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RESUMEN

Estudios epidemioldgicos recientes siguen posicionando la enfermedad
cardiovascular como causa principal de muerte en el mundo. Estos estudios
también sittan la hipertension arterial (HTA) como principal factor de riesgo
modificable de causa de muerte cardiovascular a nivel mundial, siendo esta

responsable de mas de 10 millones de muertes al afo.

La HTA se considera un trastorno cronico con una etiologia multifactorial en
la que los niveles de presion arterial se mantienen elevados permanentemente. Se
puede diferenciar entre hipertension primaria y secundaria, siendo la mas
frecuente la esencial o primaria, que corresponde aproximadamente al 90-95% de
los casos. Esta presenta una serie de factores de riesgo de origen bioldgico o no
modificables y de naturaleza ambiental o modificables; estos tltimos asociados al
estilo de vida. Mas del 50% de las personas con HTA presentan sobrepeso-
obesidad, hipercolesterolemia, dislipemia, resistencia a la insulina o diabetes tipo
II, ademas son sedentarias y/o llevan una mala alimentacion. Las guias europeas
de cardiologia e hipertension consideran hablar de HTA cuando, en consulta, los
niveles de presion arterial sistolica (PAS) sean iguales o superiores a 140 mmHg
y/o los niveles de presion arterial diastdlica (PAD) sean iguales o superiores a 90
mmHg. Por otro lado, las guias americanas establecen los niveles de HTA por
encima de 130 mmHg para la PAS y de 80 mmHg para la PAD.

Las intervenciones terapéuticas no farmacoldgicas, que implican cambios de
habitos y de conductas, cada vez estan adquiriendo mas fuerza en el &mbito clinico.
Dentro de esas intervenciones, una de las mas importantes para la mejora de la
salud cardiometabdlica es el ejercicio fisico realizado con regularidad y mantenido
en el tiempo. Existe suficiente evidencia cientifica para poder afirmar que el
ejercicio fisico actia como fdrmaco capaz de prevenir y tratar numerosas
enfermedades no transmisibles de la sociedad actual, entre las que se encuentra la
HTA.

Las guias clinicas de cardiologia e hipertension contienen apartados
exclusivos en los que se exponen las recomendaciones de ejercicio fisico para este
grupo de poblacién. El entrenamiento de resistencia aerdbica es la modalidad
principal, aconsejan realizarlo entre 150-300 min/semana (5-7 dias/semana) si la



intensidad es moderada, y alternarlo con 75-150 min/semana (2-3 dias/semana) si
la intensidad es vigorosa. Estas guias recomiendan implementar el entrenamiento
de resistencia aerdbica con el entrenamiento de fuerza al menos 2 dias/semana, sin
profundizar mucho mas en su prescripcion. Ambas modalidades de entrenamiento
han mostrado reducciones significativas de los niveles de presion arterial; sin
embargo, en estas recomendaciones no se hace referencia al entrenamiento
combinado de ambas modalidades en la misma sesién. Existen trabajos con
intervenciones de entrenamiento combinado en este grupo de poblacién y cuyos
resultados han sido positivos, consiguiendo reducciones significativas de presion
arterial en adultos con HTA. Pese a estos resultados, son necesarias nuevas
investigaciones al respecto para poder establecer relaciones dosis-respuesta,
debido a la heterogeneidad de los protocolos utilizados. En los ultimos afios, el
entrenamiento intervalico de alta intensidad (HIIT) ha ganado popularidad en el
ambito clinico. Esta modalidad de ejercicio ha mostrado grandes beneficios para la
salud cardiometabdlica y, concretamente, sobre los niveles de presion arterial.

La programacion del entrenamiento, y mas concretamente del entrenamiento
de fuerza, es una tarea compleja. Comunmente, en la literatura al respecto, se ha
determinado la intensidad de trabajo en base al valor de una repeticion maxima
(IRM), considerado el gold standard, o de un nimero maximo de repeticiones
(xRM); ambos métodos poco precisos, para una correcta dosificacion del esfuerzo,
e incluso lesivos, cuando el sujeto es principiante o cuenta con poca experiencia en
la practica de ejercicio fisico. Para hacer frente a estas limitaciones, se ha propuesto
la velocidad de ejecucion, herramienta a través de la cual se puede programar de
forma objetiva y con la méaxima precision posible el grado de esfuerzo del

entrenamiento de fuerza.

En base a lo expuesto, los objetivos de la presente tesis doctoral fueron:

1) Evaluar el impacto del entrenamiento multicomponente en la presion

arterial de adultos con HTA y establecer una relacion dosis-respuesta.

2) Comparar el efecto de dos programas de ejercicio fisico diferentes (GE1,
fuerza combinado con entrenamiento continuo de moderada intensidad; GE2,
entrenamiento continuo de moderada intensidad) y un grupo control sobre los
biomarcadores sanguineos y metabdlicos, la composicién corporal y la condicidon

fisica en adultos con HTA.



3) Comparar los efectos de tres programas de ejercicio fisico diferentes (GE1,
entrenamiento continuo de moderada intensidad; GE2, entrenamiento de fuerza
combinado con entrenamiento continuo de moderada intensidad; GES3,
entrenamiento de fuerza combinado con HIIT) y un grupo control sobre los
biomarcadores sanguineos y metabdlicos, la composicion corporal y la condicion

fisica en adultos con HTA.

4) Proporcionar a los profesionales del ambito de la salud, médicos
cardidlogos, cardidlogos del deporte, médicos de atencién primaria y CAFyD
(Graduados en Ciencias de la Actividad Fisica y del Deporte), recomendaciones
sobre como prescribir de forma precisa, adecuada y segura un programa de

ejercicio en adultos con HTA.

En torno a las cuestiones planteadas en los objetivos, en la presente tesis

doctoral se han llevado a cabo 4 estudios:

1) Multicomponent Training and Optimal Dosing Strategies for Adults with
Hypertension: A Systematic Review and Meta-Analysis of Randomized Controlled

Trials.

2) Concurrent training based on an individual load-velocity ratio assessment

as a better alternative to continuous endurance training to improve hypertension.

3) Moderate intensity continuous training, combined moderate-intensity
continuous training vs combined high-intensity interval training in adults with

hypertension: Randomized controlled trial.

4) Disefio de un programa de entrenamiento combinado individualizado
para adultos con hipertension arterial.

En el estudio 1 se realizé una revision sistematica y meta-andlisis en la que se
examino los efectos de un programa de intervenciéon con entrenamiento
multicomponente sobre los niveles de presion arterial en adultos con HTA. Para
ello, se siguieron las directrices de la declaracion PRISMA y se registro en
PROSPERO. Se incluyeron nueve estudios, tras una busqueda bibliografica en
diferentes bases de datos, PubMed, Web of Science, Cochrane y EBSCO. Se
consideraron para la inclusién tinicamente ensayos controlados aleatorizados que
realizaron intervenciones con entrenamiento multicomponente en adultos con
HTA. Ademas, se realiz6 una evaluacion de la calidad mediante la escala PEDro y
se utilizé un modelo de efectos aleatorios para todos los analisis.



En los estudios 2 y 3 se presentaron dos trabajos originales resultantes del
proyecto Corazon y Salud. Se llevd a cabo un ensayo clinico aleatorizado, simple
ciego, longitudinal y prospectivo con varias ramas de estudio simultaneas. El
periodo de intervencion fue de 12 semanas con una frecuencia de entrenamiento

de 2 dias por semana y una duracion de 60 minutos por sesion de entrenamiento.

Para el estudio 2, se contd con 75 voluntarios (36 mujeres y 39 hombres), con
una edad media de 54 afos, todos ellos con HTA diagnosticada y sedentarios,
nunca antes habian realizado ejercicio fisico o, al menos, durante los altimos 12
meses. La muestra fue distribuida aleatoriamente en dos grupos de intervencion.
El grupo experimental (GE) 1 realiz6 un programa de entrenamiento de fuerza,
basado en una valoraciéon mediante la relacién carga-velocidad individual,
combinado con MICT (n=25). El GE2 llevo a cabo un MICT (n=25). Mientras que el

grupo control (GC) siguio su estilo de vida sin modificaciones (n=25).

Para el estudio 3, se conté con 100 voluntarios, 51 mujeres y 49 hombres, con
una edad media de 54 afios, todos ellos con HTA diagnosticada y sedentarios. La
muestra fue distribuida aleatoriamente en tres grupos de intervencion. El GE1
realizé MICT (n=25); el GE2 llevo a cabo un entrenamiento de fuerza, basado en
una valoracion mediante la relacion carga-velocidad individual, combinado con
MICT (n=24); el GE3 siguié un entrenamiento de fuerza, basado en una valoraciéon
mediante la relacién carga-velocidad individual, combinado con HIIT (n=23). E1 GC
siguid su estilo de vida sin modificaciones(n=25).

Todos los participantes fueron evaluados al inicio y al final de la intervenciéon
de las siguientes variables dependientes: PAS, PAD, y presion arterial media
(PAM), presion de pulso (PP), doble producto (DP), frecuencia cardiaca maxima
(FCmax), frecuencia cardiaca basal (FCbasal), peso, masa musculoesquelética,
masa grasa, area de grasa visceral, perfil lipidico, colesterol total (CT), HDL, LDL,

triglicéridos (TG), glucosa, fuerza maxima y capacidad cardiorrespiratoria.

En el estudio 4 se realizdé un documento con recomendaciones y protocolos
para la prescripcion individualizada de ejercicio fisico en poblacidon adulta con
HTA. Este documento trata de proporcionar una guia a los profesionales de la
salud para poder disefar correctamente un programa de entrenamiento de fuerza,
basado en una valoraciéon mediante la relacién carga-velocidad individual,
combinado con entrenamiento continuo de moderada intensidad, con la finalidad

de mejorar la salud cardiometabdlica en este tipo de poblacion y prevenir futuros



eventos cardiovasculares adversos. En el documento se facilitan las pautas para
dosificar, de la manera mas precisa y segura posible, la carga o estimulo de trabajo

para ambas modalidades de entrenamiento.

Como conclusiones, el estudio 1 indica que los programas de entrenamiento
multicomponente mejoraron significativamente los niveles de PAS y PAD en los
adultos con HTA. Los mayores beneficios se encontraron en programas con una
duracion superior a 14 semanas, 3 sesiones/semana de 60 min y con intensidades
en torno al 75% de la FC de reserva para el entrenamiento de resistencia aerdbica,
y superior al 75% de 1 RM, con 10 o menos repeticiones por serie, para en
entrenamiento de fuerza. Los estudios 2 y 3 revelan que realizar un programa de
entrenamiento de fuerza, basado en una valoraciéon mediante la relacion carga-
velocidad individual, combinado con un entrenamiento continuo de moderada
intensidad, durante 12 semanas y 2 dias/semana, produce mayores mejoras en los
biomarcadores sanguineos y metabdlicos, en la composicion corporal y en la
condicion fisica de los adultos con HTA, que las producidas por el entrenamiento
continuo de moderada intensidad y el entrenamiento de fuerza combinado con
entrenamiento intervalico de alta intensidad, que también presentan mejoras, pero
en menor medida. Y, por ultimo, el estudio 4 muestra la importancia de una
correcta y segura prescripcidon del entrenamiento combinado de manera

individualizada para los adultos con HTA.
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ABSTRACT

Recent epidemiological studies continue to rank cardiovascular disease as the
leading cause of death worldwide. These studies also identify high blood pressure
(HBP) as the main modifiable risk factor for cardiovascular death globally,

accounting for more than 10 million deaths per year.

Hypertension is considered a chronic disorder with a multifactorial etiology
in which blood pressure levels remain permanently elevated. A distinction can be
made between primary and secondary hypertension, the most common being
essential or primary hypertension, which accounts for approximately 90-95% of
cases. This presents a series of risk factors of biological origin or non-modifiable
and environmental or modifiable in nature, the latter associated with lifestyle.
More than 50% of people with hypertension are overweight or obese, have
hypercholesterolemia, dyslipidemia, insulin resistance, or type II diabetes, are
sedentary, and/or have a poor diet. European guidelines on cardiology and
hypertension consider hypertension to be present when systolic blood pressure
(SBP) levels are equal to or greater than 140 mmHg and/or diastolic blood pressure
(DBP) levels are equal to or greater than 90 mmHg. On the other hand, American
guidelines establish hypertension levels above 130 mmHg for SBP and 80 mmHg
for DBP.

Non-pharmacological therapeutic interventions, which involve changes in
habits and behaviors, are becoming increasingly popular in the clinical setting.
Among these interventions, one of the most important for improving
cardiometabolic health is regular physical exercise maintained over time. There is
sufficient scientific evidence to affirm that physical exercise acts as a drug capable
of preventing and treating numerous noncommunicable diseases in today's society,

including hypertension.

Clinical guidelines on cardiology and hypertension contain specific sections
setting out physical exercise recommendations for this population group. Aerobic
endurance training is the main modality, and it is recommended to do 150-300
min/week (5-7 days/week) if the intensity is moderate and to alternate it with 75-
150 min/week (2-3 days/week) if the intensity is vigorous. These guidelines
recommend implementing aerobic endurance training with strength training at

least 2 days/week, without going into much more detail about their prescription.



Both types of training have shown significant reductions in blood pressure levels;
however, these recommendations do not refer to combined training of both types
in the same session. There are studies with combined training interventions in this
population group, and the results have been positive, achieving significant
reductions in blood pressure in adults with hypertension. Despite these results,
further research is needed to establish dose-response relationships, due to the
heterogeneity of the protocols used. In recent years, high-intensity interval training
(HIIT) has gained popularity in the clinical setting. This type of exercise has shown
great benefits for cardiometabolic health and specifically for blood pressure levels.

Training programming, and more specifically strength training
programming, is a complex task. Commonly, in the literature on the subject, work
intensity has been determined based on the value of a maximum repetition (IRM),
considered the gold standard, or a maximum number of repetitions (xRM); both
methods are inaccurate for correctly measuring effort and can even be harmful
when the subject is a beginner or has little experience in physical exercise. To
address these limitations, execution speed has been proposed as a tool through
which the degree of effort in strength training can be programmed objectively and

with the greatest possible precision.
Based on the above, the objectives of this doctoral thesis were:

1) To evaluate the impact of multicomponent training on blood pressure in

adults with hypertension and establish a dose-response relationship.

2) To compare the effect of two different physical exercise programs (EG1,
strength combined with moderate-intensity continuous training; EG2, moderate-
intensity continuous training) and a control group on blood and metabolic

biomarkers, body composition, and physical condition in adults with SBP.

3) Compare the effects of three different physical exercise programs (EG1,
moderate-intensity continuous training; EG2, strength training combined with
moderate-intensity continuous training; EG3, strength training combined with
HIIT) and a control group on blood and metabolic biomarkers, body composition,
and physical fitness in adults with hypertension.

4) Provide healthcare professionals, cardiologists, sports cardiologists,
primary care physicians, and CAFyD (Graduates in Physical Activity and Sports



Sciences) with recommendations on how to accurately, appropriately, and safely

prescribe an exercise program for adults with hypertension.

Regarding the issues raised in the objectives, four studies have been carried

out in this doctoral thesis:

1) Multicomponent training and optimal dosing strategies for adults with
hypertension: systematic review and meta-analysis of randomized controlled

trials.

2) Concurrent training based on an individual assessment of the load-speed
relationship as a better alternative to continuous endurance training for improving

hypertension.

3) Continuous moderate-intensity training, continuous combined moderate-
intensity training versus combined high-intensity interval training in adults with

hypertension: randomized controlled trial.

4) Design of an individualized combined training program for adults with

high blood pressure.

Study 1 conducted a systematic review and meta-analysis examining the
effects of a multicomponent training intervention program on blood pressure levels
in adults with hypertension. The PRISMA statement guidelines were followed, and
the study was registered in PROSPERO. Nine studies were included, following a
literature search in various databases, including PubMed, Web of Science,
Cochrane, and EBSCO. Only randomized controlled trials that performed
multicomponent training interventions in adults with hypertension were
considered for inclusion. In addition, quality assessment was performed using the

PEDro scale, and a random-effects model was used for all analyses.

Studies 2 and 3 presented two original papers resulting from the Heart and
Health project. A randomized, single-blind, longitudinal, prospective clinical trial
was conducted with several simultaneous study branches. The intervention period
was 12 weeks with a training frequency of 2 days per week and a duration of 60

minutes per training session.

Study 2 involved 75 volunteers, 36 women and 39 men, with a mean age of
54 years, all of whom had diagnosed hypertension and were sedentary, having
never exercised before or at least not during the previous 12 months. The sample
was randomly divided into two intervention groups. The experimental group (EG)



1 performed a strength training program based on an assessment using the
individual load-speed ratio combined with MICT (n=25). EG2 performed MICT
(n=25). The control group (CG) continued their lifestyle without modifications
(n=25).

For study 3, there were 100 volunteers, 51 women and 49 men, with an
average age of 54, all of whom had diagnosed hypertension and were sedentary.
The sample was randomly divided into three intervention groups. EG1 performed
MICT (n=25); EG2 performed strength training based on an assessment of
individual load-speed ratio, combined with MICT (n=24); EG3 performed strength
training based on an assessment of individual load-speed ratio, combined with
HIIT (n=23). The CG continued their lifestyle without modifications (n=25).

All participants were assessed at the beginning and end of the intervention
for the following dependent variables: SBP, DBP, and mean arterial pressure
(MAP), pulse pressure (PP), double product (DP), maximum heart rate (HRmax),
baseline heart rate (baseline HR), weight, musculoskeletal mass, fat mass, visceral
fat area, lipid profile, total cholesterol (TC), HDL, LDL, triglycerides (TG), glucose,

maximum strength, and cardiorespiratory capacity.

Study 4 produced a document with recommendations and protocols for the
individualized prescription of physical exercise in adults with hypertension. This
document aims to provide guidance to healthcare professionals on how to correctly
design a strength training program based on an assessment of the individual load-
speed ratio, combined with moderate-intensity continuous training, with the aim
of improving cardiometabolic health in this population and preventing future
adverse cardiovascular events. The document provides guidelines for dosing the
load or work stimulus for both training modalities as accurately and safely as

possible.

In conclusion, study 1 indicates that multicomponent training programs
significantly improved SBP and DBP levels in adults with hypertension. The
greatest benefits were found in programs lasting longer than 14 weeks, with three
60-minute sessions per week and intensities of around 75% of reserve heart rate for
aerobic endurance training and greater than 75% of 1 RM, with 10 or fewer
repetitions per set, for strength training. Studies 2 and 3 reveal how to perform a
strength training program, based on an assessment using the individual load-speed

ratio, combined with moderate-intensity continuous training, for 12 weeks and 2



days/week produces greater improvements in blood and metabolic biomarkers,
body composition, and physical condition in adults with hypertension than those
produced by moderate-intensity continuous training and strength training
combined with high-intensity interval training, which also show improvements,
but to a lesser extent. Finally, study 4 shows the importance of correct and safe

prescription of individualized combined training for adults with hypertension.

KEYWORDS

Blood pressure, hypertension, cardiovascular disease, physical condition,
exercise, physical activity, load-speed ratio, speed-based training, combined

training, strength training; MICT; HIIT.
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CAPITULO I — INTRODUCCION 41

I- INTRODUCCION

La enfermedad cardiovascular forma parte del grupo de enfermedades no
transmisibles mas prevalentes de la sociedad actual y representan
aproximadamente un tercio del total de las muertes en el mundo (Magnussen et al.,
2023; Mensah et al., 2023). Entre los factores de riesgo modificables responsables de
muerte cardiovascular a nivel mundial se encuentra la hipertension arterial (HTA),
con mas de 10 millones por afo (Fuchs & Whelton, 2020; Vaduganathan et al., 2022).
El primer informe publicado por la OMS en 2023 sobre HTA, describe el devastador
impacto global de esta enfermedad y destaca que sigue siendo un importante
problema de salud publica; es un trastorno que contribuye en la aparicion y
desarrollo de la enfermedad cardiovascular (cardiopatia isquémica, accidente
cerebrovascular, enfermedad arterial periférica o insuficiencia cardiaca),
enfermedad renal crénica, lesion de dérgano diana y muerte subita (Fuchs &
Whelton, 2020). Segtn dicho informe, la HTA afecta a una de cada tres personas en
el mundo, cuatro de cada cinco afectadas no reciben el tratamiento adecuado y
solamente una de cada cinco personas que la padecen tienen controlada la
enfermedad (Kario et al., 2024; WHO, 2023). La incidencia de la HTA se ha
duplicado en los ultimos 30 anos, pasando de 650 millones a 1300 millones de
personas, y casi la mitad de ellas desconocen actualmente que sufren esta afeccion
(Kario et al., 2024; WHO, 2023). La OMS, a través de este informe, advierte a los
principales lideres mundiales para que en sus paises amplien las medidas de
prevencion necesarias e intentar asi controlar la HTA hasta en un 50% de los casos.
Este control sobre la enfermedad podria evitar 76 millones de muertes por
enfermedad cardiovascular, 120 millones de accidentes cerebrovasculares, 79
millones de infartos agudos de miocardio y 17 millones de casos de insuficiencia
cardiaca entre 2023 y 2050 (Kario et al., 2024; WHO, 2023).

Son necesarios nuevos planes y también nuevas estrategias para poder
reducir la carga de mortalidad cardiovascular en el mundo. La Sociedad Europea
de Cardiologia (ESC) ha publicado recientemente una guia clinica actualizada, de
las ya publicadas anteriormente y del analisis de la evidencia cientifica disponible
sobre el tratamiento de la HTA, con la intencién de proporcionar una base cientifica
para el abordaje, manejo y prevencion de la enfermedad (McEvoy et al., 2024). Este
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documento de 2024 sigue definiendo la HTA, en consulta, como una PAS de >140
mmHg o una PAD de 290 mmHg. Sin embargo, entre las actualizaciones aparece
una nueva categoria para la presion arterial denominada presion arterial elevada,
que se define, en consulta, como una PAS de 120 a 139 mmHg o una PAD de 70 a
89 mmHg. Surge asi una nueva clasificacion de la presion arterial que se divide en
tres categorias para todos los adultos: presion arterial no elevada, presion arterial
elevada e hipertension (McEvoy et al., 2024). El 90% de las personas con HTA
sufren hipertension esencial o primaria, donde la causa sigue siendo desconocida,
mientras que solo un 10% sufren hipertension secundaria, en la que la causa si es
identificable (Gorostidi et al., 2022; Harrison et al., 2021).

Los factores conductuales forman parte de la compleja fisiopatologia de la
HTA (Dempsey et al, 2018; Pantell et al., 2019). Entre esos factores, un
comportamiento sedentario, la falta de actividad fisica y ejercicio, es un importante
promotor de la enfermedad en la poblacion adulta general, con graves
consecuencias para la mortalidad por todas las causas y por enfermedad
cardiovascular (Dempsey et al., 2018; Perry et al., 2023). Las recomendaciones
actuales de las principales guias de cardiologia e hipertension sobre ejercicio fisico
en este grupo de poblacion se centran en el entrenamiento de resistencia aerobica,
se propone como la terapia de ejercicio de primera linea frente a otras modalidades
como puede ser el entrenamiento de fuerza. Se aconseja realizar al menos de 150 a
300 min/semana de ejercicio continuo de moderada intensidad (MICT), la
frecuencia 5-7 dias/semana; alternativamente se puede realizar de 75 a 150
min/semana de intensidad vigorosa, la frecuencia de 3 dias/semana (Charchar et
al., 2024; Hansen et al., 2021; Mancia et al., 2023; McEvoy et al., 2024; Pelliccia et al.,
2020; Rabi et al., 2020; Unger et al., 2020; Whelton et al., 2018a). Ademas, esta
modalidad debe ser complementada con el entrenamiento de fuerza, la frecuencia
2-3 dias/semana, y realizar 2-3 series de 10-15 repeticiones por ejercicio a una
intensidad del 40% al 80% de 1RM (Alves et al., 2022; Hansen et al., 2021; McEvoy
et al., 2024; Whelton et al., 2018a). En estas guias no se exponen recomendaciones
sobre entrenamiento combinado, resistencia aerdbica y fuerza, en la misma sesion.
Sin embargo, la evidencia disponible de trabajos originales ha mostrado los
beneficios de este tipo de intervencién sobre los niveles de presion arterial
consiguiendo reducciones significativas de PAS y PAD (Dos Santos et al., 2014;
Lima et al., 2017; Lépez-Ruiz et al., 2023; Lépez-Ruiz et al., 2025; Masroor et al.,
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2018; Stewart et al., 2005). Otra modalidad de entrenamiento que también ha
mostrado mejoras sobre los niveles de presion arterial es el entrenamiento
intervalico de alta intensidad (HIIT), con reducciones de PAS y PAD similares o
incluso mayores a las obtenidas con el MICT (Costa et al., 2018; Li et al., 2022;
Lopez-Ruiz et al., 2025; Way et al., 2019). El HIIT estd irrumpiendo con fuerza e
incluso se posiciona como alternativa al MICT por varias razones, por un lado, su
creciente evidencia sobre los beneficios de esta modalidad de entrenamiento para
la salud cardiometabdlica y por otro lado, por la eficiencia del tiempo (Costa et al.,
2018; Li et al., 2022; Way et al., 2019).

Estda ampliamente demostrado que la practica de ejercicio fisico de forma
regular disminuye el riesgo de sufrir HTA y que una vez se manifiesta la
enfermedad es una terapia muy efectiva para su control y tratamiento (Ghadieh &
Saab, 2015; Lopez-Ruiz et al., 2023; Saco-Ledo et al., 2022). La prescripcion de
ejercicio individualizado es la manera mas adecuada de conseguir los mayores
beneficios para la salud cardiometabodlica y al mismo tiempo la mejora de la
condicion fisica de las personas (Lépez-Ruiz et al., 2025; San-Milldn, 2023). Dentro
del proceso de prescripcion, la programacion del entrenamiento es una tarea
complicada para los profesionales del ejercicio, y esta complicacion aumenta
cuando se trata de programar el grado de esfuerzo en el entrenamiento de fuerza.
En todos los estudios realizados hasta la fecha sobre HTA y entrenamiento de
fuerza se han utilizado métodos poco precisos e incluso lesivos para programar el
estimulo o carga de trabajo, como el test de 1IRM o el de xXRM (Badillo & Serna, 2002;
Gonzélez-Badillo et al., 2022). Toda esta problematica se ve solventada cuando
emerge la velocidad de ejecucion, herramienta que supone un cambio de
paradigma en el campo del entrenamiento de fuerza al ofrecer informacion precisa
sobre la carga programada y los efectos producidos por la misma (Badillo, 2017;
Gonzalez-Badillo & Sanchez-Medina, 2010; Sanchez-Medina & Gonzalez-Badillo,
2011).

Considerando todo lo expuesto y la evidencia disponible, la presente
investigacion se centra en el estudio del efecto de diferentes programas de ejercicio
fisico individualizado frente a un grupo control sobre los pardmetros de
hemodinamica, composicion corporal, perfil lipidico y condicion fisica de adultos
con HTA. Los diferentes programas de ejercicio fisico son: 1) entrenamiento

continuo de moderada intensidad o MICT; 2) entrenamiento de fuerza, basado en
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una valoracion mediante la relacion carga-velocidad individual, combinado con
MICT; 3) entrenamiento de fuerza, basado en una valoracion mediante la relacion

carga-velocidad individual, combinado con HIIT.
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II - JUSTIFICACION

La HTA sigue siendo el principal factor de riesgo modificable de muertes
cardiovasculares prematuras en el mundo, afecta a 1.300 millones de personas
adultas y mata a mas de 10 millones por afio (Murray et al., 2020; Vaduganathan et
al,, 2022; WHO, 2023). Este trastorno esta directamente relacionado con la
enfermedad cardiovascular y particularmente con la cardiopatia isquémica y el
accidente cerebrovascular (Fuchs & Whelton, 2020; Razo et al., 2022; Vaduganathan
et al., 2022), ambas patologias ocupan los primeros puestos en el raking mundial
de las principales causas de muerte en el mundo, la primera y segunda posicion
respectivamente. La cardiopatia isquémica o enfermedad coronaria es responsable
de mas de 9 millones de muertes al afio y el accidente cerebrovascular de casi 4
millones, la mayoria de estas muertes tienen como detonante a la HTA (Razo et al.,
2022; Vaduganathan et al., 2022). La HTA representa un importante agente causal
para el desarrollo de la enfermedad coronaria y sus diferentes manifestaciones
isquémicas agudas, entre otras enfermedades cardiovasculares (Fuchs & Whelton,
2020; Razo et al., 2022; Vaduganathan et al., 2022).

En Europa se estima que casi el 50% de la poblacion sufre HTA y este
porcentaje aumenta hasta el 60% en mayores de 60 afios. Alrededor del 40% de
todas las muertes que se producen en este continente son por enfermedad

cardiovascular con la HTA como factor detonante (Hanssen et al., 2022).

Espafia es uno de los paises europeos que cuenta con una alta prevalencia de
HTA, se sittia por encima del 30% de la poblacion, casi 10 millones de espafoles
sufren este trastorno, y de estos, tan solo el 3,5 estan tratados y controlados
(Banegas et al., 2024). El numero de muertes por eventos cardiovasculares
atribuibles a la HTA en Espafia es de aproximadamente 46 mil/afio (Banegas et al.,
2024). Segun datos actualizados del Instituto Nacional de Estadistica en 2024, la
enfermedad coronaria es la principal causa de muerte cardiovascular en el pais, con
mas de 27 mil por afo, seguida del accidente cerebrovascular, con mas de 23 mil
por ano (INE, 2023).

Un diagnostico precoz y un manejo adecuado de la HTA es de suma
importancia para hacer frente a la enfermedad y poder prevenir futuros eventos
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adversos cardiovasculares, haciendo que las complicaciones de la HTA y el
tratamiento para la misma sean un gran desafio socioecondmico y de atenciéon

médico-sanitaria a nivel mundial.

La OMS, en su primer informe sobre HTA publicado en 2023, informa del
devastador impacto de esta enfermedad en el mundo y del gran problema de salud
publica que supone. El organismo pide a todos los paises que amplien las
coberturas para hacer frente a este asesino silencioso y asi poder evitar 76 millones
de muertes por enfermedad cardiovascular, 120 millones de accidentes
cerebrovasculares, 79 millones de infartos agudos de miocardio y 17 millones de
casos de insuficiencia cardiaca entre 2023 a 2050 (WHO, 2023).

2.1 Fisiopatologia de la HTA y Enfermedad Cardiovascular

Los mecanismos fisiopatologicos de la HTA en la promocion y desarrollo de
la enfermedad cardiovascular, y particularmente de la aterosclerosis, son
complejos e involucran varios sistemas, entre ellos el Sistema Nervioso Simpatico
(SNS) y el Sistema Renina-Angiotensina-Aldosterona (SRAA) a través de multiples

mediadores locales y neurohormonales.

