79 094
**The correlation is significant at the 0.01 level (bilateral).
*The correlation is significant at the 0.05 level (bilateral).

Abbreviations: BMI - body mass index, ER - emergency room, |PA - intense
physical activity, MPA - moderate physical activity

Rho of Spearman used for statistical analysis

Table 4.11 Correlations of frailty phenotype and baseline characteristics

4.5.2. Ultrasound and functional parameters

The correlations of frailty phenotype with ultrasound and functional parameters are shown in
table 4.12. There was a moderate inverse correlation between frailty phenotype and the area of
the rectus femoris muscle head (r=-0.612). Frailty phenotype showed a moderate negative
correlation with muscle thickness of rectus femoris, vastus medialis, and vastus lateralis heads
(r=-0.563, -0.483, and -0.403 respectively), and weak negative correlation with vastus
intermedius head (r=-0.292). There was also a moderate negative correlation between frailty
phenotype and the pennate angle of vastus intermedius in contraction (r=-0.476), as well as a
weak negative correlation with the pennate angle of rectus femoris and vastus lateralis muscle
heads at rest and in contraction. A weak positive correlation was found for frailty phenotype and
echointensity of rectus femoris and vastus lateralis muscles (data shown in the table for

echointensity measured both in transverse and longitudinal planes).

On the other hand, moderate positive correlations were shown between muscle strength and
area of rectus femoris, as well as muscle thickness of vastus medialis head (r=0.425 and 0.474

respectively). Other quadriceps heads showed a weak positive correlation with muscle strength
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(for rectus femoris r=0.378, vastus intermedius r=0.299, and for vastus lateralis r=0.339).
Inversely, there were negative correlations between muscle strength and echointensity,
moderate for rectus femoris (r=-0.451) and weak for vastus medialis and vastus lateralis heads

(r=-0.380 and — 0.382 respectively).

Weak inverse correlations were found between gait speed (represented as walking time in
seconds) and muscle thickness of rectus femoris, vastus medialis, and vastus lateralis heads (r=-
0.260, -0.280, and -0.323), area of rectus femoris (r=-0.334), as well as with pennate angle in the
contraction of rectus femoris and vastus intermedius heads and pennate angles of vastus
lateralis at rest and contracted. There were no correlations between gait speed and

echointensity of any quadriceps heads.

Note the poor to no correlation between ultrasound parameters and self-reported physical

activity parameters.
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Table 4.12 Correlations of frailty phenotype with functional and ultrasound parameters
(N =128)
Ph';r:'i]'gpe Gaitspeed| MS Pﬂ"'c‘t';i;;' IPA MPA | Walking | Seated
MT RF -563*|  -260=| 37e=|  -o25) 0 2188 04|  -o004)  182%
EITr RF .336°" A01| - 451% -077 -7 048 -.089 -.030
El LRF 283 087|439+ 006 -.056 022 021 -.057
PARF - 281 -172 082 -.010 152 -019 -033 004
PACRF -, 3097 -, 209" ,202% -073 181 -.020 -.049 .099
MT VI -, 2020+ -162(  ,299% -.030 148 026 -018 222+
EITrvi -079 -137 =227 -.041 091 -.043 -019 -.001
EILVI -.082 -100|  -245% -.097 099 -.063 -076 012
PA VI - 175 -101 112 -.D66 224 -145 -.056 57
PAC VI - ATE* - 2525  27g* -080|  299% -.001 -.069 02
MT VM - 483 2807|474 054 219* 050 080 188"
EITrVvm 047 -114| - 253 014 -032 -.044 031 -120
EILVM 131 -086| -380% -.049 010 -.051 -034 -.108
PA VM -086 -084|  2o0% -035 -046 -.028 -044 165
PAC VM - 176" -077 364 083 024 -.004 -078 203*
MT VL -, 403* -246%|  339% 049 189+ 009 070 155
EITrVL 236% 076|382 -.039 -033 041 - 044 001
ek 263 033 -281| -059| -082|  -043)  -054|  -009
PAVL - 386 -323| Iy -160| 291 049 -150 104
PAC VL -308* —214%|  201* -.001 a7+ A7z -084 148
AREA RF G127 -334%|  425% -024|  385% .000 -.006 158
**The correlation is significant at the 0.01 level (bilateral).
*The correlation is significant at the 0.05 level (bilateral).

Abbreviations: MT - muscle thickness, El - echointensity, Tr - transversal plang, L - longitudinal plane,
FA - pennate angle, PAC pennate angle in contraction, RF - rectus femoris, VI - vastus intermedius, ViV
- vastus medialis, VL - vastus lateralis, MS - muscle strength, IPA - intense physical activity, MPA -
moderate physical activity

Rho of Spearman used for statistical analysis

Table 4.12 Correlations of frailty phenotype with functional and ultrasound parameters

4.5.3. Comorbidities and ultrasound parameters

Correlations of comorbidities with ultrasound parameters were assessed, showing generally
weak or no significant correlation. Comorbidities that showed correlation to 10 or more of 24
ultrasound parameters are represented in table 4.13: hypertension (10/24), visual loss (11/24),
osteoarthritis (14/24), fractures/osteoporosis (14/24), falls (10/24) and obesity (11/24).
Hypertension showed weak negative correlations to the area of the rectus femoris and pennate
angle of vastus lateralis, r=-0.340 and -0.329 respectively as well as the pennate angle in
contraction (r=-0.308) and muscle thickness of rectus femoris (r=-0.303). There were weak
positive correlations between fractures/osteoporosis and obesity and superficial fat thickness of
rectus femoris, r=0.302 and 0.306 respectively, as well as the superficial fat thickness of vastus

medialis, r=0.311 and 0.302 respectively. The rest of the correlations are shown in table 4.13.
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Diabetes mellitus and previous malignancy correlated to 7/24 and 6/24 parameters respectively.
Hyperlipidemia, COPD, hearing loss, and anxiety/depression all had significant correlations to 5
of 24 parameters. Previous stroke, congestive heart failure, myocardial infarction, dementia,
and alcohol abuse showed weak correlations to 4 of 24 ultrasound parameters. Connective
tissue disease and peptic ulcer showed a correlation to 2/24 ultrasound parameters. Heart
disease and peripheral vascular disease had a weak correlation to 1 of 24 ultrasound
parameters. Finally, renal disease, hepatopathy, and smoking did not show a correlation to any
of the ultrasound parameters assessed (0/24). A full table of comorbidities is available in annex
table 4A. Note weak negative correlations between falls and the area of rectus femoris, muscle
thickness of rectus femoris, vastus medialis y lateralis as well as the pennate angle in the
contraction of rectus femoris and vastus medialis. Also, there were weak positive correlations

between obesity and echointensity of all quadriceps heads as well as superficial fat thickness.

Table 4.13 Correlations of comorbidities with ultrasound parameters (N = 128)

Fractures/
Hypertension | Visual Loss | Osteoarthritis | Osteoporosis Falls Obesity
SFT RF -.054 004 090 = 139 |306
MT RF -,303* -,281% -,216% -,159% 004
EITr RF 087 279 271 133 213
ElI LRF 288 \200% A2 ,202%
-033

-112 -074

EI LVI - 101 -046
PAVI - 148 -021
PAC VI -308* - 257+
SFT VM -100 -041
MT VM -, 108" - 276
EITrvM -04g -037
EILVM -010 074
PA VM -060 -.086
PAC VM -095 - 112
SFTVL -103 -.029

MT VL - 197 -, 247 -101

EITrVL 075 127 243

EILVL 124 138 224+ 2245 21 2047
PAVL - 3297 -, 207+ -, 266%* -126 -104 018

PAC VL -.202** 210 -.094 -.069 -.028
AREA RF -,340 -, 285 - 241 -213* -, 206 -.050

**The correlation is significant at the 0.01 level (bilateral).

Abbreviations: MT - muscle thickness, El - echointensity, PA - pennate angle, PAC pennate angle in
contraction, RF - rectus femoris, VI - vastus intermedius, VM - vastus medialis, VL - vasius lateralis

Kendall's T used for statistical analysis

Table 4.13 Correlations of comorbidities with ultrasound parameters
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4.5.4. Ultrasound and biochemical parameters

Correlations between ultrasound and biochemical parameters (table 4.14), hormone levels
(table 4.15), cytokines, and oxidative stress (table 4.16) were assessed. Correlations with frailty

phenotype were added for each table.

Muscle thickness of all quadriceps heads as well as pennate angles of vastus intermedius and
lateralis showed significant correlations with biochemical parameters and cytokine levels, while
echointensity showed mostly no correlation with either of the blood parameters assessed.
Pennate angles of rectus femoris and vastus medialis heads also did not have significant

correlations with blood parameters.

For visibility purposes, ultrasound and biochemical parameters with the largest number of
significant correlations per row/column were selected and shown in table 4.14. A full table of

biochemical and ultrasound parameters is available in annex table 4B.

Moderate negative correlations were found between the superficial fat thickness of vastus
lateralis and hemoglobin, ferritin, and creatinine levels (r=-0.467, -0.468, and -0.414
respectively). There was a moderate negative correlation between the area of the rectus femoris
and MCV and MCH (r=-0.450 and -0.402 respectively). There was a moderate negative
correlation between MCHC level and superficial fat thickness of rectus femoris and vastus
medialis, r=-0.425 and -0.441 respectively. A moderate positive correlation was found between
muscle thickness of vastus medialis and creatinine levels (r=0.439). There was a moderate
positive correlation between the echointensity of vastus lateralis and total and LDL cholesterol
levels, r=0.410 and 0.416 respectively. Finally, MCV and glucose showed a moderate positive
correlation with frailty phenotype, r=0.428 and 0.564 respectively (data available in annex table

4B).

The rest of the correlations between ultrasound and biochemical parameters are shown in table

4.14.
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Table 4.14.

Correlations of ultrasound and biochemical par:

(N=61

)

EI LRF| PAC RF SFT|MTVL| EITr| EIL|PAVL| PAC| AREA|Fraiy
VL vL| v VL| RF

349~ 0135 327 M U.‘I?Zu 346~ 328
0.191|-467| 0.003] -0.190]-0.2350.088| 0.141] 0101] -0.186
~0.008 0.170| 414 0.035] -0.176] -0.247|0.020| 0.125] 0.123] -0.183
0134 -0.184| -0.150|-346~| 0.159] 0.103[ahe 0.157| —a50| 428~
MCH 0.020| -0.244|-0.212|-0.120] -268*| -0.158| -0.142| 360~ 0.072| 0.065|-354"| -0.132| -.a02 [I1508Y|
0.0 0211 4417 0.001| 0.0 0.109| 0075 0.029] 0.162| 0.022| 0.002] 0.185
0.200 0014 343%| 0.032] -0.053| 38| 0.004] 0189| 0.100| 0.020| 0.185| 0.472| -0.234
0.218 0.170 0.127] 0.104] 0.128] -0224[[H207 0.144] 300~ |08 [ NEHe
0187 0.220] -0.161 0.040|-443=| 0186] -0.237|-0.207| 0084| 0.050| 0130| -0.055
0.182| 0174 -0.100] 327 -0.029 422 -0.007| 0.041] 0051| -0052| 0.137] 0245] 0114] 0068
0.022| 04126] -0.044] 0.141] 0.216] 267 -0.004] -0.013] 0.197| 0010 0.164]-0.057| 0.075| -0.051]  0.182
Total cholesterol| 0.196| 0.078| 0228] 0.142] 0.054 0.196| -0.051] 336=| 0.118] -0.071| .236~| 410~| 0.032] 0.038| 0038 0048
Triglycerides| -0.005| -0.044| 0.041] -0.185 0.064| 0106 -0.097| -0.005] 0.110] 0.116] 0.020] 0.073] -0.044 [ N276Y
HDL cholesterol| 0029 0.104| 0016] 0.148|-0.195 0.070] -0.110] -0.108| 0235] -0.191] 0157] 0.097[-0036] -0.045] 00s7| 0139
LDL cholesterol| 0.219| 0.004 0.163] 0.013 0.188] -0.126 0.100| 0.012 416 0.020] 0110 0.032] -0.063
CPK| 0.131| 0.009 0152 [-0.172 0.150) 0.050| 0.109] -0.112| 0.041| -0.243-0.213| 0.087| 0.083] 0.190 [NE2ES|
Femitin| 361 0.047| 0.091| 0.159] 0.176 0232| 0217 4687 0015| 0066| 0.047] 0.116] 0.044] 0.027| -0.047
TS| 0221| -0.158| -0.250| —423|-0.104 0192| 0.425 0.063| -0.118| -0.170|-0.008] 0.201] -0.147| -0.036
CRP| 331=| 0041| 0201 0.123] 0.223 3667| 0.0 0.105| 0244 0246 -0.047] 0.070] 0.035| 0225

**The correlation is significant at the 0.01 level (bilateral).

Abbreviations: MT - muscle thickness, El - echointensity, PA - pennate angle, PAC pennate angle in confraction, RF - rectus femoris, VI - vastus intermedius, VM - vastus
medialis, VL - vastus lateralis, RBC - red blood cells, HGB - hemoglobin, HCT - hematocrit, MCV - mean corpuscular volume, MCH - mean corpuscular hemoglobin,
MCHC - mean corpuscular hemoglobin concentration, ALT - alanine aminotransferase, ALP - alkaline phosphatase, HOL - high-density lipoprotein, LOL - low-density
lipoprotein, CPK - creatine phosphokinase, TS - transferrin saturation, CRP- C-reacfive protein

Rho of Spearman used for statistical analysis

Table 4.14 Correlations of ultrasound and biochemical parameters

Table 4.15 summarizes correlations between ultrasound parameters and hormone levels. A full

table of these parameters is available in annex table 4C.

Insulin-like growth factor 1 had a positive moderate correlation with the area of rectus femoris

and frailty phenotype (r=0.510 and 0.582 respectively), and a weak negative correlation with

echointensity of rectus femoris, r=-0.378. There were also weak positive correlations with

muscle thickness of rectus femoris and vastus medialis heads (r=0.374 and 0.356 respectively),

as well as with pennate angle in the contraction of vastus intermedius, r=0.352. Parathormone

showed a weak positive correlation with frailty phenotype, r=0.352, and a weak negative

correlation with the pennate angle of vastus lateralis, r=-0.302. Cortisol, insulin, and thyroid

stimulating hormone mostly had no significant correlations with ultrasound parameters.
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Table 4.15. Correlations of ultrasound parameters and hormones (N=61)

MT RF| EITrRF| EILRF| PACVI| MTVM| PAVM| PAVL| AREA| Frailty
RF | phenotype
Cortisol 0181 0077 0124 0022 0.1 0113 | ds 0.049 -103
Insulin| -0.039 0.045| 0.038| -0.004| 0.022| .285%| -0.020| -0.012 238
PTH| -p.155 0.234| 0252 -0.085) -0175| -0.003) =302% -0.192 352
IGF 1| 374+ -378=| -2080%( 362%| 356 -0.144| .268% 510 -,582*
TSH 0.008 0181 0.154| -D158 0.023| 0102| 0129 0.023 - 112

**The correlation is significant at the 0.01 level {bilateral).
*The correlation is significant at the 0.05 level (bilateral).

Abbreviations: MT - muscle thickness, El - echointensity, PA - pennate angle, PAC pennate angle in
contraction, RF - rectus femoris, VI - vastus intermedius, VM - vastus medialis, VL - vastus lateralis, PTH -
parathormone, TSH - thyroid stimulating hormone, 1GF 1 - Insulin-like growth factor 1

Rho of Spearman used for statistical analysis

Table 4.15 Correlations of ultrasound parameters and hormones

Table 4.16 shows correlations between ultrasound parameters and cytokine and oxidative stress

levels.

IL-8 had a moderate inverse correlation with the pennate angle of vastus intermedius at rest and
in contraction (r=-0.470 and -0.425 respectively), as well as weak negative correlations with
muscle thickness of rectus femoris, vastus intermedius, and vastus lateralis and pennate angle of

vastus lateralis at rest and in contraction, data are shown in the table 4.16.

There were moderate to weak positive correlations between muscle thickness of various
qguadriceps heads and pennate angles of vastus lateralis and intermedius with fractalkine, IFN-y,
IL-10, MIP-3a, IL-12p70, IL-13, IL-17a, IL-1B, IL-2, IL-4, IL-6 and IL-7, values shown in the table
4.16.

ITAC, IL-23, and TNF-a as well as oxidative stress parameters mostly had no significant

correlations with ultrasound parameters.

IL-12p70 and IL-1B had a moderate negative correlation with frailty phenotype, r=-0.418 and -
0.410 respectively. IFN-y, MIP-3a, IL-17a, IL-2, IL-4, and IL-7 all showed weak negative
correlations with frailty phenotype, values shown in table 4.16. Note that neither IL-6 nor TNF-a

had a significant correlation with frailty in our study.

A full table of these parameters is available in annex table 4D.
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Table 4.16. Correlations of ultrasound parameters and cytokines and oxidative stress parameters (N=61)

SFT|MTRF| PARF| MTVI| PAVI| PAC| SFT|MTWVM| SFT|(MTVL| EITr| PAVL| PAC| AREA| Frailty
RF Vi VM VL VL VL RF | phenotype

ITAC| 0.036| -0.153| 0.025| -0.016| 0.079| 0.087|-0.023| -0.034|-0.030| -0.152| 0.114| -0.052| -0.063| -0.198 072
Fractalkine| 0220 0.243| 369 0.242 -0.012 -216
IFNy| 0074 0.147| 397 0.242 - 367
IL10( 0231| 0186| 0.005| 386*
MIP3a| -0.068| 0167 -0.035| 426%.
IL12p70| 0122 0.249 0.011
IL13| 340%| 0156
IL17a| 0.084| 0225 0139
IL1B( 0.037| 408*| 0.086
IL2| _poos| 352+ 0.099
0.196
0.140
-0.061
0170 339**
IL8| -n238 -0.232 - AT
TNFa| -0176| -0.035| -0.028| 0.078| 0.011| 0.093
MDA| _0178| 0.030| -0.022| -0.088|-0.062|-0.049

Protox| 0.245] -0.020 | 288 -0.194] 0.102 -0.052
**The correlation is significant at the 0.01 level (bilateral).