El SNS forma parte integral de los mecanismos de respuesta al estrés y del
mantenimiento de la homeostasis cardiovascular del ser humano, juega un papel
fundamental tanto en la regulacion como en la funcién cardiovascular. La
hiperactividad del SNS es crucial en el desarrollo dela HTA y de las complicaciones
cardiovasculares a largo plazo por su estrecha relacién con el SRAA (De Mello &
Danser, 2000; Doughan et al., 2008; Patel et al., 2022). Con la activacidén simpatica
aumenta la produccion y liberacion de noradrenalina, la cual cumple sus funciones
al unirse a sus receptores alfal (a1) y betal (1) adrenérgicos. Por un lado, la union
de la noradrenalina a los B;-receptores del miocardio aumenta la contractilidad y
frecuencia cardiaca para aumentar el gasto cardiaco; y, por otro lado, la excitacion
simpatica renal que induce, a través de la union de la noradrenalina a los {3:-
receptores del aparato yuxtaglomerular, la secrecion de renina y la reabsorcion de
sodio, esta ultima mediada por los a;-receptores (Katsurada et al., 2021). La
hiperactividad del SNS afecta al rifidn, y tiene un efecto directo sobre el SRAA.
Ambos sistemas forman parte de un circulo vicioso que aumenta progresivamente

y en paralelo con la gravedad de la HTA.
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El SRAA es un importante agente fisiopatologico implicado en la HTA,
disfuncion endotelial y enfermedad cardiovascular (Doughan et al., 2008;
Watanabe et al., 2005). EI SRAA juega un papel crucial en la regulacion de la presion
sanguinea y en la homeostasis del organismo en general. Este sistema se activa
como consecuencia de una reduccion de la perfusion renal o disminucion de la
presion arterial. En respuesta a estos estimulos, el aparato yuxtaglomerular secreta
la enzima renina que convierte el angiotensinégeno (producido mayoritariamente
en el higado) en angiotensina I. Esta angiotensina I posteriormente, por la accion
de la enzima convertidora de angiotensina (ECA) se convierte en angiotensina II
(Ang II); un potente factor vasoconstrictor, tanto local como sistémico, y con
acciones sobre el volumen extracelular de agua, modificando la reabsorcion de
agua y sodio a través de la aldosterona. Esta sustancia vasoactiva es clave en el
desarrollo y complicaciones de numerosas patologias cardiovasculares, entre las
que se encuentran la HTA, la aterosclerosis o la insuficiencia cardiaca, entre otras
enfermedades (Carracedo & Ramirez, 2020). La Ang II ejerce sus funciones a través
de la union a sus receptores especificos de membrana, los ATiR y AT:R, teniendo
mayor afinidad por los receptores ATiR, situados, predominantemente, en el tejido
vascular y en el miocardio. La Ang II participa activamente en la patogénesis de la
enfermedad cardiovascular a distintos niveles, dado que es capaz de estimular la
produccion de especies reactivas de oxigeno en el espacio subendotelial, participa
en la respuesta inflamatoria de la pared vascular, estimula la proliferacion y la
migracidn de células de musculo liso y favorece la ruptura de la placa de ateroma
y la trombogenicidad de la misma; ademads, este potente factor vasoconstrictor
induce hipertrofia y fibrosis del miocardio (De Mello & Danser, 2000; Watanabe et
al., 2005). Por tanto, la Ang II juega un papel crucial en el origen y desarrollo de la
enfermedad cardiovascular aterosclerotica (Gallo et al., 2022; Harrison et al., 2021).

La funcién endotelial juega un rol muy importante en la conservacion de la
salud cardiovascular y metabolica (Brandes, 2014; Gallo et al., 2022; Konukoglu &
Uzun, 2017; Mancia et al., 2023). El endotelio es el 6rgano encargado de la
integridad vascular y para ello cumple una serie de funciones autocrinas,
paracrinas y endocrinas, entre las que se encuentran el de barrera selectiva,
permeabilidad, regulacién del tono vascular, hemostasia, coagulacién, la
inflamacién, regulacién inmunoldgica o la angiogénesis. En condiciones

fisiolégicas normales el endotelio tiene un fenotipo vasodilatador en el que
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sintetiza, entre otras sustancias, 6xido nitrico (NO), prostaglandina (PGI2), factor
hiperpolarizante derivado del endotelio (EDHF) y existe una baja concentracion de
especies reactivas de oxigeno (ROS). Sin embargo, cuando el endotelio se dana se
produce una disfuncién endotelial, esto reduce o inhibe la produccion de NO y
estimula la secrecion de sustancias vasoconstrictoras, proinflamatorias,
protrombdticas y proaterogénicas. La endotelina-1 (ET-1) seria el factor
vasoconstrictor mas potente que junto a otras sustancias vasoactivas, la
prostaglandina H2 (PGH2) el tromboxano A2 (TXA2), la proteina 1
quimioatrayente de monocitos (MCP-1) o el factor de crecimiento derivado de
plaquetas (PDGF), favorecen una alta concentracion de especies reactivas de
oxigeno en el espacio subendotelial, un alto grado de inflamacién vascular, la
migracion de monocitos al interior del vaso y la proliferacion de las células del
musculo liso de la capa media. Esto conduce a HTA y enfermedad cardiovascular
aterosclerética (Gallo et al., 2022; Konukoglu & Uzun, 2017; Mancia et al., 2023).

Existe una relacion bidireccional entre la disfuncién endotelial y la HTA. Por
un lado, la disfunciéon endotelial puede preceder al desarrollo de la HTA, sus
consecuencias serian una posible remodelacion vascular y aumento de las
resistencias periféricas. O, por otro lado, la disfuncién endotelial puede suceder a
la HTA, sus consecuencias serian una desregulacion endotelial con inhibicion de
sustancias vasodilatadoras y secrecion de sustancias vasoconstrictoras, lo que
favorece un estado proinflamatorio y protrombotico para el desarrollo de placas de
ateroma (Gallo et al., 2022; Konukoglu & Uzun, 2017).

2.2 Ejercicio Fisico e HTA en el Adulto

La inactividad fisica representa una gran amenaza para la salud
cardiovascular y metabdlica de las personas. Segun estudios epidemioldgicos
recientes a nivel mundial, se estima que una tercera parte de la poblacion adulta
(31.3%), unos 1.800 millones de personas, no cumple con los niveles recomendados
de actividad fisica y ejercicio (Strain et al., 2024) y que esa ausencia de movimiento
es responsable de 400.000 muertes cardiovasculares por afio y de 832.000 muertes
prematuras por todas las causas (Vaduganathan et al., 2022). Uno de los factores
que mads han contribuido y sigue contribuyendo al aumento de la incidencia de la
HTA es la falta de actividad fisica o ejercicio. Estudios previos han demostrado la
asociacion inversa que existe entre la practica de ejercicio fisico y el desarrollo y

progresion de la HTA, asi como de la alta morbimortalidad por enfermedad
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cardiovascular (Choi et al., 2024; Huai et al., 2013; Joseph et al.,, 2019; Liu et al.,,
2017). Por el contrario, una vida activa y la practica de ejercicio fisico se
correlacionan con grandes beneficios para la salud cardiovascular, metabolica,
neurologica o inmunologica. Existe suficiente evidencia cientifica para poder
afirmar con rotundidad que el ejercicio fisico en un potente farmaco capaz de
prevenir y tratar numerosas enfermedades no transmisibles, entre ellas las mas
prevalentes a nivel mundial, la HTA, la cardiopatia isquémica (infarto agudo de
miocardio) o el accidente cerebrovascular (ictus) (Brandt & Pedersen, 2010; Joseph
et al., 2019; Pedersen & Saltin, 2015; San-Millan et al., 2024; San-Millan, 2023;
Severinsen & Pedersen, 2020). La respuesta a por qué el ejercicio fisico tiene
grandes beneficios sobre la salud, y particularmente sobre la salud cardiovascular,
se encuentra en el musculo y en la mitocondria, dos componentes fundamentales
de los que depende en gran medida la salud de las personas. El musculo
esquelético, junto con casi todos los principales ¢rganos del cuerpo (corazén,
cerebro, higado, intestino o tejido adiposo), tiene la capacidad de secretar al
torrente sanguineo, mediante la contraccion muscular, cientos de moléculas
bioactivas conocidas como mioquinas o exerquinas (Pedersen & Saltin, 2015;
Severinsen & Pedersen, 2020). Estas moléculas expresadas por los distintos 6rganos
juegan un papel crucial tanto para la prevencion como para el tratamiento de la
HTA y la enfermedad cardiovascular y metabdlica (Pedersen & Saltin, 2015;
Severinsen & Pedersen, 2020). Otro de los puntos importantes que se deben abordar
cuando se trata de preservar la salud cardiovascular es el de la salud celular. La
disfuncién mitocondrial, con la reducciéon del nimero de mitocondrias y las
alteraciones en su bioenergética, estd presente en las enfermedades o trastornos
mas prevalentes de la sociedad actual, aterosclerosis, dislipemia, resistencia a la
insulina, diabetes tipo II, sindrome metabolico, enfermedades neurodegenerativas
o el cancer (San-Millan et al., 2024; San-Millan, 2021, 2023). De entre todas las
estrategias conocidas hasta la fecha capaz de mejorar la problematica celular, se
podria decir que la practica de ejercicio fisico es casi la tinica y mas efectiva para
mejorar la biogénesis mitocondrial y restablecer la bioenergética de estos organulos
(Lim et al., 2022; San-Millan et al., 2024; San-Millan, 2021, 2023).

En el contexto del ejercicio fisico para mejorar o tratar la HTA y la
enfermedad cardiovascular, son las principales guias clinicas internacionales de

cardiologia e hipertension las que marcan las directrices a seguir. Son pautas de
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ejercicio muy generalizadas en las que solo se indican el tipo de ejercicio y la
frecuencia e intensidad a la que se debe realizar, sin profundizar mucho mas en el
resto de componentes o variables del entrenamiento. Estas guias clinicas dan
prioridad al entrenamiento de resistencia aerobica y dejan en un segundo plano al
entrenamiento de fuerza, como modalidad complementaria al entrenamiento de
resistencia aerobica. Las recomendaciones actuales de ejercicio fisico para el
entrenamiento de resistencia aerdbica son de 150 a 300 min/semana (=30 min, 5-7
dias/semana) si se realiza con una intensidad moderada y, alternativamente, de 75
a 150 min/semana (25 min, 3 dias/semana) si se realiza con una intensidad vigorosa
(Brook & Rajagopalan, 2018; Charchar et al., 2024; Gorostidi et al., 2022; McEvoy et
al., 2024; Pelliccia et al., 2020; Rabi et al., 2020; Unger et al., 2020; Visseren et al.,
2021). Los efectos de esta modalidad de entrenamiento sobre los niveles de presion
arterial han sido estudiados y bien descritos en la literatura cientifica, mostrando
reducciones en un rango de -4,9 a -12 mmHg para la PAS y de -3,4 a -5,8 mmHg
para la PAD (Hanssen et al., 2022; Mancia et al., 2023). El ejercicio de resistencia
aerobica debe complementarse con el entrenamiento de fuerza 2-3 dias/semana,
realizar 2-3 series de 10 a 15 repeticiones y con una intensidad baja o moderada,
entre el 40%-60% de 1RM. Algunas de estas guias también hacen referencia al
entrenamiento de fuerza isométrica, recomiendan realizar 3 series de contracciones
isométricas de 1 a 2 minutos en ejercicios de agarre manual, plancha o sentadilla
contra la pared (Charchar et al., 2024; Hanssen et al., 2022; McEvoy et al., 2024).
Esta modalidad de entrenamiento ha mostrado mejoras de entre -3,0 a -4,7 mmHg
parala PASy de -3,2 a -3,8 mmHg para la PAD (Hanssen et al., 2022; Mancia et al.,
2023). Estos documentos clinicos no hacen recomendaciones de ejercicio
combinado, resistencia aerdbica y fuerza, en la misma sesion de entrenamiento, a
pesar de los resultados positivos de esta modalidad sobre los niveles de presidon
arterial. Diferentes ensayos controlados con intervenciones de entrenamiento
combinado en la misma sesién han podido comprobar como existen reducciones
significativas sobre los niveles de PAS y PAD con esta modalidad (de Oliveira et
al., 2019; Dos Santos et al., 2014; Guimaraes et al., 2014; Lima et al., 2017; Masroor
et al., 2018; Sousa et al., 2013). En esta misma linea se pueden encontrar revisiones
sistematicas y metaanalisis cuyos resultados post intervencion con entrenamiento
combinado también mostraron reducciones significativas sobre los niveles de PAS
y PAD (Corso et al., 2016; Herrod et al., 2018; Lépez-Ruiz et al., 2023; Pescatello et
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al., 2019). Sin embargo, a pesar de los beneficios obtenidos y demostrados con el
entrenamiento combinado, existen grandes diferencias entre los protocolos de
ejercicio fisico aplicados en las diferentes investigaciones (frecuencia, intensidad,
volumen, recuperacion, seleccion de ejercicios y método), aunque lo mas
importante a destacar es que la cuantificacion y control de la carga para el
entrenamiento de fuerza se realizé6 con métodos poco precisos, la intensidad
mediante el test de 1IRM y el volumen con un numero preestablecido de
repeticiones, lo que hace muy dificil establecer una relacion dosis-respuesta
(Albalawi et al., 2017; Lopez-Ruiz et al., 2023).

Por otra parte, el entrenamiento intervalico de alta intensidad (HIIT),
modalidad de entrenamiento con gran popularidad actualmente, también ha
demostrado tener beneficios sobre la salud cardiovascular (Ramos et al., 2015).
Recientemente, el HIIT se ha propuesto como una buena alternativa al MICT por
dos motivos principalmente, uno, por su alta eficiencia de tiempo, y dos, por la
creciente literatura que respalda su eficacia para reducir los niveles de presion
arterial en personas con HTA (Costa et al., 2018; Li et al., 2022; Way et al., 2019).
Tanto el HIIT como el MICT han mostrado tener efectos similares sobre las
reducciones de la PAS y la PAD en poblacion con HTA, no obstante, uno de los
principales problemas que presenta esta modalidad de entrenamiento intervalico
es la falta de consenso internacional con respecto a los protocolos que se deben

aplicar segun el tipo de poblacion (Ito, 2019; McGregor et al., 2023).

Disefiar correctamente un programa de entrenamiento es una tarea compleja
para los CAFyD, entrenadores y demas profesionales del ejercicio, ya que implica
la manipulacion de una serie de variables del entrenamiento que interacttian entre
si y que podran provocar las respuestas fisioldgico para la mejora de la salud o la
condicion fisica con mas o menos acierto (Badillo & Serna, 2002). Esta complejidad
aumenta cuando se trata de programar el entrenamiento de la fuerza, y mas aan,
cuando se trata de prescripcidon de ejercicio en poblaciéon con patologia
cardiovascular, entre otras patologias. De entre todos los componentes o variables
del entrenamiento que se deben determinar y concretar para una adecuada y
segura prescripcion de ejercicio fisico, la intensidad y el volumen son las dos mas
importantes para programar el grado de esfuerzo, es decir, para programar el
estimulo o carga de trabajo (Badillo & Serna, 2002; Bird et al., 2005; Elvar & Garcia-
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Orea, 2019; Rodriguez-Rosell, Yahez-Garcia, Mora-Custodio, Torres-Torrelo, et al.,
2020; Rodriguez-Rosell et al., 2018). La intensidad es definida como el grado de
esfuerzo que exige la realizacion de un ejercicio en cada repeticion (Badillo & Serna,
2002; Elvar & Garcia-Orea, 2019). Cuando en la literatura se habla de la medicién o
valoracion de la intensidad del entrenamiento de fuerza, se suele hacer en relacion
a determinados indicadores, los mas comunes son el porcentaje de una repeticion
maxima (1RM), considerado el gold standard, o con respecto a un nimero maximo
de repeticiones (xRM) (Badillo & Serna, 2002); este tltimo porque existe un namero
medio de repeticiones maximas por serie que se puede realizar con cada % de 1IRM
(Badillo & Serna, 2002; Sanchez-Medina & Gonzalez-Badillo, 2011). En base a la
evidencia actual, ya no se considera necesario y tampoco aconsejable utilizar el %
de la 1RM para programar el entrenamiento de fuerza, debido a que este indicador
presenta una serie de limitaciones e inconvenientes como suponer un esfuerzo
excesivo, conlleva un riesgo de lesion o es un método poco preciso para determinar
la intensidad relativa (Badillo & Serna, 2002; Gonzalez-Badillo & Sanchez-Medina,
2010). Pero la intensidad, por si sola, no es suficiente para determinar y concretar
adecuadamente el estimulo o carga de entrenamiento, esta debe ir asociada a otra
variable del entrenamiento, concretamente con el volumen (Badillo & Serna, 2002;
Gonzalez-Badillo & Sanchez-Medina, 2010; Gonzalez-Badillo et al., 2022).
Tradicionalmente el volumen de entrenamiento se ha mal determinado
estableciendo un nimero concreto de repeticiones a realizar dentro de cada serie
ante una carga dada (Badillo & Serna, 2002; Gonzélez-Badillo et al., 2022; Gonzalez-
Badillo et al., 2017; Rodriguez-Rosell, Yanez-Garcia, Mora-Custodio, Pareja-Blanco,
et al., 2020; Sanchez-Medina & Gonzalez-Badillo, 2011). Por tanto, en todos los
estudios, hasta la fecha, sobre entrenamiento de fuerza en poblacion con HTA, los
grupos de intervencion que hayan programado la carga en base al % de 1RM o xXRM
y hayan establecido un mismo ntiimero de repeticiones por serie ante una carga
dada, es muy probable que el grado de fatiga inducido por el entrenamiento haya
sido muy distinto para cada uno de los participantes, debido a que la pérdida de
fuerza y velocidad experimentada por cada sujeto en cada una de las series del
entrenamiento puede haber sido muy diferente (Badillo & Serna, 2002; Gonzalez-
Badillo et al., 2022; Gonzalez-Badillo et al., 2017; Rodriguez-Rosell, Yafiez-Garcia,
Mora-Custodio, Pareja-Blanco, et al., 2020; Sanchez-Medina & Gonzalez-Badillo,
2011).
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Ante lo expuesto, se hace evidente la necesidad de encontrar una herramienta
capaz de determinar y controlar adecuadamente la intensidad y el volumen y que
permita conocer con suficiente precision la dosificacion de la carga de

entrenamiento.

Poder medir la velocidad de ejecucion significo un cambio de paradigma en
lo referente al entrenamiento de la fuerza y una solucion para la problematica
descrita (Badillo, 2017; Badillo & Serna, 2002; Gonzalez-Badillo et al., 2022). Poder
utilizar la velocidad de ejecucion como indicador de la intensidad relativa en el
entrenamiento de fuerza supuso poder cuantificar y controlar objetivamente la
carga de trabajo (Badillo, 2017; Badillo & Serna, 2002; Gonzalez-Badillo & Sanchez-
Medina, 2010; Gonzalez-Badillo et al., 2022; Sanchez-Medina et al., 2017). Son
muchos los estudios que ya han utilizado la velocidad de ejecucién para programar
el estimulo de entrenamiento en diferentes grupos de poblacidn, sujetos jévenes y
sanos (Rodriguez-Rosell, Yafez-Garcia, Mora-Custodio, Pareja-Blanco, et al., 2020),
esclerosis multiple (Andreu-Caravaca et al., 2020), cancer (Diez-Fernandez et al.,
2023) o en adulto mayor (Marcos-Pardo et al., 2019). Sin embargo, no se conocen
estudios previos en HTA que se haya cuantificado la intensidad y el volumen en el
entrenamiento de fuerza a través de la velocidad de ejecucion.

Por todo lo expuesto, es incuestionable la necesidad de nuevos estudios que
permitan conocer la relacion dosis-respuesta de ejercicio mas efectiva para reducir
los niveles de presion arterial en poblacion con HTA. Seria una gran aportacion al
conocimiento del &mbito médico y Ciencias del Deporte conocer los efectos de un
programa de entrenamiento de fuerza, basado en una valoracion mediante la
relacion carga-velocidad individual, combinado con entrenamiento continuo de
moderada intensidad (MICT) o combinado con entrenamiento intervalico de alta
intensidad (HIIT).






IIT - OBJETIVOS
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IIT- OBJETIVOS

3.1 OBJETIVOS GENERALES

1.

Analizar la literatura cientifica sobre los efectos de las intervenciones
con programas de entrenamiento multicomponente en la misma
sesidn sobre los niveles de presion arterial en adultos con HTA.

Conocer los efectos de diferentes programas de entrenamiento
individualizado sobre los parametros hemodindmicos, perfil lipidico,

composicion corporal y condicion fisica en adultos con HTA.

3.2 OBJETIVOS ESPECIFICOS

1.

Evaluar los efectos del entrenamiento multicomponente sobre los
niveles de PAS y PAD de adultos con hipertension e identificar la
dosis optima de entrenamiento multicomponente para controlar la

hipertension en los adultos.

Comparar el efecto del entrenamiento de fuerza, basado en una
valoracion mediante la relacién carga-velocidad individual,
combinado con entrenamiento de resistencia frente al entrenamiento
de resistencia sobre los biomarcadores sanguineos y metabdlicos, la

composicion corporal y la condicidn fisica en adultos con HTA.

Conocer los efectos de un programa de entrenamiento selectivo MICT
frente al entrenamiento de fuerza, basado en una valoracion mediante
la relacion carga-velocidad individual, combinado en la misma sesién
con MICT; y, frente al entrenamiento de fuerza, basado en la
valoracion mediante la relacion carga-velocidad individual,
combinado en la misma sesion con HIIT sobre los niveles de PAS,
PAD, PAM, PP, DP; colesterol total, HDL, LDL, triglicéridos y
glucosa; fuerza maxima de hemisferio superior e inferior del cuerpo;

y capacidad cardiorrespiratoria en adultos con HTA.

Proporcionar recomendaciones a los profesionales de la salud y del
ejercicio (médicos y CAFyD) para poder cuantificar de forma

adecuada, segura y lo mas precisa posible el estimulo o carga de
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trabajo en los programas de entrenamiento combinado para adultos
con HTA.



IV — HIPOTESIS
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IV - HIPOTESIS

4.1 HIPOTESIS GENERALES

1.

La literatura cientifica mostrarda que el entrenamiento
multicomponente en la misma sesion es efectivo para conseguir
reducciones significativas de los niveles de presion arterial en adultos
con HTA.

Un programa de entrenamiento combinado individualizado de
fuerza y resistencia en la misma sesion, con una adecuada y precisa
dosificacion del esfuerzo, sera la modalidad mas efectiva frente a
otros programas de entrenamiento para mejorar los niveles de presion
arterial; perfil lipidico; niveles de glucosa en sangre; composicion

corporal y condicidn fisica en adultos con HTA.

4.2 HIPOTESIS ESPECIFICAS

1.

El entrenamiento multicomponente serd efectivo para reducir los
niveles de PAS y PAD en adultos con HTA.

Un entrenamiento individualizado de fuerza, programado a través de
la velocidad de ejecucion, combinado en la misma sesion con MICT
sera mas efectivo que un entrenamiento individualizado selectivo

MICT para reducir los niveles de presion arterial en adultos con HTA.

Un entrenamiento individualizado de fuerza, programado a través de
la velocidad de ejecucion, combinado en la misma sesion con MICT
sera mas efectivo que un entrenamiento individualizado de fuerza,
programado a través de la velocidad de ejecucion, combinado en la
misma sesion con HIIT para reducir los niveles de presion arterial en
adultos con HTA.

Se desarrollardn recomendaciones para un correcto disefio de
programas de entrenamiento combinado individualizado en
personas con HTA, incluyendo un programa combinado de fuerza y
resistencia en la misma sesién que servira de ayuda a los profesionales

de la salud y del ejercicio (médicos y CAFyD) para la prescripciéon de
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esta modalidad de entrenamiento en este grupo de poblaciéon. Se
describiran todos los componentes o variables del entrenamiento
como la seleccion de ejercicios y distribucion organizativa con la que
se realizardn los mismos, la frecuencia, la intensidad, el volumen y el
tiempo de recuperacién entre series y ejercicios, ademads de
contemplar otras consideraciones que se deben tener en cuenta para

este grupo de poblacion



V - METODO,
RESULTADOS Y DISCUSION
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V - METODO, RESULTADOS Y DISCUSION

El método, los resultados y la discusion de la presente tesis doctoral se
componen de cuatro articulos cientificos publicados en revistas sujetas a revision
por pares. A continuacidn, se describen las referencias de dichos articulos:

Articulo 1
Lopez-Ruiz, I, Lozano, F., Masia, M. D. & Gonzalez-Galvez, N. (2023).

Multicomponent Training and Optimal Dosing Strategies for Adults with
Hypertension: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials. Sports (Basel), 11(6).
https://doi.org/10.3390/sports11060115

JCR Impact Factor: 2.2; Quartile: Q2; Category: Sport Sciences (46/127).

SJR Impact Factor: 0.79; Quartile: Q1; Category: Physical Therapy, Sports Therapy

and Rehabilitation (53/241).
Articulo 2

Lépez-Ruiz, I, Ruiz-Poveda, F. L., Masia, M. D., Heredia-Elvar, J. R., & Gonzalez
Galvez, N. (2025). Concurrent training based on an individual load-velocity
ratio assessment as a better alternative to continuous endurance training to
improve hypertension. Sci Rep 15, 35751 (2025).

https://doi.org/10.1038/s41598-025-21195-z
JCR Impact Factor: 3.9; Quartile: Q1; Category: Multidisciplinary Sciences (25/135).

SJR Impact Factor: 0.87; Quartile: Q1; Category: Multidisciplinary (23/213).

Articulo 3
Lépez-Ruiz, I, Ruiz-Poveda, F. L., Masia, M. D., Heredia-Elvar, J. R., & Gonzalez

Gélvez, N. (2025). Moderate intensity continuous training, combined
moderate-intensity continuous training vs combined high-intensity interval
training in adults with hypertension: Randomized controlled trial.
Complementary ~ Therapies  in  Clinical =~ Practice, 59,  101960.
https://doi.org/https://doi.org/10.1016/j.ctcp.2025.101960



https://doi.org/10.3390/sports11060115
https://doi.org/https:/doi.org/10.1016/j.ctcp.2025.101960
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JCR Impact Factor: 2.2; Quartile: Q2; Category: Integrative & Complementary
Medicine (17/43).
SJR Impact Factor: 0.71; Quartile: Q1; Category: Complementary and Alternative
Medicine (13/108).
Articulo 4
Lopez-Ruiz, I, Lozano, F., Masia, M. D., & Gonzélez-Galvez, D. D. N. (2025).

Disenio de Programas de Entrenamiento Combinado Individualizado para

Adultos con Hipertension Arterial. Cultura, Ciencia Y Deporte, (20)64.
https://doi.org/10.12800/ccd.v20i64.2368

JCR Impact Factor: 1.1; Quartile: Q3; Category: Hospitality, Leisure, Sport &
Tourism (98/139).

SJR Impact Factor: 0.29; Quartile: Q1; Category: Cultural Studies (320/1398).


https://doi.org/10.12800/ccd.v20i64.2368
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Review and Meta-Analysis of
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Va - ESTUDIO 1: Multicomponent Training and Optimal Dosing Strategies
for Adults with Hypertension: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials.

5.1. ABSTRACT

Background: Non-pharmacological interventions have demonstrated
efficacy in the prevention, management, and control of hypertension.
Multicomponent training confers a host of benefits to the general populace. The
aim of this research was to assess the impact of multicomponent training on the
blood pressure of adults with hypertension and ascertain the nature of the dose-
response relationship. (2) Methods: This systematic review adhered to the PRISMA
guidelines and was registered in PROSPERO. Eight studies were included,
following a literature search across PubMed, Web of Science, Cochrane, and
EBSCO. Randomized controlled trials implementing multicomponent training
interventions on adults with hypertension were considered for inclusion. A quality
assessment was performed using the PEDro scale, with a random-effects model
utilized for all analyses. (3) Results: Multicomponent training yielded a significant
reduction in systolic (MD = -10.40, p < 0.001) and diastolic (MD =-5.97, p < 0.001)
blood pressure relative to the control group. Interventions lasting over 14 weeks
with a minimum frequency of three sessions per week, each lasting 60 min, were
deemed most effective. (4) Conclusion: An optimal training intensity was achieved
with 30 min of aerobic exercise at 75% of the heart rate reserve, whereas sets of 10
repetitions at 75% of one repetition maximum produced the best outcomes in
strength training.

5.2. INTRODUCTION

Cardiovascular disease is the leading cause of premature death worldwide,
and hypertension is one of its most prevalent risk factors (Roth et al., 2018;
Stanaway et al., 2018). Approximately one-third of the world’s adult population
suffers from hypertension, a factor that increases the risks of heart disease,
encephalopathy, and kidney disease, with hypertension topping the list of serious,
non-communicable diseases responsible for 10.4 million deaths per year (Unger et
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al., 2020). Non-pharmacological interventions have been shown to be effective in
the prevention, management, and control of hypertension (Gomez et al., 2019). The
World Health Organization recommend that all adults should undertake at least
150 min of moderate-intensity activity or at least 75 min of vigorous-intensity
physical activity, or some equivalent combination of moderate-intensity and
vigorous-intensity aerobic physical activity, per week. In addition, the guidelines
recommend regular muscle-strengthening activity for all age groups (Bull et al.,
2020). In this regard, the effect of cardiovascular training on blood pressure levels
has been well established in the literature, with reductions ranging from —4.9 to -12
mmHg for systolic blood pressure (SBP) and from -3.4 to -5.8 mmHg for diastolic
blood pressure (DBP) (Hanssen et al., 2022). Strength training has shown
improvements in blood pressure ranging from -3.0 to —4.7 mmHg for SBP and from
-3.2 to -3.8 mmHg for DBP (Hanssen et al., 2022).

A description of the combined effect of both cardiovascular and strength
training has been attempted. Multicomponent training has been shown to be more
effective than aerobic training for improving some variables (Rossi et al., 2016) and
has been widely used and recommended in the older adult population to reduce
frailty (Dent et al., 2019). In multicomponent training, work is performed with
many types of exercise by combining the physical capacities of strength,
cardiovascular endurance, flexibility, and balance in the same session (Marcos-
Pardo et al.,, 2021). This training has shown positive effects on the health of the
adults, with haemodynamic improvements and improvements in arterial stiffness
observed (Li et al., 2015), as recommended by the American College of Sports
Medicine and by the American Heart Association (Nelson et al., 2007).

Three similar systematic reviews have been conducted thus far. However,
some aspects should be taken into consideration. The study by Corso et al. (2016)
included subjects with and without cardiovascular pathologies, such as diabetes,
as well as subjects with hypertension; it also included training in a single session
(multicomponent training) and in several sessions (concurrent training). The
statistical analysis with meta-analyses by Herrod et al. (2018) focused on the older

adult population, and Pescatello et al. (2019) did not include meta-analyses.

On the other hand, many differences have been observed between the dosage
of the training protocols applied (time, frequency, duration, intensity, or order of
components) (de Oliveira et al., 2019; Dos Santos et al., 2014; Guimaraes et al., 2014;
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Lima et al., 2017; Masroor et al., 2018; Schroeder et al., 2019; Son et al., 2016; Sousa
et al., 2013; Stewart et al., 2005), and a good understanding of the optimal dosage
of the multicomponent training according to the blood pressure levels of patients
with hypertension would help optimise the prescription, control, and management

of hypertension.

The present systematic review and meta-analysis hypothesises that (a)
multicomponent training will be effective in reducing systolic and diastolic
hypertension levels in subjects with hypertension, and (b) the multicomponent
training protocol that will show the greatest benefits for blood pressure will apply
moderate to vigorous intensities in cardiovascular work and moderate to high
intensities in strength training. In addition, the present systematic review with a
meta-analysis aims (a) to evaluate the effects of multicomponent training on SBP
and DBP levels of adults with hypertension, and (b) to identify the optimal dosage

of multicomponent training to manage hypertension in adults.

5.3. MATERIALS AND METHODS

53.1. Study Desing

This systematic review and meta-analysis adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al.,
2021). In addition, this research followed the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins, 2011) and was registered in PROSPERO
(number CRD42021247395).

53.2. Eligibility Criteria

The inclusion criteria for the articles were (a) a randomised controlled trial
(RCT) design, (b) the study of adults (30-80 years old) with hypertension, (c) a
multicomponent training intervention, (d) the inclusion of a control group that did
not engage in any form of exercise, (e) 100% supervision, and (f) articles written in

English, Spanish, or Portuguese.

The exclusion criteria were (a) multicomponent training that did not include

physical exercise, (b) a sample composed of pregnant women and/or patients with
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hypertensive and with severe diseases that precluded safe physical exercise
(unstable coronary artery disease, heart or kidney failure, severe pulmonary
hypertension, or uncontrolled diabetes), and (c) short communications, notes,

letters, review articles, or brief reports.

5.3.3. Search Strategy

Four electronic databases (PubMed, Cochrane, WOS, and EBSCO) were used
for the search, which ended in April 2022. No limitations for the starting year were
defined in the search. The following search terms were used: hypertension, blood
pressure, systolic, diastolic, and hypertensive, which were combined using the
Boolean AND operator, with the following: exercise, training, sports, physical®,
rehabilitat*, fit*, train*, strength*, aerobic*, endurance*, weight*, HIIT, MICT,
fitness, resistance, combined, and multicomponent. The search strategy used in
each database is detailed in Supplementary Table S1. A total of nine studies were
included in the study (Figure 1).
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Figure 1

Flow chart of studies searched, selected and included

Eligibility Screening identification

Included

Records identified through database
searching. PubMed:426;
Cochrane:331; WOS:983;
EBSCO:119
(n= 1859)

| ———

Duplicates removed (n= 804)

Records after duplicates removed
(n= 1055)

A

Excluded by language (n=0)

Title screened
(n= 1055)

_—

Title excluded for irrelevant subjects
(n=943)

Abstract screened
(n=112)

_— >

Full-text screened
(n=20)

Abstract excluded (n= 92): type of
study (n=5), population group (n=
10), intervention not appropriate (n=
73), text not accessible (n=4)

N

Studies included in the meta-
analysis and the systematic review
(n=9)

Full-text excluded (n=11): type of
study (n= 3), population group (n=
1), intervention not appropriate (n=

7)

5.3.4. Data Collection and Synthesis

Two reviewers (LL.R. and N.G.G.) independently screened the literature in

the selected databases using the search terms, considering the inclusion and

exclusion criteria. In the case of any discrepancy regarding the inclusion of a given

study, the data extraction or assessment were repeated without looking at the

reviewer’s previous information.
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5.3.5. Data Extraction and Study Quality

A Physiotherapy Evidence Database (PEDro) score was used to assess the
individual study of the quality. The score obtained showed a strong validity and
inter-rater reliability for the assessment of RCTs (Morton, 2009; Egger et al., 1997;
Rosenthal, 1979). A risk of bias summary graph was created to identify the authors’
judgments, broken down according to each risk of bias criterion in all included
studies.

Data extraction (table 1) and a quality assessment were performed by two
reviewers (LL.R. and N.G.G.) independently. Disagreements were resolved by
repeating the data extraction or assessment without looking at the information
previously reported by the reviewer. To determine the inter-reviewer reliability,
Cohen’s Kappa was calculated (McHugh, 2012) (Kappa = 0.899). To assess the risk
of bias, Egger’s publication bias test (Egger et al., 1997) and Rosenthal’s failsafe-N
(Rosenthal, 1979) were calculated, and funnel plots were created. The ability of
Egger’s test to detect bias when a meta-analysis is based on a small number of
studies is limited (Sterne et al., 2011). In addition, the inclusion of at least 10 studies

in the meta-analysis are necessary to perform it (Egger et al., 1997).
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Table 1.
Data extraction for each included study
Studies Sample Age Treatment Inclusion criteria Main variables
de Oliveira et EG=13 62.65+6.0 Diuretics, ARBs =50 years; controlled HTN; BP, Isometric
al. (2019) CG=10 years II, ACE medical clearance for exercise, Maximal Strength,
inhibitors no physical activity in the last Body Composition
6 months, no serious medical and VO2
conditions
Schroeder et EG 45-74 years Untreated SBP 120-149 and DBP 80-99 BP, HR, BMI, bOdy
al. (2019) (MCT)=18, 58+7 mm Hg without medication; composition,
(AT), (ST) BMI 25-40 kg/m2; sedentary; cardiorespiratory
and (CG)=17 no serious medical conditions, fitness and strength
non-smoker, non-pregnant
Masroor et al. EG=15 30-50 years A drug (not sedentary women; BP and HRV
(2018) G=13 40.45+4.2 specified) premenopausal; stage 1 or 2

HTN, no serious medical
conditions, no  physical

activity in the last 6 months
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Lima et al. EG (MCT) 60-75 years  Hydrochlorothia Antihypertensive medication, BP, blood markers,
(2017) and (AT)=15, zid, ACE SBP <160 mm Hg and DBP 105 cardiac

CG=14 inhibitors and mm Hg, non-smokers, hypertrophy, body
ARBs II no serious medical conditions, composition, and
not obese II or III VO2max
Son et al. EG=10, 72-85 years Untreated Postmenopausal women; BP, body
(2016) CG=10 7542 stage 1 HTN; non-obese; non- composition,
smokers; sedentary; non- functional capacity,
medicated VO2max, arterial
stiffness,
endothelin-1  and
nitrate
Guimaraes et EG=16, 40-65 years Diuretics, CCBs, HBP >5 years, use of three BP and VO?max
al. (2014) CG=16 53.746.0 ACE inhibitors, antihypertensive drugs, no
ARBs II, Beta- serious medical conditions, no
blockers physical activity in the last 6

months, non-smokers
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Dos Santoset  EG (TST)=20,  60-65 years CCBs, ACE  Female, HTN, SBP < 180 and BP and biochemical

al. (2014) (EST) and 63.1+2.3 inhibitors, ARBs DBP <110 mm Hg, sedentary, parameters
CG=20 I not diabetic, not on drugs
and/or alcohol
Sousa et al. EG (MCT)=16 65-75 years A drug (not Older men, no diabetes, no BP, strength, lower
(2013) (AT)=15, (69.1+5.0) specified) severe obesity, no severe limb aerobic
CG=17 hypertension, no neurological, endurance and
mental or cognitive body fatness

impairment, no  physical

impairment.
Stewart et al. EG=51, 55-75 years Untreated Untreated mild hypertension, BP, VO2max,
(2005) CG=53 63.6+5.7 no physical activity in the last Strength, Body

6 months, non-smokers, no Composition and

diabetes, no serious diseases.  Arterial Stiffness

Note. AT: Aerobic Training; ST: Strength Training; EST: Eccentric Strength Training; TST: Traditional Strength Training;
MCT: Multicomponent Training; HR: Heart Rate; CG: Control Group; EG: Experimental Group., HTN: Arterial
Hypertension; BMI: Body Mass Index; BP: Blood Pressure; DBP: Diastolic Blood Pressure; SBP: Systolic Blood Pressure;
HRV: Heart Rate Variability.
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53.6. Statistical Analysis

R software, version 3.6.0., Copyright (C) 2019 (R Foundation for Statistical
Computing, Vienna, Austria), was used with the metacont package to perform the
meta-analysis. The forest plots were created using the forestplot package. For
continuous data, the changes in the mean (M) and standard deviation (SD) between
the baseline and final (pre—post-intervention) measurements of SBP and DBP
values were used. Some studies had more than one experimental group and were
treated as other subgroups in the analysis. We used the DerSimonian-Laird
(Cohen’s) clustering method and assessed heterogeneity using Cochrane’s Q test
(Chi?), Higgins’ I?, and significance (p) to determine the appropriateness of
applying a fixed or random effects model for the pooled analysis. If there was
evidence of between-study heterogeneity (I2> 50%, p> 0.05), random-effect
estimates were described (Higgins et al., 2019).

To infer the pooled estimated standardised mean difference (MD), a meta-
analysis with a random effects model was carried out (Higgins & Thompson, 2004).
The DerSimonian-Laird (Cohen’s) MD was interpreted by Cohen as small (0 to 0.2),
medium (0.3 to 0.7), or large (=0.8) (Cohen, 1988). Significant differences were
determined at p <0.05.

5.4. RESULTS

5.4.1. Search Results and Study Characteristics

The mean age of the sample was 60.7 + 10.4 years, the mean duration of the
intervention was 12 + 8.3 weeks (range 4-32), and all interventions were supervised
(table 2).
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Table 2
Intervention programmes of the studies analysed.
Studies Start Training Finish T,F,D
de Oliveira  10'running  Aerobic: 25' on treadmill, progressing the intensity by 5% 10'S and ME 8 wks, 3
et al. (2019) and S every two weeks from 70% HRR to 80% HRR. days/wk,
Strength: 6 exercises (rowing, standing bench press, arm 70
curl, knee extension, knee flexion, forward march with a
resistance band) x 2 sets x 15 repetitions x 30" between sets
and exercises. Intensity measured with OMNI-Resistance
exercise scale (RES); from 5 RPE progressing to 7 RPE and
with the elastic bands, from low extensions to high
tensions.
Schroeder et - Aerobic: 30" on treadmill or cycle ergometer at 40% HRR - 8 wks,
al. (2019) progressing to 70% HRR. 3days/wk,
60’

Strength: 30' with 8 exercises (chest press, shoulder press,
pull-down, lumbar extension, abdominal crunches, torso
rotation, biceps curl, triceps extension, leg press,
quadriceps extension, leg flexion and hip abduction) x 2
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sets of 18-20 reps max until progressing to 3 sets of 10-14
reps max, with 1-2' rest between sets.
Masroor et  5'treadmill at Aerobic: 20" treadmill at 50%-80% HRmax (intensity 5'treadmill at 4 wks, 5
al. (2018) 40% of increased gradually over 4 weeks) 40% of days/wk,
HRmax Strength: 5 exercises (bicep curls, triceps extensions, HRmax 50"-60"
abdominal crunches, leg curls, and knee extensions) x 3 sets
x 10 reps at an intensity of 50-80% of 1RM (intensity was
gradually increased over 4 weeks).
Lima et al. 5' Strength: 9 strength exercises (leg press, 45° leg press or - 10 wks, 3
(2017) bench press, bench extensor, front bench with handle, days/wk,
seated bench press, upright rowing, plantar flexion, seated 407-60

rowing and crunches) x 15 repetitions (upper limbs) and 20
repetitions (lower limbs and trunk) with an intensity of
50%-60% 1 RM. From week 1 to 4 they performed 1 round

and from week 5 to 10, 2 rounds.

Aerobic: 20" on treadmill from week 1 to 4 and 30' from
week 5 to 10. The intensity of the exercise was based on the

physical condition of each participant.
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Son et al. 5'SS Strength: 20' exercises with elastic bands; 10 exercises 5'SS 12 wks, 3
(2016) (seated row, bicep curl, shoulder flexion, elbow flexion, days/wk
push-up; hip flexion, hip extension, calf raise, leg press, 60’
squats).
Aerobic: 30" of walking at an exercise intensity of 40% to
50% HRR from week 1 to 4, and 60% to 70% HRR from
week 9-12.
Guimaraes 5' Strength: 20" calisthenics in water (upper and lower limbs). 5'S 12 wks, 3
etal. (2014) Aerobic: 30" walking in water between 11 and 13 on the days/wk,
Borg scale. 60’
Dos Santos TST Strength: 7 exercises (bench press with barbell, leg press, - 16 wks, 3
et al. (2014) trunk extension, leg extension, arm curl, dorsiflexion, and days/wk,
lateral raises). Week 1 to 5 at 70% 10RM, week 6 to 11 at 50"-60"
80% of 10RM, and week 12 to 16 at 90% of 10RM. 3 sets x 10
reps.
Aerobic: 20' on a treadmill at 65-75% HRR.
EST Strength work 30% 1RM more than in EFT. Same resistance -

work.
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Sousaetal. 10'walking 2 days of training on land and 1 day in the water. 55 32 wks, 3
(2013) and S Aerobic: 30" with a choice between walking, jogging or days/wk,

dancing, with moderate intensity; in addition, 10" of muscle 60’
resistance with 3 exercises (with own body weight, upper
and lower body), 3 sets, 15-20 repetitions. The aquatic
session: relay races, water volleyball and water polo.
Strength: 6 exercises (bench press, leg press, lateral leg
extension, leg extension, leg curl, military press, leg curl
and arm curl) at 65%R 1RM x 3 sets x 10-12 reps (MC1);
75%RM. 24 x 3 sets x 8-10 reps (MC2); 70%RM x 3 sets x 8-
10 reps (MC3); 65%RM x 3 sets x 10-12 reps (MC4).
Stewart et S Strength: 7 exercises (latissimus dorsi pull down, leg - 24 wks, 3
al. (2005) extension, leg curl, bench press, leg press, shoulder press, days/wk,
and seated mid-row) x 2 sets x 10-15 reps at 50% 1RM. >60’

Aerobic: 45" with a choice of treadmill, exercise bike or stair
climber. Intensity between 60%-90% HRmax.

Note. " minutes; 1IRM: 1 Repetition Maximum; D: duration/session; S: Stretching; SS: Static Stretching; EST: Eccentric Strength

Training; TST: Traditional Strength Training; F: weekly frequency; HRmax: maximum Heart Rate; HRR: Heart Rate Reserve; MC:

Microcycle; ME: Mobility Exercise; Reps: repetitions; WKS: weeks; T: intervention time; RPE: Rate of Perceived Exertion
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5.4.2. Risk of Bias

Table 3 shows the score obtained on the PEDro scale for each of the articles
included. The results show that quality obtained between 8 and 10 points and was
thus considered to be “high quality”. Figure 2 shows the risk of bias summary: the
authors’ judgements are broken down according to each risk of bias criterion across
all included studies.

Figure 2

Risk of bias summary: authors’ judgements broken down according to each risk of bias criterion across all
included studies.

Eligibility criterion

Random allocation
Concealed allocation
Baseline comparability
Blinded subjects

Blinded therapists

Blinded assessors

Adequate follow up
Intention to treat

Between groups comparison

Point estimates and variability

|. Present l Absent l
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Table 3

Assessment of the methodological quality (PEDro scale) of the articles included.

C1 2 C3 C4 G5 Cé6 c7 C8 9 Cio0 C11 TOTAL

Oliveira et al.

1 1 1 1 1 0 0 1 1 1 1 9
(2019)
Schroeder et

1 1 1 1 0 0 1 1 1 1 1 9
al. (2019)
Masroor et al.

1 1 1 1 1 0 1 1 1 1 1 10
(2018)
Lima et al.

1 1 1 1 0 0 0 1 1 1 1 8
(2017)
Son et al

1 1 1 1 0 0 0 1 1 1 1 8
(2016)
Guimaraes et

1 1 1 1 0 0 0 1 1 1 1 8
al. (2014)
Dos Santos et

1 1 1 1 0 0 0 1 1 1 1 8

al. (2014)




CAPITULO V — METODO, RESULTADO Y DISCUSION 87

Sousa et al
2013)

Stewart et al.
(2005)

Note. C1: choice criteria were specified; C2: subjects were randomly assigned to groups; C3: assignment was concealed;
C4: groups were similar at baseline in relation to the most important prognostic indicators; C5: all subjects were blinded;
Cé: all therapists administering therapy were blinded; C7: all assessors measuring at least one key outcome were blinded;
C8: measures of at least one of the key outcomes were obtained from more than 85% of the subjects initially assigned to
the groups; C9: results were presented for all subjects who received treatment or were assigned to the control group, or,
when this could not be done, data for at least one key outcome were analysed on an intention-to-treat basis; C10: results
of statistical comparisons between groups were reported for at least one key outcome; C11: the study provides point-in-

time and variability measures for at least one key outcome.
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5.4.3. Effect of the Interventions

All the included studies showed significant improvements in SBP and DBP
levels (de Oliveira et al., 2019; Dos Santos et al., 2014; Guimaraes et al., 2014; Lima
et al., 2017; Masroor et al., 2018; Son et al., 2016; Sousa et al., 2013; Stewart et al.,
2005) except for the study by Schroeder et al. (2019), which showed no
improvements in peripheral and central systolic blood pressure levels; however, it
did show improvements in peripheral and central diastolic blood pressure levels.
Seven studies de Oliveira et al. (2019); dos Santos et al. (2014); Guimaraes et al.
(2014); Lima et al. (2017); Masrror et al. (2018); Son et al. (2016); and Sousa et al.
(2013) showed significant reductions (p< 0.05) in SBP and DBP levels in
participants from the experimental group when compared to the control group;
two of the studies Schroedes et al. (2019) and Stewart et al. (2005) did not show

much improvement when compared to the control group.

The meta-analysis showed a significant reduction in SBP (MD = -10.40, 95%
CI -17.49 to -3.32, p < 0.001) and DBP (MD=-5.97, 95% CI -9.20 to —2.74, p < 0.001)
levels (Figure 3 and figure 4).
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Figure 3

Forest plot comparing multicomponent training with supervision on changes in systolic blood pressure (de
Oliveira et al., 2019; Dos Santos et al., 2014; Guimaraes et al., 2014; Lima et al., 2017; Masroor et al., 2018;
Schroeder et al., 2019; Son et al., 2016; Sousa et al., 2013, Stewart et al., 2005)

Experimental
Study Mean SD Total
Masroor et al., (2018) -19.10 0.9600 15
de Oliveira et al,, (2020) -6.61 1.1400 13
Guimaraes et al., (2014)1 -19.50 11.0000 16
Guimaraes et al., (2014)2 -22.30 12.6000 16
Guimaraes et al_, (2014)3 -27.40 9.1000 16
dos Santos et al., (2014)1 -35.10 0.7800 20
dos Santos et al., (2014)2 -30.85 0.8200 20
Schroeder et al,, (2019)1  0.00 8.8500 18
Schroeder etal., (2019)2 -1.00 8.6500 18
Stewart et al., (2005) -5.30 18.7600 51
Sousa et al., (2013) -24.00 1.4100 16
Lima et al., (20171 -7.50 1.2600 15
Lima et al., (2017)2 -7.50 1.1400 15
Lima et al., (2017)3 -6.60 1.4700 15
Total (95% Cl) 264

Mean
-0.40
0.50
3.00
4.40
4.50
1.85
1.85
-1.00
-1.00
-4.50
-0.30
5.70
5.00
4.50

Control
SD
1.3000
0.9100
0.1000
2.2000
1.6100
09500
0.9500
1.8900
1.3500
16.5200
1.3800
1.2800
1.3000
1.3600

Total Weight

13 7.1%
10 7.3%
16 7.3%
16 7.3%
16 7.3%
20 62%
20 6.6%
17 7.3%
17 7.3%
53 7.3%
17 71%
14  7.2%
14 7.2%
14  7.3%
257 100.0%

Heterogeneity: Tau® = 136.1177; Chi® = 458.98, df = 13 (P < 0.01); P = 97%

Figure 4
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Forest plot comparing multicomponent training with supervision on changes in diastolic blood pressure (de
Oliveira et al., 2019; Dos Santos et al., 2014; Guimaraes et al., 2014; Lima et al., 2017; Masroor et al., 2018;
Schroeder et al., 2019; Son et al., 2016; Sousa et al., 2013; Stewart et al., 2005)

Experimental

Study Mean SD Total
Masroor et al., (2018) -7.20 0.9000 15
de Cliveira et al., (2020)  -4.00 1.1300 13
Guimaraes et al., (2014)1 -11.10 3.1000 16
Guimaraes et al., (2014)2 -13.00 3.6000 16
Guimaraes et al., (2014)3 -8.50 2.1000 16
dos Santos et al, (2014)1 -12.05 05800 20
dos Santos et al., (2014)2 -11.85 0.6600 20
Schroeder et al., (2019)1  -4.00 1.1300 18
Schroeder et al, (2019)2 -4.00 5.4000 18
Stewart et al., (2005) -3.70 49100 51
Sousa et al., (2013) -11.50 1.0500 16
Lima et al., (2017)1 -3.63 0.8600 15
Lima et al., (2017)2 -3.50 0.8000 15
Lima et al., (2017)3 -3.70 1.0600 15
Total (95% Cl) 264

Mean
1.30
-0.30
210
3.50
3.00
025
0.25
0.00
-1.00
-1.50
-3.60
0.89
1.80
0.30

Control

8D Total Weight

0.8800
1.1200
1.2000
2.1000
1.9000
0.6800
0.6800
28.3800
28.3800
10.8400
1.0800
1.0500
1.0900
1.0800

13
10

7.0%
7.3%
7.3%
7.3%
7.3%
6.3%
6.4%
7.4%
7.4%
7.4%
7.2%
7.3%
7.2%
7.3%

257 100.0%
Heterogeneity: Tau® = 28.1331; Chi® = 383.26, df = 13 (P < 0.01); I =97%

Std. Mean Difference
IV, Random, 95% CI
-9.26 [-11.97; -6.55]
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The meta-analysis for SBP (Table 4) and DBP (Table 5) indicate that
multicomponent training showed improvements independent of age and the
weekly frequency and intensity of aerobic training. All program durations showed
significant improvements in DBP and SBP; however, those with a duration longer
than 14 weeks produced significantly greater improvements (SBP: MD = 0.36, p =
0.043, DBP: MD =0.40, p = 0.024).
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Table 4

Analysis of the effect of multicomponent training on SBP in patients with hypertension according to duration in weeks, weekly frequency, type of physical exercise
programme applied, intensity, volume, and order of components.

Authors G MD 95% CI P MD 95% CI P
Age
<65 years Masroor et al. (2018), de Oliveira et al. (2019), 6  -2.2 -3.63; - 0.002 -0.17 -0.58;0.23  0.40
Guimaraes et al. (2014), dos Santos et al. (2014) 0.78 0
_1_TRT, dos Santos et al. (2014) _2_ERT,
Schroeder et al. (2019)
=65 years Sousa et al. (2013), Lima et al. (2017) 2 -1.06 -1.93;0.2 0.016
Weeks

<14 weeks Masroor et al. (2018), de Oliveira et al. (2019), 5 -097 -1.74;0.21 0.012 0.36 -0.01,0.70  0.04
Guimaraes et al. (2014), Schroeder et al. (2019), 3
Lima et al. (2017)(Lima et al., 2017)

>14 weeks dos Santos et al. (2014) _1_TRT, dos Santos etal. 3 -3.51 -5.74; - 0.002
(2014) _2_ERT, Sousa et al. (2013) 1.27
Frequency
3 days/ de Oliveira et al. (2019), Guimaraes et al. (2014), 6 -1.47 -2.53; - 0.006 0.42 0.97;-0.12 0.13
weeks dos Santos et al. (2014), Schroeder et al. (2019), 0.40 0

Sousa et al. (2013), Lima et al. (2017)
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>3 days/ Masroor et al. (2018) 1 -2.63 -3.63; - <0.001

weeks 1.64

Intensity Aerobic Training

<75% HRR Masroor et al. (2018), Guimaraes et al. (2014), 5 -1.51 -4.26; - 0.004 -0.05 -0.47;037  0.81
dos Santos et al. (2014) _1_TRT, dos Santos et al. 0.77 9
(2014) _2_ERT, Schroeder et al. (2019)

>75% HRR de Oliveira et al. (2019), Sousa et al. (2013) 2 -1.15 -1.87; - 0.001
0.43

Duration Aerobic Training

<30 minutes  de Oliveira et al. (2019), dos Santos et al.(2014) 161

_1_TRT, dos Santos et al. (2014) _2_ERT, Lima 4 -2.58 055 0.012
etal. (2017) ' 0.00
0.46 0.16; 0.76

>30 minutes ~ Masroor et al. (2018), Guimaraes et al. (2014),
Schroeder et al. (2019), Stewart et al. (2005), 5 -5.25 -8.14;2.35; <0.001
Sousa et al. (2013)

Intensity Strength Training

<75% 1 RM Schroeder et al. (2019), Sousa et al. (2013), Lima 3 -0.69 -1.55;0.16 0.112 0.56 0.12;1 0.01
et al. (2017) 3
>75% 1 RM Masroor et al. (2018), dos Santos et al. (2014) 2 -4.03 -6.86; - 0.005

_1_TRT 1.21




CAPITULO V — METODO, RESULTADO Y DISCUSION

93

Repetitions Strength Training

<10 Masroor et al. (2018), dos Santos et al. (2014) _.1 2  -4.03 -6.86; - 0.005 -0.61 -1.03;-0.18  0.00
TRT 1.21 5
>10 de Oliveira et al. (2019), Schroeder et al. (2019), 4 -0.71 -1.33; - 0.026
Sousa et al. (2013), Lima et al. (2017) 0.08
Order Training Components
Aerobic + Masroor et al. (2018), de Oliveira et al. (2019), 3 -1.10 -2.52;0.33 0.131 0.22 -0.16; 0.59 0.25
Strength Schroeder et al. (2019) 6
Strength  + Guimaraes et al. (2014), dos Santos et al. (2014) 4 -2.65 -4.59; - 0.007
Aerobic _1_TRT, dos Santos et al. (2014) _2_ERT, Lima 0.71

et al. (2017)

Note. MD: Mean Difference; HRR: Heart Rate Reserve; CI: Confidence Interval; p: significance; MR: Maximum Repetition
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Table 5

Analysis of the effect of multicomponent training on DBP in patients with hypertension according to duration in weeks, weekly frequency, type of physical exercise

programme applied, intensity, volume, and order of components.

Authors G MD 95% CI P MD 95% CI P
Age
<65 years Masroor et al. (2018), de Oliveira et al. (2019),
Guimaraes et al. (2014), dos Santos et al. (2014) -2.67; -
6 -1.79 <0.001
_1_TRT. dos Santos et al. (2014) _2_ERT, 0.91 0.32
Schroeder et al. (2019) -0.20 -0.60;0.2
=65 years Sousa et al. (2013), Lima et al. (2017) -1.60; -
2 -0.97 0.002
0.34
Weeks
<14 weeks Masroor et al. (2018), de Oliveira et al. (2019),
Guimaraes et al. (2014), Schroeder et al. (2019), 5 -1.04 -1.55;0.54 <0.001
Lima et al. (2017) 0.40 0.75; 0.05 002
>14 weeks dos Santos et al. (2014) _1_TRT, dos Santos et al. -3.83; -
-2.51 <0.001
(2014) _2_ERT, Sousa et al. (2013) 1.18

Frequency
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3 days/ de Oliveira et al. (2019), Guimaraes et al. (2014),
weeks dos Santos et al. (2014) _1_TRT, Schroeder et al. -1.46  -2.26;0.66 <0.001
(2019), Sousa et al. (2013), Lima et al. (2017) 008 047062 78
>3 days/ Masroor et al. (2018)
-1.17 -1.95;0.39  0.003
weeks
Intensity Aerobic training
<75% HRR Masroor et al. (2018), de Oliveira et al. (2019),
Guimaraes et al. (2014), dos Santos et al. (2014)
1.79 -2.67,091 <0.001
_1_TRT, dos Santos et al. (2014) _2_ERT, 0.83
Schroeder et al. (2019) -0.06 -0.58; 0.47
>75% HRR -2.07; -
Sousa et al. (2013) -1.3 <0.001
0.53
Intensity Strength Training
<75% Schroeder et al. (2019), Sousa et al. (2013), Lima -2.06; -
-1.3 <0.001
1 RM et al. (2017) 0.55 0.34
0.21 0.64; -0.23
>75% Masroor et al. (2018), dos Santos et al. (2014)
-2.35 -4.71;0.01  0.050
1 RM _1_TRT

Duration Aerobic training
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<30 minutes  de Oliveira et al. (2019), dos Santos et al. (2014)

-3.28; -
_1_TRT, dos Santos et al. (2014) _2_ERT, Limaet 4 -1.84 0.39 0.012
al. (2017) ' 0.17
0.21 -0.09; 0.51;
230 minutes  Masroor et al. (2018), Guimaraes et al. (2014), 596 3
Schroeder et al. (2019), Stewart et al. (2005), 5  -3.05 0‘ 85’ 0.006
Sousa et al. (2013) '
Repetitions Strength Training
<10 Masroor et al. (2018), dos Santos et al. (2014)
2 -2.35 -4.71;0.01  0.050
_1 TRT 0.21
-0.26 0.15; -0.68
>10 de Oliveira et al. (2019), Schroeder et al. (2019), 6
] 4 -1.10  -1.76;0.44  0.001
Sousa et al. (2013). Lima et al. (2017)
Order Training Components
Aerobic  + Masroor et al. (2018), de Oliveira et al. (2019), -2.07; -
3 -1.21 0.005
Strength Schroeder et al. (2019) 0.36
0.39
Strength + Guimaraes et al. (2014), dos Santos et al. (2014) 307, 0.16 -0.21; 0.53 )
Aerobic _1_TRT, dos Santos et al. (2014) _2_ERT, Limaet 4 -1.95 0 64 0.003
al. (2017) ’

Note. MD: Mean Difference; HRR: Heart Rate Reserve; CI: Confidence Interval; p: significance; MR: Maximum Repetition
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Similar results were observed for the duration of the training session in
relation to SBP, with the most significant improvements observed for a duration of
30 min or longer. In relation to DBP, both protocols showed significant reductions,
with no differences between them.