AD7=
0.148
399
0.261
0.246
434
0.184
0234
0.259
0.091
0.169

0.232
0.093
0.240
0.230
336
0.241
0.203
0.176
0242 0184
-0.233

337

Abbreviations: MT - muscle thickness, El - echointensity, PA - pennate angle, PAC pennate angle in confraction, RF - rectus femaris. VI - vastus
intermedius, VM - vastus medialis, VL - vastus lateralis, ITAC - interferon-inducible T-cell alpha chemoatiractant, IFMy - interferon gamma, IL -
interleukin, MIP - Macrophage Inflammatory Protein, TMFa - Tumour Mecrosis Factor Alpha, MDA - malondialdehyde, Frotox - oxidized proteins

Rho of Spearman used for statistical analysis
Table 4.16 Correlations of ultrasound parameters and cytokines and oxidative stress parameters

4.6 Performance of ultrasound parameters as potential imaging

biomarkers.

In order to assess the performance of the ultrasound parameters as imaging biomarkers and

their clinical usefulness we tested them for accuracy and precision.

4.6.1 Accuracy of the ultrasound parameters

To determine the accuracy or discriminative power of the ultrasound parameters, areas
under the receiver operating characteristic (ROC) curve were analysed. Frailty phenotype
was divided into non-frail (controls and robust group) and at-risk group (prefrail and frail
groups). Physical characteristics parameters (muscle strength, gait speed, and physical

activity) were added for comparison.
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Table 4 17. AUC of ulirasound and functional parameters

Muscle Variable AUC 95% CI Cut-off value | Sensitivity® | Specificity® p
@ MT 0793 0714-0871 1.72 cm 0.871 0621 =0.001
E AREA 0838 0766-08910 6.72 cm? 0.857 0741 =0.001
f El 0.661 0.563-0.758 5310 AU 0.671 0.586 0.002
% PA 0.652( 0.555-0.748 12.5° 0.636 0.621 0.004
& PAC 0.675 0.577-0774 13.41° 0638 0.596 0.001
w MT 0.670( 0577-0763 1.32 cm 0.629 0.638 0.001
EE El 0.398( 0.255-0538 - - - 0.166
§ % PA 0603 0.501-0715 14.04° naM 0.593 0.052
= PAC 0728 0629-0822 16.83° 0720 0.6&7 =0.001
MT 0731 0.642-0.819 3.89cm 0714 0589 =0.001
E% El 0484 0.314-0613 - - - 0628
§ E PA 0.506| 0.354-0658 - - - 0.839
PAC 0.536( 0.386-0 635 - - - 0.641
MT 0.686( 0.594-0779 1.87 cm 0.686 0.603 =0.001
E ié El 0.606( 0.506-0.706 52.35 AU 0.629 0.621 0.039
§ % PA 0705 0.613-0796 16.58° 0721 0.603 =0.001
PAC 0.680( 0.586-0773 16.34° 0.681 0.638 0.001
o § Muscle strength 0.802( 0.727-0877 28.1 kg 0214 0.579 =0.001
E =] i Gait speed 0.748| 0661-0824 3558 0686 0793 =0.001
= 5 Physical activity 0618 0520-0716| T7.88 hiwesk 0614 0552 0022

Abbreviations: MT - muscle thickness, El - echointensity, Tr - tfransversal, L - longitudinal, PA - pennate angle,
PAC pennate angle in centraction, CI - confidence interval, AU - arbitrary units

* Sensitivity and specificity represented for the given cui-off value
The AUC values were classified poor for values =0.70, acceptable for 0.71-0.80, excellent for 0.81-0.90 and

outstanding for 0.91-1.00.

Table 4.17 AUC of ultrasound and functional parameters

Table 4.17 shows areas under the curve with confidence intervals and sensitivities and

specificities for the selected cut-off values. When selecting cut-off values, higher sensitivity

was prioritized since the test is meant to be diagnostic (screening for frailty), although it

might include more false positive cases (lower specificity). The area of the rectus femoris

and muscle thickness of the rectus femoris showed excellent (AUC=0.838) and acceptable

(AUC =0.793) discriminative power respectively. The area of the rectus femoris performed

better than muscle strength. The rest of the parameters performed poorly to acceptably.
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Figure 4.1 shows ROC curves for the area and muscle thickness of the rectus femoris. For the cut-off value

of6.72 cm’ of the area of rectus femoris, there is 86% sensitivity and 74% specificity for detecting frailty.

For the cut-off value of 1.72 cm of the muscle thickness of the rectus femoris, there is 87% sensitivity and

62% specificity for detecting frailty.

4.6.2. The precision of the ultrasound parameters

We tested the precision of our measurement technique by assessing the intraclass correlation

coefficients (ICC) and Bland-Altman Limits of Agreement.

Table 4 18. Intraclass correlation coefiicients (ICC) of the ultrasound parameters
w
§ Variable ICC 895% CI p Excluded MN(%)
=
@ MT 0.991 0.987 - 0.993 =0.001 0(0)
E AREA 0.987 0.983 - 0.990 =0.001 0(0)
I'; El 0.993 0.990 - 0.995 =0.001 0(0)
g PA 0.909 0.878-00934 =0.001 5(3.9)
= PAC 0.902 0.866 - 0.930 =0.001 16 (12.5)
=@ MT 0.991 0.987 - 0.993 =0.001 0(0)
E E El 0.991 0.988 - 0.993 =0.001 1{0.8)
§§ PA 0.882 0.838-0016 =0.001 20 (15.6)
= PAC 0.914 0.380-0.940 =0.001 28 (21.9)
MT 0.975 0.967 - 0.982 =0.001 0(0)
E c‘é El 0.988 0.984 - 0.991 =0.001 0(0)
§E PA 0911 0.880- 0935 =0.001 4(3.1)
PAC 0.918 0.889 - 0.940 =0.001 5(3.9)
MT 0.978 0.971-0924 =0.001 0(0)
§§ El 0.991 0.988 - 0.993 =0.001 0(0)
§ % PA 0.756 0.672-0.4822 =0.001 2(1.8)
PAC 0.918 0.889 - 0.940 =0.001 1(0.8)

Abbreviations: MT - muscle thickness, El - echointensity, PA - pennate angls, PAC
pennate angle in contraction, Cl - confidence interval

The ICC values were classified poor for values =0.50, moderate for 0.51-0.75, good for
0.75-0.90 and excellent for 0.91-1.00.

Table 4.18 Intraclass correlation coefficients (ICC) of the ultrasound parameters
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We compared repeated measurements for each of the ultrasound parameters obtaining
excellent ICC for most of them, except the pennate angle of vastus intermedius and vastus
lateralis muscles, which showed good ICC (table 4.18). Note that the pennate angles for all
muscle heads had slightly worse coefficients than the rest of the parameters, and had also an

elevated number of missing data (values could not be measured).

Most of the parameters had high repeatability (or low error of measurement), as shown in table
4.19, cells in white. Additionally, we compared echointensities in transverse and longitudinal
planes for all the muscle heads. The data showed the presence of systematic bias (cells marked
green) for all these measurements. Systematic bias was also found for muscle thickness,
echointensity measured in the longitudinal plane and pennate angle of rectus femoris, pennate
angles of vastus intermedius, and echointensity in the transverse plane of vastus medialis. On
the other hand, the pennate angle in the contraction of vastus intermedius and the pennate

angle of vastus medialis showed proportional bias (cells marked orange).
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Tahle 4.19. Bland-Altman limits of agreement of ultrasound parameters
[
S| vee | mesr |Memdoercee | sey | Remesson
NA 0,04 cm NA
- AREA 0.244 -0.08 = 1.51 0,32 cni 0.626
E EITr 0.195 -0.45+7.64 1,52 AU. 0.345
i NA 151 AU NA
E NA - NA
NA 0,92° NA
PAC 0.591 0132526 1,10° 0.619
w MT 0.677 -0.00 024 0,04 cm 0.980
% EITr 0.128 -0.58 8236 183 AU 0.320
£ EIL 0.196 -0.49 £ 833 191 AU. 0.882
E NA - NA
=
& NA 1.21° NA
= PAC 0.983 -0.01£7.42 1,19° 0.028
MT 0.780 -0.01+0.54 0,10 cm 0.404
< NA 172 AL NA
3 EIL 0372682 189 AU 0.875
E NA - NA
= PA 0.661 012586 1,26° 0.048
PAC 0.938 003283 1,53° 0.755
MT 0.858 0.0020.26 0,05 cm 0.253
= EITr 0.590 -017 £7.03 161 AU. 0.682
g EIL 0.281 -0.27 £ 5.49 1,62 AU. 0.777
8 PA 0.184 -0.30+4.94 1,64° 0.789
PAC 0.909 0.02477 1,00° 0.876

Abbreviations: MT - muscle thickness, El - echointensity, Tr - transversal plane, L - longitudinal plane,
PA - pennate angle, PAC pennate angle in contraction, Cl - confidence interval, LoA - limits of

agreement. SEM - standard error of measurement (calculated as SEM = SDY1-1CC)

* T-test was used to determine the presence of systematic bias. P value =0.05 indicates ihe presence

of systematic bias

** Linear regression was used to determine the presence of proportional bias. P value =0.05 indicates
the presence of proportional bias

Table 4.19 Bland-Altman limits of agreement of ultrasound parameters

4.7 Frailty models with logistic regression analysis.

Stepwise logistic regression analysis was performed using ultrasound and biochemical
parameters and physical characteristics to estimate their diagnostic power for frailty. Multiple
predictive models were developed using different ultrasound parameters (muscle thickness,
echointensity, pennate angles, and area of the rectus femoris) adjusted with biochemical
parameters (general biochemical parameters, panel of cytokines and hormones) and with the

physical characteristics (gait speed, muscle strength, sex, BMI).
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4.7.1. Ultrasound parameters and physical characteristics

Different ultrasound parameters were tested in order to establish the best predictive models.
We assumed that the parameters with the highest AUC (AUC>0.7, table 4.17), muscle
thicknesses as well as the parameters measured for rectus femoris (parameters that showed
significant differences between groups, table 4.6) would perform superiorly over echointensity
and pennate angles or over other quadriceps heads (table 4.6). These models showed
predictions from 76 to 82.5% and when adjusted with physical characteristics, the predictions
scored up to 89%. However, the only ultrasound parameter that influenced significantly the
dependent variable was the area of rectus femoris (models shown in annex tables 4E, 4F, and

4G).

We also tested various combinations of ultrasound parameters, the correct predictions ranged
from 62.5 to 79%. When adjusted with physical characteristics, the correct prediction of the

overall models ranged from 80.8 to 91.9%. The best model is represented in table 4.20.

The tables include the dependent variable (frailty phenotype), the independent variables used in
different steps (represented with a different colour), and their respective statistics - Wald test
with statistical significance and odds ratios). If the value p is <0.05, the variable contributes
significantly to the model. Odds ratios (OR) are standardized values that make it possible to
compare the level of influence of the independent variables on frailty (dependent variable)
within the model. The tables include the statistical significance (p) of the blocks and the model
(x2 tests), Nagelkerke's R2 test that represents the variance (the variation of the dependent
variable that can be explained with the model) as well as the percentage of correctly classified

cases (correct prediction).
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Table 4.20 Logistic regression analysis model BEST US
Adjustment with physical
Ultrasound parameters characteristics
Wald p OR Wald p OR
Frailty phenotype (constant) .B05 370 1.175
AREA RF 21706 000 561 14.432 .000 513
SFT RF 1.846 A74 1.787 766 381 472
MT VL 4.165 041 183 2.501 114 188
MT VM 5118 024 313 3.840 050 .239
PAC VM 2030 154 1.069 4412 036 1.165
EIVL 576 445 987 1.348 245 876
BMI 4905 027 1.217
Sex 6.065 014 071
Muscle strength 12.304 000 788
Gait speed 2.364 A24 1.738
Block y* (df) 36,704 (4), p=0.001
Model 7 (df) 64,447 (6), p<0.001 101,152 (10), p<0.001
Nagelkerke R® R42 745
Correct prediction 79.0 91.9

Sample size=128; Abreviations: RF - rectus femoris, VL - vastus lateralis, WM - vastus medialis, 5FT -
superficial fat thickness, MT - muscle thickness, El - echointensity, BMI - body mass index.

Table 4.20 Logistic regression analysis model BEST US

The logistic regression analysis model BEST US (table 4.20) was statistically significant in the first
step (x° (5) = 64.447, p<0.001). The model explained 54.2% of the variance of frailty phenotype
and classified correctly 79% of the cases. When adjusted for physical characteristics, the block
and model were statistically significant (p<0.001). The model explained 74.5% of the variance of
frailty phenotype and classified correctly 91.9% of the cases. Area of rectus femoris (p<0.001),
muscle thickness of vastus medialis (p=0.05), pennate angle in the contraction of vastus medialis
(p=0.036), BMI (p=0.027), sex (p=0.014) and muscle strength (p<0.001) contributed significantly
to the final model. Muscle thickness of vastus lateralis was significant only in the first step
whereas the superficial fat thickness of rectus femoris and echointensity of vastus lateralis did
not influence significantly frailty (the dependent variable). An increase in one square centimetre
of the area of rectus femoris, and maintaining all the rest of the variables constant, decreases
the odds of frailty 1.95 times. An increase in one centimetre of muscle thickness of vastus
medialis decreases the odds of frailty 4.18 times. An increase in one degree of pennate angle in
the contraction of vastus medialis increases the odds of frailty 1.16 times. An increase in one kg
of muscle strength decreases the odds of frailty 1.27 times and an increase in one unit of BMI
increases the odds of frailty 1.22 times. Finally, the odds of frailty were 14.08 times greater in

women than in men.
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4.7.2. Ultrasound and biochemical parameters with physical characteristics

The models using the area of rectus femoris or muscle thickness of rectus femoris (as the
parameters with the highest AUC, table 4.17) were constructed. Different biochemical
parameters were tested, namely the ones that showed significant differences among frailty
groups (table 4.8). The parameters that had p<0.01 tended to perform better in the predictive
models. Cytokines and hormones that showed correlations with frailty phenotype were also

chosen for the analysis (tables 4.15 and 4.16).

These parameters were then adjusted with physical characteristics (BMI, sex, gait speed, and
muscle strength). Since the sample size for this analysis was n=61, we decided to use up to 6

variables for each model. The best models are displayed in tables 4.21, 4.22, and 4.23.

Logistic regression model BIO 1

Table 4.21 Logistic regression analysis model BIO 1
Adjustment with biochemical Adjustment with physical
Ultrasound parameters parameters characteristics
Wald p OR ‘Wald P OR Wald p OR
Frailty phenotype (constant) 1.599 .206 1.385
MT RF 15.584 000 011 10.557 .001 .010 4.445 035 .003
GLUCOSE 5.230 016 1.063 2.730 .098 1.068
PROTEINS 4,581 032 115 5262 022 007
BMI 317 573 0.915
Gait speed 3.958 047 5.869
Muscle strength 3.967 046 790
Black §* (df) 18.354 (2) p<0.001 15.464 (3) p=0.001
Model 3 (df) 26.632 (1) p<0.001 44,987 (3} p<0.001 60.452 (6) p=0.001
MNagelkerke R 470 .694 .838
Correct prediction 75.8 87.1 93.5

Samgle size=61; Abreviations: MT RF - muscle thicknes of rectus femoris, BMI - body mass index.

Table 4.21 Logistic regression analysis model BIO 1

Logistic regression analysis model BIO 1 (table 4.21) features muscle thickness of rectus femoris
combined with the best general biochemical parameters. The model was significant in the first
step (p<0.001), it explained 47% of the variance of frailty phenotype predicting correctly 75.8%
of the cases. When adjusted with biochemical parameters, the block and the model remained
significant (p<0.001), the model explained 69.4% of the variance and the correct prediction was
87.1%. Finally, when adjusted with physical characteristics, the block and the model were
significant (p<0.001), the model explained 83.8% of the variance and correctly predicted 93.5%
of the cases. Muscle thickness of rectus femoris (p=0.035), proteins (p=0.022), gait speed
(p=0.047), and muscle strength (p=0.046) contributed significantly to the final model. Glucose

was significant in the second step (p=0.016) and did not reach statistical significance in the final
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step. An increase in one centimetre of muscle thickness of the rectus femoris and maintaining all
the rest of the variables constant decreases the odds of frailty 333 times. An increase in one unit
of proteins decreases the odds of frailty 143 times. An increase in one second of walking time
(decrease in gait speed) increases the odds of frailty 8.87 times. An increase in one kg of muscle

strength decreases the odds of frailty 1.26 times.

Logistic regression model BIO 2

Table 4.22 Logistic regression analysis model BIO 2
Adjustment with biochemical Adjustment with physical
Ultrasound parameters parameters characteristics
Wald p OR Wald p OR Wald p OR
Frailty phenctype (constant) 1.318 251 1.346
AREA RF 14613 000 508 11.459 001 536 5.010 025 372
MIP3a 4.452 035 8933 6.471 011 856
IL1b 3.881 049 237 3.901 048 081
BMI 4651 031 1.667
Sex 5.355 021 0002
Muscle strength 5 667 017 0.626
Black x* (df) 12,186 (2) p=0,002 25,695 (3) p=0,001
Model x* (df) 25976 (1) p<0,001 38,163 (3) p<0,001 53,858 (6) p=0,001
MNagelkerke R? 466 625 872
Correct prediction 80.3 80.3 95.1
Sample size=61; Abreviations: RF - rectus femoris, MIP - Macrophage Inflammatory Protein, IL - interleukin, BMI - body mass index.

Table 4.22 Logistic regression analysis model BIO 2

For the model BIO 2 (table 4.22) the parameters chosen were MIP-3a and IL-1B. Both
parameters showed correlations with the area of rectus femoris as well as with the frailty
phenotype (table 4.16). The model was significant in all three steps (p<0.001). The first step
explained 46.6% of the variance predicting correctly 80.3% of the cases. When adjusted with
biochemical parameters and physical characteristics, the model explained 87.2% of the variance
and predicted correctly 95.1% of the cases. For each square centimetre increase of the area of
rectus femoris and maintaining all the rest of the variables constant, the odds of frailty decrease
2.69 times. An increase in one unit of MIP-3a decreases the odds of frailty 1.17 times. An
increase in one unit of IL-1PB decreases the odds of frailty 12.34 times. An increase in one unit of
BMI increases the odds of frailty 1.67 times. An increase in one kilogram of muscle strength

decreases the odds of frailty 1.6 times. The odds of frailty were 5000 times higher in women.
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Logistic regression model BIO 3

Table 4.23 Logistic regression analysis model BIO 3
Adjustment with biochemical Adjustment with physical
Ultrasound parameaters parameters characteristics
wald p OR Wald p OR Wald p OR
Frailty phenotype (constant) 1.060 303 1.308
MT RF 14.743 .000 .012 7.498 .006 026 4.713 030 .017
IGF 1 4.335 037 978 3.052 081 977
IFM y 5.502 .019 520 5.809 .016 850
Gait speed 1.241 .265 2.092
Muscle strength 4.739 029 .848
Block ¥ (cf) 16.860 (2} p<0.001 12,885 (2) p=0,002
Model 3 (df) 24,751 (1) p<0,001 41.612 (3) p<0,001 54.497 (5) p<0,001
MNagelkerke R® 453 671 .801
Correct prediction 75.0 83.3 93.3

Sample size=61; Abreviations: MT RF - muscle thicknes of rectus femaoris, IGF 1 - insulin-like growth factor 1, IFN y - interferon gamma.