In the strength component, a work intensity of less than 75% of one repetition
maximum (1 RM) (or equivalent) did not produce significant improvements in SBP
though higher intensities did, with a significant difference observed between the
two intensities used (p = 0.013). With respect to DBP, an intensity lower or higher
than 75% of 1 RM produced significant improvements with a tendency towards
significance, with no differences between the two. Any number of repetitions
produced significant improvements in both SBP and DBP levels. However, a lower
number of repetitions (<10) resulted in significantly greater improvements in SBP

than a higher number of repetitions (>10) (p = 0.005).

The programmes that used aerobic work first and strength work second did
not show a significant improvement in SBP values; those that applied the
components in reverse did show a significant reduction (MD = -2.65; p = 0.007);
however, the difference between groups was not significant. For DBP, significant

improvements with no differences between them were found for both cases.

5.5. DISCUSSION

The main objective of the present study was to determine the effects of
multicomponent training programmes on the SBP and DBP levels of adults with
hypertension. The results confirm the first hypothesis formulated: multicomponent
training will be effective in reducing systolic and diastolic hypertension levels in
subjects with hypertension. The results showed that a multicomponent training
programme achieved significant reductions in SBP and DBP levels in adults with
hypertension, with these changes being significantly different from a control
group. Individually, the works by Masroor et al. (2018), dos Santos et al. (2014), de
Oliveira et al. (2019), Guimaraes et al. (2014), Sousa et al. (2013), and Lima et al.
(2017) showed significant reductions in both SBP and DBP values post intervention
with multicomponent training programmes. The study by Dos Santos et al. (2014)
showed the greatest effects on SBP and DBP levels, and the study by Schroeder et
al. (2019) only showed improvements in peripheral and central SBP levels and not



98 ISABEL MARIA LOPEZ RUIZ

in peripheral and central DBP levels. This difference may be because the latter
study included only subjects with uncontrolled mild hypertension compared to the
inclusion of subjects with monitored grades one and two hypertension in the other
studies.

Our findings are in line with those from other systematic reviews and meta-
analyses (Cornelissen & Smart, 2013; Corso et al.,, 2016; Herrod et al., 2018;
Pescatello et al., 2019). The works by Corso et al. (2016), Herrod et al. (2018), and
Pescatello et al. (2019) described significant reductions in SBP and DBP levels with
multicomponent training. It should be noted that in the study by Herrod et al.
(2018), the intervention did not provide benefits that were any greater than single-
mode training. In the review by Cornelissen et al. (2013), only significant reductions
in DBP levels were obtained with multicomponent training, without changes
observed in SBP values. On the other hand, one of the most recent reviews, written
by Saco-Ledo et al. (2020), did not describe significant benefits on ambulatory blood
pressure levels, specifying that significant benefits were only obtained with aerobic
training programmes. However, the authors only included three studies in their
systematic review that used multicomponent training, and one of them worked
with people with mild hypertension, so the result may not be significant. The
authors themselves indicated that more studies were needed for considering their

results.

In this sense, multicomponent training as a physical activity programme is
effective in playing an important role not only in primary but also in secondary
cardiovascular prevention. In this regard, the effects of physical activity
programmes on the metabolic environment and systemic chronic inflammation, as
well as adaptations at the vascular and cardiac tissue levels, have been described
(Bullard et al, 2019; Valenzuela et al., 2023). As in the studies previously
mentioned, those included in the present systematic review and meta-analysis
were highly heterogeneous in terms of the design of the multicomponent training
programmes, suggesting that this may have an influence on the outcome of the SBP
and DBP responses (Spiering et al., 2008; Taipale & Hakkinen, 2013), which will be
discussed below.

These reductions in SBP and DBP can also be affected by drug treatment. In

addition to commencing drug treatment, the patient with hypertension should
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make lifestyle changes, such as including regular physical exercise (Pescatello et
al.,, 2004; Williams et al., 2018). The studies by Sousa et al. (2013), dos Santos et al.
(2014), Guimaraes et al. (2014), Lima et al. (2017), Masroor et al. (2018), and de
Oliveira et al. (2019) included adults with monitored hypertension as the inclusion
criteria. The participants in both the experimental and control groups had some
pharmacological treatment that they continued to maintain during the study. After
the completion of the multicomponent training interventions, the studies showed
significant reductions in SBP and DBP levels, and these reductions differed from
changes in the control group, who did not take part in the training programmes.
However, the participants in the studies by Stewart et al. (2005) and Schroeder et
al. (2019) had mild hypertension without pharmacological treatment as an
inclusion criterion. The first (Stewart et al., 2005) showed significant reductions in
SBP and DBP; however, these did not differ from changes in the control group, and
the second (Schroeder et al., 2019) showed a reduction in SBP, which was
significantly different compared to the control group but not in DBP. This could be
due to the fact that multicomponent training may be more effective for higher levels
of hypertension, and the differential results could also be due to the differences in

the programmes implemented, as will be discussed below.

The second objective of the present study was to identify the optimal dosage
of multicomponent training for managing hypertension in adults. The results
confirm the second hypothesis: the multicomponent training protocol that will
show the greatest benefits for blood pressure will be one that applies moderate to
vigorous intensities in cardiovascular work and moderate to high intensities in
strength training. Age is one of the risk factors that influences blood pressure levels,
with the risk of hypertension increasing from the ages of 60-65 years old (Anandita
et al., 2020). The present meta-analysis shows that multicomponent training
produced significant improvements in SBP and DBP regardless of age when
comparing studies that included a sample younger than 65 years old (de Oliveira
et al., 2019; Dos Santos et al., 2014; Guimaraes et al., 2014; Masroor et al., 2018;
Schroeder et al., 2019) with studies that included a sample older than 65 (Lima et
al., 2017; Sousa et al., 2013). These positive results are due to the fact that regular
physical exercise can prevent or reverse pathologies associated with aging, as is the
case with hypertension and as reflected in studies such as the one by Marcos-Pardo

et al. (2021) in its multi-domain intervention programme Healthy-Age.
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Regarding the duration of the interventions, the results of the meta-analysis
showed significant reductions in SBP and DBP levels with multicomponent
training regardless of the duration of the programme. Of note, interventions lasting
longer or equal to 14 weeks resulted in greater reductions in blood pressure levels.
Acute adaptations to exercise occur from the start, with reductions of 10-20 mmHg
in SBP after the end of the training session, with these effects lasting up to 22 h. If
exercise is maintained regularly over time, these adaptations will become
increasingly larger and chronic, with reductions of up to 10 mmHg in SBP and 8
mmHg in DBP (Pedersen & Saltin, 2015). Training programmes aimed at
improving and managing hypertension should be considered as lifelong strategies

to maintain these adaptations.

Regarding the frequency of the multicomponent training programmes, no
significant differences were observed. The result of the meta-analysis indicated that
reductions in SBP and DBP improved independently of the number of training
days, with three days/week being the minimum frequency applied in the included
studies. The exercise recommendations for hypertension from the American
College of Sports Medicine and the latest hypertension clinical guidelines indicate
the same frequency as the results obtained in this meta-analysis, with 3 days/week
being the minimum training frequency recommended (Unger et al., 2020; Zaleski,
2019).

In relation to aerobic training, all the groups obtained significant reductions
in SBP and DBP irrespective of work volume or intensity. However, the protocols
that applied 230 min of work were shown to be more effective in reducing SBP.
Regarding the minimum aerobic exercise time for improving hypertension, the
main cardiology clinical guidelines state a minimum of 30 min per day, a length of
time associated with reductions of 7 mm Hg for SBP and 5 mm Hg for DBP, with

these guidelines in line with the results obtained in this meta-analysis.

In the protocols utilized for strength work, the studies that used a lower
number of repetitions also showed a higher percentage of repetition maximum. The
meta-analysis revealed that although both groups showed improvements,
performing less than or equal to 10 repetitions produced greater reductions in SBP.
In relation to the percentage of 1 RM, only work higher than 75% of 1 RM produced

improvements in this variable. The DBP response was not different between



CAPITULO V — METODO, RESULTADO Y DISCUSION 101

protocols that applied intensities lower than 75% of 1 RM than higher ones, nor
between protocols that performed more than 10 repetitions versus those that
performed fewer repetitions. In this sense, it follows that a higher-volume and
lower-intensity strength work protocol could have a greater influence on blood
pressure in subjects with hypertension. Training programmes aimed at improving
strength at low—moderate work intensities provide many benefits for the adult
population, with this being an effective stimulus for improving blood pressure
levels (Zhang et al.,, 2021). The exercise recommendations for subjects with
hypertension refer to the practice of 150-300 min of aerobic exercise per week at a
moderate—vigorous intensity, including 2-3 days of strength exercise per week,
without specifying intensities, series, or repetitions, making it difficult to compare

the findings from this meta-analysis (Unger et al., 2020).

The present meta-analysis did not show significant differences with respect to
the order of the exercise components, although the changes in the order were only
significant for the group that first performed strength exercises and then aerobics
(Dos Santos et al., 2014; Guimaraes et al., 2014; Lima et al., 2017). Some studies, such
as those by Eklund et al. (2016), Schumann et al. (2014), or Wilhelm et al. (2014), can
explain these results. In their work, with different types of populations, sedentary
women, sedentary older adults, and active young men, it was observed that the
order of the components in multicomponent training programmes did not affect

the adaptations of each modality.
Strengths and limitations:

The main limitation of this systematic review and meta-analysis is the small
number of RCTs that currently exist, the heterogeneity of the population included
(sex and age), the heterogeneity of the protocols, the types of aerobic and strength
training exercises, and the small sample sizes in some studies. These aspects limit
the comparisons between the different intervention groups and indicate the need
for new studies to provide new data that allows for the generalisation of results.

However, the studies analysed herein also had strengths, among which we
must underline that they obtained scores between 8 and 10 on the PEDRO scale, a
ranking considered “high quality” (Morton, 2009).
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5.6. CONCLUSIONS

The results of this study indicate that multicomponent training programmes
significantly improved the SBP and DBP levels of adults with hypertension. The
greatest benefits were found in programmes lasting longer than 14 weeks with a
frequency of at least three sessions per week and sessions lasting approximately 60
min. The intensity of aerobic training should be around 75% of the reserve HR, and
the intensity of strength training should be greater than 75% of 1 RM, with 10
repetitions or less per set. This research provides relevant information for
professionals who prescribe physical activity to subjects with hypertension,
providing key guidelines for its implementation. In this regard, there are several
future areas for research in this field. It is necessary to investigate if there are
differences in the results of the application of two protocols with training that apply
the different components in different sessions or in the same session. It is also
considered relevant to investigate the influence of the type of activity during

cardiovascular work.
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Vb - ESTUDIO 2: Concurrent training based on an individual load-velocity
ratio assessment as a better alternative to continuous endurance training to

improve hypertension

5.7. ABSTRACT

Hypertension remains a major global public health problem as the leading
modifiable risk factor for cardiovascular death worldwide, responsible for more
than 10 million deaths per year. The aim of the present study was to compare the
effect of strength training, based on an individual load-velocity ratio assessment,
concurrent with endurance training, and endurance training on blood and
metabolic biomarkers, body composition and physical fitness in adults with
hypertension. A randomised, single-blind, 12-week, prospective clinical trial was
conducted. The study included 75 volunteers with an average age of 54 years, all
of whom were hypertensive and sedentary. The sample was randomly assigned
into three groups, strength training, based on an individual load-velocity ratio
assessment, concurrent with endurance training, endurance training alone group,
and a control group. The concurrent training group obtained greater reductions in
SBP, DBP and MAP than the endurance training group, up to 12.8 mmHg, 6.8
mmHg and 8.6 mmHg respectively. The findings of the present study indicate that
performing strength training, based on an individual load-velocity ratio
assessment, concurrent with endurance training 2 days per week for 12 weeks,
leads to improvements in metabolic and blood biomarkers, body composition, and
physical fitness, of adults with hypertension, with these adaptations being superior

to those produced by endurance training alone.

Keywords: high blood pressure, exercise, combined training, strength

training, velocity of execution, endurance.

5.8. INTRODUCTION

Presently, hypertension remains the main modifiable risk factor worldwide
for premature cardiovascular deaths (Vaduganathan et al, 2022). Large
epidemiological studies have shown an inverse relationship between the incidence

of hypertension and exercise (Diaz & Shimbo, 2013; Liu et al., 2017), understood as
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the set of ordered, structured and systematised movements aimed at improving
health or physical condition. The most important clinical guidelines recommend
exercise for subjects with hypertension, giving priority to endurance training
(Pelliccia et al., 2020; Rabi et al., 2020; Whelton et al., 2018b). The effects of
endurance training on hypertension have been studied and are well described in
the literature, showing reductions in the range of -4.9 to -12 millimetres of mercury
(mmHg) for systolic blood pressure (SBP) and -3.4 to -5.8 mmHg for diastolic blood
pressure (DBP) (Hanssen et al., 2021; Mancia et al., 2023). Some guidelines
recommend incorporating strength training as well (Whelton et al., 2018b), but few
individuals comply with their prescription in depth (Hanssen et al., 2021). Strength
training has shown improvements ranging from -3.0 to -4.7mmHg for SBP and -3.2
to -3.8mmHg for DBP (Hanssen et al., 2021; Mancia et al., 2023). In addition to these
guidelines, the available evidence shows that concurrent training, understood as
training that combines strength and endurance work in the same training session,
has also shown great benefits on health, specifically on hypertension (Bavaresco
Gambeassi et al., 2024; Gambassi & Schwingel, 2024; Lopez-Ruiz et al.,, 2023).
Different controlled trials (Dos Santos et al., 2014; Masroor et al., 2018; Sousa et al.,
2013) showed significant reductions in SBP and DBP levels with concurrent
programme interventions (Costa Chaves et al., 2025; Herrod et al., 2018; Lopez-
Ruiz et al., 2023; Pescatello et al., 2019).

However, there are large differences among the protocols applied (frequency,
intensity, volume, recovery time and characteristics, selection, organisation and
distribution of exercises) in the different studies conducted (Diaz & Shimbo, 2013;
Lépez-Ruiz et al., 2023). Despite scientific evidence showing improvements in
blood pressure levels and other metabolic markers with combined or concurrent
training, further research is needed to gain a more specific understanding of the
dose-response relationship of this type of training and to standardize such training
programs (Amare et al., 2025; Hejazi et al., 2025; Lopez-Ruiz et al., 2023). Recent
studies indicate that due to the heterogeneity of research quality and heterogeneity
in research protocols, further research is needed to determine the effect of these
types of programs. This study is the first to apply a concurrent training program,
considering the loss of running speed when prescribing repetitions (Lépez-Ruiz et
al., 2023; Poli et al., 2025). One of the main problems is the lack of precision in the

quantification of the work stimulus in strength training, which makes it very
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difficult to establish a dose-response relationship, as it is not known whether the
intensity with which the participants trained was the same as that programmed
and applied, as well as not knowing the degree of fatigue reached by each
participant in each set or training session. A major difficulty in designing strength
training programmes is how to accurately quantify and control the workload in
order to obtain the greatest health and fitness benefits (Gonzalez-Badillo et al.,
2022). In order to address this problem, the focus has been on the velocity of
execution (Badillo & Serna, 2002; Gonzalez-Badillo & Sanchez-Medina, 2010). This
form of effort programming has brought about a paradigm shift in the control of
strength training (Gonzalez-Badillo & Sdnchez-Medina, 2010; Gonzalez-Badillo et
al., 2022; Sanchez-Medina & Gonzalez-Badillo, 2011). Despite all of the research on
strength training through speed of execution and its positive results as a tool for
training programming in the young population and athletes (Conceicao et al., 2016;
Sanchez-Medina & Gonzalez-Badillo, 2011), cancer survivors (Diez-Fernandez et
al., 2023), multiple sclerosis and older adults (Andreu-Caravaca et al., 2020), there
is still a gap in the health field in relation to the design of exercise programmes with
this methodology, and especially in subjects with hypertension. Training methods
such as velocity-based training should be prioritized over the repetitions until
failure method to minimize the risk of overexertion (McClean et al., 2024; Motlagh
& Lipps, 2024).

Therefore, the aim of the present study was to compare the effect of strength
training, based on an individual load-velocity ratio assessment, combined with
endurance training, and endurance training alone, on blood and metabolic
biomarkers, body composition and physical fitness in adults with hypertension, by

actually knowing the exercise dose applied in the training.

5.9. RESULTS

Table 1 shows the training monitoring results (HR, %HRmax, and RPE) for
each group in each week. Participants showed a HR average of 113.74+11, a %HR
max of 145.14+13.17, and an RPE of 3.16+0.92; there were no significant differences
between the intervention groups. Tables 2 and 3 show the pre-post intervention
results for EG1, EG2 and CG. The group * time interaction is also presented.

EG1 and EG2 showed significant improvements in SBP (mmHg), DBP
(mmHg), mean arterial pressure (MAP) (mmHg), pulse pressure (PP) (mmHg), rate
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pressure product (RPP), resting heart rate (RHR), lean mass (kg), body fat (%),
waist circumference (cm), glucose (mg/dl), right handgrip (kg), left handgrip (kg),
upper limb MPV (m/s 50%), %RM UB, lower limb MPV (m/s 60%), and VO,peak
(ml/kg/min). These changes were significantly different from the CG changes.
Specifically, EG1 showed greater improvements of up to -12.8 mmHg in SBP, -6.8
mmHg in DBP and -8.6 in MAP over EG2. Improvements in PP, waist
circumference, upper limb PWV (m/s 50%), 1RM (LB), lower limb PWV (m/s 60%)
and VO,peak (ml/kg/min) were also greater in EG1 than in EG2.

5.10. DISCUSSION

The aim of this present study was to compare the effect of concurrent
training, based on an individual load-velocity ratio assessment, and endurance
training alone on blood and metabolic biomarkers, body composition and fitness
of adults with hypertension. One of the main findings of this study was that both
groups, concurrent training and endurance training, showed improvements in
blood biomarkers, reducing SBP, DBP, MAP, PP, RPP and RHR. However, the
concurrent training group obtained greater reductions in SBP, DBP and MAP than
the endurance training group, up to -12.8 mmHg, -6.8 mmHg and -8.6 mmHg
respectively. The same dynamics was observed in PP. The results obtained in the
present study, on the reduction of blood pressure levels, were significantly greater
than those obtained in previous studies with this same training modality, despite
the fact that the training frequency was lower. These improvements may be due to
different mechanisms such as endothelium-dependent vascular function and
structure and sympathetic nervous system regulation, which are altered and may
contribute to blood pressure elevation (Gallo et al., 2021; Mancia & Grassi, 2014;
Mancia et al., 2023). Endothelial dysfunction is a determinant factor in vascular
function, and it is largely dependent on the bioavailability of nitric oxide (NO),
which induces vessel relaxation and regulates blood pressure (Gamboa et al., 2007;
Node et al., 1997). Strength training may act as a regulator of NO bioavailability by
increasing vascular AMPK/PPAR®Y and suppressing endoplasmic reticulum stress,
thereby improving and maintaining endothelial function (Cheang et al., 2017; Tian
& Meng, 2019). These results may be in line with previous studies that showed how

strength training significantly improved the endothelial function in different
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population groups (Ashor et al., 2015; Zhang et al., 2021). In addition, this training
modality may also improve vascular structure by increasing artery diameter and
reducing vascular intima-media wall thickness (Spence et al., 2013). On the other
hand, in patients with hypertension, it is common to find an overactivation of the
sympathetic nervous system and a reduction in parasympathetic control (Fisher &
Paton, 2012; Mancia & Grassi, 2014). This physiological imbalance can also be
normalised and regularised by strength training as previous research has shown
(Laterza et al., 2007; Trevizani et al., 2018).

In terms of body composition variables, lean mass, body fat, and waist
circumference, both groups showed significant improvements as compared to the
CG. Physical exercise induces changes in body composition through skeletal
muscles, which are able to release hundreds of myokines into the bloodstream
during muscle contraction that are able to interact with the muscle itself and with
the rest of the body's organs, resulting in great health benefits (Pedersen, 2006;
Pedersen & Saltin, 2015). These benefits include fat loss and increased muscle mass.
The secretion of some of these myokines promotes lipolysis and fatty acid
oxidation, and induces the darkening of white adipose tissue (Brandt & Pedersen,
2010; Pedersen, 2006). It is important to note that the participants who performed
the concurrent training obtained greater reductions in abdominal perimeter than
the participants who performed the endurance training. These results may be due
to the fact that strength training favours visceral fat loss by promoting metabolic
adaptations in the abdominal subcutaneous adipose tissue, with a significant
increase in lipolysis in this area both during and after the training (Khalafi et al.,
2021; Wewege et al., 2022).

Glucose values in both experimental groups were significantly reduced after
the intervention versus the CG. This improvement could be due to the fact that
exercise is able to improve insulin sensitivity starting from the first training session,
as well as overall glucose homeostasis (Mul et al., 2015). Exercise can increase
glucose-6-phosphate levels accompanying the increase in GLUT4, hexokinase, and
glycogen synthase activity, leading to an increase in glucose tolerance and a
decrease in blood glucose levels (Mul et al., 2015; Tian & Meng, 2019; Way et al.,
2016).
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With respect to the physical condition variables, the participants in both
experimental groups showed improvements in both their strength and
cardiorespiratory capacity. With regard to strength gains, these were due to the fact
that training, regardless of the modality, is able to provoke structural (peripheral)
and neural (central) physiological adaptations, given that in all the exercises,
muscle action is required to overcome resistance (Badillo & Serna, 2002; Gonzalez-
Badillo et al., 2022). It is important to note that the concurrent training group
obtained greater improvements in all the tests than the endurance training group.
These results may be due to the specificity of the strength training, which provoked
greater adaptations of the central nervous system thanks to a greater recruitment
of motor units, their better synchronisation, and the frequency of the stimulus, as
already shown in much of the literature (Del Vecchio et al., 2019; Enoka, 1997;
Folland & Williams, 2007; Sale, 1988).

Finally, the cardiorespiratory capacity also improved significantly after
completion of the exercise programmes in both groups. Exercise promotes
adaptations in skeletal muscle such as increased mitochondrial biogenesis and
capillary density, thereby improving the ability to transport and use oxygen to
generate energy (Akimoto et al.,, 2005; Booth et al., 2015; Jung & Kim, 2014).
Numerous studies have attributed a key role to peroxisome proliferator-activated
receptor gamma coactivator 1a (PGC-1a) in these cardiovascular exercise-induced
muscle adaptations (Akimoto et al., 2005; Baar et al., 2002; Halling & Pilegaard,
2020; Jung & Kim, 2014). Although there is a controversy in the literature that
concurrent training may interfere with the adaptations induced by the different
metabolic pathways, AMPK was activated by endurance training and m-TOR was
activated by strength training. However, in this present study, it can be observed
that the participants who performed the combined training showed greater
improvements in VO,peak than the participants who performed the endurance
training. These results of concurrent training could be justified by the large
adaptive reserve of sedentary subjects to any training programme. Previous work
has shown that when a previously sedentary subject begins a concurrent training
programme, the response to the two exercise modalities is positive and additive,
promoting a generic adaptation in the absence of a true specificity of the training
effect (Coffey & Hawley, 2017). Another important factor to consider is the low
degree of effort involved in strength training, which would explain why the
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possible interference would also be low, resulting in greater responses with respect
to the maintenance of MHC IIX fibres (Pareja-Blanco, Rodriguez-Rosell, et al.,
2017), which could be translated into an improved ability to transport and use
oxygen, an increased ability to apply force and a significant improvement in

physical fitness.

This study has some limitations that should be taken into account for future
research, such as the total intervention time, possibly with longer periods of time
more significant results could have been obtained in some of the variables. Another
point to consider is the lack of a strength group in which the intensity and volume
were not quantified through the speed of execution, but in the traditional way,
through the percentage of 1IRM and a determined number of repetitions. This
would have allowed us to know the effects of the different training programs on
blood pressure levels and to continue advancing in the improvement of
cardiovascular health. Finally, another limitation was the daily intake of the
participants, the diet could have been controlled by making a daily dietary record.
Despite the limitations, this would be the first study conducted in an adult
population with hypertension, in which the intensity and volume of strength
training had been programmed through the velocity of execution, which allowed
individualising the work stimulus for each participant with the greatest possible
precision, something unknown to date in this population group. In addition, this
quantification of the training load allowed the degree of fatigue reached by the
participants to be similar throughout the intervention period. This study will
provide new insights into the scientific community's multicomponent impact on
adults with hypertension. This is the first study to apply a strength-speed training
protocol based on training in this population. It also compares it with aerobic
training. Controlling this variable is vital for injury prevention (McClean et al.,
2024; Motlagh & Lipps, 2024), and the present study shows improvements in
hemodynamic parameters, demonstrating reduced fatigue. This improves training

control, enhances safety, and reduces the risk of injury.

The findings of the present study indicate that following a strength training
programme, based on an individual load-velocity ratio assessment, combined with
endurance training at a frequency of 2 days per week for 12 weeks, produces
improvements in metabolic and blood biomarkers, body composition, and physical



112 ISABEL MARIA LOPEZ RUIZ

fitness of adults with hypertension, with these adaptations being superior to those
produced by endurance training alone, even though the latter showed

improvements, but to a lesser extent.

5.11. METHODS

5.11.1. Study Design

A randomised control trial was conducted. A simple randomization method
with the software Microsoft Excel (version 2016) was used to distribute subjects
into the Experimental Group 1 (EG1) (n=25), Experimental Group 2 (EG2) (n=25),
and Control Group (CG) (n=25). Based on blood pressure, a randomised sequence
was generated. The group assignment was blinded to the examiner and staff who
performed the statistical analysis. The trial design was recorded (22/06/2023) in
ClinicalTrial.gov (Code: NCT05914870) and followed the Consolidated Standards
of Reporting Trials (CONSORT) guidelines and the Template for Intervention
Description and Replication (TIDIER) checklist.

This randomized control trial obtained the approval by the Research Ethics
Committee of the Universidad Catolica de Murcia (CE062107), in accordance with
the Declaration of Helsinki. The Informed Consent document was signed by all

participants prior to the start of the study.

5.11.2. Participants

The study included 75 volunteers, 36 women and 39 men (54.45+6.72 years).
Figure 1 shows a flowchart representing the Consolidated Standards of Reporting

Trials.

The inclusion criteria were: a) adults with diagnosed hypertension and with
follow-up by their primary care physician; b) being within the age range of 40-65
years old and c) not having exercised during the last year. The exclusion criteria
were: a) subjects with osteoarticular or musculoskeletal problems that could
interfere with the performance of daily activities; b) acute or chronic disease that
could compromise the subject's autonomy and functional independence; or c)
neurological problems. The participants were instructed not to modify their
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lifestyle: eating habits and physical activity. The sample size and power
calculations were performed using Rstudio 3.15.0 software. The significance level
was set at a=0.05 and the power to 95% (1-f3=0.95). The standard deviation was used
according to the standard deviation for blood pressure from previous studies
(Schroeder et al., 2019). A total of 10 mmHg in SBP and 5 mmHg in DBP were set
as a minimum clinically significant change (Gorostidi et al., 2022). Considering a
dropout rate of up to 9.57% (Stewart et al., 2005), 27 participants in each group
needed to be enrolled. The final sample provided a power of 95% if found between
and within a variance of 4.9 mmHg of SBP and 3.39 mmHg in DBP.

5.11.3. Assessment

Two researches conducted all pre-post intervention measurements under the
same conditions. Two weeks before the initial evaluations, all participants were

informed of the prerequisites for each of the tests.

Two assessment sessions were necessary, 48-72 hours apart from one another.
The assessments were carried out in a laboratory with a standardised temperature
of 24°C. The measurements were taken in the morning, between 8:00 and 13:00
hours from Monday to Saturday. Height was measured with a SECA 217
stadiometer (SECA, Germany). The Body Composition Analysis was performed
with the Body Composition Analyser InBody 770 through the measurement
method DSM-BIA (Bioelectric Impedance Multifrequency and Direct Segmental)
(Buch et al., 2022; Lahav et al., 2021). Prior to the assessment, the participant was
informed that they should come to the appointment fasting or at least 3 hours after
the last meal; 30 min before the assessment, they should not have ingested any
liquids; they should not have been to the toilet; they should not have drunk alcohol
48 hours before; and they should not wear any metal elements in contact with the
skin (rings, bracelets or watches). For the measurement the participant completely
cleaned his hands and feet completely with the InBody tissue and stood in front of
the equipment; they climbed onto the InBody stepping barefoot on the foot plates
and holding the hand electrodes, with arms outstretched without touching the
sides of the body and without being allowed to speak or move until the end of the

test.
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Waist circumference was measured according to the ISAK protocol (Marfell
Jones et al., 2006) with a non-elastic tape measure (SECA 200; SECA). The
participant stood with their feet together, arms crossed over the chest and relaxed
abdomen; the measurement was taken at the narrowest point of the waist at the

end of a normal exhalation.

Haemodynamic parameters were assessed using the BPBIO-750
sphygmomanometer, clinically validated according to the ESH protocol
(Hypertension, 2010). The measurement was performed on the left arm, supported
and relaxed on the blood pressure monitor, with the cuff at the level of the heart.
Three measurements were taken within 3 min of each other. The mean values of

the measurements were taken as a reference (Stergiou et al., 2021).

Blood samples were taken by puncturing the cubital vein. The samples were
stored in sterile blood tubes in refrigerated conditions (4-8° degrees Celsius (C)) for
no longer than 4 hours and then sent to testing according to standardized
procedures. Blood glucose was measured using an ultraviolet assay with
hexokinase; total cholesterol (TC), high density lipoprotein (HD), and low-density
lipoprotein (LDL) were measured using a homogeneous enzymatic colorimetric
test, and triglycerides (TG) were measured using enzymatic assay (Cobas 8000
C702, Roche, Mannheim, Germany).

The manual grip force was measured with the Baseline manual hydraulic
dynamometer. For the measurement, the participants had to remain seated on the
chair with their back against it, feet on the floor, right elbow flexed at 90°, and the
wrist in a neutral position. Then, they had to grip the dynamometer with their
thumb upwards; once in the correct position, the subject squeezed the grip as
tightly as possible for 3 seconds. The highest peak strength (kilograms (kg))
recorded between the two attempts was considered for analysis (Mathiowetz et al.,
1985).

The assessment of lower and upper body strength was carried out through
the velocity of execution in the concentric action by means of the Velowin
optoelectronic encoder (Velowin v.1.7.232, Instruments and Sports Technology;
Murcia, Spain) (Conceicao et al., 2016; Sanchez-Medina & Gonzélez-Badillo, 2011).
In addition, the velocity of execution allowed for high precision programming of

training intensity and volume. Two tests per body region were carried out, one of
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progressive loads, to estime 1RM and determine the training load, and the other of
loss of velocity in the set (VL%), to establish the number of repetitions, on a
Multipower BH TR machine, and the exercises performed were the squat and the
bench press (Conceigao et al., 2016; Rodriguez-Rosell et al., 2020; Sanchez-Medina
& Gonzalez-Badillo, 2011). For reasons of standardization and safety, the concentric
phase of each exercise was performed at the maximum possible velocity and the
eccentric phase at a slow and controlled velocity, between 3-4 seconds in duration.
The squat and bench press tests were performed in different sessions and their
order was randomised. All participants performed 2-3 pre-test repetitions in the
same evaluation session, they were instructed to move the barbell at the maximum
possible speed in the concentric phase and in a slow and controlled manner in the

eccentric phase.