Table 4.23 Logistic regression analysis model BIO 3

The model BIO 3, shown in table 4.23, displays IGF-1 and IFN-y, both parameters had a
significant correlation with frailty phenotype (tables 4.15 and 4.16). The model was significant in
all three steps (p<0.001). The first step explained 45.3% of the variance predicting correctly 75%
of the cases. When adjusted with biochemical parameters, the model explained 67.1% of the
variance and predicted correctly 83.3% of the cases. In the final step, when adjusted with
physical characteristics, the model explained 80.1% of the variance and predicted correctly
93.3% of the cases. Muscle thickness of rectus femoris (p=0.030), IFN-y (p=0.016) and muscle
strength (p=0.029) contributed significantly to the final model. IGF-1 was significant in second
step (p=0.037), and when adjusted with physical characteristics, it did not reach statistical
significance (p=0.08). A decrease in one centimetre of muscle thickness of the rectus femoris
increases the odds of frailty 58.8 times. An increase in one unit of IFN-y decreases the odds of
frailty 1.12 times. An increase in one kg of muscle strength decreases the odds of frailty 1.18

times.

Models BIO 4 (muscle thickness of rectus femoris, MCV, and proteins) and BIO 5 (area of rectus
femoris, 1L-12, and IL-17) are shown in annex tables 4H and 4l, with a correct prediction of 91.9%
and 91.8% respectively. The rest of the models had an overall prediction below 90% and are not

shown.
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DISCUSSION

Muscle ultrasound exams were performed on a population of community-dwelling seniors.
We then conducted a questionnaire and measured walking speed and hand grip strength to
classify our subjects according to frailty phenotype criteria (Fried et al, 2001). Blood samples
were drawn for general biochemical analysis, hormones, cytokines, and oxidative stress
parameters. Ultrasound images were processed and twenty-four ultrasound-based parameters
were extracted for further analysis. On one hand, we aimed to validate the ultrasound
parameters for accuracy and precision as imaging biomarkers and evaluate their potential for
clinical use, and on the other, to explore biological substrates for imaging findings. Furthermore,
this wide array of parameters enabled us to create logistic regression models that combine

different imaging, physical and biochemical parameters for quantitative diagnosis of frailty.

Several methods have been used for measuring frailty based on clinical criteria, including frailty
phenotype and the accumulated deficits approach. Although very useful, these techniques still
rely on various subjective parameters and lack standardised evaluation in various clinical

scenarios.

Self-reported information confers important data for any medical assessment, however, in this
setting, it might have low accuracy since many patients suffer from cognitive impairment. The
development of quantitative tools for the assessment of frailty could be an important step
toward improving the management of these patients as it would give the opportunity for
universal administration, with more reliable identification of patients at risk, permitting timely
interventions, and thus hopefully delaying adverse outcomes and death. Therefore, the search
for objective screening tools is gaining more importance in recent years with an ongoing
investigation into many circulating and imaging biomarkers that could be used for this purpose.
However, there is a gap between investigation and translation to clinical practice. Many of the
parameters are limited to the research setting, have low cost-efficiency that imparis the
widespread administration, show insufficient discriminative power, or lack associations with
relevant outcomes (Saedi et al, 2019). Clinicians seek for a brief, easy-to-administer screening
tool with high sensitivity for detecting frailty (Huisingh-Scheetz et al, 2019). We consider that

muscle ultrasound may be a step toward bridging this gap.

The results of this study confirm that muscle ultrasound could be used in outpatients as a

screening method and it is possible to diagnose subjects at risk of frailty with up to 95% accuracy
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using frailty models that combine ultrasound and biochemical parameters. Several important

findings support this result (mentioned in continuation and commented on later in the text):

1.

2.

3.

We showed that muscle ultrasound can be a useful tool for assessing muscle volume
and architecture in the context of frailty syndrome, with high precision and accuracy
(tables 4.17 and 4.18) and could be considered as a valid alternative to current standard
methods for evaluation of muscle mass in a clinical setting (Cruz-Jentoft et al, 2018).
Muscle ultrasound parameters alone such as area of rectus femoris and muscle
thickness of rectus femoris were able to identify low muscle size and had good
discriminative power for frailty with AUC of 0.84 (95% Cl 0.77-0.91) and 0.79 (95% ClI
0.71-0.87) respectively (table 4.17) and were comparable to muscle strength, AUC= 0.80
(95% ClI 0.73-0.88) and gait speed, AUC=0.74 (95% Cl 0.67-0.83). The sensitivity for
detecting frailty was 87% and 86% for the muscle thickness and area of the rectus
femoris respectively (with cut-off values of 1.72 cm for muscle thickness and 6.72 cm?
for the area of the rectus femoris).

The logistic regression analysis models demonstrated that the frailty prediction rate of
muscle architecture parameters alone ranged from 76.5% to 82.5%, and when adjusted
with physical characteristics, the models classified correctly up to 91.9% of the cases
(table 4.20).

The combination of muscle architecture and biochemical parameters adjusted with
physical characteristics showed very good performance and predicted frailty in up to
95% of the cases (tables 4.21-4.23, annex tables 4H and 4l). Both decreases in muscle
thickness and area of rectus femoris as hallmarks of sarcopenia increased the odds of
frailty in all the models displayed. Various biochemical parameters, cytokines, and
hormones showed significant correlations with frailty phenotype (tables 4.14 to 4.16)
and were used for the regression analysis.

Muscle size had positive correlations both with muscle strength and gait speed, while
muscle quality was associated with muscle strength but not with gait speed. There were
no correlations between ultrasound parameters and physical activity (self-reported).
Various biochemical analytes showed correlations with ultrasound parameters as well as
with frailty phenotype. There were positive correlations between muscle size and
haemoglobin levels. Higher basal glucose levels correlated with low muscle thickness
and area of rectus femoris as well as frailty phenotype. IGF-1 showed a positive

correlation with muscle size and a negative correlation with frailty phenotype.
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5.1 Why ultrasound?

One of the key components of frailty is sarcopenia, a condition characterised by loss of skeletal
muscle mass and function (Santilli et al, 2014). The possibility of assessing muscle mass in
primary care or at the bedside in a hospital environment was the main idea behind this study.
Current guidelines for the diagnosis of sarcopenia by the revised European Working Group on
Sarcopenia in Older People (EWGSOP2) recommend DXA and BIA for assessing muscle mass
(Cruz-Jentoft et al, 2018). However, the decline in muscle mass and strength does not occur at
the same rate. Goodpaster and colleagues (2006) showed in community-dwelling old people

that there is a greater loss of muscle strength than mass.

It is believed that age-related changes in muscle architecture and composition rather than just
muscle size can explain the loss of muscle strength in this population (Narici and Maffulli, 2010).
DXA and BIA cannot assess muscle composition. MRI and CT are considered gold standards in
this regard, where muscle attenuation by CT or various MRI sequences (diffusion tensor imaging,
Dixon, spectroscopy, etc) can be used (Perkisas et al, 2018). Although superior, these techniques

are not practical for clinical use due to costs, accessibility, portability, and ionising radiation.

Ultrasound can overcome these limitations. Apart from reliably assessing muscle size by
measuring muscle thickness and area (Nijholt et al, 2017), ultrasound can assess muscle
composition as well. Changes in muscle composition can be observed as increased echointensity
due to the accumulation of intramuscular adipose and fibrous tissue (Pillen et al, 2008).
Additionally, the quadriceps femoris is a pennate muscle, where muscle fibres attach at an angle
to its tendon, the degree of this angle reflects the sarcomeres in parallel and it is proportional to
muscle force-generating potential. This angle can be measured by ultrasound, and it is

decreased in sarcopenic muscles (Narici and Maffulli, 2010).

We chose to work with community dwelling seniors (as opposed to hospitalised patients) in
order to assess the feasibility of ultrasound in primary care. Since there was no recommended
ultrasound protocol in this setting, we performed literature research on available techniques
and parameters and developed our own protocol based on our previous experience (Miron
Mombiela et al, 2020), managing technical challenges and cross-checking the intra- and inter-
rater reliabilities (unpublished data). We decided to perform the ultrasound on the anterior
compartment of the thigh for two reasons. On one hand, the investigation showed that there is
a greater loss of muscle mass in the lower than upper limbs and anterior than posterior thigh
(Janssen et al, 2000; Abe et al, 2011). On the other hand, the quadriceps is a large muscle and it

gives enough room to identify important morphological features, permitting the operator to
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train the technique and measure parameters even in severely sarcopenic individuals that may be
encountered in clinical practice. As for the parameters, apart from measuring muscle size
(muscle thickness and area), we also aimed at assessing muscle architecture (echointensity and
pennate angles). Note that the pennate angle is not a constant value, and it changes depending
on joint angle and degree of muscle contraction. It was found that pennate angles of vastus
lateralis increase during voluntary contraction in young healthy individuals (Oliveira et al, 2017).
We wanted to explore if this measurement could be used in the clinical setting with frail patients

and if it would reflect the contractile potential of sarcopenic muscle.

Parameters that have good technical (precision and accuracy) and clinical performance
(sensitivity and specificity) are suitable imaging biomarkers for clinical use (Sullivan et al. 2015).
These could have an important advantage over classical frailty phenotype assessment which
includes self-reported parameters such as the feeling of exhaustion. In fact, it was found that
the independent prognostic effect of each frailty criterion showed important differences in
predicting chronic disability, hospitalisation, and death (Rothman et al, 2008). This is where
muscle ultrasound could have a greater clinical impact. Ultrasound parameters can be
objectively measured in asymptomatic outpatients as well as in acute settings and values can be
compared over time. This way the presence of frailty, evolution in time, or effectiveness of
potential therapeutic intervention can be quantitatively assessed. The implementation of
muscle ultrasound exams could facilitate clinical decisions and management of frail patients in

day-to-day practice.

5.2 Technical and clinical performance of ultrasound parameters.

We showed that the ultrasound parameters assessed in our study had a good performance as
imaging biomarkers. First, the values measured are like other studies and thus seem to be valid
(Strasser et al, 2013, Chauhan et al, 2013, Alegre et al, 2006, Miron Mombiela et al, 2017). Next,
the parameters showed high precision with a relatively low error of measurement. Moreover,
various parameters also showed good accuracy in the clinical setting and performed equal to or

better than muscle strength and gait speed.

There are several findings to support this: average muscle thickness of rectus femoris of 1.91 +
0.35 cm in healthy controls versus 1.27 + 0.28 cm in frail patients (table 4.6) is comparable to
the study of Strasser et al. (2013), who reported muscle thickness in young subjects to be 1.81 +
0.4 cm and in old subjects 1.35 + 0.19 cm. Other quadriceps heads had similar thicknesses
compared to this study (table 5.1). On the other hand, we measured pennate angles generally

higher (18.2 + 3.3° vs 14.7 + 2.5° for vastus lateralis in healthy controls) and echointensities
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lower (49 + 18 A.U vs 101.9 + 14 A.U for rectus femoris in healthy controls) compared to
Strasser’s study. Other studies report the pennate angle of vastus lateralis in young healthy
controls to be 15.1 + 3.81° (Chauhan et al, 2013) and 16.2 + 3.2° (Alegre et al.2006). Mirdén
Mombiela et al. (2017) show the echointensity of rectus femoris to be 60 + 20 A.U. for healthy
controls. We believe these variations are due to site measurement and probe orientation for

pennate angles and different machines and gain settings for echointensity.

Table 5.1 Examples of ultrasound parameter measurements in healthy controls
MT RF MT VI MT VL PAVL EI RF EIVL
Our study 1.91 £ 0.35cm 1.65+0.50cm |2.10 +0.37cm |18.2+3.3° 49+ 18 AU 48 + 15.69 A.U
Strasser et al, 2013 1.81 +0.4cm 1.71+0.44cm |2.26+0.3Bcm  |14.7 +2.5° 101.9+14 AU|96.2+14.9A U
Chauhan et al, 2013 15.1+3.81°
Alegre et al, 2006 16.2 + 3.2°
Miron Mombiela et al, 2017 60+ 20 AL

Abbreviations: MT - muscle thickness, PA - pennate angle, El - echointensity, RF - rectus femoris muscle, V1 - vastus intermedius muscle, VL - vastus lateralis
muscle

Table 5.1 Examples of ultrasound parameter measurements in healthy controls

Muscle thickness, cross-sectional area, and echointensity had high precision (ICC 0.97-0.99, table
4.18). Pennate angles showed lower precision (ICC 0.76-0.90) with up to 21% of excluded images
(did not meet image quality criteria). Other studies reported high precision for muscle thickness
and area measurements in older adults (Strasser et al, 2013, Scanlon et al, 2014, Welch et al
2018) with lower precision for echointensity and pennate angle measurements (Strasser et al,
2013). We found systematic bias in measuring muscle thickness, echointensity, and pennate
angle of rectus femoris as well as echointensity of vastus medialis and pennate angle of vastus
intermedius (table 4.19). Probe placement and the amount of pressure applied as well as the
interpretation of the images may have contributed to this finding (Konig et al, 2014). We found
the standard errors of measurement from 0.04 to 0.1 cm for muscle thicknesses, 0.3 cm? for the
area, 1.5 to 1.9 A.U for echointensity, and 0.9 to 1.6° for pennate angles (table 4.19). Therefore,
all the changes greater than the limits of error can be interpreted as muscle architecture
changes (Denegar et al 1993). In other words, these parameters are sensitive to changes in

muscle thickness and area as small as 1 mm and 3 mm? respectively.

Echointensity showed lower accuracy in detecting frailty compared to muscle thickness and
area, with AUC for rectus femoris and vastus lateralis ranging from 0.60 to 0.66 (95%Cl 0.51-
0.76). Our previous cohort showed similar results, AUC 0.69 (95%CI 0.59-0.78) (Miron Mombiela
et al, 2021).

Pennate angles in contraction were generally higher than angles at rest, and there were

significant differences among groups (table 4.6). However, notice there were greater differences
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between angles at rest and in contraction for the control group of young individuals whereas for
other groups this difference was much smaller, for example, the pennate angle of rectus femoris

at rest in the prefrail group was 11.9 £ 2.9° and in contraction 12.2 + 2.8°.

If we consider that the standard error of measurement (table 4.19) for rectus femoris was 0.9°
and 1.1° at rest and in contraction respectively, it becomes obvious that the smaller the angle is,
the more difficult it gets to measure true changes between angles at rest and in contraction.
Additionally, this parameter was not easily obtained as it required voluntary contraction of the
quadriceps muscle and a significant portion of patients were not able to sustain maximal
contraction long enough or presented fasciculations which decreased image quality and resulted
in the exclusion of up to 21% of the images (table 4.18). We are uncertain if this finding is
entirely due to architectural changes in sarcopenic muscle and the inability to recruit all existing
fibres in an efficient contraction manner or if some patients had difficulty achieving contraction
lying in a supine position and would maybe perform better sitting and extending the leg at
request. We presented all data for this parameter, but we acknowledge that its usefulness is
rather limited in frail patients and various technical improvements need to be implemented

before considering its inclusion in clinical protocols.

Various muscle architecture parameters have already been validated for accuracy compared to
gold-standard imaging techniques, finding very good agreement between ultrasound and
magnetic resonance for muscle thickness and subcutaneous fat thickness of the anterior thigh
(Mechelli et al, 2019, Betz et al 2021) and average agreement for muscle cross-sectional area of
vastus lateralis (Betz et al, 2021). There were strong correlations between intramuscular fat
assessed by MRI and muscle echointensity (Young et al, 2015). Watanabe and colleagues (2018)
reported moderate associations between echointensity and muscle attenuation assessed by CT.
We did not perform validation tests with other imaging techniques which is one of the

limitations of the present study.

5.3 Ultrasound parameters and functional capacity.

Muscle size and quality contribute to its functional capacity. We showed associations between
muscle size and composition with muscle strength. There were significant correlations between
muscle strength and muscle thicknesses of all quadriceps heads, with the strongest correlation
for vastus medialis (r=0.474, p<0.01). Echointensity showed a negative correlation with muscle
strength (for rectus femoris r=-0.451, p<0.05). Other studies also reported correlations between
muscle strength and echointensity (Miron Mombiela et al, 2017, Watanabe et al, 2013,
Fukumoto et al, 2012).
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As for gait speed, there were correlations with muscle size (strongest correlation with the area
of rectus femoris, r=-0.334, p<0.01), however, there were no significant correlations with
echointensity of any of the quadriceps heads. Some studies reported correlations between the
echointensity of rectus femoris and gait speed (Rech et al, 2014) while others found no
correlation neither for limb or spine muscles (Yoshiko et al, 2018). The pennate angle of vastus
lateralis showed a correlation with gait speed (r=-0.323, p<0.01). Correlations between gait
speed and pennate angle of vastus lateralis (Aubertin-Leheudre et al, 2019) as well as

gastrocnemius medialis (Zhu et al, 2019) were reported in previous studies.

Interestingly, there were few to no correlations between ultrasound parameters and self-
reported physical activity parameters (table 4.12). These parameters proved to be highly
unreliable. We believe that patients tended to overestimate the amount of daily physical activity
and were not objective when reporting walking and rest times. This again raises concerns about
the significance that should be given to all self-reported, subjective parameters when diagnosing

a person as ‘frail” or "non-frail".
5.4 Ultrasound parameters and frailty.