For the progressive load test with the squat exercise, the participant stood
with knees and hips extended, legs approximately shoulder-width apart and the
Multipower bar resting on the upper back. The subject performed the parallel squat
downwards in a continuous motion until reaching 80-90° of knee flexion, touching
the reference bench, and immediately climbed back up to the starting position at
the maximum possible velocity keeping the feet in contact with the ground
(without jumping), although the heels could be lifted slightly (Escamilla, 2001;
Sanchez-Medina et al., 2017). The initial external load for the squat exercise was set
at 15kg for women and progressively increased individually with 5kg, 2.5kg and
1.25kg discs. For men, it was set at 25kg and progressively increased individually
with 10kg, 5kg and 2.5kg discs. Both, males and females executed the exercise until
reaching a mean propulsive velocity (MPV) between 0.76-0.68 m-s?!, which
corresponds to 75%-80% 1 repetition maximum (1RM) in this exercise. In the test,
5 sets were performed, in the first set the participant performed 3 reps with a very
light load which allowed them to move the bar at a lower velocity of 1.28 m-s (less
than 40% 1RM); in the second set, they performed 3 reps with a light load that
allowed them to move the bar between 1.28-1.21 m-s (40%-45% 1RM); In the third
set, he performed 3 reps with a medium load that allowed him to move the barbell
between 1.14-1.00 m-s™ (50%-60% 1RM); In the fourth set, they performed 2 reps
with a medium-high load that allowed them to move the barbell between 0.92-0.84
m-s™ (65%-70% 1RM); and in the fifth set he performed 1 rep with a high load that
allowed them to shift the bar between 0.76-0.68m-s (75%-80% 1RM). The velocity
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loss (VL) test was performed 24 hours after the progressive load test. For this test,
a medium workload was defined, the participant was allowed to move the barbell
to 0.99 + 0.02 m-s, assuming 60% of 1RM, and a low VL magnitude of 10% was set
for the squat exercise. The test ended when the subject reached the prescribed VL%
limit, regardless of the number of repetitions performed in the set (Moran-Navarro
et al., 2019; Rodriguez-Rosell, Yanez-Garcia, Mora-Custodio, Pareja-Blanco, et al.,
2020; Sanchez-Medina et al., 2017). For the progressive load test with the bench
press exercise, the participant was positioned lying on a horizontal bench with feet
resting on the back bar of the Multipower to avoid lumbar arching; hands were
placed on the non-slip area of the bar 5-7cm wider than shoulder width apart. The
position of the bench was adjusted so that the bar was aligned with the chest line
of each participant. During execution, the eccentric phase of each repetition was
performed with controlled speed until the bar was 1-2cm above the chest, they
stopped for 1s, to minimise the contribution of the stretch-shortening cycle, and
then pushed the bar at maximum velocity. The initial external load for bench press
exercise was set at 10kg for women and progressively increased individually with
5kg, 2.5kg and 1.25kg discs. For men, it was set at 20kg and progressively increased
individually with 10kg, 5kg and 2.5kg discs. Both, males and females executed the
exercise until reaching an MPV between 0.55-0.47m-s"!, which corresponds to 75%-
80% 1RM in this exercise. For the test, 5 sets were performed, in the first set the
participant performed 3 reps with a very light load which allowed them to move
the bar at a lower speed of 1.13 m-s” (less than 40% 1RM); in the second set, they
performed 3 reps with a light load that allowed them to move the bar between 1.13-
1.04 m-s™ (40%-45% 1RM); In the third set, they performed 3 reps with a medium
load that allowed him to move the barbell between 0.95-0.87 m-s™ (50%-60% 1RM);
In the fourth set, they performed 2 reps with a medium-high load that allowed
them to move the barbell between 0.70-0.62 m-s* (65%-70% 1RM); and in the fifth
set they performed 1 rep with a high load that allowed him to shift the bar between
0.55-0.47m-s! (75%-80% 1RM). The velocity loss test was performed 24 hours after
the progressive load test. For this test, a medium workload was defined, which
allowed the participant to move the barbell to 0.97+0.03 m-s™!, assuming 50% 1RM,
and a low velocity loss magnitude of 15% was set. The test ended when the subject
reached the prescribed VL% limit, regardless of the number of repetitions
performed in the set (Gonzdlez-Badillo et al., 2017; Rodriguez-Rosell, Yanez-
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Garcia, Mora-Custodio, Pareja-Blanco, et al., 2020; Sdnchez-Medina & Gonzélez-
Badillo, 2011).

Cardiorespiratory capacity was assessed using a maximal effort test on the
IC7 high-precision cycloergometer with a direct WattRate power meter and an
exact magnetic resistance of 300 degrees. The steps lasted 2 min and the pedalling
cadence was 70-80ppm. In the first 2 min, the subject pedalled at 50w, after which
the load was increased by 25w every 2 min; the test ended when the participants
voluntarily decided to stop due to fatigue that prevented them from continuing
with the test (Marqueta et al., 2016). The test lasted between 10 and 15 minutes. The
maximum working power was determined as the last 2 min step that the subject
was able to complete without interruption, and the ACSM formula was used for
the estimation of VO,max (Ferguson, 2014). The following formula was used:
VO,max = (1.8 * workload (kg.m.min-1))/body weight (kg) + 3.5 + 3.5 (where one
watt = 6.12 kg.m.min-1). For intensity control the heart rate (HR) was monitored at
all times using the MyZone MZ-3 Heart Rate Monitor (Cuadros et al., 2017). To
address the potential limitations of this method of HR monitoring, we
simultaneously recorded the subjective perception of exertion (RPE) (Borg, 1998;
Lea et al., 2022) every 10 min during the session, and monitored and recorded the
training in watts at all times with the WattRate direct measurement potentiometer
(Allen et al., 2019) via a computer installed in the cycloergometer, helping
participants to achieve the prescribed work intensity for each training protocol. In
addition, blood pressure and oxygen saturation were monitored during the stress
test.

5.11.4. Procedure

The intervention period lasted 12 weeks, 2 days/week, with the sessions

lasting 60 min each.

EG1 performed strength training, based on an individual load-velocity ratio
assessment, combined with endurance training. The first phase was a warmup of 5
min of Nordic walking on an elliptical bike, joint mobility exercises, and dynamic
stretching; and 2 sets of squat and bench press with a light weight. The main phase
consisted of 20 min of strength work with a selection of 2 exercises: squat (60%
1RM) and bench press (50% 1RM). For both exercises, 3 sets were performed, with
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a 3 min rest between sets and the number of repetitions individualised for each
participant by the initial speed loss test; the average number of repetitions
performed for the squat exercise was 8 repetitions and for the bench press exercise
7 repetitions (Table 4).

The initial absolute loads corresponding to 50% of 1RM in bench press and
60% of 1IRM in squat were not modified throughout the intervention period, nor
were the number of repetitions set for each participant. Regarding the selection of
volume for each of the exercises used, and following a minimum stimulus criterion,
we considered the scientific literature regarding the control of this variable by
means of the loss of velocity in the sets (VL%), as a more precise way of establishing
the degree of effort (Pareja-Blanco, Sdnchez-Medina, et al., 2017; Rodriguez-Rosell,
JYéafez-Garcia, Mora-Custodio, Pareja-Blanco, et al., 2020; Sanchez-Medina &
Gonzélez-Badillo, 2011). In this way, it was determined that the same loss of
velocity in the sets allows for a similar degree of effort or fatigue to be reached
between subjects who performed a training protocol with the same relative
intensity, although they performed different numbers of repetitions (Gonzalez-
Badillo et al., 2017; Rodriguez-Rosell et al.,, 2020). The analysis of the studies
already carried out allowed establishing a VL of 25-30% in squat and 35-40% in
bench press, as moderate-high degrees of effort beyond which the degree of fatigue
begins to have important repercussions at a metabolic and mechanical level,
causing a significant reduction in physical capacity and performance (Gonzalez-
Badillo et al., 2017; Rodriguez-Rosell et al., 2020; Sanchez-Medina & Gonzélez-
Badillo, 2011). In strength training, speed losses in the series of less than 20-30% in
exercises such as squats or bench presses are associated with better physical fitness
results. A speed loss in the set between 10-20% is sufficient to achieve significant
physical condotion benefits, while losses greater than 30% are closer to muscle
failure, which may not be optimal for a health improvement goal. To guarantee the
use of a low training volume, for the intensity rates proposed in the present study,
VL% was set at 10% for the squat exercise and 15% for the bench press in order to
ensure improvements in physical condition and reduce potencial risks, given that

the study population is sedentary.

In the last 20 min of the main phase, the participants performed continuous

endurance training on a cycloergometer. The training intensity was programmed
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using the Heart Rate Reserve (HRR) using Karvonen's formula (HRR = HRmax -
HRrest); once the HRR was known, the prescribed intensity percentage was
calculated (% HR= (HRR x % intensity) + HRrest) (Karvonen et al., 1957). As this
was a sedentary population, and the exercise tolerance of each subject was
unknown, a moderate intensity range was prescribed for the entire intervention,
between 55% and 70% of their heart rate reserve (HRR), in order to achieve the
metabolic adaptations already described in the scientific literature (Molmen et al.,
2025). Finally, the post-training phase included 10 min of cool down and static
stretching.

As this was a sedentary population, and the exercise tolerance of each subject
was unknown, a moderate intensity range was prescribed for the entire
intervention, between 55% and 70% of their heart rate reserve (HRR), in order to

achieve the metabolic adaptations already described in the scientific literature.

EG2 performed continuous endurance training. The warm-up was the same
as EG1 except for the squat and bench press sets. In the main phase, they performed
40 min of continuous endurance training on a cycloergometer, taking into account
the same protocol as in EG1. The post-workout phase was the same as EG1.

5.11.5 Statistical analysis

The Kolmogorov—-Smirnov test and Mauchly's W-test were used to evaluate
the normality and the sphericity of the data. The mean and standard deviation were
calculated from the quantitative variables, and frequency and percentage were
used for the qualitative variables. A two-way ANOVA analysis of variance with
repeated measurements and Bonferroni’s correction were used to compare the
changes from the baseline between groups, evaluation time interaction, and
evaluation time. To protect against a Type I error, Bonferroni’s correction was used
to achieve a p =0.005 for statistical significance. The effect size was calculated using
partial eta-squared (n2p) for analysis of variance, and was defined as small: ES >
0.10; moderate: ES > 0.30, large: ES > 1.2; or very large: ES >2.0; an error of p <0.05
is established (Hopkins et al., 2009). All analyses were based on intention-to-treat
with an error of p <0.05. The statistical analysis was performed using the statistical
package SPSS 24.0 for Windows.
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Figure 1

Consolidated Standards of Reporting Trials flow diagram.
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Table 1

Training monitoring results

EG1 EG2
HR average %HR max RPE HR average %HR max RPE

Week 1 118.88+15.88 66.56 3.20+1.41 117.75+13.61 66.75 3.21£1.22
Week 2 116.32+12.58 65.60 2.88+1.33 118.25+12.02 67.25 3.21+0.98
Week 3 118.12+£11.50 66.84 3.20+1.08 118.21+14.02 67.25 3.33£1.09
Week 4 115.60+13.24 65.32 2.84+1.18 118.21+13.28 67.21 3.17+1.20
Week 5 115.92+14.75 65.68 3.00+1.26 118.83+13.35 67.50 3.37+1.06
Week 6 115.32+14.18 65.20 2.96+0.93 117.21+11.62 66.58 3.12+0.95
Week 7 115.84+12.72 65.12 2.84+1.03 119.79+13.38 68.13 3.46£1.18
Week 8 116.80+15.57 65.72 3.16+1.28 119.17+11.37 67.75 3.21£1.18
Week 9 119.36+13.39 67.16 3.16£1.14 121.33+11.62 68.75 3.38+1.31
Week 10 117.32+12.56 66.36 3.08+1.08 118.50+10.47 67.29 3.08+0.97
Week 11 120.00+16.03 67.80 3.52+1.33 122.04+11.72 69.42 3.54+1.22
Week 12 113.96+13.25 64.56 2.84+0.94 117.79+10.89 67.00 3.21£1.02
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Table 2
Effect of combined training and endurance training on blood biomarker and body composition.
Outcome Grou | Pre-test (M+ED) | Post-test (M+ED) | Difference post-pre p 95% CI (Mpost- Group*time interaction
p (M+ED) Mpre) F Sig ES
SBP (mmHg) | EGI1 142.441+7.53 121.76+8.52 -21.68+1.43%**# <0.001 -24.52; -18.84 52.00 | <0.001 0.59
EG2 144.12+8.81 135.24+8.98 -8.88+1.43** <0.001 -11.72; -6.04
CG 147.92+11.84 146.56+11.53 -1.36+1.43 0.343 -4.20;1.48
DBP (mmHg) | EG1 88.28+5.73 74.36+5.10 -13.92+1.08**# <0.001 -16.067; -11.773 26.92 | <0.001 0.43
EG2 89.68+6.95 82.56+6.26 -7.12+1.08* <0.001 -9.267; -4.973
CG 92.16+7.28 89.32+6.95 -2.84+1.08 0.01 -4.987; -0.693
MAP EG1 106.52+5.28 90.12+5.34 -16.40+1.00%*# <0.001 -18.393; -14.407 50.50 | <0.001 0.58
(mmHg) EG2 |  107.84+6.06 100.12+6.37 -7.72+1.00 <0.001|  -9.713;-5.727
CG 110.60+7.25 108.28+7.80 -2.32+1.00 0.023 -4.313; -0.327
PP (mmHg) EG1 55.16+7.49 47.40+7.68 -7.76+1.45%* <0.001 -10.642; -4.878 10.43 | <0.001 0.23
EG2 54.44+10.08 52.68+7.17 -1.76+1.45 0.227 -4.642;1.122
CG 55.76+11.32 57.20+8.52 1.44+1.45 0.323 -1.442; 4.322
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RPP EG1 | 11254.00+1735.96 | 8507.64+1309.88 | -2746.36+251.20** | <0.001| -3247.117;-2245.603 | 30.94 | <0.001 | 0.46
EG2 | 11321.60+1442.08 | 9957.36+1358.10 | -1364.24+251.20** <0.001| -1864.997; -863.483
CG | 11827.56+1474.97 | 11875.68+1132.23 48.12+251.20 0.849 | -452.637; 548.877

RHR EG1 78.40+11.06 69.72+8.49 -8.68+1.68** <0.001 -12.032; -5.328 8.99 | <0.001 | 0.20
EG2 78.80+11.03 73.72+9.35 -5.08+1.68* 0.003 -8.432; -1728
CG 80.00+8.23 81.28+8.07 1.28+1.68 0.449 -2.072; 4.632

BMI (kg/m?) | EG1 27.43+4.88 27.26+4.57 -0.18+0.16 0.275 -0.495; 0.143 027 | 0.76 0.01
EG2 32.75+5.09 32.56+5.06 -0.19+0.16 0.234 -0.511; 0.127
CG 31.91£5.00 31.87+5.10 -0.04+0.16 0.803 -0.359; 0.279

LBM (Kg) EG1 28.99+6.74 29.57+6.77 0.58+0.15** <0.001 0.279; 0.881 755 | <0.001 | 0.17
EG2 30.84+6.80 31.35+6.81 0.51+0.15** <0.001 0.207; 0.809
CG 30.56+5.98 30.39+5.92 -0.17+0.15 0.258 -0.473; 0.129

BEP (%) EG1 32.63+10.27 31.56+9.76 -1.07+0.34* 0.002 -1.739; -0.405 441 | 0.2 0.11
EG2 39.43+8.04 38.47+8.14 -0.96+0.34* 0.005 -1.631; -0.297
CG 37.70+8.45 37.89+8.70 0.20+0.34 0.56 -0.471;0.863

VF (cm?) EG1 125.19+58.84 119.75+54.33 -5.44+2.13* 0.013 -9.68; -1.208 278 | 0.07 0.07
EG2 183.40+58.34 178.28+58.00 -5.12+2.13* 0.018 -9.36; -0.888
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CG 165.26+54.59 166.10+55.82 0.85+2.13 0.691 -3.388; 5.084
Waist EG1 98.76+10.54 92.16+10.59 -6.60+0.84*** <0.001 -8.265; -4.935 19.25 | <0.001 0.35
circumferenc
e (cm)

EG2 110.48+13.13 107.28+15.12 -3.20+0.84** <0.001 -4.865; -1.535

CG 105.80+12.33 106.52+12.65 0.72+0.84 0.391 -0.945; 2.385

Legend: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MAP: Mean Arterial Pressure; PP: Pulse Pressure: RPP: Rate Pressure Product;
RHR: Resting Heart Rate; BMI: Body Mass Index; LBM: Lean Body Mass; BFP: Body Fat Percentage; VF: Visceral Fat; *Significantly different from
CG value at the p < 0.05 level; ** Significantly different from CG value at the p <0.01 level. #=Significantly different from other EG p < 0.05 level; #

= Significantly different from other EG value at the p <0.01 level.
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Table 3
Effect of combined training and endurance training on metabolic biomarkers, and physical fitness
Outcome | Grou Pre-test Post-test Difference p 95% CI (Mpost-Mpre) Group*time interaction
P (M+ED) (M<ED) post-pre F Sig 5S
(MzED)
CT EGL | 199.72+30.11 | 192.08+29.21 | -7.64%5.52 0.17 -18.636; 3.356 6.08 <0.00 | 0.1
(mg/dl) EG2 | 190.12+41.09 | 183.1242457 | -7.00+5.52 0.209 -17.996; 3.996 1 5
CG | 191.76+28.51 | 208.00+:29.89 | 16.245.52 0.004 5.244; 27.236
HDL EGl | 54441993 | 55.32+11.29 0.88+1.07 0.413 -1.25; 3.01 0.85 043 | 0.0
(mg/dl) EG2 | 48.047.06 | 49.72+10.25 1.68+1.07 0.12 -0.45; 3.81 2
CG | 4876+11.10 | 48.48+12.49 -0.28+1.07 0.794 2.41;1.85
LDL EGIl | 120.62+24.78 | 114.14+2455 | -6.47+5.01 0.201 -16.461; 3.517 6.34 <0.00 | 0.1
(mg/dl) EG2 | 116.32+36.92 | 108.22+23.88 | -8.10+5.01 0.111 -18.085; 1.893 1 5
CG | 116.82+23.25 | 131.34131.29 | 14.5245.01 0.005 4.531;24.505
EGl | 122.32+59.16 | 113.72+4321 | -8.60+8.08 0.291 -24.726;7.526 2134 | 0.126
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TG EG2 | 126.16£51.06 | 124.88+39.08 | -1.280+8.089 0.875 -17.406; 14.846 0.0
(mg/dl) CG | 133.44+64.33 | 147.96£79.97 | 14.520+8.089 0.077 -1.606; 30.646 6
Glucose | EGI | 98.1614.69 | 91.36+10.77 | -6.800+1.366** | <0.001 -9.524; -4.076 1599 | <0.00 | 0.3
(mg/dl) EG2 | 106.84+13.44 | 99.84+13.77 | -7.000£1.366** | <0.001 -9.724; -4.276 1 1

CG | 97.24+2248 | 99.80+19.94 | 2.560+1.366 0.65 -0.164; 5.284
Handgrip | EGI | 32.36+1020 | 34.52+11.45 | 2.16+0.59** <0.001 0.983; 3.337 450 0.01 | 0.1
RA(KE) | EG2 | 34.40:836 | 36.80+10.30 | 2.40+0.59** <0.001 1.223;3.577 1
CG | 32.64:9.63 | 32.76:9.76 0.120.59 0.84 -1.057; 1.297
Handgrip | EGI | 30.00£9.61 | 31.96x11.10 | 1.96+0.59** 0.001 0.787;3.133 6.43 <0.00 | 0.1
LA(Kg) | EG2 | 32441806 | 3556+11.04 | 3.12+0.59** <0.001 1.947; 4.293 1 5
CG | 30.20+8.18 | 30.36+8.22 0.16£0.59 0.786 -1.013; 1.333
IRM (UB) | EG1 | 46.24123.68 | 65.12:30.34 | -23.12+2.31*# | <0.001 -27.715; -18.525 0.81 045 | 0.0
EG2 | 52.08+21.08 | 61.16+2530 | -26.04+2.31** | <0.001 -30.635; -21.445 2
CG | 542442427 | 522042320 | -27.12+2.31 <0.001 -31.715; -22.525
EGl | 0.96+03 1.20£06 | 0.237+0.013**# | <0.001 0.211; 0.263 119.48
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Upper EG2 | 0.97+.02 1.08+.07 0.112+0.013* | <0.001 0.086; 0.139 <0.00 | 0.7
limb MPV | cg 0.97+.02 0.92+.04 | -0.050**+0.013 | <0.001 -0.077; -0.024 1 7
(m/s 50%)

IRM (LB) | EG1 | 73.08+35.12 | 98.32+41.42 | -29.23+2.82** | <0.001 -34.856; -23.608 0.26 0.77 | 0.0
EG2 | 74.48+3823 | 91.80+4249 | -29.79+2.82* | <0.001 -35.416; -24.168 1
CG | 79.92+32.18 | 76443073 | -31.97+2.82 <0.001 -37.592; -26.344
Lower EG1 | 0.99+02 1.21+.05 0.225+0.014** | <0.001 0.197; 0.253 98.01 | <0.00 | 0.7
limb MPV 1 3
(m/s 60%)
EG2 | 0.99+02 1.15+.07 0.161+0.014** | <0.001 0.133; 0.189
CG 0.99+.02 0.95+.05 -0.039+0.014 0.006 -0.067; -0.011
VO2p EGI | 25.09+3.82 | 30.87+4.41 5.78+0.34%% <0.001 5.108; 6.452 87.68 | <0.00 | 0.7
(ml/kg/mi | EG2 | 22184433 | 26.78+5.29 4.60+0.34** <0.001 3.929; 5.274 1 1
n) CG | 21.62¢358 | 21.44+3.58 -0.18+0.34 0.586 -0.857; 0.488
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WATT EG1 127+30.55 167+34.40 40+2.36** <0.001 35.29; 44.71 98.33 <0.00 | 0.7
EG2 125+35.36 162+40.26 37+2.36** <0.001 32.29;41.71 1 3
CG 117+32.05 115+29.76 -242,36 0.4 -6.71;2.71

Legend: CT: Total Cholesterol; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; TG: Triglycerides; RA: right arm;
LA: left arm; 1IRM: Maximum Repetition; UL: Upper Limb; LL: Lower Limb; MPV: mean propulsive velocity; VO2p: Peak oxygen
consumption; *Significantly different from CG value at the p <0.05 level; ** Significantly different from CG value at the p <0.01 level.

# = Significantly different from other EG p < 0.05 level; * = Significantly different from other EG value at the p <0.01 level.
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Table 4

Description of the 5-set protocol

Set Load Repetitions 1IRM Squat exercise Bench press
Speed Speed
1 Very light 3 <40% <1.28 m-s! <1.13 m-s!
2 Light 3 40%-45% 1.28-1.21 m's 1.13-1.04 m-s!
3 Medium 3 50%-60% 1.14-1.00 m-s! 0.95-0.87 m-s™
4 Medium-high 2 65%-70% 0.92-0.84 m-s! 0.70-0.62 m-s
5 High 1 75%-80% 0.76-0.68m-s! 0.55-0.47m-s™!
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VC - ESTUDIO 3: Effectiveness of combined training based on an
individual load-velocity ratio assessment versus endurance training:
randomized control trail in adults with hypertension.

5.12. ABSTRACT

Background and purpose: Despite all efforts to treat hypertension, it is still
responsible for 10.8 million deaths annually. The aim of this study was to compare
the effects of continuous moderate-intensity training, strength training combined
with continuous moderate-intensity training and strength training combined with
highintensity interval training in adults with high blood pressure. Methods: A 12-
week randomized control trial was performed. A total of 100 volunteers, 51 women
and 49 men with hypertension participated. The sample was randomly assigned
into three intervention groups and one control group. Results: All intervention
groups significantly improved their hemodynamic parameters, body composition,
lipid profile, glucose, and physical fitness as compared to the control group. Both
combined training groups showed greater improvements than the moderate-
intensity continuous training group. However, the strength group combined with
the moderate-intensity continuous group showed the greatest benefits in systolic,
diastolic and mean arterial pressure, of - 13.4 mmHg, - 6.8 mmHg and - 8.9 mmHg
respectively, abdominal circumference, upper and lower limb strength and
VO,peak, versus the continuous moderate-intensity group; it also achieved greater
reductions in systolic and mean blood pressure, up to - 6.8 mmHg and 4.3 mmHg
respectively, than the strength group combined with the high intensity interval
group. Conclusion: Performing a strength training program combined with
continuous moderate intensity training, 2 days per week for 12 weeks, produces
significant improvements in cardiometabolic biomarkers, body composition, and
physical condition of adults with hypertension, with these adaptations being
superior to those produced by continuous moderate-intensity training and strength

training combined with high-intensity intervallic training.
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5.13. INTRODUCTION

Hypertension is a chronic, virtually asymptomatic disorder that deteriorates
the quality of blood vessels and can lead to target organ damage if not diagnosed
early and properly controlled. It remains the most prevalent modifiable risk factor
worldwide, and is responsible for more than 10 million deaths per year from
cardiovascular disease (Mensah et al., 2023; Vaduganathan et al., 2022). In this
sense, hypertension is considered at 140 mmHg systolic blood pressure (SBP) and
90 mmHg diastolic blood pressure (DBP); although an optimal control is below 130
mmHg and 85 mmHg respectively (Mancia et al., 2023). An active lifestyle is
essential to address this disorder, as exercise acts as a drug that can prevent and
treat many non-communicable diseases, including hypertension (Momma et al.,
2022; Pedersen & Saltin, 2015). Moderate-intensity continuous training (MICT) is a
priority for this population, according to the main clinical guidelines in cardiology
and hypertension, with a minimum of 3 days/week and with a volume of 150-300
min/week at moderate intensity or 75-150 min/week at vigorous intensity
(Charchar et al., 2024; Pelliccia et al., 2020; Whelton et al., 2018a), to achieve
reductions in SBP from - 4.9 to - 12 mmHg and DBP from — 3.4 to — 5.8 mmHg
(Hanssen et al., 2022; Whelton et al., 2018a). Furthermore, the inclusion of strength
training at least 2 days/week is recommended to benefit from the health
improvements provided by this modality (Kaminsky et al.,, 2022), including
reductions in SBP from — 3.0 to — 4.7 mmHg and DBP from - 3.2 to — 3.8 mmHg
(Charchar et al., 2024; Pelliccia et al., 2020); Some of these guidelines also specify a
total of 8-10 exercises per session involving large muscle groups and performing
8-12 repetitions per exercise (Whelton et al., 2018a). These exercise guidelines do
not include strength training combined with MICT in the same training session.
However, different scientific publications have shown significant improvements in
SBP and DBP levels with these training modalities (Dos Santos et al., 2014;
Guimaraes et al., 2014; Lima et al., 2017; Masroor et al., 2018; Schneider et al., 2023);
Nevertheless, despite the benefits of combined training, further research is needed
to establish dose-response relationships (Albalawi et al., 2017; Lopez-Ruiz et al.,
2023). Another training modality that has also been shown to improve blood
pressure levels is high-intensity interval training (HIIT) (Costa et al., 2018; Li et al.,
2022; Ramos et al., 2015; Way et al., 2019). Recently, this training modality, because
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of its time efficiency and the growing evidence available, has been proposed as an
alternative to MICT (Costa et al., 2018; Li et al., 2022; Way et al., 2019). While this
modality alone has shown similar improvements in blood pressure levels (Carpes
et al., 2022; Costa et al., 2018; Li et al., 2022), even higher in diurnal SBP or vascular
function than MICT for the control of hypertension, according to recent meta-
analyses (Carpes et al., 2022; Costa et al., 2018; Li et al., 2022; Ramos et al., 2015;
Way et al., 2019), little research has combined strength work with HIIT in this
population group (Alvarez et al., 2024; Kazemi et al., 2023), even though this tool

may provide greater cardiometabolic health benefits.

On the other hand, the programming of training is a complicated task, and
even more so when it comes to programming the degree of effort for strength
improvement. In the literature that can be found on strength training and
hypertension, strength has been assessed by performing 1RM (one-repetition
maximum) tests, a method considered the gold standard, but which involves an
excessive, inaccurate and even harmful effort (Badillo & Serna, 2002; Gonzalez-
Badillo et al., 2022); and for the volume of work, a fixed number of repetitions has
been determined for all participants, resulting in a different degree of effort for each
of them, as has been shown in previous work (Badillo & Serna, 2002; Gonzalez-
Badillo et al., 2022; Rodriguez-Rosell et al., 2020). Until recently, it was difficult to
truly know the relative intensity at which one was working, and thus the intensity
at which a certain effect was produced. This was solved when the speed of
execution emerged, a tool that represents a paradigm shift in the field of training
by providing accurate information on the programmed load and the effects
produced by it (Badillo, 2017; Gonzalez-Badillo & Sanchez-Medina, 2010; Sanchez-
Medina & Gonzalez-Badillo, 2011). Currently, a large number of studies can be
found with different population groups, in which the speed of execution has been
used for the dosage of the training load; young men (Sanchez-Medina & Gonzalez-
Badillo, 2011), multiple sclerosis patients (Andreu-Caravaca et al., 2020), older
women (Marcos-Pardo et al., 2019), or cancer survivors (Diez-Fernandez et al.,
2023). However, there are no contributions from the measurement of movement
velocity in cardiovascular pathology, and more specifically in hypertension. One
of the main problems with previous works is the lack of rigor in training
programming; intensity and volume were not measured as accurately as possible,

and it is therefore not possible to know whether the participants underwent the
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same amount of training, with the same relative intensity and the same degree of
fatigue. Therefore, the aim of the present study was to compare the effects of
different individualized training programs: continuous moderateintensity
training, strength training combined with continuous moderate-intensity training,
and strength training combined with highintensity interval training, in adults with

arterial hypertension.

5.14. MATERIALS AND METHODS

5.14.1. Study design

A randomized controlled clinical trial with several simultaneous study
branches was conducted; the study was single-blind, longitudinal, and prospective.
To distribute subjects into experimental group 1 (EGI), experimental group 2
(EG2), experimental group 3 (EG3), and control group (CG) a simple
randomization method with the Microsoft Excel software (version 2016) was used.
Four groups were established based on blood pressure values, after which a
randomized sequence was generated using simple randomization. The group
assignment was blinded to the examiner and staff who performed the statistical
analysis. This research followed the guidelines from the Consolidated Standards of
Reporting Trials (CONSORT) statement, and the Template for Intervention
Description and Replication (TIDieR) checklist. The trial design was registered at
ClinicalTrial.gov (Code: NCT05914870).