Our study confirms that ultrasound parameters assessing quadriceps femoris muscle are
clinically useful in detecting frail patients, with AUC values for the area of rectus femoris 0.84
(0.77-0.91) and muscle thickness 0.79 (0.71-0.87). Moreover, we showed correlations of
multiple ultrasound parameters with frailty phenotype (table 4.12). Parameters that denoted
sarcopenia, namely low muscle thickness, low area, and low pennate angles as well as high
echointensity were all correlated with frailty. The strongest correlation was found for the area of

rectus femoris, r=-0.612, p<0.01.

Frailty often overlaps with comorbidities in old patients; in fact, some studies showed that 82%
of frail patients had comorbidities (Wong et al, 2010). We registered comorbidities as a part of
the integral assessment of our study population and correlated this data with ultrasound
parameters. There were generally weak but significant correlations between ultrasound
parameters and various comorbidities with the most ultrasound parameters (>10) associated
with osteoarthritis, fractures/osteoporosis, visual loss, hypertension, and obesity (table 4.13),
and fewer parameters (5-10) associated with diabetes mellitus, previous malighancy,
hyperlipidemia, COPD, hearing loss and depression (annex table 4A). It is believed that
sarcopenia and these diseases share common risk factors in old people — physical inactivity,

inflammation, and malnutrition/obesity, in fact, it was found that sarcopenia is highly prevalent
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in patients with cardiovascular disease, dementia, diabetes mellitus, and respiratory disease
(Pacifico et al, 2020). Other studies link sarcopenia with an increased risk of falls (Beaudart et al,
2017). We found an inverse correlation between the area of the rectus femoris and the number
of falls in the last six months (table 4.13). It seems that low muscle mass, probably aided by
sensory impairment, puts these individuals at higher risk of falls which in turn leads to limited
physical activity and functional decline and ultimately increases the risk of institutionalisation,

morbidity, and mortality. This was the only outcome we studied.

5.5 The biological meaning of imaging parameters.

The concept of biological validation of imaging features is becoming an essential part of
translating radiologic imaging data to clinical practice. With the development of new
technologies where automated processing of a high volume of data extracted from radiologic
images is used for the identification of clinically relevant parameters, there is a problem of
overfitting the models. Since it is exclusively data-driven, this method alone cannot explain the
biological meaning of the observed relationships within these models. That is why it is important
to correlate image-based models to biological parameters (Tomaszewski and Gillies, 2021). The
most obvious application of this concept is in oncologic radiology — image features (shape,
density, presence of marginal spiculations, etc.) are correlated with histologic and genomic
parameters of cancer to understand the microscopic characteristics of the visual findings (Mirdn

Mombiela et al, 2022; Shui et al, 2020).

Although we did not use automated machine learning platforms, it can be argued that there is a
certain analogy with the concept of studying multiple imaging parameters in the process of
developing ultrasound biomarkers for frailty. We followed this idea aiming to explore the
biological substrate of our ultrasound parameters. We also wanted to see if the diagnostic
performance can be improved and if we could reach a better understanding of underlying

factors involving ultrasound-based parameters.

We performed correlation analysis and compared our results to the available literature. There

were several interesting findings we would like to comment on.

General biochemical parameters: As for muscle-related parameters, creatinine levels were

positively correlated with muscle thickness of vastus medialis (r=0.439, p<0.01). Creatinine
levels in serum are proportional to muscle mass (Keshaviah et al, 1994) which would explain this

finding. However, we found no significant correlations between creatinine levels and muscle
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thickness of other quadriceps heads nor with frailty phenotype. Apart from muscle mass, various
factors influence creatinine levels (such as renal function and dietary intake) which could explain

the lack of this correlation.

Although albumin levels alone did not show any statistically significant correlation with muscle
mass nor with frailty, serum protein levels showed a positive correlation with the area of rectus
femoris (r=0.296, p<0.05) and a negative correlation with frailty phenotype (r=-0.319, p<0.05).
Other studies reported an association between low albumin concentrations and sarcopenia
(Baumgartner et al, 1996) and found that low albumin may increase the risk of developing
sarcopenia (Visser et al, 2005). Serum proteins consist of albumin (56%), globulins (40%), and
other proteins in much lower concentrations; therefore, the variations of its levels are expected

to be dependent on one of the two major components.

We found that higher basal glucose levels correlated with low muscle thickness and area of
rectus femoris (r=-0.307 and -0.297 respectively, p<0.05). Also, glucose had a positive correlation
with the frailty phenotype (r=0.564, p<0.01). A systematic review from 2020 (Anagnostis et al.)
reported that patients with type 2 diabetes mellitus (DM2) had an increased risk of sarcopenia.
Various studies found a positive correlation between insulin resistance and frailty (Perez-
Tasigchana et al, 2017, Barzilay et al, 2007). Several pathophysiological mechanisms were
proposed to explain this correlation. Insulin has anabolic effects on skeletal muscle, regulating
protein synthesis and glucose transport and improving muscle metabolism. These functions are
impaired by insulin resistance present in patients with DM2. Insulin resistance decreases protein
synthesis and promotes protein degradation (Pereira et al, 2007). Additionally, chronic
hyperglycaemia causes the accumulation of advanced glycosylation end-products (AGEs) which
can promote oxidative stress, inflammatory cytokines, and the breakdown of muscle proteins
(Mori et al, 2019). Other authors argue that macrovascular complications of DM2 could lead to
peripheral arterial disease and in turn cause a decrease in muscle mass, strength, and
performance (Dziubek et al, 2015). Another entity important in this context is sarcopenic
obesity, a condition where insulin resistance, obesity, and sarcopenia coexist in the same
individuals (Cleasby et al, 2016). In these patients high intramuscular fat accumulation and
visceral adiposity promote insulin resistance and impair muscle glucose uptake with the
consequent decrease in intracellular energy production, which affects muscle quantity and

quality. This lower muscle mass in turn favours insulin resistance creating a vicious circle.

Haemoglobin levels had a positive correlation with muscle thickness of vastus medialis (r=0.289,

p<0.05) and a negative correlation with echointensity of rectus femoris (r=-0.318, p<0.05) and
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superficial fat thickness (r=-467, p<0.01). A study by Moon et al (2015) showed a correlation
between low muscle mass measured with DXA and anaemia in Korean elderly men. InCHIANTI
study (Cesari et al, 2004) also reported an association between low haemoglobin levels with
lower muscle density and muscle mass measured by CT. The reason for this association could be
the lower oxygenation of skeletal muscle in anaemia (Dodd et al, 1993). Additionally, as
anaemic patients may experience more fatigue, they often tend to have a more sedentary
lifestyle with less physical activity and therefore have less muscle mass and more superficial fat
accumulation (Cesari et al, 2004), although, we did not find a direct association between muscle

mass and self-reported physical activity in our study population.

There were no significant correlations between muscle volume and glomerular filtration rate
(GFR). However, there were correlations with muscle architecture parameters. Pennate angles
of vastus lateralis at rest and in contraction (r=0.396, p<0.01 and r=0.256, p<0.05 respectively),
as well as rectus femoris in contraction (r=0.348, p<0.05), showed positive correlations with
GFR. There was a negative correlation between GFR and frailty phenotype (r=-0.330, p<0.01). A
Korean study from 2020 (Hong et al) reported the relationship between sarcopenic obesity and
decreased GFR in postmenopausal women. Sarcopenia is frequently found in patients with
chronic kidney disease, and it is due to negative protein balance caused by multiple factors that

promote protein catabolism and decrease protein synthesis (Sabatino et al, 2021).

We found no significant correlations between vitamin D and muscle volume nor with frailty
phenotype for our study population. Vitamin D decreases with age mainly due to reduced sun
exposure, altered skin response to UV radiation, and decreased renal function (de Jongh et al,
2017). Low levels of vitamin D are associated with osteoporosis and sarcopenia among older
adults, which in turn increases the risk of falls (Bischoff-Ferrari et al, 2009). This association may
be due to effects on muscle cell metabolism (Wassner et al, 1983). Results from Newcastle 85+
study reported associations between low vitamin D levels (<10 ng/mL) and low muscle strength
in old people (Granic et al, 2017). A cross-sectional study showed associations between low
vitamin D levels (<20 ng/mL) and low muscle mass measured by DXA in a frail elderly population
from the Netherlands (Tieland et al, 2013). Another study found an association between low
vitamin D levels (<10 ng/mL) and incident frailty in a prospective cohort of old women; however,
this association was no longer significant after adjusting for cardiometabolic diseases (Buta et al,
2017). As for our results, we believe different study populations, the amount of sun exposure as
well as seasonal variations in vitamin D levels could have contributed to our findings.
Additionally, we did not inquire about any vitamin supplement intake, which could have also

interfered with the results. As for the role of vitamin D supplementation in preventing frailty, a
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recent randomised trial on over 25000 individuals showed vitamin D3 supplementation did not

affect the incidence of frailty when compared with a placebo (Orkaby et al, 2022).

Hormones: We demonstrated the correlation between IGF-1 and muscle mass and composition.
There was a positive correlation between IGF-1 levels and muscle volume, measured as the area
of the rectus femoris (r=0.510, p<0.01) and the muscle thickness of the rectus femoris (r=0.374,
p<0.05). These findings can be explained by the role that IGF-1 plays in muscle homeostasis. It
has an anabolic effect on muscle tissue, namely, it stimulates muscle production and activates
cell hypertrophy, and inhibits muscle protein degradation. On the other hand, the echointensity
of rectus femoris had a negative correlation with IGF-1 levels (r=-0.378, p<0.01). Echointensity is
an ultrasound measure of muscle quality; higher levels indicate intramuscular fat infiltration and
are associated with loss of functional muscle mass, which could explain this finding.
Additionally, plasma levels of IGF-1 were significantly lower in the frail group compared to
controls (table 4.8). Various studies link low levels of IGF-1 with physical performance (van
Nieuwport et al 2018), sarcopenia, and frailty (Payette et al 2003, Doi et al 2018). We also found

a negative correlation between circulating IGF-1 levels and frailty phenotype (r=-0.582, p<0.01).

Regarding inflammatory markers, there were significant correlations of various cytokines with

ultrasound parameters as well as frailty, but the direction of those correlations was generally
opposite to that in published literature. Namely, we found positive correlations between muscle
thickness of vastus intermedius and lateralis with circulating levels of IL-6. There were no
correlations between muscle ultrasound parameters and TNF-a (table 4.16). In literature higher
concentrations of IL-6 and TNF-a were associated with low muscle mass and strength in healthy
old people (Visser et al, 2002). Anker and colleagues (1999) reported that increased cytokine
levels (TNF-a and IL-6) had a negative correlation with muscle mass in patients with chronic
heart failure and cachexia. On the other hand, studies have also shown higher concentrations of
pro-inflammatory cytokines IL-6, TNF-a as well as CRP in frail patients (Hubbard et al, 2009,
Collerton et al, 2012). We did not find this correlation with frailty phenotype in our study group
(tables 4.14 and 4.16). These signalling molecules also play a role in other processes and this can
be the reason why we have not found similar results. As for the other pro-inflammatory
cytokines, the general trend was similar. For example, IL-1B had a positive correlation with
muscle thickness of rectus femoris and vastus intermedius, IFN-y showed positive correlations

with the muscle mass of all quadriceps heads and pennate angles of vastus intermedius and
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lateralis, and both parameters had a negative correlation with frailty phenotype. On the other
hand, IL-8 did show a negative correlation with muscle thickness of rectus femoris, vastus
intermedius, and lateralis and pennate angles of vastus intermedius and lateralis, but had no
significant correlation with frailty phenotype (table 4.16). Other studies reported a weak
association between IL-8 levels and frailty in community-dwelling older men (Hsu et al., 2017)
and increased serum IL-8 in older frail adults (Hammami et al, 2020). The levels of anti-
inflammatory cytokine IL-10 had positive correlations with muscle thickness of vastus
intermedius, however, there were no significant correlations with frailty. Various studies have
reported no correlations between circulating IL-10 and frailty phenotype (Hsu et al., 2017, Su et

al., 2017).

The interpretation of these findings proves to be somewhat challenging. Published literature
mainly focuses on IL-6, TNF-a, and CRP as the markers of inflammation and concludes that
inflammation plays an important role in the pathogenesis of frailty (McKechnie et al, 2021,
Hammami et al, 2020, Cheng et al, 2022). It is worth mentioning that apart from being a pro-
inflammatory cytokine, IL-6 is also referred to as myokine, as it is produced by myocytes during
exercise, and a transient increase in its levels promotes muscle hypertrophy (Serrano et al,
2007). Contrary to this, in the Framingham Heart Study, an increase in IL-6 levels predicted two-
year sarcopenia in older women (Payette et al, 2003). Rather than theorising about the
relationship between muscle hypertrophy or the possible beneficial effect of inflammation on
muscle mass and its protective role in frailty, and especially since our patients were not
subjected to physical exercise before blood tests, we are inclined to believe that particular
characteristics of our study population, as well as small sample size, could be the main
contributors for our findings. Table 4.10 shows differences in cytokine levels divided according
to frailty phenotype. Note the trend of generally lower levels of most of the parameters in
prefrail patients (which was the group with the largest N) regarding the control group of young
individuals as well as robust and frail patients. Interestingly, if we look at the table of
correlations for total lymphocyte count, which is a general marker of immune status (annex
table 4B), there were no significant correlations with ultrasound parameters nor with the frailty
phenotype for our study population. Due to the small sample size, we did not perform a
subanalysis adjusting data for age, sex, or comorbidities to further investigate the possible cause
of these correlations. Therefore, although various cytokines showed correlations with muscle
mass as well as frailty phenotype, due to the direction of these correlations, we are not
confident in extracting definitive conclusions regarding their role in sarcopenia, nor

recommending them as independent biomarkers for diagnosing frailty.
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The role of MIP-3a is unclear and has not been studied as an independent marker of sarcopenia
or frailty. This chemokine has a pro-inflammatory effect and is involved in pathways of various
inflammatory and autoimmune diseases, HIV as well as the metastatic spread of different
cancers (Ranasinghe and Eri, 2018). In our study population, it had a weak negative correlation
with frailty phenotype and we showed one regression model where it contributes to the

diagnosis of frailty together with IL-1p.

Oxidative stress parameters: We did not find almost any correlations between oxidative stress

parameters and muscle mass measured by ultrasound nor with oxidative stress and frailty
phenotype in our study population. Previous studies did show a correlation between frailty and
both MDA and protein carbonylation (Ingles et al, 2014). Again, we believe that the small sample

size could be the main contributor to this finding.

5.6 Frailty models.

First, we explored the influence of muscle mass and quality assessed by ultrasound on frailty in
our study population. For this purpose, we tested combinations of ultrasound parameters
adjusted with functional parameters and physical characteristics, with the best regression
analysis model showing a prediction rate of 91.9% (table 4.20; other models with lower
prediction rates shown in annex tables 4E, 4F, and 4G). Muscle size (measured as thickness and
area) as well as muscle strength had the strongest influence on frailty within this model while

muscle architecture parameters had a minor contribution in diagnosing frailty.

This finding is interesting since it is believed that muscle architecture changes happen sooner
than muscle volume loss in the evolution of sarcopenia (Narici and Maffulli, 2010), and following
this idea, pennate angles and echointensity were expected to show greater influence on frailty
within the models. We believe that the ultrasound technique and parameter acquisition could
be partially responsible for this. Muscle thickness and area seem to be more robust parameters
with lower measurement error, at least for quadriceps muscle. It would be interesting to explore
the contribution of other muscle groups (lower leg or posterior thigh) using the same ultrasound

protocol to confirm this finding.

Another curious finding is that the frailty models were not dependent on gait speed but rather

on muscle mass and strength. Other studies found that slow gait speed was a strong predictor of
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disability and falls (Rothman et al, 2008). In future projects, other functional parameters could
be tested (Timed up and go, Short Physical Performance Battery, etc.) and compared to
ultrasound parameters. Although ultrasound models showed good results in predicting frailty,
we believe that the general downside of these models in the clinical setting is the use of
multiple parameters measured from different sites which increments scanning time and
introduces accumulated measurement error, which in turn does not improve dramatically the
overall prediction rate within the models (combination of various ultrasound parameters
showed correct prediction up to 82.5%, annex table 4G, area of rectus femoris alone showed
80.3%, table 4.22). Before implementing ultrasound exams in clinical practice, studies on a wider
and more diverse population are needed in order to determine the cut-off values for low muscle

mass and quality and to establish normal, adjusted for age, values both for men and women.

Although many frail patients present with sarcopenia, frailty syndrome should be understood as
a multidimensional entity that involves musculoskeletal dysfunction paired with endocrine
senescence and chronic inflammation which renders a person vulnerable to outside stressors
(Morley et al, 2013). Therefore, we consider that there is no one “best” parameter describing it,
rather, we outline there could be various combinations of parameters that can successfully
identify frail patients and individuals at risk of developing frailty. Apart from sarcopenia, frailty
has been associated with multiple biochemical, endocrine, and immune factors. A previous
study by Mitnitski and colleagues (2015) reported that blood parameters that individually may
have weak correlations with frailty and ageing, in combination showed a strong association with
mortality. We explored the associations of blood parameters with muscle mass and frailty and
used the concept of biochemical parameter combinations to develop integrated models. These
models take into account the presence of low muscle mass measured by muscle thickness or
area of rectus femoris (best ultrasound parameters), low physical performance measured by
muscle strength and walking speed as well as imbalance of various biochemical factors, namely

hormones such as IGF-1, inflammatory cytokines as well as general biochemical parameters.

We are aware that the small sample size is an important limitation of this analysis, therefore we
performed multiple sets of regression analysis using no more than six variables per set in order

to decrease the probability of overfitting the models.

Various models showed prediction rates >90% (tables 4.21-4.23, annex tables 4H and 4l) proving
the point that even with a limited number of selected parameters accurate and efficient models
for diagnosing frailty can be constructed. Note that in all models increase in muscle mass

(muscle thickness as well as area of rectus femoris) decreased the odds of frailty from 2.5 to

110



over 300 times. This finding supports the idea that physical activity is an important component
in preventing frailty. Other studies have shown an increase in muscle cross-sectional area
measured by CT after exercise intervention in frail patients (Cadore et al, 2013) as well as an
increase in muscle power and performance (Hruda et al, 2003). Also, all the models that
included sex as a variable showed that women had greater odds of frailty which is also reported
in other studies (Fried et al, 2001). This is an expected finding since women on average have less
muscle mass than men at any given age (Janssen et al, 2000), therefore sarcopenia places them
at greater risk of crossing the threshold of critical muscle mass needed for mobility and
independent living. This, paired with higher longevity compared to men, explains why women

are more likely to need institutionalisation in their last years of life (Narici and Maffulli, 2010).

We searched for models using general biochemical parameters preferably over cytokines since
we believe these are more likely to be accepted for widespread clinical use (if the parameter
acquisition was cheaper or the parameter was already available from general blood analysis
performed routinely for different pathology). The model that uses muscle thickness of the rectus
femoris in combination with basal glucose levels and serum proteins (table 4.21) could be an
acceptable candidate for clinical use. It showed a prediction rate of 93.5 %. An increase in
muscle thickness of rectus femoris, muscle strength, as well as protein levels, decreases the odds

of frailty while a decrease in gait speed increases the odds of frailty in this model.

To our knowledge, this is the first study to link different imaging, biochemical and physical
parameters in order to obtain quantitative tools that could be used for screening and potentially
for monitoring patients with frailty syndrome. However, longitudinal studies on a wider
population are needed to validate these models for efficacy in predicting adverse outcomes
such as hospitalisation, disability, and mortality. If the models show to be useful in clinical
practice, they could be applied not only to outpatients as screening for frailty but also to acutely
ill patients at admission for assessing the muscle reserves, probability of complications, and the

likelihood of recuperation.

5.7 Are the ultrasound parameters good biomarkers for frailty?

Having explored all quadriceps muscle heads, we consider that the rectus femoris is the best
candidate for assessing sarcopenia in the context of frailty syndrome. It is reasonably large, the
most superficial structure that is readily visible with ultrasound in patients lying in a supine

position. Measuring muscle thicknesses and areas requires minimal training and has high
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accuracy with a low margin of error which gives these parameters an advantage in the clinical
setting. They could be used for monitoring, especially in patients acutely ill, patients in ICU, or in
cases where using a hand dynamometer is not viable, like in patients with severe arthritis

(Gellhorn et al, 2018).

Echointensities and pennate angles of muscle fibres at rest and in contraction do not contribute
significantly as individual parameters to the overall diagnostic performance. We believe that
these parameters are not easily standardised nor reasonably reproducible in the clinical setting.
However, they could be used in combination for investigational purposes as good predictors of

sarcopenia.

5.8 Limitations and final remarks

These results should be interpreted in light of various limitations:

e The study had a cross-sectional study design; therefore a causal relationship between
ultrasound and biochemical parameters with frailty phenotype cannot be determined.
Longitudinal studies are needed to confirm the associations between these parameters
and clinically relevant outcomes such as disability and death.

e Our study group consisted of Spaniards and therefore cannot be extrapolated to other
populations which may vary in anthropomorphic features, lifestyle, and dietary habits,
all of which can influence muscle ultrasound parameters.

e We did not collect data about protein intake or non-prescribed vitamin
supplementation, which may have interfered with the interpretation of the correlations
with corresponding biochemical parameters and frailty.

e The sample size for biochemical analysis was small, possibly explaining the lack of
statistical significance of various parameters as well as the direction of correlations for
cytokines and ultrasound parameters regarding previous literature.

e We did not perform a comparison between ultrasound and gold-standard imaging
techniques (MRl and CT) to validate the parameters for accuracy.

e The influence of different ultrasound machines on ultrasound parameters was not
assessed.

e There might have been a selection bias — very old patients and subjects with poor
general health tended to refuse participation in the study or blood testing due to their

condition, which may have led to the underrepresentation of the frail group.
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In summary, the results of this study show that muscle ultrasound is useful in the clinical setting
for screening individuals at risk of frailty using newly developed protocol for this purpose.
Patients from primary care without frailty referrals were tested, showing that muscle ultrasound
is feasible in this setting and takes no more than a couple of minutes with sufficient training.
Additionally, scanning all muscle heads of quadriceps femoris for both muscle quantity and
quality parameters provided us with sufficient data in order to select the most relevant features

of sarcopenic muscle and apply them in frailty models.

We found that various ultrasound parameters can measure correctly and precisely architectural
changes in sarcopenic muscle and here we show that they can be used in combination to detect
frailty with a high prediction rate. Additionally, we prove that there are various combinations of
ultrasound and biochemical parameters used within regression models that show very good
prediction rates, emphasising that there should be more than one system taken into
consideration when developing quantitative models for the assessment of frailty syndrome.
These findings advance knowledge and contribute to further characterisation of the relationship

between imaging parameters and underlying biochemical processes in the context of frailty.

We understand the time constraints of busy primary care practice, therefore, we would like to
point out that it is sufficient to measure only one or two ultrasound parameters (for example,
muscle thickness and area of rectus femoris) which require a minimum amount of time and
training. This could have an important clinical impact since ultrasound is a widely available and
relatively cheap technology that would allow for widespread administration on virtually any
population. The benefits of screening community-dwelling seniors lie in detecting pre-frail
individuals and applying timely intervention (Huisingh-Scheetz et al, 2019) where treatment

could have a greater effect and prevent future disability.
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CONCLUSIONS

Based on the results obtained, we can draw the following conclusions:

1. Muscle ultrasound is useful for assessing muscle size and architecture in the context of
frailty syndrome, with various parameters showing high precision and accuracy with a
low margin of error.

2. Among all quadriceps muscle heads rectus femoris is the best site for ultrasound
assessment of sarcopenia.

3. The area and muscle thickness of the rectus femoris have good discriminative power for
detecting frailty and are comparable to functional parameters such as muscle strength
and gait speed.

4. Muscle ultrasound is feasible in busy clinical practice as it requires measurement of only
one or two parameters, with a minimum amount of time and training

5. Ultrasound imaging parameters follow underlying processes that characterise frailty and
show correlations with various biochemical parameters that are altered in frail patients,
such as creatinine, serum proteins, glucose, haemoglobin, glomerular filtration rate, and
IGF-1.

6. Frailty models that combine muscle ultrasound and biochemical parameters have a
good diagnostic performance in identifying individuals at risk of frailty with up to 95% of
accuracy. A decrease in muscle size increases the odds of frailty in all the models.

7. A frailty model that applies muscle thickness of rectus femoris, basal glucose levels, and
serum proteins could be used in clinical practice due to the simplicity of ultrasound
measurement and the availability of biochemical parameters from routine blood

analysis.
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ANNEX MATERIAL

ANNEX INFORMED CONSENT

IMPRESO DE INFORMACION Y CONSENTIMIENTO INFORMADO DE LOS SUJETOS
A INCLUIR EN EL PROYECTO DE INVESTIGACION

TITULO: “Estudio de arquitectura muscular determinada por ecografia para el
diagnéstico de fragilidad con correlacién de marcadores clinicos, fisicos y

bioguimicos®.

INVESTIGADOR PRINCIPAL: Rebeca Miron Mombiela

OBJETIVOS

El objetivo del presente estudio es determinar si los cambios en la arquitectura muscular por ecografia

fisicos v biolégicos conocidos de fragilidad.
DESCRIPCION DEL ESTUDIO

Se le realizard una ecografia muscular del muslo donde se tomarin fotos para estudiar a posteriorn la
arquitectura muscular v también se tomaran medidas del grosor muscular v una estimacidn numérica de la
cantidad de grasa contenida dentro del musculo. Al concluir la ecografia se le realizard una medicion de
fuerza muscular con un dinamémetro, se le medira la altura v el peso corporal. Luego se le entregard un
cuestionario para rellenar por usted con preguntas personales v generales (Ejemplo: edad, género. etc).
seguido de preguntas en relacién a su calidad de vida en el momento actual Luego se le solicitard que
camine 4 metros para evaluar la velocidad con la que camma. Y por ultimo se volvera a repetir la ecografia
perc en otre aparato.

51 usted tiene una analitica solicitada por su médico de cabecera pendiente, se le preguntara s1 esta
de acuerdo con donar un poco de sangre para realizar estudios diagnosticos v de investigacion (gj.:
oxtdacion de lipidos v proteinas, marcadores de mnflamacion, ete). Ademas deseamos saber si
desea donar los sobrantes de las muestras tras su procesado, que seran almacenados en el Biobanco
del Hospital general Universitario de Valencia v conservados formando parte de la coleccion
asociada a este estudio. 51 usted accede a ello en el momento que vaya al laboratorio se le
extraeran 2 tubos adicionales de sangre para dichos analisis.

51 Ud. esta de acuerdo, libremente firme el consentimiento de participacion en este estudio que
para este fin se ha afiadido al final de este impreso.

RIESGOS Y BENEFICIOS

No existen riesgos asociados al uso de ecografia.
Con su participacion en este estudio, usted va a avudar a realizar el diagnostico de sindrome de
fragilidad del adulto mayor v a entender mejor el proceso de envejecimiento de las personas.
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Segun su condicion clinica esta informacidn podra o no ser aprovechada en su propia salud.

PARTICIPACION EN EL ESTUDIO

Su participacion en este estudio es totalmente voluntaria v no recibird remuneracion alguna. Como
paciente, el rechazo a participar no supondra ninguna penalizacion o n1 afectara en modo alguno a
la calidad de la asistencia sanitaria que reciba.

CONFIDENCIALIDAD

Toda la informacion obtenida sera confidencial, los datos recogidos se mtroduciran, por el Equipo
mvestigador, en una base de datos para realizar el analisis estadistico pero su nombre no aparecera
en ningun documento del estudio, solo se le asignara un numero. En concreto, las muestras se
identificardn con un nimero vy se agruparan por patologias afines. En ningin caso se le
wdentificara en las publicaciones que puedan realizarse con los resultados del estudio. Sin embargo,
esta informacidn podra ser revisada por el Comité Etico de Investigacion Clinica de este Hospital

asi como por organismos gubernamentales competentes.

El procedimiento de destruccion de las muestras sera el mismo que se utiliza habitualmente con el
resto de las muestras del Consorcio Hospital General Universitario de Valencia. Puede gjercer su
derecho de acceso y rectificacion de sus datos. También, s1 asi lo desea, puede ser informado de

los resultados del estudio

El estudio se realizara asegurando el cumplimiento de normas éticas v legales wvigentes
{Declaracion de Helsinki).

S1 tiene alguna duda o no entiende este texto consulte antes de firmar el documento con la Dra.
Rebeca Miron Mombiela con n® de teléfono +34 601 209 362 que es el medico responsable de esta
mvestigacion v le puede preguntar cualquier duda o problema que tenga relacionado con este
estudio o consulte con sus familiares v, finalmente, s1 esta de acuerdo firme este consentimiento.
Se le entregarad una copia.

Fdo: Rebeca Miron Mombiela
Investigador Principal del Provecto
Servicio de Radiodiagnostico

Tel: +34 601 209 362
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CONSENTIMIENTO DEL PACIENTE SUJETO DE ESTUDIO

Titulo del provecto de investigacion: “Estudio de arguitectura muscular determinada por ecografia
para el diagnostice de fragilidad con correlacion de marcadores clinicos, fisicos y bioguimicos

T

He leido 1a hoja de informacién anterior.
He podido hacer preguntas sobre el estudio.
He recibido suficiente informacion sobre el estudio.

He hablado Com .. et ie e tee e e s e e e e me s na e e annrrnrmnannnnnes

Comprendo que mi participacion es voluntaria.
Comprendo que puedo retirarme del estudio:

¢ Cuando quiera.

# Sin tener que dar explicaciones.

¢ Sin que esto repercuta en mis cuidados médicos.

Consiento participar en el estudio de ecografia.

Doy mi consentimiento para que este material aparezca en informes v articulos de revista de
publicaciones médicas.
Entiendo que:

¢ Minombre no sera publicado.

¢ FEl material no seri utilizado para publicidad o embalaje.

e FEl material no seri utilizado fuera de contexto.

Firmado ....cevvenniciicienennnne Fecha...oovreereeieiieniennn.
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CONSENTIMIENTO DEL PACIENTE SUJETO DE ESTUDIO

Titulo del provecto de investigacion: “Estudio de arquitectura muscular determinada por ecografia
para el diagnostico de fragilidad con correlacion de marcadores clinicas, fisicos y biegquimicos ™

0, ettt e e e e e e e e e e e e e e ee e e e e e e e et e eeneaneemereenenn

He leido la hoja de informacién anterior.
He podido hacer preguntas sobre el estudio.
He recibido suficiente informacién sobre el estudio.

He hablado Com ..o eree s sea s smre e s e e e e e na s emnnramrannaennes

Comprendo que mi participacién es voluntaria.
Comprendo que puedo retirarme del estudio:

¢ (Cuando quiera.

¢ Sin tener que dar explicaciones.

#® Sin que esto repercuta en mis cuidados médicos.

Consiento que se me realice la extraccion de sangre para anilisis bioguimicos.

Doy mi consentimiento para que este material aparezca en informes y articulos de revista de
publicaciones médicas.
Entiendo que:

¢ M\li nombre no sera publicado.

¢ Fl material no sera utilizado para publicidad o embalaje.

¢ El material no seri utilizado fuera de contexto.

Firmado ...cveeevevinneenceeeeenne. Fecha..ooooveiceiveeeaaee
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CONSENTIMIENTO DEL PACIENTE SUJETO DE ESTUDIO

Titulo del provecto de investigacién: “Esfudio de arquitectura muscular determinada por ecografia
para el diagnostico de fragilidad con correlacion de marcadores clinicos, fisicos v bioquimicos

T

He leido la hoja de informacién anterior.
He podido hacer preguntas sobre el estudio.
He recibido suficiente informacion sobre el estudio.

N T ] T o v

Comprendo gque mi participacién es voluntaria.
Comprendo que puedo retirarme del estudio:

¢ Cuando quiera.

¢ Sin tener que dar explicaciones.

# Sin que esto repercuta en mis cuidados médicos.

Consiento la donacion de sangre para estudios posteriores.

Doy mi consentimiento para que este material aparezca en informes y articulos de revista de
publicaciones médicas.
Entiendo que:

¢ Minombre no serd publicado.

¢ FEl material no seri utilizado para publicidad o embalaje.

e El material no sera utilizado fuera de contexto.

Firmado ...covvneericiiiiieaneenns Fecha...oooveneveciiiiinaenn,
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CONSENTIMIENTO DEL PACIENTE SUJETO DE ESTUDIO

Titulo del provecto de investigacion: “Esfudio de arquitectura muscular determinada por ecografia

para el diagnostice de fragilidad con correlacion de marcadores clinicos, fisicos y bioguimicos *

P

He leido la hoja de informacién anterior.
He podido hacer preguntas sobre el estudio.
He recibido suficiente informacién sobre el estudio.

He hablado Com ... ittt ee e e sme e s m e e annsnesmemnrnnesmamannes

Comprendo que mi participacion es voluntaria.
Comprendo que puedo retirarme del estudio:

¢ Cuando quiera.

¢ Sin tener que dar explicaciones.

¢ Sin que esto repercuta en mis cuidados médicos.

Consiento gque los sobrantes de mi sangre pasen a formar parte del Biobanco HGUV.

Doy mi consentimiento para que este material aparezca en informes y articulos de revista de
publicaciones médicas.
Entiendo que:

¢ Ml nombre no serd publicado.

¢ El material no sera utilizado para publicidad o embalaje.

¢ FEl material no sera utilizado fuera de contexto.
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ANNEX EXTRACTION PROTOCOLS BIOBANCO

PROTOCOLOS DE EXTRACCION DE DERIVADOS SANGUINEOS USADOS EN LA
COLECCION “FRAGILIDAD” DEL BIOBANCO HGUV

1. EXTRACCION DE PLASMA

Partimos de sangre total extraida por venopuncion. 5ila extraccion ha sido comecta, la muestra no
debe presentar coagulo. El tipo de tubo de extraccion es el tubo lila, que usa come anticoagulante
EDTA.

Centrifugar la muestra de 5P a 1300g durante 10° a temperatura ambiente. Después de la
centnifugacion encontraremos en el tubo 3 fases:

La fraccion superior de color amanllo que comresponde al plasma.
La fase mtermedia de color blanco, donde encontrameos la capa leuco-plaguetana.

La fraccion inferior de color rojo oscure que comresponde a los entrocitos.

s« Con una pipeta se aspira cuidadosamente el plasma (fase supenor amanlla), se transfiere a un
tubo de centrifuga convenientemente identificado.

s Centnfugar el plasma trasfenido a 2300g durante 10° a temperatura ambiente.

s  Transfenr el sobrenadante en alicuotas de al menos 0.3ml a cada tubo de cnopreservacion v
almacenar a -80°C.

2. EXTRACCION DE SUERO

El suero sanguineo se obtiene de muestras de sangre periférica extraida por venopuncion en tubos de
extracclon sanguinea secos, con gel o con particulas activadoras de la coagulacion come aditivo.

¢ Una vez recibida la muestra en el laboratono, mantener €l tubo de sangre en vertical en una
gradilla para su coagulacion durante 30° contado desde el momento de la extraccion.

¢ Centrifugar la muestra de SP a 2000g a RT, durante 10°. Después de la centnifugacion
encontraremos en el tubo 2 fases:
- La fraccion superior transparente v de color amanllo, que comresponde al suero.
- La fraccion inferior de color rojo oscuro, que comesponde a la sangre coagulada.

¢ Conla ayuda deuna pipeta se aspira cuidadosamente el suero (fase superior amarnlla)sin tocarla
mterfase v se transfieren alicuotas de 0.5ml a tubos de criopreservacion v almacenar a -80°C.
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ANNEX RADIOLOGY REPORT

INFORME DE ECOGRAFIA
ECOGRAFIA MUSCULAR EXPERIMENTAL:

El paciente cumple con los criterios de inclusidn y no cumple con ninguno de los de exclusidn
para participar en el estudio. Antes de iniciar la exploracion se ha revisado y firmado el
consentimiento informado para participar en el estudio: “Estudio de arquitectura muscular
determinado por ecografia con correlacion de marcadores de fragilidad clinicos, fisicos y
biolégicos”.

Se procede en modo B con transductor lineal de alta resclucion a identificar en planos
transversales los 2 vientres musculares del cuadriceps (recto femoral y vasto interno) derecho.
Se procede a realizar tres mediciones del grosor muscular (GM) y del grosor del tejido graso
subcutaneo (GG). Se identifica en plano longitudinal el recto femoral en reposo y se registran el
penado en reposo (APR). Se solicita al paciente que realice una contraccién voluntaria maxima
del cuadriceps y se registra el angulo penado en contraccion (APC). Se repite la misma
exploracién en plano transversal y longitudinal para el vasto medial y vasto intermedio.