In accordance with de Declaration of Helsinki, this randomized control trial
obtained the approval of the Research Ethics Committee of the Universidad
Catolica de Murcia (CE062107). The Informed Consent document was signed by all
participants prior to the start of the study.

5.14.2. Participants

A total of 100 volunteers participated, 51 women and 49 men, all of them with
hypertension, a mean age 54 years, and previously sedentary. The sample was
randomly assigned into three experimental and one control group: EG1, moderate-
intensity continuous training or MICT, (n = 24); EG2, strength training combined
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with MICT, (n = 25); EG3, strength training combined with HIIT, (n = 23); and CG,
control group, (n = 25) (see Fig.1).

Figure 1
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The inclusion criteria were: a) adults with diagnosed hypertension and with
follow-up by their primary care physician; b) age range 40-65 years; (c) not engaged
in at least 150 min of moderate physical activity per week or 75 min of vigorous
physical activity per week or a combination of both during the past 12 months. The
exclusion criteria were: a) subjects with osteoarticular or musculoskeletal problems
that conditioned the development of the intervention; b) uncontrolled or
traininglimiting cardiometabolic diseases such as heart disease, unstable coronary
artery disease, heart failure, renal failure, diabetes, or morbid obesity; c)
neurological problems; d) cognitive impairment that hinders the understanding
and performance of the training; e) subjects who are dependent in the performance
of daily activities; or f) pregnant women. Participants were instructed not to change
their eating habits. The sample size and power calculations were performed using

Rstudio 3.15.0 software. The significance level was set at o = 0.05 and the power to
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95 % (1-p = 0.95). The standard deviation used was according to the standard
deviation for blood pressure found in previous studies (Schroeder et al., 2019) [34].
A minimum clinically significant change of a total of 10 mmHg in SBP and 5 mmHg
in DBP was considered (Gorostidi et al., 2022). With a dropout rate of up to 9.57 %
(Stewart et al., 2005), the aim was to enroll at least 26 participants in each group.
The final sample provided a power of 95 % if found between and within a variance
of 4.6 mmHg of DBP and 3.2 mmHg in DBP.

5.14.3. Assessment tools and protocols

The pre-post intervention measurements were carried out in the morning,
between 8:00 and 13:00 h, by two researchers. They were carried out in a laboratory
at a temperature of 24 -C, in two different assessment sessions, with a difference of
48-72 h between them and always under the same conditions. The height of the
participants was measured with a SECA 217 stadiometer (SECA, Germany). Body
Composition was assessed with the InBody 770 analyzer using the DSMBIA
measurement method (Multifrequency and Direct Segmental Bioelectrical
Impedance) (Buch et al., 2022; Lahav et al., 2021). The analysis was performed on
an empty stomach, without drinking liquids 30 min before the test, without
drinking alcohol 48 h before the test and without wearing metallic elements in
contact with the skin such as chokers, rings, belts, etc. For the assessment, the
subject wiped their hands and feet with the InBody tissue, then climbed forwards
onto the equipment, placing their feet on the plates, and grasping the electrodes
with their hands with arms extended away from the sides of the body, without

speaking and without moving until the end of the test.

Abdominal girth was measured with a non-elastic tape measure (SECA 200;
SECA) according to the ISAK protocol (Marfell Jones et al., 2006); standing with
feet together, arms crossed on the chest and abdomen relaxed. The measurement

was taken at the narrowest part of the waist after a normal exhalation.

The evaluation of the hemodynamic parameters, SBP (systolic blood
pressure), DBP (diastolic blood pressure), MAP (mean arterial pressure), PP (pulse
pressure) and RPP (rate pressure product), was performed with the BPBIO-750
sphygmomanometer (Hypertension, 2010). For the test, the participants, after
sitting for 5 min before the measurement, placed the left arm relaxed and supported
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on the blood pressure monitor, with the cuff at the level of the heart, their back
supported, legs parallel without crossing and in silence during the test. Three
measurements were taken 3 min apart, and the average of the last two

measurements was taken as the reference value (Stergiou et al., 2021).

Blood chemistry analyses were performed from 8:00 to 9:00 a.m., after a
minimum fasting period of 10 h. Samples were stored in sterile tubes under
refrigeration (4-8 °C) for a maximum of 4 h, and then analyzed according to
standardized procedures. Total cholesterol (TC), high-density lipoproteins (HDL),
and low-density lipoproteins (LDL), were measured by a homogeneous enzymatic
colorimetric assay, while triglycerides (TG) were measured by an enzymatic assay.
(Cobas 8000C702, Roche, Mannheim, Germany); and glucose by an ultraviolet
hexokinase assay (Cobas 8000C702, Roche, Mannheim, Germany).

The manual hydraulic dynamometer Baseline was used to assess the manual
gripping force. The test was performed with the participant seated on a chair, back
supported, feet on the floor, right elbow flexed at 90°, and holding the
dynamometer with the wrist in neutral position with the thumb upwards; on
command, the subject squeezed the grip as hard as possible for 3 s. The same
procedure was repeated with the left hand. Two measurements were made with
both hands and the highest maximum force (kg) of the two attempts was
considered (Mathiowetz et al., 1985).

For the assessment of the maximum upper and lower body strength and the
programming of the training, different tests were carried out using the speed of
execution in the concentric motion with the Velowin optoelectronic encoder
(Velowin v.1.7.232, Instruments and Sports Technology; Murcia, Spain) (Gonzalez-
Badillo & Sanchez-Medina, 2010; Sanchez-Medina & Gonzalez-Badillo, 2011). Two
tests were carried out per body region on the Multipower BH TR machine, one of
progressive loads, and the other of velocity loss in the set (%VL); the exercises
performed were the squat and the bench press (Badillo, 2017; Gonzélez-Badillo &
Sanchez-Medina, 2010; Gonzalez-Badillo et al., 2017; Sanchez-Medina & Gonzalez-
Badillo, 2011). The tests were carried out in different sessions, 24 h apart, and before

starting the tests, the participant underwent a standardized general warm-up.

For the technical execution of the progressive load test in the squat exercise,
the protocol described in previous studies was followed (Escamilla, 2001; Sanchez-
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Medina et al., 2017). The initial external load for the squat exercise was set at 15 kg
for women and was progressively increased individually with 5 kg, 2.5 kg and 1.25
kg discs until a mean propulsive velocity (MPV) between 0.76-0.68 m-s' was
reached, which corresponds to 75%-80% 1RM in this exercise; for men was set at 25
kg and progressively increased individually with 10 kg, 5 kg and 2.5 kg discs until
an MPV between 0.76-0.68 m-s* was reached, which corresponds to 75%-80% 1RM
in this exercise. In the test 5 sets were performed, in the first set the participant
performed 3 reps with a very light load that allowed him to move the bar at a speed
<1.28 m's™ (<40% 1RM); in the second set he performed 3 reps with a light load that
allowed him to move the bar between 1.28-1.21 m-s* (40%-45% 1RM); in the third
set he performed 3 reps with a medium load that allowed him to move the bar
between 1.14-1.00 m-s* (50%-60% 1RM); in the fourth set he performed 2 reps with
amedium-high load that allowed him to move the bar between 0.92-0.84 m-s* (65%-
70% 1RM); and in the fifth set he performed 1 rep with a high load that allowed
him to move the bar between 0.76-0.68 m-s™ (75%-80% 1RM) (Andreu-Caravaca et
al., 2020; Conceicao et al., 2016; Diez-Fernandez et al., 2023; Gonzalez-Badillo &
Sanchez-Medina, 2010; Marcos-Pardo et al., 2019). The velocity loss test was
performed 24 hours after the progressive load test. For this test, a workload was
defined that allowed the participant to move the bar at 0.99 + 0.02 m-s”, assuming
60% of 1RM, and a velocity loss magnitude of 10% was established. The test ended
when the subject reached the prescribed %VL limit, regardless of the number of
repetitions performed in the series (Mordn-Navarro et al., 2019; Rodriguez-Rosell,
Yanez-Garcia, Mora-Custodio, Pareja-Blanco, et al., 2020).

For the technical execution of the progressive load test in the bench press
exercise, the protocol described in previous studies was followed (Diez-Fernandez
et al., 2023; Marcos-Pardo et al., 2019). The initial external load for the bench press
exercise was set at 10 kg for the women and was progressively increased
individually with 5 kg, 2.5 kg and 1.25 kg discs until a MPV between 0.55-0.47 m-s-
! was reached, which corresponds to 75%-80% 1RM in this exercise; for men was
set at 20 kg and progressively increased individually with 10 kg, 5 kg and 2.5 kg
discs until an MPV between 0.55-0.47 m-s™ was reached, which corresponds to 75%-
80% 1RM in this exercise. For the test 5 sets were performed, in the first set the
participant performed 3 reps with a very light load that allowed him to move the

bar at a speed <1.13 m-s (<40%); in the second set he performed 3 reps with a light
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load that allowed him to move the bar between 1.13-1.04 m-s (40%-45% 1RM); in
the third set he performed 3 reps with a medium load that allowed him to move
the bar between 0.95-0.87 m-s (50%-60% 1RM); in the fourth set he performed 2
reps with a medium-high load that allowed him to move the bar between 0.70-0.62
m-s?(65%-70% 1RM); and in the fifth set he performed 1 rep with a high load that
allowed him to move the bar between 0.55-0.47 m-s? (75%-80% 1RM) (Andreu-
Caravaca et al., 2020; Gonzalez-Badillo & Sanchez-Medina, 2010; Marcos-Pardo et
al., 2019). The velocity loss test was performed 24 h after the progressive load test.
A workload was defined that allowed the participant to move the bar at 0.97 + 0.03
m-s’, assuming 50% 1RM, and a magnitude of velocity loss of 15% was established.
The test ended when the subject reached the prescribed %VL limit, regardless of
the number of repetitions performed in the series (Gonzalez-Badillo et al., 2017;
Sanchez-Medina & Gonzalez-Badillo, 2011).

Cardiorespiratory fitness was assessed with the IC7 cycloergometer, with a
high-precision potentiometer with a direct WattRate measurement and an accurate
magnetic resistance of 300-. For the adjustment of the bicycle, the protocol
described in previous studies was followed (Gémez-Puerto et al., 2008). The test
consisted of a clinical step test with progressive loads; the steps lasted 2 min and
the pedaling cadence was between 70 and 80 bpm. In the first 2 min, the subject
pedaled at 50 W, then the load was increased by 25 W every 2 min; the test ended
when the participant decided to stop voluntarily due to fatigue (Marqueta et al.,
2016). The maximum working power was established as the last 2 min step that the
subject was able to complete. The VO,max was estimated using the formula
described by the ACSM (Ferguson, 2014): VO,max = (1.8 *workload (kg.m.min-
1))/body weight (kg) + 3.5 + 3.5 (where 1 W = 6.12 kg m.min-1).

5.14.4. Procedure

The intervention period lasted 12 weeks, the training frequency was 2
days/week (24 sessions) and the length of time per session was 60 min. EG1
performed a MICT session starting with 10 min of standardized general warm-up,
5 min of Nordic walking on an elliptical trainer, joint mobility exercises, and
dynamic stretching. In the main phase, they performed 40 min of continuous

aerobic endurance training on a cycloergometer, without breaks, maintaining the
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same intensity range throughout the session; the intensity was increased every 4
weeks, from weeks 1-4 they worked at 55%—60 % heart rate reserve (HRR), from
weeks 5-8 at 60%—65 % HRR, and from weeks 9-12 at 65%-70 % HRR. Finally, a 10

min post-workout phase with a cool down and static stretching took place.

EG2 performed strength training, based on an individual loadvelocity ratio
assessment, combined with MICT. The session started with 10 min of standardized
general warm-up, 5 min of Nordic walking on the elliptical machine, joint mobility
exercises, and dynamic stretching. Finally, a more specific warm-up was
performed. The participants performed 2 sets of each exercise, squat and bench
press, only with the weight of the bar (5 kg); the first set consisted of 8-10 reps and
the second set of 6-8 reps; the rest between sets was 2 min. The main training phase
was divided into two 20-min blocks. During the first 20 min, they performed 2
strength exercises that reproduced basic motor actions. The first exercise was a
lower hemisphere push (squat) with an intensity of 60 % of their IRM; 3 sets were
performed with the number of repetitions individualized for each subject using the
initial speed loss test, and the rest between sets and between exercises was 3 min.
The second exercise was a bench press at an intensity of 50 % of their 1RM.
Regarding the selection of volume, the analysis of previous studies indicated a
%VL of 25-30 % in squat and 3540 % in bench press, as a medium-high effort value
above which the degree of fatigue begins to increase, causing a significant decrease
in performance (Gonzdalez-Badillo et al, 2017; Rodriguez-Rosell et al., 2020;
Sanchez-Medina & Gonzalez-Badillo, 2011).

Following a minimum stimulus criterion, in order to guarantee a low training
volume, and considering the intensities proposed in this study, a 10 % %VL was
established for the squat exercise and 15 % for the bench press. In the last 20 min of
the main phase, the participants performed continuous moderate-intensity training
on a cycloergometer; the intensity of the training increased every 4 weeks. Thus,
from weeks 1 to 4, they trained at 55%-60 % HRR, from weeks 5 to 8, at 60%-65 %
HRR, and from weeks 9 to 12, at 65%-70 % HRR. Finally, a 10 min post-training
phase with cool down and static stretching took place.

EG3 performed strength training, based on an individual loadvelocity ratio
assessment, combined with HIIT. This group performed the same warm-up

protocol and the first 20 min of the main phase as EG2. In the last 20 min of the
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main phase, they performed high-intensity interval training on a cycloergometer.
Following the review of previous studies, and the lack of a standardized protocol
for this training modality in adults with hypertension (Costa et al., 2018; Li et al.,
2022), a work-recovery ratio of 1:1, 2 min work: 2 min active recovery was
established following previous work in cardiac rehabilitation and cardiovascular
pathology (Cardozo et al., 2015; Warburton et al., 2005; Yue et al., 2022). In addition,
based on the European Society of Cardiology (ESC) classification of aerobic training
intensity from maximal ergometry [6], an intensity of 80-85 % HRR was
determined for the training time, and 55%—-60 % HRR for the active recovery time.
The review of the latest ESC documents allowed for the following ranges of
intensity: 85 % very high intensity HRR (Hansen et al., 2021; Pelliccia et al., 2020).
Training intensities were not modified during the intervention. Finally, a 10 min
post-training phase with a return to calm and static stretching took place. The heart
rate was monitored using the MyZone MZ-3 Heart Rate Monitor, which allowed
the HR to be monitored at all times. In addition, the subjective rate of perceived
exertion (RPE) was recorded simultaneously (Borg, 1998), as well as the training in
watts, with the WattRate direct measurement potentiometer (Allen et al., 2019), by

means of a computer integrated in the cycloergometer.

5.14.5. Statistical analysis

The Kolmogorov—-Smirnov test and Mauchly’s W-test were used to evaluate
the normality and the sphericity of the data. The mean and standard deviation were
calculated from the quantitative variables, and frequency and percent were used
for the qualitative variables. A twoway analysis of variance (ANOVA) with
repeated measurements and Bonferroni’s correction will be used to compare the
changes from the baseline between groups, the evaluation time interaction, and
evaluation time. To protect against a Type I error, Bonferroni’s correction was used
to achieve p < 0.005 for statistical significance. The effect size was calculated using
partial eta-squared (1n2p) for analysis of variance, and will be defined as small: ES
>0.10; moderate: ES > 0.30, large: ES > 1.2; or very large: ES > 2.0. Lastly, an error of
p < 0.05 was used (Hopkins et al., 2009). All analyses were based on intention-to-
treat with an error of p < 0.05. The statistical analysis was performed using the
statistical package SPSS 24.0 for Windows.
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5.15. RESULTS

Table 1 shows the characteristics of the sample, and Tables 2 and 3 show the

pre-post intervention results of EG1, EG2, EG3, and CG. In addition, group * time

interaction is also presented.

Table 1
Characteristic of the sample

Variable % (n) or XxSD

Sex Female 51.54 (50)
Male 48.45 (47)

Age 54.17+6.70

Marital Status Married 87.00 (87)
Single 11.00 (11)
Widow 2.00 (2)

Occupation Full-Time Worker 49.00 (49)
Part-Time Worker 4.00 (4)
Unemployed 16.00 (16)
Self-Employed 10.00 (10)
Retired 21.00 (21)

Education level No Education 9.00 (9)
Elementary School 32.00 (32)
Secondary School 16.00 (16)
High School 25.00 (25)
University Education 18.00 (18)

Living Status Living with Someone 87.00 (87)
Living Alone 13.00 (13)
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Table 2
Effect of multicomponent training and cardiovascular training on blood biomarker and body composition
Outcome  Group Pre-test (M+ED) Post-test (M+ED) No Adjusted Group * time
interaction
Difference post-pre p 95% CI F Sig ES
(M=ED) (Mpost-Mpre)
SBP EG1 144.46+8.83 136.17+7.86 -8.29+1.46%# <0.001 -11.20; -5.38 6.00 <0.001 0.54
(mmHg)  gGo 143.44+7.53 121.76+8.52 -21.68+1.43"77 <0.001 -24.53; -18.82
EG3 143.87+8.49 128.96+10.40 -14.91+1.49""# <0.001 -17.88; -11.94
CG 147.92+11.83 146.56+11.52 -1.36+1.43" 4% 0.346 -4.21;1.49
DBP EG1 90.00+6.90 82.92+6.12 -7.08+1.10% <0.001 -9.27; -4.89 946  <0.001 0.38
(mmHg)  gGo 88.28+5.72 74.365.09 -13.92+1.08"" <0.001 -16.06; -11.77
EG3 88.30+6.98 77.61+7.91 -10.69+1.12" <0.001 -12.93; -8.45
CG 92.16+7.28 89.3246.95 -2.84+1.08"## 0.01 -4.98; -0.69
MAP EG1 108.17+5.96 100.67+5.87 -7.50+1.00%## <0.001 -9.49; -5.50 7.06 <0.001 0.54
(mmHg)  gGo 106.52+5.27 90.12+5.34 -16.40+0.987"# <0.001 -18.35; -14.44
EG3 106.78+6.90 94.74+7.85 -12.04+1.02""* <0.001 -14.08; -10.00
CG 110.60+7.25 108.28+7.80 -2.32+0.98"## 0.021 -4.27;-0.36
PP EG1 54.46+10.29 53.25+6.72 -1.20+1.49¢ 0.419 -4.16;1.75 7.84  <0.001 0.20
(mmHg)  pco 55.16+7.48 47.40+7.68 -7.76+1.46"" <0.001 -10.65; -4.86
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EG3 55.54+6.17 50.83+9.58 -4.73+1.52" 0.002 -7.76;-1.71
CG 55.76+11.32 57.20+8.51 1.44+1.46%# 0.327 -1.45; 4.33
RPP EG1 11379.67+1442.92  10005.00+1365.80 -1374.66+251.81%# <0.001 -1874.71; -874.61 2.88 <0.001 0.42

EG2 11254.00+1735.96 8507.64+1309.88 -2746.36+246.72"# <0.001 -3236.30; -2256.41

EG3 11545.13+1554.06 9528.30+1474.82 -2016.82+257.23""# <0.001 -2527.63; -1506.01

CG  11827.56+147497  11875.68+1132.23 48.124246.72% 0.846 -441.82; 538.06
RHR EG1 79.04+11.20 73.54+9.51 -5.50+1.64° 0.001 -8.77;-2.23 702 <0.001 0.18
EG2 78.40+11.05 69.72+8.49 -8.68+1.61" <0.001 -11.88; -5.47
EG3 80.17+8.95 73.57+9.38 -6.60+1.68" <0.001 -9.94; -3.26
CG 80.00+8.23 81.28+8.06 1.28+1.617## 0.430 -1.92;4.48
Weight EG1 91.45+16.59 91.32+16.45 -0.20+0.16 0212 -0.53;0.12 073 0531 024
(Kg) EG2 78.11+14.18 77.75+13.89 -0.17+0.16 0.282 -0.49; 0.14
EG3 87.88+16.01 86.98+16.62 -0.40+0.16 0.019 -0.74; -0.68
CG 88.94+15.94 88.86+16.28 -0.04+0.16 0.806 -0.36; 0.28
LBM EG1 30.28+6.34 30.77+6.31 -0.12+0.38° 0.756 -0.89; 0.64 076 0514 024
(Kg) EG2 28.98+6.73 29.56+6.77 -0.35+0.37" 0.351 -1.11;0.39
GE3 29.93+5.77 30.38+6.21 -0.89+0.39" 0.026 -1.68; -0.11
CG 30.56+5.98 30.38+5.92 -0.08+0.37"## 0.825 -0.83; 0.67
BFP EG1 39.70+8.09 38.73+8.20 -0.96+0.33 0.004 -1.62;-0.30 378 0013 0.1

(%) EG2 32.62+10.27 31.55+9.75 -1.07+0.32 0.001 -1.71; -0.42
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EG3 38.00£9.08 36.8319.15 -1.17+0.33" 0.001 -1.84;-0.49
CG 37.69+8.44 37.89+8.70 0.19+0.32% 0.547 -0.44; 0.84
BMI EG1 32.615.14 32.4045.11 -0.90+0.39 0.024 -1.68;-0.12 323 0026  0.09
(Kg/m?) EG2 27.43+4.87 27.25+4.56 -1.09+0.38 0.006 -1.85; -0.32
EG3 31.85+5.59 31.44+5.56 -1.4620.40 <0.001 -2.26, -0.66
EG 31.90+4.99 31.86+5.09 0.18+0.38 0.628 -0.57; 0.95
VF EG1 183.60+59.58 178.39+59.24 -5.2142.12 0.016 -9.42;-0.99 332 0023 0.9
(cm?) EG2 125.19+58.83 119.74+54.32 -5.44+2.07 0.010 9.57;-1.31
EG3 165.07+56.86 156.6656.29 -8.4122.16' <0.001 -12.71; -4.10
CG 165.25+54.58 166.10+55.82 0.84+2.07% 0.684 -3.28;4.97
Waist EG1 110.08+13.26 106.83+15.27 -3.25+0.88" <0.001 -5.00; -1.49 1266  <0.001  0.29
circumfe gy 98.76+10.54 92.16+10.58 -6.60£0.86™" <0.001 -8.32; -4.87
rence EG3 106.60+14.32 102.26+16.12 -4.3420.90° <0.001 -6.14; -2.55
(cm) CG 105.80+12.33 106.52+12.64 0.72+0.86"4# 0.409 -1.00; 2.4

Note. SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MAP: Mean Blood Pressure; PP: Pulse Pressure: RPP:
Rate Pressure Product; RHR: Resting Heart Rate; BMI: Body Mass Index; LBM: Lean Body Mass; BFP: Body Fat
Percentage; VF: Visceral Fat; *Significantly different from corresponding CG value at the p < 0.05 level; **Significantly

different from corresponding EG1 value at the p < 0.05 level; # Significantly different from corresponding EG2 value at

the p <0.05 level; ## Significantly different from corresponding EG3 value at the p <0.05 level.
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Table 3
Effect of multicomponent training and cardiovascular training on metabolic biomarket, and physical fitness
Outcome Group Pre-test (M+ED) Post-test (M+ED) No Adjusted Group * time
interaction
Difference post-pre p 95% CI F Sig ES
(M+ED) (Mpost-Mpre)
CT EG1 192.25+40.54 185.04+23.10 -7.20+5.43" 0.18 -18.00; 3.58 734 <0.001 0.19
(mg/dl) EG2 199.72+30.11 192.08+29.20 -7.64+5.32" 0.15 -18.21;2.93
EG3 195.73+38.36 177.16+35.48 -18.47+5.54" 0.001 -29.50; -7.45
CG 191.76+28.50 208.00+29.89 16.24+5.327## 0.003 5.66; 26.81
HDL EG1 48.21+7.15 50.00+10.37 1.79+1.00 0.078 -0.20; 3.79 0.89 0.447  0.02
(mg/dl) EG2 54.44+9.92 55.32+11.29 0.88+0.98 0.375 -1.07;2.83
EG3 48.17+11.63 49.17+12.30 1.00+1.02 0.333 -1.04; 3.04
CG 48.76x11.09 48.48+12.48 -0.28+0.98 0.777 -2.23;1.67
LDL EG1 118.27+36.36 110.45+21.58 -7.82+4.71 0.100 -17.18; 1.53 6.65 <0.001 0.17
(mg/dl) EG2 120.61+24.77 114.14+24.54 -6.47+4.61" 0.164 -15.64; 2.70
EG3 118.15+36.26 105.30+32.60 -12.85+4.81" 0.009 -22.41;-3.29
CG 116.82+23.25 131.34+31.29 14.52+4.61"## 0.002 5.34; 23.69
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TG EG1 126.08+52.16 121.91+36.94 -4.16+7.42 0.576  -18.91;10.58 301 0.034 0.09
(mg/dl) EG2 122.32+59.16 113.72+43.21 -8.60+7.27 0.240 -23.05; 5.85

EG3 137.21£55.82 121.43+65.24 -15.78+7.58' 0.040  -30.84;-0.71
CG 133.44+64.33 147.96+79.97 14.52+7.27¢ 0.049 0.70; 28.97

Glucose EG1 107.33+13.49 99.91+14.06 -7.41%1.60" <0.001  -10.60; -4.22 1173 <0.001  0.27

(mg/dl) EG2 98.16+14.69 91.36+10.77 -6.80+1.57" <0.001  -9.92;-3.67
EG3 97.60+13.05 87.65+13.14 -9.95+1.64" <0.001  -13.21;-6.69
CG 97.24+22 48 99.80+19.94 2,561,574 0.107 -0.56; 5.68

Handgrip EG1 32.85+7.61 35.56+10.23 2.70+0.59" <0.001 1.53; 3.88 791  <0.001 0.20

RA EG2 31.18+9.80 33.24+11.18 2.06+0.57 0.001 0.91; 3.20
EG3 31.80+7.79 35.45+8.26 3.65+0.60" 0.80 2.45; 4.84
CG 31.42+8.73 31.56+8.81 0.14+0.57"# <0.001 -1.00;1.28

1RM EG1 51.33+21.18 59.87+24.99 8.54+1.58"* <0.001 5.40; 11.68 4134 <0.001 057

(Kg UB) EG2 46.24+23.68 65.12+30.34 18.88+1.54""# <0.001  15.80;21.95
EG3 51.09+20.52 62.78+26.91 11.69+1.61* <0.001 8.48; 14.90
CG 54.24+24.26 52.20+23.20 -2.04+1.54"4# 0.191 -5.11;1.03

MPV EG1 0.97+0.02 1.08+0.07 0.10+0.01%* <0.001 0.08; 0.13 7817 <0.001 0.71

(m/s 50%) EG2 0.96+0.03 1.20+0.06 0.23+0.01""# <0.001 0.20; 0.26
EG3 0.96+0.03 1.10+0.06 0.13+0.01°* <0.001 0.10; 0.16
CG 0.97+0.02 0.92+0.04 -0.05+0.01"# <0.001  -0.07;-0.02
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1IRM EG1 70.75+34.09 87.96+38.71 17.20+1.92"# <0.001 13.38;21.03 4949 <0.001 0.61
(Kg LB) EG2 73.08+35.11 98.32+41.42 25.24+1.88"" <0.001 21.49; 28.98

EG3 79.26+32.24 97.65+37.24 18.39+1.96 <0.001 14.48; 22.29

CG 79.92+32.17 76.44+30.72 -3.48+1.88"## 0.068 -7.22;0.26
MPV EG1 0.99+0.02 1.15+0.08 0.16+0.01% <0.001 0.13;0.19 76.50 <0.001 0.71
(m/s 60%) EG2 0.99+0.02 1.21+0.05 0.22+0.01"" <0.001 0.19; 0.25

EG3 0.98+0.02 1.16+0.06 0.17+0.01" <0.001 0.14; 0.20

CG 0.99+0.02 0.95+0.05 -0.03+0.01"## 0.006 -0.06; -0.01
VO2p EG1 22.01+4.34 26.71+£5.38 4.69+0.34 <0.001 4.00; 5.38 5755 <0.001 0.65
(ml/kg/min) EG2 25.08+3.82 30.86+4.40 5.78+0.33"# <0.001 5.10; 6.45

EG3 21.13+3.64 24.56+4.56 3.43+0.35%* <0.001 2.73,4.13

CG 21.61+3.58 21.43+3.57 -0.18+0.33"## 0.588 -0.85; 0.49

Note. CT: Total Cholesterol; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; TG: Triglycerides; RA:
right arm; LA: left arm; 1IRM: Maximum Repetition; UL: Upper Limb; LL: Lower Limb; MPV: mean propulsive velocity;
VO2p: Peak oxygen consumption; *Significantly different from corresponding CG value at the p < 0.05 level;
**Significantly different from corresponding EG1 value at the p <0.05 level; # Significantly different from corresponding
EG2 value at the p <0.05 level; ## Significantly different from corresponding EG3 value at the p <0.05 level.
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On the one hand, EG1, EG2, and EG3 showed significant improvements in
SBP, DBP, MAP, RHrest, lean mass, waist circumference, TC, LDL, glucose,
handgrip strength, 1IRM upper body, upper limb MPV (m/s 50 %), 1IRM lower body,
lower limb MPV (m/s 60 %), and VO,peak, with these changes being significantly
greater than those of the CG. On the other hand, EG2 obtained greater changes in
SBP, DBP, MAP, PP, RPP, waist circumference, 1IRM upper body, upper limb MPV
(m/s 50 %), 1IRM lower body, and lower limb MPV (m/s 60 %) than EG1.

EG2 also showed further improvements in SBP, MAP, RPP, 1IRM upper limb,
upper limb MPV (m/s 50 %), and VO,peak than EG3. Finally, the EG3 achieved
major improvements in SBP, MAP, and RPP than EG1. Furthermore, it was the only
intervention group that significantly reduced BFP (body fat percentage) with
respect to the CG.

Finally, the EG3 achieved major improvements in SBP, MAP, and RPP than
EGL1. Furthermore, it was the only intervention group that significantly reduced
BFP (body fat percentage) with respect to the CG.