Utilizando el programa Image-) se obtiene el valor de ecointensidad (El) y el drea anatdmica (AA)
de las los vientres musculares en los cortes transversales.

Se concluye la exploracion sin incidencias.

Firma Radiodlogo:
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ANNEX FRIED'S FRAILTY CRITERIA CHART

. Pérdida de peso involuntaria
¢ Ha perdido mas de 4 kilos y medio de peso de forma
involuntaria en el dltime afio?

2. Estado de dnimo decaido

En la (ltima semana jcudntos dias ha sentido
que todo lo que hacia era un esfuerzo?

En la Gltima semana ;cuantas veces no ha
tenido ganas de hacer nada?

3, Velocidad de la marcha
Segin la altura y sexo ;el paciente tarda igual o mas
de lo indicado en caminar 4,6 m?

Altura Tiempo
<173¢m... w218
>173cm... .2bs
< 15%cm., Ay

Q > 15%m.... e 2és

4. Actividad fisica
El paciente realiza semanalmente menos o igual de la
actividad fisica indicada?

J :<383 keal/semana [pasears 2:30horas/semanal
Q <270 keal/semana [pasear <2 horas/semana)

5. Debilidad muscular
Segln el indice de masa corporal y sexo ;la fuerza de
prension de la mano es menor o igual a la indicada?

IMC

23.1-26:.....
26.1-29: .....<18 kg
CS R <21kg

IMC: Indice de mass corparal
DAM: Dinamometria manual

Diagndstico de fragilidad: si el paciente cumple 3 0 més criterios,
Dizgnastico de prefragilidad: si el paciente cumple 2 criterios.

Criterios de L. Fried para identificar a fragilidad' 2.

1~ Fried L et al. "Frailty in Older Adults: Evidence for a Phenotype”. J Gerontol A Biol Sci Med Sci 2001:56(3):
M146-M156, 2- Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. "Untangling the concepts of
ggag&tzsl;aétég 236 comorbidity: implications for improved targeting and care”. J Gerontol A Biol Sci Med
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ANNEX STUDY QUESTIONNAIRE

CONFIDENCIAL

HHx: SIP:

HISTORIA CLINICA Y FACTORES DE RIESGO

CUESTIONARIO ELECTRONICO SOBRE GENERALIDADES DEL PARTICIPATE,

TITULO DEL PROYECTO: “Estudio de arquitectura muscular determinada por ecografia para el
diagnostico de fragilidad con correlacion de marcadores clinicos, fisicos y bioquimicos™

SECCION A: Datos generales sobre el paciente. A rellenar por el investigador.

Fecha de nacimiento Edad actual (afios):
Género: Peso (kgs):

Estado Marital: Altura (mts):
Estado Social: IMC:

Vive solo: Institucionalizado:

SECCION B: Preguntas a realizar sobre la historia clinica del paciente. En el caso de no poder responder la
pregunta o de que el paciente no se acuerde, ante la duda se confirmara mediante la historia electrdnica

del paciente.
ANTECEDENTES PERSONALES

Hipertension Si MNo | Cancer previo Si No
Hiperlipidemia Si Mo | Depresién o sindrome ansioso Si No
Diabetes Mellitus Si No | Demencia/Pérdida de la memoria Si Mo
Insuficiencia cardiaca Si No | Enfermedad de Parkinson Si No
Cardiopatia isquémica Si Mo | Insuficiencia renal Si No
Ictus previo Si Mo | Hepatopatia Si No
Enfermedad obstructiva crénica Si No | Problemas visuales recientes Si No
Artritis Si No | Problemas auditivos recientes Si No
Osteoporosis Si No Si No
Fracturas recientes Si No Si No
# de fracturas en los 6 mases previos indice de Charlson:
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FACTORES DE RIESGO

# de caidas en los 6 meses previos # de factores de riesgo para caidas

# de visitas al médico de atencidn 12 Obesidad Si No
# de visitas al servicio de urgencias: Alcohalico Si No
# de admisiones hospitalarias Fumador Si No

SECCION C: Cuestionario sobre estado de fragilidad del paciente. Por favor dé la respuesta que mejor
describa sus opiniones al investigador. Recuerde que no existen respuestas correctas ni incorrectas.

1. ¢éComo ha sido mi apetito recientemente? Bueno Malo

2. He perdido mas de 4 kg de peso en el dltimo afio. Si No

3. Siento que todo lo que hago es un esfuerzo. Si No

4, Tengo muy poca energia para realizar las cosas que yo quiero hacer. 5 No

5. Tiempo para caminar 4.6m (segundos) :

6. Fuerza muscular de mano dominante:

Total de criterios patoldgicos: = Robusto O Pre-Fragil O Fragil O
IPAQ-E

1 Durante los altimos 7 dias, éen cuantos realizd actividades fisicas intensas tales
comao levantar pesos pesados, cavar, hacer ejercicios aerdbicos o andar rapido en
bicicleta?

2 Habitualmente, {cuanto tiempo en total dedico a una actividad fisica intensa en
uno de esos dias? Indigue cuantos minutos por dia.

3 Durante los Gltimos 7 dias, éen cuantos dias hizo actividades fisicas moderadas
tales como transportar peses livianos, o andar en bicicleta a velocidad regular? No
incluya caminar

4 Habitualmente, {cuanto tiempo en total dedico a una actividad fisica moderada
en uno de esos dias? Indique cuantos minutos por dia.

5 Durante los dltimaos 7 dias, {camind por lo menas 10 minutos seguidos?

6 Habitualmente, {cuanto tiempo en total dedico a caminar en uno de esos dias?
Indique cuantos minutos por dia.

7 Durante los ultimos 7 dias, {cuanto tiempo paso sentado durante un dia habil?
Indique cuantos minutos por dia.

Gracias por su ayuda.
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ANNEX DETERMINATION OF MDA IN PLASMA

CUANTIFICACION DE MDA EN PLASMA
a) Preparacion de los reactivos

- Tampdn scetsto sodico snhidro 2 M. pH 3.5 con TBA 0.2%: Para preparar 200 mL de tampon se
toman 23,8 mL de acido acético glacial (pureza 98%) v se le afaden a unos 120 mL de agua desionizada
(“milli-Q7). Se ajusta el pH hasta 3,5 con hidroxido de sodio (NaOH) 10 M. A confinuacion, se afade a la solucion
0,4 g de Acido tiobarbitirico v se mantiene en agitacion, a 50-60°C, hasta la total disolucion del TBA. Se
comprueba que el pH se mantiene v, si no es asi, se vuelve 3 ajustar. Finalmente, se enrasa el volumen a 200
mL y se guarda protegido de laluz a 4* C.

- Tampdn KH.PO. 30 mM_pH 6.8 Para preparar 200 mL se pesan 1,36 g de KH.PO. y se afiaden a
unos 120 mL de agua desionizada. A continuacion, se ajusta el pH con KOH (1 M) hasta 6,8 y se enrasa con
agua desionizada hasta alcanzar el volumen final. Posteriormente, se guarda a 4° C.

- Tampén KH.PO. 50 mM. pH 3.5 Para preparar 200 mL se pesan 1,36 g de KH,PQ, v se afiaden a
unos 120 mL de agua desionizada; se ajusta el pH con HCI {1 M) hasta 3,5 y se enrasa con agua desionizada
hasta el volumen final. Se guarda también a 4° C.

b) Preparacion de los patrones

La identificacion y cuantificacion del MDA de las muestras analizadas se lleva a cabo por medio de una
recta de calibrado, |a cual se prepara previamente con una solucion comercial de MDA Para ello se procede de
la manera siguiente:

1. Se parte de una solucion comercial de MDA-bis (dimetilacetal, PM: 164,2 g/mol, Merck) a
concentracion de 12,2 M. Haremos los cdlculos para obtener una solucion 100 mM que sera
nuestra solucion de partida o solucion madre (100 mM) luego haremos diluciones seriadas hasta
obtener los puntos de la recta de calibrado. Para la solucion inicial de 100 mM, diluiremos 8,2 pL
de MDA 12,2 M en 8918 pL de agua desionizada, alicuotaremos 25 plL en eppendorfs y
congelaremos a -20°C.

2 Partiendo de la solucion madre de 100 mM haremos diluciones seriadas hasta obtener las
concentraciones de MDA gue queremos configuren nuestra recta patron:
e 10 mM dilucidn 1:2 y obtenemos una solucidon 5 mM
& 5 mM dilucion 1:100 obtenemos una solucion 50 pM
& 50 pM dilucion 1:2 v obtenemos 1° punto de la recta 25 pM
e 25 pM dilucidn 1:2 obtenemos solucion 12,5 pM
& 12,5 pM 6 nmolimL
& 5 uM obtenida por dilucién 1:5 de Ia solucion 25 pM
e 2.5 uM obtenida por dilucion 1:2 de la solucidén 5 uM
&« 1,25 M obtenida por dilucidén 1:2 de la solucidn 2,5 pM
e« (0,625 uM obtenida por dilucion 1:2 de la solucion 1,25 pM

Los puntos elegidos para nuestra recta patron son: 25 pM — 125 pM — 5 pM — 2.5 pM — 1,25 pM - 0,625 pM
ademas de un blanco que contendrad agua desionizada en lugar de muestra y que seguird el mismo proceso de
derivatizacion.
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Tener en cuenta gue para la preparacion de cualquier recta de calibrado es de suma importancia la
homogeneidad de las discluciones, motivo por el cual es muy recomendable el uso de un voriex.

c) Procedimiento de derivatizacion

A 500 uL del tampon inicial (con TBA) se le afiaden 20 pL de plasma.

2. La preparacion se incuba durante 60 minutos a una temperatura de 95°C. Es en este paso donde
se produce la hidrdlisis de los lipoperdxidos v la consiguiente liberacion de moléculas de MDA,
que se conjugan con dos moléculas de acido tiobarbitirico (TBA). por tanto, lo que se determina
25 el aducto MDA-TBA, como indice de peroxidacion lipidica.

Al sacarlas, las muesiras deben mantenerse en hielo.

4. Afadir 500 pL del tampon de KH.PO. (pH 6,8) a cada muestra. Agitar. Este paso es critico ya que
el aducto MDA-TBA, es inestable en el rango de pH neutro-basico, por lo que debe hacerse con
rapidez.

5. Centrifugar durante 5 min. a 13000 g, a una temperatura de 4°C.

A 200 L del sobrenadante afiadirle 200 pL del tampdn KH.PO, 50 mM, pH 3,5 y agitar.

7. Tomar 200 pL y colocarlos en un vial para realizar el analisis por HPLC.

d) Preparacion de las fases moviles para HPLC
Se trata de una elucion “isocratica”, donde la composicion de la fase movil es constante.

Como va se ha dicho, es una cromatografia en “fase reversa”, es decir, 1a fase estacionaria o columna
g5 no polar (hidrocarburos adheridos a particulas de silice) mienfras gue 1a fase maévil es polar, en nuestro caso
esta constituida por una solucion salina KH,PO, 50 mM de pH 6,8 y acetonitrilo en proporcion 73/18. Esto quiere
decir que el tiempo de retencion sera mayor para las moléculas de naturaleza apolar, mieniras que las moléculas
de caracter polar eluyen mas répidamente y es sabido que el MDA es uno de los aldehidos mas polares.

En el proceso cromatografico hay dos fases: una fase de elucidn, que es el intervalo de tiempo donde
eluird nuestra molécula, v posteriormente una fase de lavado y equilibrado de la columna a fin de prepararla
para el paso de |a siguiente muestra.

- Fase de lavado (Fase B): esta constituida por una mezcla de acetonitrilo/ agua desionizada al 70%,
amhbos de maxima pureza (agua desienizada tipo “milli-Q").

- Fase de elucidn (Fase A): La sal que contiene esta fase es KH.PO. 50 mM, pH 6.8, La relacion es de
83717 (KH.PO. 50 mM, pH 6,8/ acetonitrilo). El modo de preparacion es el siguiente:
1. Pesar 13,6 g de KH,PO,y disolverlos en unos 1300 mL de agua desionizada ("mili-Q7).

2. Ajustar el pH de esta disolucion a 6,8 con KOH 1 M.

3. Enrasar hasta 2000 mL.

4. Afiadir 410 mL de acetonitrilo. Esta solucién debe homogeneizarse bien.

5 La solucion sera filirada con un kitasatos, mediante bomba de vacio y filtro de 0,22 micras
(Millipore).

Antes de pasar por el HPLC, ambas fases deben desgasificarse por bafio de ultrasonidos unos 20
minutos ya que las burbujas de aire suponen un serio problema en la HPLC.

e} Condiciones cromatograficas

- Flujo de las fases: 1 mL/min
- Deteccion en HPLC: se utilizo el detector UV a 532 nm.
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- Columna: C18 Hypersil GOLD, dimensiones 150 x 4,6 mm y 5 ym de particula.
f) Método cromatografico

Al ser un método isocratico, solo se necesita programar el tiempo que va a estar pasando cada una de
las fases liguidas correspondientes. Cada cromatograma conlleva unos 24 minutos y la secuencia de las fases
moviles a través del HPLC es la que se muestra en la Figura 1:

Fase A Fase B Fase A

> > >
ELUCION DE LA MUESTRA LIMPIEZA DE LA COLUMNA PREPARACION DE COLUMNA
13minutos 9minutos 8minutos

Figura 1.Programacion de la duracion (minutos) de las Fases A y B, durante un cromatograma del anlisis de Malondisidehido
(MDA).

Una programacion de muestras supone el repetir cada secuenciacion anterior tantas veces como
muesiras y patrones se deseen analizar, de tal manera gue se obtiene de cada muestra un cromatograma como
el que se muestra en la siguiente figura (Figura 2).

TE-FiIe Edit View Table Workspace Qualification Window Help
DEW'EAS L 2B (Rt MO RKAF| b T e

200 2021.02.18_COVID_1 #7 standard 7 uv_vIS_1
i mAU WVL:532 nm
0,400
0,200
0,200
0,100
- 1-425%
min
00804 - -
) T T T T T 1
2,50 3.00 3,50 4,00 4,50 5,00 5,50 8,00 8,50

Figura 2. Cromastograma de una muestrs problems.
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ANNEX DETERMINATION OF PLASMA PROTEINS BY LOWRY

DETERMINACION DE PROTEINAS POR LOWRY

a. Preparacién de los reactivos

- Reactivo Lowry: Afadir 40 mL de agua desionizada al reactivo comercial Lowry
Reagent Powder. A continuacion, mezclar hasta disolver por completo. Guardar a temperatura
ambiente.

- Reactivo Folin: Afadir 90 mL de agua desionizada a 18 mL de la solucién Folin &
Ciocalteu Phenol Reagent en una botella opaca y mezclar bien. Guardar a temperatura
ambiente.

b. Preparacién de la recta patréon

Dado que, como hemos mencionado anteriormente, la cuantificacion de proteinas
totales de las muestras analizadas se llevo a cabo gracias a una curva patron, previamente al
ensayo hubo que prepararla:

1. Preparar un concentrado de seroalbumina bovina (BSA) (10 mg/mL): pesar 10 mg de

BSA en un eppendorf y afiadirle 1 mL de agua desionizada (“milli Q).

2. Realizar diferentes diluciones a partir de la solucion anterior, para conseguir los
siguientes puntos para nuestra recta patrdn:
s 5 mg/mL (diluir a la mitad la solucidn de 10 mg/mL).
s 2.5 mg/mL (diluir a la mitad la solucion anterior).
s 1 mg/mL (diluir 1/10 la solucién de 10 mg/mL).
s 0.1 mg/mL (diluir 1/10 la solucién anterior).
e Blanco (solo agua desionizada).

c. Protocolo

En un eppendorf pipetear 490 pL de agua desionizada y 10 pL de la muestra.
Afadir 500 pL del reactivo de Lowry e incubar 20 minutos en oscuridad.

Afadir 250 pL del reactivo de Folin Ciocalteu e incubar 30 minutos en oscuridad.
Medir la absorbancia a A= 660 nm.

i =

d. Cuantificacion de los resultados

Para calcular las absorbancias de las diferentes muestras problema, se descartaron las
llamadas “interferencias” (otros solventes o reactivos del sistema que absorben a la misma
longitud de onda que dichas muestras). Para ello, se prepard una muestra gue contenia todos
los componentes del sistema menos aguel que se desea medir (muestra o patron). Esta
muestra se llama blanco y |la absorbancia de éste debe restarse a las muestras problema y a los
patrones, o bien, con el blanco se calibra el instrumento a absorbancia igual a 0, es decir, 100%
de transmision.

AAbs = Abs muestra o patrdn — Abs blanco

El resultado se expresd en una grafica de la absorbancia en funcidn de la concentracion
{mg/mL). Si el sistema seguia la ley de Lambert-Beer, se obtenia una linea recta que pasaba
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cerca del origen. A continuacion, se determind graficamente la concentracion de la muestra
desconocida dibujando la absorbancia frente a concentraciones conocidas de nuestro patron
interno (BSA). Se escogid la parte lineal y se calculd la recta de regresion lineal que mejor se
ajustaba y a ésta se interpolaron los datos de absorcidn de nuestras muestras de plasma

(Figura 1).

12 4
y= 0,108x + 0,008
R = 0,999

0s
05

absorbancia

o4

concentracidn (mg/miL)

Figura 1. Ejemplo de recta patron para la determinacion de la concentracion de proteinas en mg/mL en
funcién de la absarbancia a A= 660 nm.
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ANNEX PROTEIN CARBONYLATION

DETERMINACION DE CARBONILACION PROTEICA EN PLASMA

a.

Derivatizacion de las muestras

Anadir 5 plL de muestra a un eppendorf, o el valumen necesario para tener 20 pg de
proteina. 5i el volumen es inferior, ajustar a 5 L con agua desionizada.

Anadir 5 pL de 5DS al 12% p/v. En el caso de que el volumen de la muestra exceda
los 5 L, se corrige afiadiendo menor volumen de SDS a mayor concentracidn.
Anadir 10 pL de 2,4-dinitrofenilhidrazina (DNPH) a cada muestra, que marcara los
grupos carbonilo. También se prepararan muestras como controles negativos, a los
que se afiade solucién de derivatizacion control.

Incubar a temperatura ambiente durante 15 minutos.