5.16. DISCUSSION

The aim of the present study was to compare the effects of different
individualized training programs, i.e,, MICT, strength training combined with
MITC, and strength training combined with HIIT, in adults with high blood
pressure. The results showed that EG1, EG2, and EG3 significantly improved blood
pressure levels, while the CG showed no change. One of the main findings of this
research was that both groups with combined training showed greater
improvements in these variables, with strength training combined with MICT
showing the greatest benefits. It can be observed that the reductions in blood
pressure levels obtained in this study were significantly greater than the results
obtained in previous work with this same modality, despite the fact that the
frequency of training was lower (Lopez-Ruiz et al., 2023). These improvements
could be linked to the rigorousness with which the intensity and volume of strength
training was quantified, which provided the same training for all participants and
a similar degree of exertion (Badillo, 2017; Badillo & Serna, 2002; Gonzalez-Badillo
& Sanchez-Medina, 2010; Gonzalez-Badillo et al., 2022; Sanchez-Medina &
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Gonzaélez-Badillo, 2011). The greater changes in the combined training groups
could be attributed to an improvement in endothelial function induced by strength
training. Endothelial dysfunction is associated with several cardiovascular risk
factors, including hypertension. The endothelium plays an important role in
vascular contractile modulation that is largely dependent on the bioavailability of
nitric oxide (NO) (Gamboa et al., 2007; Node et al., 1997; Vallance et al., 1989). When
the endothelium is damaged, it neutralizes NO production and stimulates the
production of vasoconstrictive substances, leading to an increase in blood pressure
(Brandes, 2014; Schulz et al., 2011). Strength training can stimulate NO production
by increasing vascular AMPK/PPARd and suppressing endoplasmic reticulum
stress, thereby improving endothelial function (Boeno et al., 2020; Pedersen &
Febbraio, 2012; Silva et al., 2021; Tian & Meng, 2019). Furthermore, although the
two combined training groups had the same dose of strength training, the group
that performed MICT showed greater improvements than the group that
performed HIIT. This may be because aerobic exercise, performed over a prolonged
period of time and at a moderate intensity, has been widely shown to have
beneficial effects on endothelial function (Tao et al., 2023; You et al., 2021).

In terms of body composition variables, lean mass and waist circumference,
the intervention groups showed significant improvements, while the CG showed
no change. Physical exercise induces changes in body composition because during
muscle contraction, hundreds of exerkines with autocrine, paracrine or endocrine
effects are released into the bloodstream, with major health benefits (Di Raimondo
et al., 2016; Pedersen & Saltin, 2015; Severinsen & Pedersen, 2020). Training can
increase muscle mass and reduce fat percentage (Pedersen & Febbraio, 2012;
Severinsen & Pedersen, 2020), as the secretion of some of these exerkines promotes
muscle hypertrophy and myogenesis, lipolysis, and fatty acid oxidation, and
induces the browning of white adipose tissue (Atakan et al., 2021; Pedersen, 2006;
Pedersen & Febbraio, 2012; Severinsen & Pedersen, 2020). Likewise, the
participants in the strength training groups showed the most improvement in these
variables, with the combined MICT group again showing the most improvement.
These results can be attributed to strength training, which promotes visceral fat loss
by promoting metabolic adaptations in the abdominal subcutaneous adipose
tissue, with a significant increase in lipolysis in this area, both during and after
training (Khalafi et al., 2021; Severinsen & Pedersen, 2020; Wewege et al., 2022).
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With regard to improvements in body composition, it is known that muscle is an
important modifiable risk factor for the development of cardiovascular disease,
also for cardiovascular disease mortality and for all-cause mortality; lean mass
appears to have a protective effect against cardiovascular and metabolic disease
(Carbone et al, 2020). On the other hand, recent studies have compared
improvements in body composition with MICT vs HIIT training, showing that the
changes brought about by both types of training are similar and even favor MICT
in reducing body fat (Andreato et al., 2019; Keating et al., 2017; Wewege et al., 2017).
In line with these changes, it can be observed that participants in the intervention
groups also significantly reduced their total cholesterol, LDL and glucose values,
with these reductions being significantly different from the CG, which did not
change. These improvements could be brought about by the release of IL-6 during
exercise, among other exerkines, as its signaling within muscle leads to an increase
in basal glucose uptake and translocation of its transporter GLUT-4 (Pedersen &
Febbraio, 2008, 2012; Severinsen & Pedersen, 2020), in addition to increasing
intramyocellular or whole-body fatty acid oxidation through activation of AMPK
(Pedersen & Febbraio, 2008, 2012; Severinsen & Pedersen, 2020).

In relation to physical fitness, the results showed significant improvements
in all three training groups in both strength and cardiorespiratory fitness as
compared to the CG. Regarding the strength gains of the three intervention groups,
it is known that the practice of exercise, regardless of the modality performed, is
capable of provoking structural (peripheral) and neural (central) physiological
adaptations, as muscular action is necessary to overcome a load (Badillo & Serna,
2002; Gonzalez-Badillo et al., 2022). The central adaptations of these groups were
determined by the type of activity performed, the intensity of the work, and the
duration of the action (Badillo & Serna, 2002). The combined strength training
group with MICT showed greater improvements in manual pressure strength and
maximal upper and lower limb strength than the continuous moderate-intensity
group. These results may be a response to strength training, which achieves greater
neural adaptations through increased recruitment and synchronization of motor
units and stimulus frequency, as previously demonstrated in the literature (Del
Vecchio et al.,, 2019; Enoka, 1997; Sale, 1988). These adaptations of the central
nervous system as a whole contribute to gains and improvements in maximal

strength. In terms of aerobic endurance, the results revealed significant changes in
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the function of the cardiovascular and respiratory systems, with an improvement
observed in maximal oxygen consumption and an increase in stroke volume and
cardiac output. Exercise can lead to important adaptations in skeletal muscle, such
as increased mitochondrial biogenesis and capillary density, with these responses
to exercise reflected in an improved ability to transport and use oxygen to generate
energy (Akimoto et al., 2005; Booth et al., 2015; Jung & Kim, 2014). Many studies
support the important role of PGC-1a (peroxisome proliferator-activated receptor
gamma la coactivator) in these muscle adaptations induced by aerobic endurance
exercise, including its possible role in the complex regulation of mitochondrial
quality (Baar et al., 2002; Halling & Pilegaard, 2020; Jung & Kim, 2014). Despite the
controversy that combined training may interfere with the adaptations induced by
the different metabolic pathways AMPK and m-TOR, activated by aerobic and
strength training respectively, in the present study, it can be observed that EG2,
strength training combined with MICT, obtained greater improvements in
VO;peak than EG1, which performed a single modality of continuous moderate-
intensity training, showing the compatibility of the two modalities in the same
session and showing a similarity with previous studies (Khalafi et al., 2022; Pito et
al., 2022). These results can be justified by the large adaptive reserve that sedentary
subjects have at the start of any exercise program. Previous studies have shown
that sedentary subjects who begin a combined strength and endurance training
program achieve a positive and additive response to the two exercise modalities,
favoring a generic adaptation in the absence of a true specificity of the training
effect (Coffey & Hawley, 2017). Another important factor to consider is the low
degree of fatigue in strength training, which could explain the possible interference
of this training modality, thus achieving a greater maintenance of the MHC IIX
fibers (Pareja-Blanco, Rodriguez-Rosell, et al., 2017).

This study has some limitations that should be taken into account for future
research, such as the total intervention time. It is possible that longer periods of
time training will lead to more significant results in some of the variables. Another
point to consider is an intervention group with only strength training that could
have been compared with the other modalities, and the effects on blood pressure
as compared to the other modalities could have been known more precisely.
Finally, another limitation was the daily intake of the participants, as the diet could

have been controlled by making a daily dietary record.
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Despite these limitations, this would be the first study in a hypertensive
population comparing different strength training modalities, based on an
individual assessment of the load-velocity relationship, combined with MICT and
HIIT, versus continuous moderate-high intensity training. Another contribution
and strength of this study is the precision with which the effort was dosed through
the speed of execution, which allowed the workload to be individualized for each
participant, ensuring that the stimulus programmed for strength training was truly
the one applied and executed by each of them. More importantly, this
quantification of load allowed all hypertensive participants to perform the same

training and reach a similar degree of fatigue.

5.17. CONCLUSION

The results of the present study indicate that the implementation of a strength
training program, based on an individual assessment of the load-velocity
relationship, combined with MICT in the same session, 2 days per week for 12
weeks, produces significant improvements in blood and metabolic biomarkers,
body composition, and physical condition, in adults with hypertension, with these
adaptations being superior to those produced by MICT and strength training

combined with HIIT, which also show improvements, but to a lesser extent.
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Vd - ESTUDIO 4: Disefio de Programas de Entrenamiento Combinado
Individualizado para Adultos con Hipertension Arterial.

5.18. RESUMEN

Actualmente la enfermedad cardiovascular es la causa principal de muerte
en el mundo. Entre los factores de riesgo desencadenantes de muerte
cardiovascular a nivel mundial se encuentra la hipertension arterial. En
consecuencia, son muchos los planes estratégicos para abordar y mejorar los
niveles de presion arterial con el objetivo de frenarla la alta incidencia de
mortalidad anual, encontrandose entre estas estrategias los programas de ejercicio
fisico. Por ello, el objetivo de este trabajo es proporcionar a los profesionales de la
salud una guia para poder disefiar correctamente un programa de entrenamiento
combinado individualizado efectivo, de fuerza y resistencia aerdbica, con la
finalidad de mejorar la salud cardiometabdlica de esta poblacion. En el presente
trabajo se abordan las actuales recomendaciones sobre prescripcion de ejercicio
fisico en personas con hipertension, y se aportan consideraciones generales a tener
en cuenta para la practica del mismo. Ademas, se hace referencia al efecto de los
farmacos durante el ejercicio fisico y como tenerlo presente durante su realizacion,
se describen cuales son las adaptaciones agudas al ejercicio y las recomendaciones
para el entrenamiento combinado de resistencia y fuerza en esta poblacion. Por
altimo, se propone un programa de entrenamiento combinado individualizado
para personas con hipertension de 12 semanas de duracién con una frecuencia de
entrenamiento de 2 dias/semana. Para el entrenamiento de fuerza la intensidad sera
baja-moderada y el volumen serd bajo, ambas variables individualizadas a través
de la velocidad de ejecucidn; se relizaran 2 ejercicios, 3 series/ejercicio y en
progresion horizontal. Para el entrenamiento de resistencia aerdbica la intensidad
sera baja progresando a moderada, del 55% al 70% de la FCresv incrementando
cada 4 semanas, esta variable serd individualizada mediante un test clinico en

cicloergometro; el volumen sera de 20 min/sesién en bicicleta estatica.

Palabras Clave: Presidn arterial alta, ejercicio, entrenamiento concurrente,

fuerza, resistencia
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5.19. INTRODUCCION

Los ultimos estudios epidemioldgicos posicionan a la enfermedad
cardiovascular como primera causa de muerte en el mundo, con la cardiopatia
isquémica en primer lugar, seguida del accidente cerebrovascular. Estos estudios
también apuntan que la hipertension arterial sigue siendo el principal factor de
riesgo modificable de muerte cardiovascular a nivel mundial, responsable de mas
de 10 millones de muertes al afno (Mensah et al., 2023; Unger et al., 2020;
Vaduganathan et al., 2022). Una de las metas de la Organizacion Mundial de la
Salud (OMS) para 2025, en relacion con las enfermedades no transmisibles, es
reducir la prevalencia de la hipertensiéon arterial en un 25% (tomando como
referencia los datos de 2010) (OMS, 2023), pero a dia de hoy las cifras de incidencia

y mortalidad por dicha enfermedad siguen aumentando.

La hipertension arterial se considera un trastorno cronico y practicamente
asintomatico con una etiologia multifactorial sin causa concreta. Se puede
diferenciar entre hipertension primaria y secundaria, la mas frecuente es la
primaria, que corresponde al 90-95% aproximadamente de los casos; la
hipertension secundaria, mucho menos comun, suele presentarse en un 5-10% de
los pacientes hipertensos (Rimoldi et al., 2014; Unger et al., 2020). La hipertendion
primaria es muy heterogénea y presenta una serie de factores de riesgo intrinsecos
(no modificables) por su origen bioldgico y otros factores extrinsecos (modificables)
por su naturaleza ambiental asociados al estilo de vida (Gorostidi et al., 2022). Mas
del 50% de las personas con hipertension arterial presentan otros factores de riesgo
adicionales como sobrepeso-obesidad, dislipemia, resistencia a la insulina o
diabetes tipo II; asi como unos habitos de vida poco saludables, entre los que se
encuentra el sedentarismo o una mala alimentacion (Menéndez et al., 2016; Unger
et al., 2020). Con respecto a la hipertension secundaria, su etiologia se puede
clasificar en frecuentes e infrecuentes. Entre las causas frecuentes figuran la
enfermedad renal parenquimatosa, la enfermedad renovascular, el
hiperaldosteronismo primario, el sindrome de apnea-hipopnea del suefio y la

hipertension inducida por farmacos (Unger et al., 2020; Whelton et al., 2018b).

Las ultimas guias europeas de cardiologia e hipertension consideran hablar
de hipertension arterial cuando en consulta los niveles de presion arterial sistdlica

son iguales o superiores a 140 mmHg y/o los niveles de presion arterial diastolica
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son iguales o superiores a 90 mmHg, aunque los valores de corte para definir
hipertension arterial en el hogar o con dispositivos de registro de 24 horas son
mostrar una tension arterial sistdlica igual o superior a 135 mmHg y/o una presion

arterial diastdlica igual o superior a 85 mmHg (Mancia et al., 2023).

En la actualidad existe suficiente evidencia para justificar que el ejercicio
fisico actia como una intervencion capaz de prevenir y tratar numerosas
enfermedades no trasmisibles, entre ellas se encuentran las enfermedades
cardiometabdlicas, inmunoldgicas, neuroldgicas o incluso enfermedades como el
cancer (Pedersen, 2006; Pedersen & Saltin, 2015). En esta linea de los beneficios para
la mejora de la salud y la calidad de vida de las personas que se consiguen a través
de las terapias no farmacoldgicas, se pueden encontrar grandes estudios
epidemioldgicos donde se ha mostrado una relacion inversa entre la incidencia de
hipertension arterial y la practica de ejercicio fisico (Liu et al., 2017; Rijal et al., 2024).
Las intervenciones no farmacoldgicas son claves para la prevencion y tratamiento
de este trastorno; estas intervenciones requieren cambios en los habitos y conductas
de la vida diaria, como abandonar el sedentarismo y comenzar con la practica de
ejercicio fisico de forma habitual (Charchar et al., 2024; Pelliccia et al., 2020;
Whelton et al., 2018b). En 1989, y por primera vez, la OMS y la Sociedad
Internacional de Hipertension Arterial incluyeron recomendaciones de ejercicio
fisico entre las medidas no farmacoldgicas destinadas a la disminucion de los

valores de la presion arterial (OMS, 1989).

En el dmbito clinico las guias de patologia cardiovascular e hipertension
marcan las directrices sobre la prescripcion de ejercicio fisico a nivel mundial en
este tipo de poblacion. Estos documentos internacionales contemplan
recomendaciones muy generales para la mejora de la salud cardiovascular (Mancia
et al., 2023; Unger et al., 2020; Whelton et al., 2018b). El ejercicio de resistencia
aerobica ha sido una modalidad bien estudiada por la comunidad cientifica y se
considera, hasta la fecha, el entrenamiento prioritario para sujetos con
hipertension, por ser la modalidad que mayores beneficios obtiene sobre los niveles
de presion arterial, con reducciones de -4,9 a -12 mmHg en presion arterial sistélica
y de -3,4 a-5,8 mmHg en presion arterial diastolica (Hanssen et al., 2021; Mancia et
al.,, 2023; Pescatello et al.,, 2015). El trabajo de fuerza se recomienda como

entrenamiento complementario al de resistencia, para que los pacientes se puedan
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beneficiar de las mejoras que ofrece dicha modalidad, entre esas mejoras
reducciones de -3,0 a -4,7 mmHg en presion arterial sistdlica y de -3,2 a -3,8 mmHg
en presion arterial diastolica (Hanssen et al., 2021; Mancia et al.,, 2023). El
entrenamiento combinado de ambas modalidades, fuerza y resistencia, en la misma
sesion de entrenamiento también ofrece grandes beneficios para la salud
cardiometabdlica, como ya se ha demostrado en estudios previos (Corso et al., 2016;
Lopez-Ruiz et al., 2023). Esta modalidad combinada es una buena herramienta para
abordar la hipertension arterial debido a las reducciones significativas que tiene
sobre los niveles de presion arterial, de hasta -21,68 mmHg en los niveles de presion
arterial sistolica y de hasta -13,92 mmHg en los de presién arterial diastdlica,
incluso, presenta mayores reducciones que el entrenamiento de resistencia por si

solo, de hasta -12,8 mmHg, -6,8 mmHg respectivamente.

5.20. PRESCRIPCION DE EJERCCIO FISICO PARA LA MEJORA DE LA SALUD
CARDIOMETABOLICA EN SUJETOS ADULTOS CON HIPERTENSION
ARTERIAL

5.20.1. Consideraciones generales para la practica de ejercicio fisico

Antes de comenzar con un programa de entrenamiento es importante que
el sujeto pase por un reconocimiento médico en el que se realizaran unas pruebas
rutinarias recomendadas para sujetos con hipertension arterial, con ello se podra
descartar un riesgo aumentado de ECV o comorbilidades relevantes y garantizar la
seguridad para el desarrollo de los programas de entrenamiento. Las pruebas
incluyen: analisis de sangre para medir la hemoglobina glucosilada (HbA1C), los
electrolitos, la creatinina, la tasa de filtracion glomerular y el perfil lipidico; analisis
de orina para estimar la ratio albumina:creatinina y comprobar la hematuria
mediante una tira reactiva; examinar el fondo de ojo para detectar la presencia de
retinopatia hipertensiva; y por tltimo, un electrocardiograma de 12 derivaciones
(McEvoy et al., 2024; NICE, 2023; Unger et al., 2020).

Las guias clinicas internacionales de cardiologia e hipertensién
recomiendan la practica de ejercicio fisico como tratamiento no farmacologico para
la mejora y el control de la hipertension arterial (Charchar et al., 2024; Rabi et al.,
2020; Unger et al., 2020; Whelton et al., 2018b). Estas pautas recomiendan realizar



CAPITULO V — METODO, RESULTADO Y DISCUSION 163

entrenamiento de resistencia de 150 a 300 min/semana (5-7 dias/semana) con
intensidad moderada y se puede alternar de 75 a 150 min/semana (2-3 dias/semana)
con intensidad vigorosa (Charchar et al., 2024; McEvoy et al., 2024; Pelliccia et al.,
2020; Rabi et al., 2020). Algunos de estos documentos también recomiendan
incorporar de 2 a 3 dias por semana entrenamiento de fuerza, como
complementario al de resistencia aerdbica, sin profundizar sobre su prescripcion
(Brook et al., 2013; Charchar et al., 2024; Hanssen et al., 2021; Whelton et al., 2018b).

Estos patrones de ejercicio deben ser integrados dentro de una sesién
completa de entrenamiento que debe mantener siempre la misma estructura, sea
cual sea el programa de ejercicio o disciplina deportiva que se vaya a realizar. La
estructura de la sesiéon se compone de tres fases solidas y sucesivas, la fase de
preparacion al entrenamiento o calentamiento, la fase principal y fase de
recuperacion post-entrenamiento o vuelta a la calma, que garantizan la salud y la
mejora del rendimiento del sujeto (Bishop, 2003a, 2003b; Fradkin et al., 2010;
McGowan et al., 2015).

Actualmente, las guias clinicas no hacen referencia a todas las fases de esta
estructura, centrandose exclusivamente en la fase principal de la sesién (Arnett et
al., 2019; Brook et al., 2013; Charchar et al., 2024; Mancia et al., 2023; Pelliccia et al.,
2020; Rabi et al., 2020). Antes de comenzar con la fase principal, es necesario realizar
una fase preparatoria especifica que aumente de forma gradual la frecuencia
cardiaca (FC), la actividad pulmonar y el flujo sanguineo para incrementar el aporte
de oxigeno al organismo en general y a nivel muscular en paticular; que aumente
la temperatura de la musculatura implicada mejorando la elasticidad muscular
evitando distensiones, desgarros y roturas, asi como la viscosidad sinovial para
facilitar el deslizamiento de las articulaciones. Una vez terminada la fase principal,
es necesario realizar una fase de recuperacion post-entrenamiento para volver al
estado de reposo de forma gradual. Es importante conocer que la medicacion
antihipertensiva puede provocar reducciones repentinas y excesivas de la presion
arterial después del ejercicio, este periodo de vuelta a la calma debe ser prolongado
y controlado (Bishop, 2003a, 2003b; Fradkin et al., 2010; McGowan et al., 2015;
Pescatello, 2020; Safran et al., 1989; Taylor et al., 2019; Woods et al., 2007).

Estas directrices generales, en un primer momento, pueden servir de ayuda

a los pacientes hipertensos para comenzar a moverse y llevar una vida mas activa.
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Sin embargo, la individualizacién es uno de los principios basicos del
entrenamiento y seleccionar los ejercicios dependiendo de los objetivos y
necesidades de cada sujeto, programar de manera precisa la carga de trabajo y
utilizar la metodologia mas adecuada sera muy importante para conseguir los
mejores resultados (Fleck & Kraemer, 2014; Pescatello, 2020; San-Millan, 2023).

Otras recomendaciones a tener en cuenta en este tipo de poblacion seran,
por un lado, evitar la maniobra de Valsalva durante la ejecucion técnica de los
ejercicios de fuerza; prestar especial atencion a los ejercicios de hemisferio superior
y/o con los brazos por encima de la cabeza, por la respuesta hipertensiva que
provocan; tener cuidado con los ejercicios estaticos y a llegar al fallo muscular, por
la dificultad de controlar la maniobra de Valsalva, la respuesta hipertensiva o el
riesgo de lesion (Nazir et al., 2024; Williams et al., 2007).

Por otro lado, la indumentaria también serd importante para una practica
de ejercicio fisico segura. Algunos medicamentos antihipertensivos,
betabloqueantes o diuréticos, afectan la capacidad de regular la temperatura
corporal durante el ejercicio, sobre todo en ambientes calidos y/o hiimedos, lo que
puede provocar una hipoglucemia. El sujeto debe llevar prendas transpirables y
cdmodas para evitar la sudoracion excesiva y lesiones en la piel. Respecto al
calzado, serd recomendable el uso de zapatillas deportivas. Se deben evitar prendas
y fajas efecto sauna que puedan favorecer un sincope (Marcos-Pardo et al., 2021;
Pescatello, 2020).

Por altimo, la hidratacion es un factor relevante en este grupo de poblacion
tratados con betabloqueantes o diuréticos, antes, durante y después del
entrenamiento, para evitar una posible deshidratacion (Marcos-Pardo et al., 2021;
Pescatello, 2020).

En base a todo lo expuesto, y con el objetivo de prevenir y tratar la
hipertension arterial, se deberia desde el &mbito médico animar a los pacientes a
buscar ayuda en los profesionales del ejercicio fisico para realizar un correcto e
individualizado programa de entrenamiento, asi como asesoramiento y

recomendaciones para el momento de la practica.
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5.21. FARMACOS ANTIHIPERTENSIVOS Y EJERCICIO FISICO

Lorem ipsum dolor sit amet consectetur adipiscing elit himenaeos, cursus
laoreet sed ornare phasellus eget nunc magnis, a nec sociis Son muchos los
medicamentos disponibles para tartar la hipertension arterial y los posibles efectos
secundarios de estos farmacos deben tenerse en cuenta a la hora de comenzar con
un programa de ejercicio fisico, dado que pueden afectar a las respuestas
tisiologicas (Khalil & Zelster, 2020; Laurent, 2017; Pelliccia et al., 2020):

e Inhibidores de la enzima convertidora de angiotensina (IECA): pueden
producir erupcion cutanea, pérdida de sabor o tos seca y persistente, pero
no afectan la capacidad de realizar ejercicio. No deben ser administrardo a
mujeres en edad reproductiva debido a los posibles efectos adversos
fetales/neonatales.

e Antagonistas del receptor de la angiotensina II (ARA-II): pueden provocar
mareos ocasionales, pero no afectan la capacidad de realizar ejercicio. No
deben ser administrardo a mujeres en edad reproductiva debido a los
posibles efectos adversos fetales/neonatales.

e Bloqueadores de los canales de calcio o calcioantagonistas: son la mejor
opcidn alternativa a los IECA y ARAIIL Pueden provocar palpitacionesn,
hinchazén de tobillos, cefaléas y mareos, pero no afectan la capacidad de
realizar ejercicio.

e Betabloqueantes: pueden provocar insomnio, frialdad de manos y pies,
asma y depresion. Estos farmacos afectan la capacidad de realizar ejercicio,
puesto que reducen la frecuencia cardiaca y diminuyen la tolerancia al
esfuerzo aumentando la sensacion de fatica.

e Los diuréticos: pueden provocar fatiga, debilidad o calambres musculares,
ataques de gota, irritabilidad, depression e incontinencia urineria. Estos
farmacos si afecta la capacidad de realizar ejercicio, puesto que aumenta la

diuresis y favorece la deshidratacion.

Cuando un sujeto con hipertensioén arterial comienza un programa de
ejercicio fisico y estd bajo tratamiento antihipertensivo se debe tener en cuenta los
posibles efectos del mismo: a) la respuesta hipotensiva post-ejercicio; b) la
respuesta hipotensiva por cambios de posicion, (hipotension ortostatica); c) la
respuesta hipotensiva como consecuencia de la temperatura (calor y humedad); y
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d) la respuesta hipotensiva debido a la practica de ejercicio fisico de manera regular
y mantenida en el tiempo; estas situaciones pueden hacer que el sujeto experimente
mareos, aturdimiento, inestabilidad, nauseas y sensacion de cansancio y/o fatiga
(Khalil & Zelster, 2020; Laurent, 2017). Ante cualquier situacion de hipotension con
sintomatologia el sujeto debe ser derivado a su médico para que revise y ajuste el
tratamiento si lo ve necesario. Se debe prestar especial atencion a los sujetos
tratados con betabloqueantes, dado que este farmaco disminuye la frecuencia
cardiaca en el esfuerzo y si se atentia demasiado también podria ocasionar mareos,
inestabilidad y sensacion de cansancio Y/o fatiga (Khalil & Zelster, 2020; Laurent,
2017; Mitchell et al, 2019). De todos los farmacos antihipertensivos, los
betabloqueantes son los que mas pueden afectar a la capacidad fisica para realizar
ejercicio, ya que al disminuir el ritmo cardiaco durante la practica sera dificil
controlar y ajustar correctamente la carga o estimulo de entrenamiento y conseguir
la frecuencia cardiaca deseada, esto implica tener que buscar otra herramienta o
método alternativo para controlar dicha variable (Adami et al., 2022; Mitchell et al.,
2019). El control de la intensidad del ejercicio a través de la escala de esfuerzo
percivido puede ser un método fiable y comtinmente utilido en los programas de
rehabilitacion cardica como complemento al monitoreo de la frecuencia cardiaca
(Mitchell et al., 2019; Taylor et al., 2019). En relacion esto, es importante entender
que las ecuaciones para estimar la frecuencia cardiaca maxima (FCmax), como la
fébrmula de Fox (FCmax = 220-edad) o la férmula de Tanaka (FCmax = 208-
(0,7*edad), estan basadas en sujetos sanos que no padecen hipertension arterial,
insuficiencia cardiaca o enfermedad coronaria y que no estan en terapia con
betabloqueantes, con lo cual, este tipo de ecuaciones no parecen ser muy validas
para este tipo de poblacion. Sin embargo, existen formulas para estimar la FCmax
que consideran la enfermedad cardiovascular tratada con betabloqueantes. Por
ello, se propone la siguiente féormula para la poblacion que presenta este tipo de
afeccion: 164 - 0,7 x edad, siendo una ecuacién mds precisa en este grupo de
poblacion (Brawner et al., 2004; Fernandes Silva et al., 2012; Taylor et al., 2019).
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5.22. ADAPTACION AGUDA DE LA PRESION ARTERIAL AL EJERCICIO
FiSICO

La préctica de ejercicio fisico induce una serie de respuestas fisiologicas en
el organismo y entre ellas se encuentran los cambios en la dinamica de la presion

arterial.

Al inicar la practica de ejercicio fisico se produce un aumento de la presion
arterial como respuesta de la activacion de la corteza motora cuyo objetivo es
preparar al organismo. A continuacion, los valores de la presion arterial pueden
disminuir debido a la vasodilatacion de las zonas activas, dependiendo del tamafio
del drea de las zonas implicadas. A medida que aumenta la intensidad del
entrenamiento la presion arterial sistolica, generalmente, aumenta de manera
lineal, por el contrario, la presion arterial diastdlica aumenta menos, se mantiene
relativamente estable o incluso experimenta una ligera bajada. Al terminar la
practica de ejercicio fisico, se recupera paulatinamente los niveles de presion
arterial en reposo, pudiendo tardar un tiempo en volver a los niveles previos al
entrenamiento. Si la vuelta a la calma no se realiza de manera gradual, puede
producirse una hipotension post-ejercicio, principalmente en sujetos susceptibles o
en condiciones climaticas desfavorables, provocando malestar, vertido o lipotimias
(Halliwill, 2001; Halliwill et al., 2013; Seeley et al., 2021).

Estas oscilaciones transitorias de la presion arterial durante el ejercicio hacen
que sea fundamental su monitorizacion y control antes, durante y después de la
practica para evitar algiin evento cardiaco fatal e inesperado. Las variaciones
extremas de estas respuestas pueden ser un valor pronostico significativo de
posibles eventos adversos cardiovasculares (Nayor et al., 2023; Pesova et al., 2023).
Un aspecto importante a destacar sobre estos cambios extremos es la falta de
consenso sobre la definicion de respuesta hipertensiva al ejercicio, pese a ello,
valores de presion arterial sistdlica por encima o igual a 210 mmHg para los
hombres y 190 mmHg para las mujeres son los puntos de corte utilizados a nivel
mundial para detener la practica deportiva y considerar que existe una respuesta
hipertensiva al ejercicio (Fletcher et al., 2013; Sabbahi et al., 2018).
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5.23. ENTRENAMIENTO DE RESISTENCIA AEROBICA INDIVIDUALIZADO

EN HIPERTENSION ARTERIAL

La frecuencia es una variable que hace referencia al nimero de sesiones o
unidades de entrenamiento realizadas en un periodo de tiempo, en el
ambito de la salud, normalmente, seria en la semana (Elvar & Garcia-Orea,
2019). La frecuencia de entrenamiento minima para este grupo de poblacion
sera de 2-3 dias por semana.

La duracion de la sesion serd <60 minutos.