Anadir 7.5 pL de la solucion de neutralizacién. Si no se habia afiadido un agente
reductor a la muestra durante el homogenado, afadir 1-1.5 pL de
B-mercaptoetanol.

b. Western blotting

1. Cargar las muestras en los geles: Se carga un volumen total por muestra de 28 plLen
cada pocillo (15 pocillos en total), empleando geles discontinuos al 12.5% de
Acrilamida (29:1 Acrilamida: Bisacrilamida) con un 0.1% de SDS.

2. Electroforesis (Figura 1): Se aplica un campo eléctrico de voltaje constante de 20
miliamperios {mA) durante al menos 2 horas en tampon Tris-Glicina (25 mM Tris,
200 mM Glicina, 0.1% SDS, pH 8.3).

”
@ ik i
ﬁ‘ﬂ *@ ‘.@ 1 mesta por poclk
| ] 5]
—
e, e gy Seaparén
Figura 1. Esquema electroforesis S05-PAGE

0. Transferencia: Una wez finalizado el desplazamiento electroforético, el gel se
transfiere (blotting) a una membrana de PVDF (Schelider & Schuel, USA), mediante
electrotransferencia en condiciones humedas, por medio del sistema Mini-protean
Il (Bio-Rad, USA). El proceso se mantiene de forma que pasan 170 mA por cada
membrana de la cual se hace transferencia, en tampdn de transferencia (25 mi
Tris, 192 mM Glicina, Metanol 20% v/v, pH 8.3).

1. Blogueo: Tras la transferencia, las membranas se incuban 60 minutos a temperatura
ambiente en tampdn de blogueo: 5% p/v de BSA, 0.1% Tween-20 en 1x PBS (PBS-T).

2. Lavados: Se realiza 1 lavado de 15 minutos y dos de 5 minutos con 10 mL de

PBS-T.
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3. Anticuerpo primario: Las membranas se incuban durante toda la noche a 4°C en
agitacion orbital, en tampodn de anticuerpo primario (5% BSA, 0.1 % Tween-20 en 1x
PBS) con una dilucion de anticuerpo primario 1:150.

4, Lavados: Se repite el paso 5.

5. Las membranas son incubadas 60 minutos con el anticuerpo secundario conjugado
con peroxidasa de rabano. El anficuerpo se disuelve en tampon de blogueo a la
concentracion 1:300.

6. Lavados: Se repite el paso 5.

7. Revelado: La membrana se incuba 1-5 minutos con reactivo ECL (Amersham
Pharmacia, USA) e inmediatamente se revela con un detector quimioluminiscente,
mediante el programa Image Gauge V4.0 de FUIIFILM.

c. Cuantificacion de los resultados
Las imagenes obtenidas fueron almacenadas en formato digital TIF para poder realizar
la densitometria de las bandas, utilizando el programa “Image 1”. Como control de carga, se
tifieron las membranas con rojo Ponceau. Asi, se calculd la densitometria de la membrana
haciendo un ratio: densitometria de la carbonilacidn de proteinas/ densitometria de la
membrana tefida con rojo Ponceau, expresdndose el resultado como unidades arbitrarias de
proteinas oxidadas.

ANNEX LUMINEX PROTOCOL

PREPARATION OF REAGENTS FOR IMMUNOASSAY
A Preparation of Antibody-lmmobdized Beads

If premixed beads are used, sonicate the premixed bead botile 30 seconds and then
vortex for 1 minwe before use.

For individual viaks of beads, sonicate each antibody-bead vial for 30 seconds; voriex
for 1 minute. Add 70 pL from each antibody-bead vial 1o the Mixing Bottle and bring
final volume to 3.5 mbL with LED. Voriex the mixed beads well. Unused portion may
be stored at 2-8°C for up to one morth. (Mote: Due to the comgposition of magnetic
beads, yvou may notice a slight color in the bead solution. This does not affect the
performance of the beads or the kit)

Example: When using 10 antibody-immobilized beads, add 70 pL from each of the
10 bead vials to the Mixing Bottle. Then add 2.8 mL LED

B. F‘rHEaral'nn of Searoam Mabrix

This step is required for serum or plasma samples only.

Add 1.0 mlL deionized water 10 the botde containing lyvophilized serum matrix (Cars
MXHSM-7). Mix well. Allow at least 10 minutes for complete reconstitution. Add 3 mL
Assay Buffer (Cat® L-ABIR) to the botde for & final volume of 4 mL. Unusad
reconstitutsd madrix should be stored at = -20°C for up to one month.

. Preparation of Quality Controls

For serum and plasma samples, reconstitute Quality Control 1 (QCL) and Quality
Control 2 (QC2) vials with 250 pl MXHSM-7. These are the Stock QC Vials. Invert
the Stock Vials several times to mix and vortsx. Allow the vials to sit for 5-10 minutes.
Label two tubes QC1 and QC2 and add 150 pl MXHSM-7 to each tube. Remowve 50
pL from QCL or QC2 Stock Vials and add to the 150 ul MXHSM-7 in the respective
QC1 and QC2 tubes and vorex. Use these one to four diluted QCs in the assay.
Unused portions may be stored at = -20°C for up to one month.

For culture samples, substitute the appropriate sample media for the MXHSM-7 used
for ssrum and plasma samples above.
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. Preparaton of Wash Buffer

Bring the 10X Wash Buffer to room temperature and mix to bring all salts into solution.
Dilute 60 mL of 10X Wash Buffer with 540 mL deicnized water. Store the unusad
portion at 2-8°C for up to ong month.

E. Preparaton of H Hi nsitT (]

1.) For serum and plasma samples, reconstitute the Human High Sensitivity T Cell
Standard with 250 pL MXHSM-7. Invert the vial several times to mix. Vortex the
vial for 10 seconds. Allow the vial to sit for 5-10 minutes. This is the Stock
Standard Vial NOT Standard 7. Unussd Standard may be stored at = -20°C for
up to ane month.

2). Preparation of Working Standards

For serum and plasma samples, label seven polypropylens microfuge tubes as
Swndard 7, Standard 6, Standard 5, Standard 4, Standard 3, Standard 2 and
Standard 1. Add 150 L of MXHSM-7 to each of the seven tubes. Prepare serial
dilutions by adding 50 pL of the Stock Standard to the Standard 7 tube, micc well
and transfer 50 pL of the Standard 7 to the Swndard 6 twbe, mix well and transfer
B0 pl of the Standard 6 tube to the Standard 5 tibe, mix well and transfer 50 plL of
the Standard 5 tube to the Standard 4 tube, mix well and transfer 50 pl of the
Swndard 4 wbe to the Standard 3 wbe, mix well and transfer 50 plL of the
Standard 3 fube to the Standard 2 tubes, mix well and transfer 50 plL of the
S@andard 2 tube 1o the Standard 1 twbe and mix well. The 0 pofmL standard
{Background) will be MXHSM-7 or appropriate sample media

Standard £ ‘v’nlumet;:fmhj;{HSM 7 ‘u'mumfﬂnidSéandard
Stock Standard 250 uL 0
Standard & Volurme tnghjiHSM-? Vdum?ﬂuiféamard
Standard 7 150 pL 50 pL of Stock Standard
Standard & 150 uL 50 pl of Standard 7
Standard & 150 uL 50 pl of Standard &
Standard 4 150 uL 50 pl of Standard 5
Standard 3 150 L 50 pl of Standard 4
Standard 2 150 L 50 pl of Standard 3
Standard 1 150 L 50 pl of Standard 2

3). For other samples (tissue culture, call culture etc.) substitute the appropriate media
for the MXHSM-7 used for serum and plasma samples above.
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Preparation of Standards

E}@@@@@

::”u_

En
Stamcard 7 Smandanrs I Stamcard 1
e
Srock Standand
ITAC,IL-10 | GM-CSF | Fractalkine | IFNy, MIP-3a
sandard | TESI | (G | paimly | (paimb)
Srandard 1 1.46 122 18.3 0.61
Standard 2 5.86 488 73.2 2.44
Standard 3 234 185 203.0 9.8
Srandard 4 538 781 11719 20
Standard 5 375 3125 4,687.5 156
Standard 6 1,500 1,250 18,750 625
Standard 7 £,000 5,000 75.000 2,500
Standard 'L']f_'_’iﬂl'l_'_'gm‘ ""1131' -1 wara IL-4 IL-23
(paimL) (pagimyy | PO/mL) | (poiml) | (pgiml)
Standard 1 0.49 0.24 0,73 1.83 7.3
Standard 2 1.95 0.38 293 7.32 17
Standard 3 7.81 3.91 11.7 29.3 127.0
Standard 4 313 15.63 45.9 117.2 507.8
Standard 5 125 62.5 1875 A58.8 2,031.3
Standard & 500 250 750 1275 5,125
Standard 7 2000 1,000 3,000 7.500 32,500
Standard IL-& IL-7 'L'Ejl:“p' MIE-1B THFa
{pg/mL) (po/mL) (paimL] {paimL) {poimL)
Standard 1 018 0.37 031 | o082 043
Standard 2 073 1.45 1.22 366 171
Standard 3 293 5.85 488 147 684
Standard 4 117 23.4 195 586 273
Standard 5 469 038 781 2344 109.4
Standard & 1875 375 3125 5375 4375
Standard 7 750 1,500 1.250 3,750 1,750
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IMMUNOASSAY PROCEDURE
Prior to beginning this assay, it is imperative to read this protocol completely and to

&

thoroughly undersiand the Technical Guidelines.

Allow all reagents to warm to room temperaiure (20-25%C) before use in the assay.

Diagram the placement of Standards [0 (Background), standards 1 through 7).
Controls 1 and 2, and Samples on Well Map Worksheet in a venical configuration.

{Mote: Most instruments will only read the S6-well plate vertically by default) Itis

recommendead to run the assay in duplicate.

If using a filter plate, set the filter plate on a plate holder at all times during reagent
dispensing and incubation steps so that the bottomn of the plate does not touch any

surface.

Add 200 . of Wash Buffer into each well of the
plate. Seal and mix on a plate shaker for 10
minuies at room emperature (20-25%C).

Decant Wash Buffer and remove the residual
amount from all wells by inverting the plate and
tapping it smartly onto absorbent towels several
umes.

Add 50 plL of each diluted Standard or Quality
Control into the appropriate wells (NOT from
Stock Vials). The Serum Matrix should be
used for O pg/mlL standard (background].
When assaying tissue culture or other
supernatant, use appropriate control culture
medium &s the background.

Add 25 yl of Assay Buffer to the sample wells.
Add 25 plL of sample into the sample wells.

Voriex Mixing Bottle and add 25 pL of the Mixed
or Premixed Beads to each well. (Mote: During
addition of Beads, shake bead bottle
intermittently 1o svoid semding.)

Seal the plate with a plate sealer. Wrap the
plate with foil and incubate with agitation on a
plate shaker overnight {16-18 hrs) at 4°C

Add 200 pl 1X Wash Buffer
per well

Shake 10 min, RT
Dacant

= Add 50 pl Standard or
Conirol to appropriate wells

* Add 50 pl MXHSM-7 to
background wells

= Add 25 pyl Assay Buifer to
sample wells

« Add 25yl neat samples o
sample wells

= Afd 25 pl Beads to each
well

Incubate overnight
ar4C
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&. Gently remove well contents and wash plate 3
times following instructions listed in the PLATE
WASHING section.

9. Add 50 pl of Detection Antibodies into each
well. (Mote: Allow the Detection Antibodies to
wWarm to room temperature prior to addition.}

10. Seal, cover with foil and incubate with agitation
on & plate shaker for 1 hour at room

temperature (20-25°C). DO NOT ASPIRATE
AFTER INCUEATION.

11 Add 50 pl Streptavidin-Phycoerythrin to each
well containing the 50 ulL of Detection
Antibodies.

12 Seal, cover with foil and incubate with agitation
on & plate shaker for 30 minutes at room
temperature {20-26°C).

13. Gently remove well contents and wash plate 3

times following instructions listed in the PLATE
WASHING section.

14 Add 150 L of Sheath Fluid {or Drive Fluid if
using MAGPIXE) to all wells. Resuspend the
beads on a plate shaker for 5 minutes.

15. Run plate on Luminex® 200™, HTS, FLEXMAP
3D or MAGPIX® with xPONENT® software.

16. Save and analyze the Median Fluorescent
Intensity (MFI) data using a 5-parameter kogistic
or spline curve-fitting methed for calculating
analyte concentrations in samples and
Controls. (Note: Because of the built-in two-
fold sample dilution, for all neat samples,
multiply the calculated concentrations by
two. For two-fold diluted samples, multiply
the calculated concentrations by four.
Calculated Quality Control concentrations
do not require multiplication by a dilution
factor. )

Remaove well
conternts and wash
33X with 200 pL
‘Wash Buffer

Add 50 pL Detection
Antibodies per well

Incubate 1 hour
at BT

Do Mot Aspirate

Add 50 uL Streptavidin-
Phycoenythrin per well

Incubate for 30
minutes at BT
Remowve well
contents and wash

3% with 200 plL
Wash Bufier

Add 150yl Sheath Fuid or
Drrive Fluid per well

Read on Luminex® (100 L,
50 beads per bead set)
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PLATE WASHING

1)) Solid Plate

If using a solid plate, use either a handheld magnet or magnetic plate washer.

Ay Handheld magnet (EMD Milipore Catalog # 40-285) - Rest plate on magnet for 60
seconds to allow complete s=tiling of magnetic beads. Remove well contents by
gently decanting the plate in an appropriate waste receptacle and gently tapping on
absorbent pads to remove residual iguid. Wash plate with 200 pl of Wash Buffer by

removing plate from magnet, adding Wash Buffer, shaking for 30 seconds, reattaching

to magnet, leiting beads =eile for 60 seconds and removing well contents as
previously described after each wash. Repeat wash sieps as recommended in Assay
Pracedurs.

B.) Magnetic plate washer (EMD Millipore Catalog # 40-094, £ 40-0895, # 40-095 and
= 40-027) - Please refer to specific automatic plate washer manual for appropriate
sguipment seftings. Pleass nowe that after the final aspiration, there will be

approzimately 25 pl of residual wash buffer in each well. This is expected when using
the BioTek plate washer and this volume does not need o be aspirated from the plate.

If using an automatic plate washer other than BioTek® 405 LS or 405 TS, please
refer to the manufacturers recommendations for programming instructions.

2.) Filter Plate (EMD Millipore Catalog # MX-PLATE)
If using a filter plate, use a vacuum filration manifold to remowve well contents. Wash

plate with 200 pLiwell of Wash Buffer, removing Wash Buffer by vacuum fitoration after

=ach wash. FHepsatwash steps as recommended in the Assay Procedurs.

EQUIPMENT SETTINGS

Luminex® 200™ HTS, FLEXMAP 30° and MAGPIXN® with xPONENT® software:

These specifications are for the Luminex® 200™, Luminex® HTS, Luminex® FLEXMAP
30%, and Luminex® MAGPIXT with xPONENT® software. Luminex® instruments with other
software (e.g. MasterPlex® StarStation, LiquiChip, Bio-Plex Manager™, LABScan™100)
wiould need to follow instrument instructions for gate settings and additional specifications
from the vendors for reading Luminex® magnetic beads.

For magnetic bead assays, the Luminexz® 200™ and HTS instruments must be calibrated
with the xPONENT? 3.1 compatible Calibration Kit (EMD Millipore Catalog # 40-275) and
performance verified with the Performance Verification Kit (EMD Milipore Catalog

# 40-276). The Luminex® FLEXMAP 3D* instrument must be calibrated with the
FLEXMAP 30® Calibrator Kit (EMD Millipore Catalog # 40-028) and performance verified
with the FLEXMAP 30F Performance Verification Kit {(EMD Millipore Catalog # 40-029).
The Luminex® MAGP X instrument must be calibrated with the MAGPIXT Calibration Kit
(EMD Millipore Catalog # 40-049) and performance verified with the MAGPIXE
Performance Yerification Kit (EMD Milipore Catalog # 40-050).

MOTE: When setting up a Protocol using the xPONENTT software, you must select
MagPlex as the Bead Type in the Acquisition settings.

MOTE: These assays cannot be run on any instruments using Luminex® IS 2.3 or
Luminex® 1.7 software.
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AMWNNEX, TABLE 4A. Correlations of comorbidities with ultrasound parameters

chranic abstnuctive pulmonary dsease, TIA
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ANNEX TABLE 4B. Correlations of ultrasound and biochemical parameters (N= 61)

SFTRF| MTRF|EITrRF| EILRF| PARF| PAC| MTVI|EITrVI] EILVI] PAVI| PACVI|SFTVM| MTVM| EITr| EIL| PA| PAC|SFTVL| MTVL| EITr| EIL| PAVL| PAC| AREA| Frailty
RF | vMm| vm| vm VL| WL VL|  RF|phenotype
Leucocytes| 0125 0.008) 0.109] 0.081] 0054 0.024 0.025| o0.000] 0.015] o00z20] 0o0s2| o041 -0.158| -0.012| o.ooo| ooo2| oo0se| -0.19] 0.145] c.0s4| -cot0| 07ss) -00ts 0.176
Neutrophils| 01s54| 0038 0145] 0.117] o072 0.019| 0.010] oo02] o00ss| 0114] o0073| 0208 0045 0429] 0.057| 0.043] 0085 0.458] c.038| 0053 o.0o3] o085 0.204
Lymphocytes| 00s4] 0070| 0025\ 0024| 0225] ooos| ooss| o079 ovoss| oose| o0o027| ot -0oe1| oog2| 0021] 0226| 0276| 0107| -0.154| o.087| 0100] 0416 0190 081
0443] -0135] 053] -0.148| -0.120] -0015| 0.082 3617 -0.070 -0.008| 3277 0.170 |62 026aT| 0.172 46| - sz
-0.20s [303Y -0.050] 0.125] -0.005] -0.151] 0133 0.031| 467 0.003] 0100 -0.235| -0.086| 0.141] 0.0 0186
0200] -0237| -0.008| -0.08e| -0.064| -0124] 0144 0.038| ~414~| 0035 0176 -0.247| -0.029| 0.125] 0123] 0183
0.163] 0.103] 0.134] 0.011] 0020 0112| 0238] -0.004] -p182| 0128 0.107| 0.184] -0.026] 0.159] —346~| 0.150] 0103 [NEBHEY 0157 as0~ 4287
0176| -0.244| -0212| -0120] -0.17| -0115] 0238 -3e8=| -01s9| -0.s3] o] -0.142] 0050 0.072] 0.065] - 354 | -0.132| -402~ [T 3081|
0.165| -0.154| -0.005| -0.015| -441%| -0.001| -0.056] -0.128] -0.011| 0.067 0.075] -0.039] -0162| oog2| ooo2| 0185
0073| 0285| 243 0032 0407 0488|0053 0.035| 3ss=| -0ooa| o120| 0100 o.os0| cies| 0472|0234
0.170 0.054[0008087 0.120] 0223 o042 -0182] 0187 0.121] 0.104] 07128] 0224 0144
0421] -0.085| 0.037| -0.082| -0.12| -0108| -v.oo2| 0.442] 0133 0.017] -0.023 000z2] 0150 0422 -0.032| 0132
0.024| 0171 -v04| -0.030] -0.021| -0251| 0232] -voss| 0113 -0014| o113|-0148] 3347 -0240| vose| v152] -0.075| -0.248| -0231] 0120 0.044
0158 0220] 0.161] -0.147] 0.150] 0075|0887k 438~| -0232 -0.150] 0.049] 0.150] -443| o0.188| 0237] -0.207] -0.084] 00s0] o0130] 0055
Glomerular
filtration rate| -0.007| 0.58| -0.197| -0.470| 0.9 0.023| 0121| 0414| 0.038| 0478 0.011| -0010| 0.09e| -0.432| 0.103| c.0e2| o0s2| 0028 -0.418] -0.107| 3eE 0.208 330+
Caleium| 0002 0156| -0.124] -0.210| oo040| 0.0s4| o011| oooo| 0031| oo024] o0215] 0032 0441| -v.007| 0222 0.048| 0027| o.0es| 0oes| 0105| 0103| 0451 o484 200
Phosphorus| o0o076| 0069] 0125 0.089] oo7s| 0025 -0.032] 0230 vzze| oo04s| 0077| o.0s4| -01m2 0.109| 0.172| o0208] o.060| o0.028]-0.022] 0143] -0.081] 0081 0.037
ALT| o0048| 0412| 0144| 0174] 0081 0.100] 327+| 0020 o0.004] oo0e| 0425] o004 4227 0208] 0007| 0041 0051) 0.052| 0137 0245] o0414]  o.0ee
ALP[IGTH| -0.022| o0248| 0.136] -0.067| -0.044] 0141 0216] 0.147] 0120 14| 3677 -0.094| 0219] 0.194[-0.013] -0170] w97 0.057| -0.075| -0.051 0.162
0.035| -0.197 0050] -0.158| -0.114| 0.128| 0.098| -0.028 -0.218] -0.052 0.140| 0.22|-0.198| 0.061| -0.008 0.164| -0.184| -0.148 0.159
01415 -0.190 0052| -0.0%6| -0.105| -0.035| -0.001| -0.005| -0.427| -0.008| -0.075| 0.003| o0.-08| 0.021| 0063 0476 0.031] -0.044] ~335=| 0,104 0218 0.107
0.040| -0.225 -0.165] -0.199| -0.218| 0.126] 0.061| (276t uates| 0.040] -0.152] o0.102 0.114] -0.005] 0.088| 0077 0186 -0.102
0195 o0.078 0.497| 0142 0.054 0079| 0067 o0.106| -0.051| (00288 0.248] 3367 02¢2| 0.118] -0.071| 336%| 410| 0.032| -0.03
0005| -0.044| -0.005| 0041 -0231| -0.185 0.013| -0.038] 0.064 0.254| -0.097| -0.00s| o110] o118| wozo| oo73
0.083| 0104] 0485 0018 o0211] 0148 0081 0.002] 0.070 0.075| 0235 -0191| 0157 0.097| -0.036| -0.045
0219 0004 02| 0163 0.020| 0028] 0180 0132 0100] oo12[[BA6 16~ -0.020] 0110
0131 0.089 -0.062] -0.152 0027] 0030] -0150] 0060 -0.1z8| -0.481| o.10s| 2357 -0112| 0.041| -0.243) 0293 00e7| o0e3
0.048| -0.063| 0.010| 0.144| -0.080| 0.001 0002| 0101| 0064| 0049 0.045| -0.036| 285+ 0207| -0148| 0.158| 0.070| 0.198| 0.0668| 0016
0091| o0102| oo0o4| o1s0] 0213 0285| -0.00s| 0.163] 0.148| 0122 o0278] o0116| o008s| 0.154 0038 0218| 0128| 0477 0153] 0041 0.ose| 0235 0125
-361=| 0.047] -0.031] 0.091] -0.123] -0.158] 0.176| -0.062] -0.019| 0025 -0023] -0232] 0217] 0.003| -0.024[ 365 -0.078| —aes| 0.015] -0.085] -0.047| -0.116] 0.044] 0027] 0047
0143| -0146] -0.159 0.145| -0.232| 0.144| -0136| -0.027| -0.157| 00%0| -0226| -0147| 0.142| 0.041] -0204] o030| 015e]-0175| 0013] 0243] -0125] -v.oee
0221| -0158] -0.155 -0.104 0808 -0.203] -0.128] 0.160] -0.192 o.125|[R204Y| -0.143| 0.044] 0010|3080 o0.083] -0.118] -0.170] -0.009| o2m| 0147|0038
CRP| 231+ o0041] o0.476 0.223| -0.015) -0.0s8] 0.177| 0.065| 366~| 0036 -0.038] 0.083] 0.094] 0000 0224 -0105) 0244] 0.248] -0.047| 0.079] -0.035 0.225
albumin| 0152|0101 -0215 0.030| -0.179| -0120| o0.006| 0.473] -coea| 04150 -0.156| -0.203] 0.411| 0.027| -0103| -0.041| 0211 0.157 0200|0112
vitamin D| 108| -0.017| -0.132 -0.115] 0.047] -0.075] 0032] 0062 -0.086| -0.018| -0.046] 0.034]-0236]0E36% 0.005] o0086| 0.140] -0.157] -0.158] 0.024] -0007] 0470
**The correlation iz significant at the 0.01 level (bilateral).

Abbreviations: MT - muscle thickness, El - echointensity, PA - pennate angle, PAC pennate angle in confraction, RF

rectus femoris, VI -

vastus intermedius, VM - vastus medialis, VL - vastus lateralis, REC - red blood cells

HGB

hemoglobin, HCT -

hematocrit, MCV - mean corpuscular volume, MCH - mean corpuscular hemoglobin, MCHC - mean corpuscular hemoglohin concentration, ALT - alanine aminotransferase, ALP - alkaline phosphatase, HOL - high-density lipoprotein, LDL - low-density
lipoprotein, CPK - creatine phosphokinase, TS - transferrin saturation, CRP- C-reactive protein

Rho of Spearman used for statistical analysis
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AMMEX, TABLE 4C. Correlations of ultrascund parameters and hormones (N = 61}

EFTRF| MTRF| ENTrRF) EILRF| PARF| PAC| MTYI EITrYI| EILV| PAWI| PACWI| SFTWM| MT WM EITr| EIL -ﬂ._ PAC| SFTVL| MTWL| EITr PAC( AREA

RF| WM WM WM WM WL WL RF|

Cartleal 0118 0161 Q077 0124 0118 0021 0207 Q07| 0027 0447 00E2|  00G4] 00101 00152 -0118| O8] 0152 O0U164| -0.034] 0113 0.1 0043|  0uD4s
Ingulln 0147 -0.038 0045 0038 -0.045] 00007 0.125| -009%]) -0090] 0107 00048 0993 0022 0U0TE| 0.002 QA70) 0W0E7| -006F| 012B| 0.1 00T -0z
FTH 0010 -0.155 0.3534| 02353 -0.018] 0140 0178 0085 0067 -0.008 -00B5| 0T 175 0101|0450 -0.003| 0048| 00034 0112 0063 0.1 0.249| -0.192
IGF 1 0000 avds| -a37a* 0.185) 0257 0044|0077 004D 0142 0.02d4| a5e~ 0u014) 0085 -0.144| 0475| -QU0DE| 0.244] -0.165| -0.1 D62 510
TEH 0.01%] 0,008 0181 0154 -0.003] 00053 0128 0128] 0188 58| 0158 003 0023]  047| 0998 0102 0048 00049] -0.092| Q098 01 0U0E1 0.023

“*The cormelafion is significant =1 the 0.01 level [Gilabeal)

clion, RF - rectus femaris, W1 - vastus inlermedius, YW - vasioes medialis, V0 - vases bleais, PTH - paratharmane, TSH

ons: MT - musdle thickness, El - echoinlensity, PA - pennate angle, PAC penr
hormone, 1GF 1 - Insulin-ike growth fector 1

R of Spearman wsed for statistical analysis

ANMNEX, TABLE 4D. Correlstions of ulirascund parameters and cytokines and oxidative stress parameters (M = G1)

3FTRF| MTRF| EITr RF| EILRF| PARF| PAC MTWI| EITr1| EILVI| PAWI| PAC W u—u_.i_ MT v EITr EIL] P&) PAC| SFTWL| MTWL| EITr| EIL| PAWL| PAC| AREA

RF| VM| WM WM WM WL WL WL RF|

ITAC 0056 0153 0240 0210 0.025] -0u050 0016 0153 0098|0073 0087 0023  -0.034 0230 0O113] 0056 -0048) -00030 0,152 O114| 0908 052 -0U0E3 0198
Fractalkine 0220 0085 -0.068 0.243] OU1E3 AER*| 0181 0.211] 00360 0.218) 0077 ©
IFMy| oo 0095 00112 0147] 0114 87| 0.0E% 0105|0117 01068 -0.035%) O
L0 0231 0.186 09058 0134 000z o 0144 DO0E3| -0022) 0232 0923 ©
Q.068]  OU1ET 0122 -0118| -0035] -0 0.0GE| 0.011] -0171] 0.241 054 -0

[=]

QAGT(  Q0a1| 098] D261 0128 0332 0.110 070 D148 00532
Q136 0431 0960) 0246| 0247 0093  01E3| 00GE| 027] -0047
0.065| A4 00E3| 0240 0.128| -0.090] 0.900] -0.008

MIP3a
IL1ZpT0 0122 0248 0082 -0.098 0011

L A 0.025) _u_.n.__.u.l

IL17a 0.084) 0225 58| -0.084) 0138

[=]

[=]

LD 0037 408 0.196| -0.247 0088 O 0105 Q017 0218] O184|  0U0ET 0.230 00055) -0.176| 0.0GE 053 0077 0215 -0u0d4
L2 0.005| 382+ 0181 -0y 0088 O 0003 -0077| 0247] 0234 -001B] 338 0004|0181 0.090| 0055 0u0BA| 0313 0025
Q0E3| -0124 0198 O 070 Q0OB| 0478 D253 0141 0.241 00071) -0.085| -0.060| -0.088) 0205 0071] 01885
0.07 0136 0940 0203 0014 0032 0920] 0048 0235
0.1 0125 0130 -0.061 0176 0132) -0064| 0987 0125 O
0.1 0228 0123 338 0.154 .mm__u_..l 0157 -0.036] O 0.325| 37| 0223] 0023
0. 2356 0205 0161 0.2352 0.233) -0u037| 0.040) -0.068) -0062] -0 - 383*| -0.158
THFa 076 -0.0G65 0.004| -0030| -0.028] 0123 .07 0.035| -0116| 00011 0uDE3| 0188 0117 00013) -0.085% 0141 0077 0101 -0.025| 0057 -0.948| 0.033] -0.098
MDA QA7 0LDGD QA7 -0184|  -0.023] 00003 0.088| -0010] -0015] -0.062] -0.049| 0135 0u013] -0.068| 0.158 011%| -0.114| -0.008| 0Q048| 0070] 0108

0.045| -0.004| 0167 007 0U067| -0.096

Protox 0.246| -0.020 0.048] -0.091 I 0.158 0.194 O70| -0.926| 0102 -0052) 0246|0148 -D0E2| 0101
“The correlafion is significant =t the 0.01 lewel (bilateral)

ions: MT - musde thickness, El - echoinlensity, PA - pennate angle, PAC pennate angle in cant ior, RF - recbus Temnaris, wasius inlermedius, VM - vasies medialis, V0 - vasius blemabs, ITAC - ntederon-inducble T-cell alpha
ril, IFHy - interleran gamma, IL - intedeukin, MIP - Macophage inflammatary Pratein, THFo - Tumour Meoosis Faclor Algha, MOA - malondiakdehyde, Protox - axidized proteins

R of Spearman wsed for statistical analysis

nes

Annex tables 4C and 4D Correlations of ultrasound parameters with hormones and cytok

159



AMNNEX TABLE 4E Logistic regression analysis model HIGH AUC

Ultrasound parameters

Adjustment with physical
characteristics

wald p OR wald p OR
Frailty phenotype (constant) A57 692 0.925
AREA RF 6.645 .010 .B&0 3.380 .0e6 691
MT RF 277 599 0.561 0.251 618 0.527
PAC VI 080 T77 0.978 o6 939 993
MT VIV 2745 093 412 1.995 158 387
PA VL 2326 127 BeT 0.731 392 908
BMI 6775 101 1.125
Sex 2690 009 0.076
Muscle strength 7584 006 857
Gait speed 3024 082 2.056
Block ¥* (df) 24,824 (4), p=0.001
Model ¥* (df) 48,402 (5), p=0.001 73.226 (9), p=0 001
Magelkerke R hD4 683
Correct prediction 765 86.3

Sample size=128; Abreviations: RF - rectus femoris, VL - vastus lateralis, VM - vastus medialis, VI - vastus
intermedius, MT - muscle thickness, PA - pennate angle, PAC - pennate angle in contraction, BMI - bady

mass index.

Annex table 4E Logistic regression analysis model HIGH AUC

ANNEX TABLE 4F Logistic regression analysis model MT/AREA

Ultrasound parameters

Adjustment with physical
characteristics

Wald P OR Wald p OR
Frailty phenotype (constant) 1.328 250 1228
MT RF 1.421 233 326 788 375 357
MAT WA 2504 114 Ae2 615 433 621
MT WL 3.491 .02 23 3.322 .0es 162
MT VI bad 445 1.724 051 821 793
AREARF 12.872 000 607 6.933 008 630
BMII 4415 038 1.173
Sex 9.705 002 048
Muscle strength 12.021 001 826
Gait speed 3.429 064 1.957
Block x* (df) 35,076 (4), p=0.001
Model x* (df) 62,975 (5), p<0.001 95,055 (9), p<0.001
Nagelkerke R 523 720
Correct prediction 803 89.0

sample size=128; Abreviations: RF - rectus femoris, VL - vastus lateralis, VM - vastus medialis, VI - vastus
intermedius, MT - muscle thickness, BMI - body mass index.

Annex table 4F Logistic regression analysis model MT/AREA




AMMEX TABLE 4G Logistic regression analysis model RF
Adjustment with physical
Ultrasound parameters characteristics
Wald p OR Wald p OR
Frailty phenotype (constant) 0.035 0.851 1.036
AREA RF 12.426 .0oo 602 7.099 008 625
MT RF 1.020 312 0.382 2.690 101 304
SFT RF 0.020 888 841 1.531 216 222
El RF 0.301 583 1.008 0.061 .805 .895
PA RF 0.970 325 1.120 0.224 636 1.080
PAC RF 2.941 085 .B44 0.013 .809 .8e5
BMI 3.905 048 1.180
Sex 4617 032 12
Muscle strength 11.896 001 Rk
Gait speed 314 076 2.048
Block x* (df) 31,507 (4) p=0,001
Model x* (df) 51,158 (8) p=<0,001 82,665 (10) p<0,001
Magelkerke R 482 688
Correct prediction 82.5 86.0

Sample size=128; Abreviations: RF - rectus femaoris, MT - muscle thickness, 5FT - superficial fat thickness,
El - echointensity, PA - pennate angle, PAC - pennate angle in contraction, BMI - body mass index.

Annex table 4G Logistic regression analysis model RF

ANNEX TABLE 4H Logistic regression analysis model BIO 4

Adjustment with biochemical Adjustment with physical
Ultrasound parameters parameters characteristics
Wald p OR Wald p OR Wald p OR
Frailty phenotype {constant) 1693 206 1.385
MT RF 15.584 000 011 12,559 000 008 3.900 048 000
MCV 0.830 .362 1.078 1.683 195 1.237
PROTEINS 4392 036 143 4.409 036 001
BMI 3.147 076 1.409
Sex 4126 042 0.001
Muscle strength 4.320 038 A79
Block y* (df) 8.379 (2) p=0,015 26,552 (3) p=0,001
Model ¥* (df) 26,633 (1) p=0,001 35,012 (3) p=0,001 61,565 (6) p=0,001
Nagelkerke R® A70 580 847
Corract prediction 758 823 91.9

Sample size=61; Abreviations: MT RF - muscle thicknes of rectus femoris, MCV - mean corpuscular volume, BMI - body mass index.

Annex table 4H Logistic regression analysis model BIO 4
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ANNEX TABLE 4l Logistic regression analysis model BIO 5

Adjustment with biochemical

Adjustment with physical

Ultrasound parameters parameters characteristics
Wald p OR Wald p OR Wald p OR
Frailty phenotype {constant) 1.318 .251 1.346
AREA RF 14.613 000 .508 12.399 .000 475 7.216 007 438
IL12 3.228 072 572 5.676 017 .266
IL17 1.005 .316 .959 .025 874 1,010
Gait speed 1.882 170 2.932
Muscle strength 5.377 .020 841

Block y* (df)

15.714 (2] p<0.001

15.362 (2) p=0.001

Model ¥ (df)

25.976 (1) p<0.001

41,691 (3] p<0.001

57.053 (5) p<0.001

Magelkerke R*

468

.65

816

Correct prediction

80.3

83.6

91.8

Sample size=61; Abreviations: RF

- rectus femoris, IL - interleukin.

Annex table 41 Logistic regression model analysis BIO 5

ANNEX TABLE 4.7A Reference values for IGF-1
Age (y) Female {ng/ml) Male (ng/ml)
0-5 3301720 27.4-1135
5-8 80.0-244.0 54.9-206.4
a2-1 87.0-399.0 8h2-2488
11-15 188.0-510.0 115.4-498.2
15-20 267.0-471.0 247 34817
20-24 149.1-332.3 187.9-400.0
24-39 107.8-246.7 96.4-227 8
39-54 92.7-244 5 88.3-2009
=hq 45.0-204 4 54 5-185.7

Abbreviations: IGF-1 - Insulin-like growth facter 1

Annex table 4.7A Reference values for IGF-1
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