La intensidad de entrenamiento prioritaria para mejorar la salud
cardiometabdlica sera moderada, estara entre el 55%-70% del VO?max o
FCresv, lo que conoce como Zona 2 de entrenamiento (Gu et al., 2021;
Riddell et al., 2017; San-Milldn, 2023). Para programar la intensidad del
entrenamiento de forma individualizada se recomienda estimar el volumen
maximo de oxigeno (VO?max), la FCmax, la frecuencia cardiaca de reserva
(FCresv) o la percepcidn de esfuerzo subjetivo (RPE); siendo de preferencia
el uso del VO?max o la FCresv por su relacion lineal 1/1 con el gasto
energético (VO?max/ VO? de reserva) (Ferguson, 2014; Liguori & Medicine,
2020; Marqueta et al., 2016). El calculo de estos pardmetros puede valorarse
de manera directa o indirecta. Uno de los protocolos mas indicados para
estimar del VO?max en poblacion hipertensa es por medio de una prueba
de esfuerzo en cicloergémetro, por ser mas preciso y facil para medir la
presion arterial durante el esfuerzo (Marqueta et al., 2016). Durante la
prueba se debe monitorizar y registrar en todo momento la frecuencia
cardiaca para conocer la FCmax; simultdneamente se debe registrar la RPE
(Borg, 1990); y ademas, se debe medir la potencia para conocer el umbral de
potencia funcional (FTP), que ofrece una forma precisa y objetiva de medir
la intensidad del entrenamiento (Allen et al., 2019). Como se ha comentado
anteriormente, la FCmax también se puede estimar a través de diferentes
fémulas. La mas utilizada en el &mbito de la salud son las ya comentadas
férmulas de Fox (Fox et al., 1971; Liguori & Medicine, 2020) o férmula de
Tanaka (Tanaka et al., 2001), pero el valor resultante no es preciso si no
meramente orientativo, y para poblacion sin patologia. Se propone el uso

de la siguiente formula para el cdlculo de la FCmax en poblacion con
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patologia cardiaca (FCmax =64 -0,7 x edad) (Brawner et al., 2004; Fernandes
Silva et al., 2012; Taylor et al., 2019).

Por otro lado, la FCresv y su utilizacion para el calculo de la
intensidad de entrenamiento sera mas preciso que el uso de la FCmax y
para su calculo sera necesario conocer la frecuencia cardiaca basal o reposo
(FCbasal). La FCresv se calculard por medio de la fomula de Karvonen:
FCresv = FCmax - FCbasal. Una vez conocido estos datos se calculara el
porcentaje prescrito de intensidad. Para ello se utilizara la féormula de
Karvonen (% de FC= (FCresv x % de intensidad) + FCbasal) (Karvonen et
al., 1957).

e Enrelacién con la escala RPE (Rating of Perceived Exertion), definida como
la percepcidon subjetiva del esfuerzo, tension y/o fatiga experimentada
durante la practica de ejercicio fisico, es un indicador de intensidad fiable y
comunmente utilizado en los programas de rehabilitaciéon cardiaca
simultaneamente con el monitoreo de la frecuencia cardiaca (Mitchell et al.,
2019; Taylor et al., 2019). Esta escala valora numéricamente y de forma
gradual del 0 al 10, donde 0 es reposo total y 10 esfuerzo maximo (Borg,
1982).

e Las zonas e intensidades de entrenamiento, desde ergometrias maximas,
quedan reflejadas en la tabla 1 (Hansen et al., 2021; Pelliccia et al., 2020).
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Tabla 1

Zonas e Intensidades de Entrenamiento de Resistencia

VO2max FCmax FCresv
Zona Intensidad
(%) (%) (%)
1 Baja <40 <55 <40
2 Moderada 40-69 55-74 40-69
3-4 Alta 70-85 75-90 70-85
5 Muy Alta >85 >90 >85

Nota. Esta tabla muestra la equivalencia de las zonas de entrenamiento con la intensidad de
entrenamiento, el volumen maximo de oxigeno (VO?max), la frecuencia cardiaca maxima (FCmax)

y la frecuencia cardiaca de reserva (FCresv) (Pelliccia et al., 2020).

e El volumen de entrenamiento minimo para este tipo de poblacion sera de
150 a 300 minutos/semana (5-7 dias/semana) si el ejercicio se realiza con
intensidad moderada (zona 2). Se puede alternar de 75 a 150
minutos/semana (2-3 dias/semana) si la intensidad es vigorosa (zona 3)
(Bull et al., 2020; McEvoy et al., 2024).

e El tipo de actividad a realizar debe implicar grandes grupos musculares,
movimientos ciclicos y mantenidos durante un medio-largo periodo de

tiempo como pedalear, correr, remar, nadar etc.

5.24. ENTRENAMIENTO DE FUERZA INDIVIDUALIZADO EN HIPERTENSION
ARTERIAL

e La frecuencia minima de entrenamiento para este grupo de poblacién sera
de 2-3 dias por semana no consecutivos.

e La duracion de la sesion <60 minutos.

e Incluir ejercicios poliarticulares que impliquen grandes grupos musculares
que simulen actividades de la vida diaria (sentadillas, remos, press banca,
etc).
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El numero de ejercicios por sesion se deben progresar de 6 hasta 8-10
ejercicios (Lopez-Ruiz et al., 2023; Pescatello, 2020; Whelton et al., 2018b).
La intensidad en el entrenamiento de fuerza sera la variable mads
determinante para configurar el grado de esfuerzo que exige la ejecucion de
un ejercicio en cada repeticion, que debe ser bajo-moderado para este grupo
de poblacion (Badillo & Serna, 2002; Elvar & Garcia-Orea, 2019). La
cuantificacion de la carga de entrenamiento se hara a través de la velocidad
de ejecucion mediante un test de cargas progresivas para estimar la 1RM,
de manera segura y precisa, y determinar la intensidad relativa de trabajo,
pero la intensidad, por si sola, no es suficiente para definir el estimulo de
entrenamiento y debe ir unida especialmente a otra de las variables de la
programacion, a el volumen (Badillo, 2017; Badillo & Serna, 2002).

El volumen se debe concretar mediante un test de porcentaje de la perdida
de velocidad intra-serie con respecto a la 1? repeticiéon. La magnitud de
perdida de velocidad debe ser baja-moderada, entre un 10%-20%, ya que
porcentajes mas altos de perdida de velocidad no se asocian con mayores
beneficios y pueden suponer una reduccion del rendimiento fisico (Badillo
& Serna, 2002; Rodriguez-Rosell, Yafnez-Garcia, Mora-Custodio, Pareja-
Blanco, et al., 2020; Rodriguez-Rosell et al., 2021).

A continuacidn, se realiza una propuesta de protocolo para prescribir
la intensidad en sujetos con hipertension arterial. La intensidad se
determinard a través de un test de cargas progresivas para estimar la 1RM
y establecer una intensidad baja-moderada de trabajo, entre el 50-65% de
1RM para este tipo de poblacion (Alves et al., 2022; Pescatello, 2020). Las
recomendaciones actuales de intensidad de trabajo en el entrenamiento de
fuerza en hipertension, segin el Colegio Americano de Medicina del
Deporte (ACSM), son las siguientes: intensidad baja, entre el 40%-50% de
1IRM, para sujetos sedentarios o con debilidad muscular; intensidad
moderada, entre el 60%-70% de 1RM, para sujetos principiantes o
intermedios; intensidad alta, un 80% de 1RM, para sujetos avanzados y
experimentados en el entrenamiento (Alves et al., 2022; Pescatello, 2020;
Pescatello et al.,, 2015).El volumen de entrenamiento, o numero de
repeticiones por serie, se concretard a través de un test de perdida de

velocidad intraserie para cada sujeto. La magnitud de perdida de velocidad
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(%PV) debe ser baja-moderada, entre un 10-15% (Badillo, 2017; Rodriguez-
Rosell, Yanez-Garcia, Mora-Custodio, Pareja-Blanco, et al., 2020; Sanchez-
Medina & Gonzalez-Badillo, 2011).

e El caracter de esfuerzo (CE) debe ser medio-bajo. Se entiende por CE la
relacion entre las repeticiones realizadas en cada serie con respecto a las
repeticiones que se podrian realizar si se llegara al fallo muscular (Badillo
& Serna, 2002), como se puede ver en la tabla 2. No confundir el CE con la

percepcion subjetiva de esfuerzo.

Tabla 2
Caracter de Esfuerzo
%PV
CE Repeticiones realizadas en la serie
en la serie
Bajo 5-10% Menos de la mitad de las posibles
Medio 15-30% La mitad de las posibles
Alto >30% Alguna mas de la mitad de las posibles
. Maximo o casi maximo ntmero de las
Maximo >50%

posibles

Nota. Esta tabla muestra la relaciéon entre el carater de esfuerzo (CE), el
porcentaje de perdida de velocidad (%PV) intra-serie respecto a la 12 repeticion
y las repeticiones realizadas por serie con respecto a las maximas que realmente

se podrian realizer (Badillo & Serna, 2002).

e El numero de series por ejercicio pueden ser de 2 a 4, segtn el punto de
partida y la evolucion del sujeto.
e El tiempo de recuperacion entre series de entrenamiento sera de 3 a 5

minutos
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e El tiempo de recuperacion entre sesiones de entrenamiento sera de 48 a 72

horas.

Respecto a la programacion del entrenamieto, aunque cada vez se dispone de
mas recursos y dispositivos tecnoldgicos, que sin duda han permitido programar
de forma mas precisa la intensidad y el volumen del entrenamiento y conseguido
evolucionar en la dosificacion del esfuerzo, no se debe menospreciar otras
herramientas o indicadores mds simples y que son facilmente accesibles para este
mismo fin. Una de estas herramientas es la escala OMNI-RES, la cual se presenta
como descriptores visuales donde el sujeto identifica su propia percepcion de
esfuerzo o fatiga sobre una escala numéricamente gradual del 0 al 10, como se
muestra en la figura 1, donde 0 es muy facil y el 10 es muy dificil, durante o

inmediatamente después del ejercicio (Robertson et al., 2003).
Figura 1

Escala OMNI-RES para fuerza

tart e,

“ 8 J b uy difici
et f g 9 Muy difici
6 7 Dificil
k‘g'd‘ s
7 Algo dificil
o~ 2 Algo facil
(4] T
Muy facil

Nota. Esta escala representa la propia percepcion de esfuerzo o fatiga del sujeto
sobre una progresion numéricamente del 0 (muy facil) al 10 (muy dificil)
(Robertson et al., 2003).
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5.25. ENTRENAMIENTO COMBINADO INDIVIDUALIZADO EN
HIPERTENSION ARTERIAL

El ensayo clinico Corazéon y Salud se centra en los programas de
entrenamiento combinado, entendido este como aquel que en la misma sesion de
entrenamiento combina unidades de entrenamiento diferentes, el trabajo de fuerza
y el de resistencia aerdbica. El entrenamiento combinado ha mostrado ser eficaz en
la reduccién de los niveles de presion arterial y en la mejora de la salud
cardiometabdlica en sujetos con hipertension arterial (Herrod et al., 2018; Lopez-
Ruiz et al., 2023). Diferentes ensayos controlados han mostrado reducciones
significativas en los niveles de PAS y PAD con intervenciones de programas de
entrenamiento combinado (Dos Santos et al., 2014; Lima et al., 2017; Masroor et al.,
2018; Sousa et al., 2013). Ademads, se pueden encontrar revisiones sistematicas y
metaanalisis cuyos resultados también han mostrado que intervenciones con
entrenamiento combinado consiguieron reducir significativamente los niveles de
PAS y PAD (Corso et al., 2016; Lépez-Ruiz et al., 2023; Pescatello et al., 2019).

La intencion del presente proyecto es servir de guia a los profesionales de
la salud para poder disefar los programas de entrenamiento combinado de manera
individualizada para cada sujeto con una dosis minima, pero efectiva, de ejercicio.
Estas intervenciones van dirigidas a sujetos adultos con hipertension arterial,
sedentarios, que no sufran problemas osteoarticulares o musculoesqueléticos
(osteoartritis, fractura reciente, tendinitis o uso de protesis), enfermedad aguda o
crénica (cardiopatias, enfermedad coronaria inestable, insuficiencia cardiaca,
insuficiencia renal, hipertensién pulmonar grave o diabetes no controlada),
problemas neuroldgicos, dificultades cognitivas, obesidad morbida o

embarazadas.

5.26. PROGRAMA DE ENTRENAMIENTO CORAZON Y SALUD

A continuacién, se muestra un disefio de programa de entrenamiento
combinado individualizado de fuerza y resistencia aerdbica teniendo en cuenta las
pautas de ejercicio descritas anteriormente para sujetos adultos con hipertension
arterial. Esta prescripcion de ejercicio ha mostrado grandes beneficios para la salud
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cardiometabdlica, la composicién corporal y la condicion fisica en este tipo de

poblacién.

Cada sesion de entrenamiento tendra una duracion de 60 min
aproximadamente y estara dividida en tres fases que se pueden ver de forma

resumida en la tabla 3.

5.26.1. Fase Preparatoria al Entrenamiento

Esta primera fase tiene una duracion de unos 10 min y estara dividida en
un calentamiento general y un calentamiento especifico. El calentamiento general
incluird 5 min de marcha noérdica en bicicleta eliptica; ejercicios de movilidad
articular de miembros superiores e inferiores y estiramientos dindmicos. El
calentamiento especifico incluira dos ejercicios globales, un squat y un press banca;
el sujeto realizard 2 series por ejercicio solamente con el peso de la barra de
entrenamiento (5kg de peso) y descansara 2 min entre series; la primera serie de 8-

10 repeticiones y la segunda serie de 6-8 repeticiones.

5.26.2. Fase Principal

La segunda fase presenta una una duracién de 40 min y estara compuesta por
dos unidades de entrenamiento, una de fuerza y otra de resistencia aerobica. La
unidad de entrenamiento de fuerza se realizara durante los primeros 20 min de la
sesion y en ella se incluirdn 2 ejercicios que reproducen acciones motrices basicas.
El primer ejercicio sera un empuje de hemisferio inferior del cuerpo, un squat, que
cada sujeto realizara a una intensidad del 60% de su 1RM. El volumen de trabajo
sera de 3 series con un descanso entre cada una de ellas de 3 min. El nimero de
repeticiones por serie sera individualizado para cada sujeto mediante el test inicial
de perdida de velocidad. El caracter de esfuerzo sera bajo-medio. Entre los dos
ejercicios también habra un descanso de 3 min. El segundo ejercicio serd un empuje
de hemisferio superior del cuerpo, un press banca, que cada sujeto realizarad a una
intensidad del 50% de su 1RM. El volumen de trabajo sera de 3 series con un
descanso entre cada una de ellas de 3 min. El nimero de repeticiones por serie sera
individualizado para cada sujeto mediante el test inicial de perdida de velocidad.

El cardcter de esfuerzo sera bajo-medio. Como se ha explicado anteriormente, si no
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se dispone de las herramientas necesarias para poder estimar la 1RM se puede
utilizar la escala OMNI-RES. Los tltimos 20 min de la sesion seran para la unidad
de entrenamiento de resistencia aerdbica que se realizan en cicloergémetro. El
sujeto trabajara con un método continuo extensivo a una intensidad moderada que
ird progresando cada 4 semanas: de la semana 1 a la 4 trabajo en zona 1-2 con una
intensidad entre el 55%-60% FCresv; de la semana 5 a la 8 trabajo en zona 2 con una
intensidad entre el 60%-65% FCresv; y de la semana 9 a la 12 trabajo en zona 2 con
una intensidad entre el 65%-70% FCresv.

5.26.3. Fase de Recuperacion

El tiempo dedicado a la ultima parte del entrenamiento sera de 10 min. Esta
fase constara de una vuelta a la calma de unos 3-5 min en la que el sujeto ira
recuperandose del esfuerzo con un pedaleo suave sin carga para después pasar a
una parte de estiramientos estaticos de unos 5-7 min. Se debe estirar la musculatura
con predominancia tonica/postural debido a su estado de tension permanente y su
tendencia al acortamiento para evitar posibles problemas musculoesqueléticos que
afecten al sistema locomotor (Chang et al., 2023; Sadler et al., 2017). La musculatura
ténica incluye: fibras superiores del trapecio, dorsal ancho y cuadrado lumbar;
pectoral, deltoides anterior y biceps; psoas iliaco y recto anterior del cuadriceps;
abductores; piramidal, isquiosurales y triceps sural (gemelos y soleo). Se
recomienda utilizar la técnica estatico pasiva, realizando 3-4 series por estiramiento
y la duracion por serie sera de 20-30 segundos (Bayles, 2023; Liguori & Medicine,
2020).
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Tabla 3
Programa de Entrenamiento Combinado Corazon y Salud
Periodo de intervencion 12 Semanas
2 sesiones/semana; 4 unidades de
Frecuencia semanal entrenamiento/semana (2 de fuerza; 2 de
resistencia)
Unidad de Entrenamiento de Fuerza
) 10 min (3-5 min calentamiento general y 5-7
Calentamiento . ] .
min calentamiento especifico)
L 2 ejercicios generales (sentadilla y press de
N® Ejercicios
banca)
N¢ de Series 3
Volumen . Individualizadas para cada paciente
N? Repeticiones ) . .
mediante %PV intra-serie
o) A
% Pérdida de Sentadillas: Baja 10%
velocidad (intra-
. Press de banca: Moderada 15%
serie)
% 1RM VMP 12 Sentadillas: 60% de 1IRM
Repeticion Press de banca: 50% de 1RM
Intensidad
Velocidad de Fase concéntrica: maxima posible
Ejecucion Fase excéntrica: moderada
Caracter de esfuerzo Medio-Bajo

OMNI-RES 4-5
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Descanso inter-serie 3 min
Seleccion de Ejercicios Sentadilla - Press Banca
Método Progresion Horizontal

Unidad de Entrenamiento de Resistencia Aerdbica

Volumen 20 min

Progresar cada cuatro semanas del 55% al

Intensidad ,
70% del VO2max/FCresv
Zona de Entrenamiento 2
RPE del 0 al 10 Moderada 3-4
Seleccion de Ejercicios Cicloergometro
Método Entrenamiento continuo extensivo
10 min
Vuelta a la calma (3-5 min vuelta a la calma y 5-7 min

estiramientos estaticos pasivos)

Nota. min= minutos; N°= niimero; RM= repeticion maxima; VO?max= volumen
maximo de oxigeno; FCresv= frecuencia cardiaca de reserva; VMP= velocidad
media propulsiva; OMNI-RES= escala de esfuerzo percibido para ejercicios de

resistencia; RPE= escala de esfuerzo percibido.

5.27. CONCLUSIONES

El programa de entrenamiento combinado disefiado en el proyecto Corazén
y Salud proporciona una guia a los profesionales del ejercicio y la salud basada en

la evidencia cientifica y en los tiltimos avances sobre prescripcidn de ejercicio fisico
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en poblacion con hipertension arterial; una de las enfermedades no transmisibles
mas prevalentes de la sociedad actual y responsable de 10,8 millones de muertes al
ano en el mundo. En este estudio se marcan las pautas a seguir para disefiar un
correcto, adecuado y seguro programa de entrenamiento combinado para
conseguir los beneficios que proporcionan ambas modalidades de ejercicio, tanto
el entrenamiento de fuerza como el de resistencia aerdbica, con el objetivo de
mejorar los pardmetros hemodindmicos, la composicion corporal y la condicion

fisica de los sujetos adultos con hipertension arterial.
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VI - DISCUSION

En la presente tesis doctoral por compendio, se presentan cuatro estudios que
evaltian, por un lado, el efecto del entrenamiento multicomponente y la relacion
dosis respuesta de éste en sujetos adultos con HTA. Por otro lado, comparar los
efectos de tres programas de ejercicio fisico diferentes (GE1, MICT; GE2,
entrenamiento de fuerza combinado con MICT; GE3, entrenamiento de fuerza
combinado con HIIT) y un grupo control sobre los parametros hemodinamicos y
metabolicos, la composicion corporal y la condicion fisica en adultos con HTA. Y,
por ultimo, proporcionar a los profesionales del ambito de la salud, médicos
cardiologos, cardidlogos del deporte, médicos de atencion primaria y CAFyD
(Graduados en Ciencias de la Actividad Fisica y del Deporte), recomendaciones
sobre como prescribir de forma precisa, adecuada y segura un programa de
ejercicio en adultos con HTA. Estos estudios contribuyen a un mayor conocimiento
cientifico sobre los beneficios del ejercicio fisico pautado de forma individualizada

para la prevencion y el tratamiento de la HTA en la poblacion adulta.

El primer objetivo de la presente tesis doctoral fue conocer los efectos del
entrenamiento multicomponente sobre los niveles de presion arterial en adultos
con HTA. En esta revision sistemdtica con metaanalisis se incluyeron diferentes
ensayos controlados aleatorizados en los que se llevaron a cabo intervenciones con
programas de entrenamiento combinado, de fuerza y resistencia en la misma
sesidn, y en los que se mostraron reducciones significativas sobre los niveles de
PAS y PAD en adultos con HTA (de Oliveira et al., 2019; Dos Santos et al., 2014;
Guimaraes et al., 2014; Lima et al., 2017; Masroor et al., 2018; Schroeder et al., 2019;
Son et al., 2016; Sousa et al., 2013; Stewart et al., 2005). Estos hallazgos estan en
consonancia con otras revisiones sistemadticas y metaandlisis presentes en la
literatura actual (Cornelissen & Smart, 2013; Corso et al., 2016; Herrod et al., 2018;
Pescatello et al., 2019), que revisaron y analizaron este tipo de intervencién con
entrenamiento multicomponente para este mismo grupo de poblacion. Ademas de
las mejoras de los marcadores sanguineos, los trabajos incluidos en la revision
sistematica muestran como esta modalidad de entrenamiento también es efectiva
para mejorar la composicion corporal, el perfil lipidico y la condicion fisica en
adultos con HTA (de Oliveira et al., 2019; Dos Santos et al., 2014; Guimaraes et al.,
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2014; Lima et al., 2017; Masroor et al., 2018; Schroeder et al., 2019; Son et al., 2016;
Sousa et al., 2013; Stewart et al., 2005). Otro aspecto importante a destacar de este
primer estudio es la heterogeneidad que presentan los protocolos de intervencion
de los distintos ensayos incluidos; esto podria influir en el resultado de las
respuestas de la PAS y de la PAD, como se ha podido comprobar en trabajos
anteriores, donde indican que la manipulacion de las varibles del entrenamiento
pueden determiner las respuestas fisioldgicas del organismo (Spiering et al., 2008;
Taipale & Hakkinen, 2013). En cuanto a los programas de intervencion del presente
estudio, en relacion a la frecuencia de entrenamiento, el resultado del metaanalisis
indicé que las reducciones de PAS y PAD mejoraron independientemente del
numero de dias de entrenamiento, siendo 3 dias por semana la frecuencia minima
aplicada en los estudios incluidos. Las recomendaciones de ejercicio para la
hipertension del American College of Sports Medicine y las tltimas guias clinicas
sobre hipertension apuntan en la misma direccion, siendo 3 dias por semana la
frecuencia minima de entrenamiento recomendada (Unger et al., 2020; Zaleski,
2019). En cuanto al entrenamiento aerdbico, todos los grupos obtuvieron
reducciones significativas de la PAS y PAD, independientemente del volumen o
intensidad de trabajo. Sin embargo, los protocolos que aplicaron 30 min o mds de
trabajo mostraron mayores reducciones de la PAS. Las principales guias clinicas de
cardiologia e hipertension establecen un minimo de 30 min al dia de ejercicio
aerdbico, tiempo asociado a reducciones de 7 mmHg para la PAS y 5 mmHg para
la PAD, coincidiendo estas guias con los resultados obtenidos en este metaanalisis
(Unger et al., 2020). Respecto a los protocolos utilizados para el trabajo de fuerza,
el metaanadlisis reveld que un nimero inferior o igual a 10 repeticiones produjo
mayores reducciones de la PAS y que sélo el trabajo superior al 75% de 1 RM
produjo mejoras en esta variable. La respuesta de la PAD fue la misma
independientemente de la intensidad de trabajo y el niimero de repeticiones. En
este sentido, se deduce que un protocolo de entrenamiento de fuerza de menor
volumen y mayor intensidad podria tener una mayor influencia sobre la presion
arterial en sujetos con hipertension, pero estos resultados son controvertidos en
cuanto a la intensidad del entrenamiento, dado que existen trabajos recientes en la
literatura que han demostrado mayores reducciones de presion arterial con
intensidades de entrenamiento inferiores al 75% de la 1RM (Correia et al., 2023;

Lépez-Ruiz et al., 2025; Paluch et al., 2024). Es necesario seguir avanzando en esta
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linea de investigacidn con nuevos estudios para poder conocer con mayor precision
cual seria la dosis minima efectiva capaz de reducir los niveles de presion arterial
en este grupo de poblacién, pues intensidades altas, superiores al 75% de 1RM,
suponen un grado de esfuerzo alto muy alto y pueden comprometer la seguridad
del sujeto y la adherencia del mismo al entrenamiento (Bonilla et al., 2022; Bukhary
et al., 2023; Kemler et al., 2022).

En relacion con el orden de los componentes del ejercicio, el presente
metaanalisis no mostrd diferencias significativas. Algunos estudios, como los de
Eklund et al. (2016), Schumann et al. (2014) o Wilhelm et al. (2014), pueden explicar
estos resultados. En sus trabajos, con diferentes tipos de poblaciones, mujeres
sedentarias, adultos mayores sedentarios y hombres jovenes activos, se observo
que el orden de los componentes en los programas de entrenamiento
multicomponente no afectaba a las adaptaciones de cada modalidad. En esta linea,
también existen publicaciones que indican que puede haber interferencia entre las
adaptaciones de las distintas modalidades de entrenamiento al unirlas en la misma
sesion. Sin embargo, en poblacion sedentaria o sujetos que comienzan con un
programa de entrenamiento se ha visto que esto no influye y tinicamente podria
ser relevante en poblaciones deportistas o de competicion (Coffey & Hawley, 2017;
Schumann et al., 2022).

El segundo objetivo de la presente tesis doctoral fue conocer los efectos de
un programa de entrenamiento de resistencia frente al entrenamiento de fuerza,
basado en una valoracion mediante la relacién carga-velocidad individual,
combinado en la misma sesién con MICT sobre los niveles de PAS, PAD, PAM, PP,
DP; colesterol total, HDL, LDL, triglicéridos y glucosa; fuerza maxima de
hemisferio superior e inferior del cuerpo; y capacidad cardiorrespiratoria en
adultos con HTA. Uno de los principales hallazgos de este estudio fue que el grupo
de entrenamiento combinado obtuvo mayores reducciones en SBP, DBP y MAP
que el grupo de entrenamiento cardiovascular, de hasta -12,8 mmHg, -6,8 mmHg y
-8,6 mmHg respectivamente. Estas mejoras pueden deberse a diferentes
mecanismos como la funcion y la estructura vascular dependiente del endotelio y
de la regulacion del sistema nervioso simpatico, factores que se ven alterados y
pueden contribuir a la elevacion de la PA (Drozdz et al., 2023; Grassi et al., 2018;
Mancia & Grassi, 2014; Mancia et al, 2023). La disfuncién endotelial es

determinante en la funciéon vascular y depende, en gran medida, de la
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biodisponibilidad de 6xido nitrico (NO), que induce la relajacion de los vasos
sanguineos y regulala PA (Gamboa et al., 2007; Node et al., 1997). El entrenamiento
de fuerza puede actuar como regulador en la biodisponibilidad de NO
aumentando la AMPK/PPAR®d vascular y suprimiendo el estrés del reticulo
endoplasmico consiguiendo asi mejorar y mantener la funcion endotelial (Cheang
et al., 2017; Tian & Meng, 2019). Estos resultados pueden estar en consonancia con
estudios anteriores que mostraron como el entrenamiento de fuerza mejord
significativamente la funcion endotelial en diferentes grupos de poblacion (Ashor
et al., 2015; Zhang et al.,, 2021). Por otra parte, en pacientes con HTA es comun
encontrar una sobreactivacion del sistema nervioso simpatico y una reduccion del
control del parasimpatico (Fisher & Paton, 2012; Mancia & Grassi, 2014). Este
desajuste fisiologico también puede ser normalizado y regularizado por el
entrenamiento de fuerza como ya mostraron investigaciones previas (Laterza et al.,
2007; Trevizani et al., 2018). En cuanto a la composicion corporal, ambos grupos
mostraron mejoras significativas frente al grupo control. No obstante, es
importante destacar que los participantes que realizaron entrenamiento combinado
obtuvieron mayores reducciones de perimetro abdominal que los participantes que
realizaron entrenamiento de resistencia exclusivamente. Estos resultados pueden
obedecer a que el entrenamiento de fuerza favorece la perdida de grasa visceral
promoviendo adaptaciones metabdlicas en el tejido adiposo subcutaneo abdominal
con un aumento significativo de la lipdlisis en esa zona tanto durante como tiempo
después del entrenamiento (Khalafi et al., 2021; Wewege et al., 2022). Los valores
de glucosa se redujeron significativamente tras la intervencién en ambos grupos de
intervencion frente al grupo control, independientemente del tipo de
entrenamiento. Esta mejora podria deberse a que el ejercicio es capaz de mejorar la
sensibilidad a la insulina desde la primera sesién de entrenamiento y mejorar la
homeostasis general de la glucosa (Mul et al., 2015). En relacion a las variables de
la condicion fisica, los participantes de ambos grupos mostraron mejoras tanto en
la fuerza como en la capacidad cardiorrespiratoria. Respecto a la fuerza, destacar
que el grupo de entrenamiento combinado obtuvo mayores mejoras de fuerza
maxima en las extremidades superiores e inferiores que el grupo de entrenamiento
de resistencia. Estos resultados pueden responder a la especificidad del
entrenamiento de fuerza que provocéd mayores adaptaciones del sistema nervioso

central gracias un mayor reclutamiento de unidades motoras, una mejor



CAPITULO VI — DISCUSION 187

sincronizacion de estas y a la frecuencia del estimulo, como ya se ha demostrado
en la literatura (Del Vecchio et al., 2019; Del Vecchio et al., 2024; Enoka, 1997;
Folland & Williams, 2007; Sale, 1988; Schoenfeld et al.,, 2021). La capacidad
cardiorrespiratoria también mejoro significativamente tras finalizar los programas
de ejercicio en ambos grupos. Si bien en la literatura hay controversia respecto a
que el entrenamiento combinado puede generar interferencias en las adaptaciones
inducidas por las distintas vias metabdlicas, AMPK activada con entrenamiento de
resistencia y m-TOR activada con entrenamiento de fuerza, sin embargo, en el
presente estudio se puede observar como los participantes que realizaron el
entrenamiento combinado mostraron mayores mejoras en el VO2pico que los
participantes que realizaron el entrenamiento de resistencia. Resultados que
podrian justificarse por la gran reserva adaptativa que poseen los sujetos
sedentarios ante cualquier programa de entrenamiento. Se ha podido comprobar
en trabajos anteriores que cuando un sujeto previamente sedentario comienza un
programa de entrenamiento combinado la respuesta a las dos modalidades de
ejercicio es positiva y aditiva, promoviendo una adaptacion genérica en ausencia
de una verdadera especificidad del efecto de entrenamiento (Coffey & Hawley,
2017; Pareja-Blanco, Rodriguez-Rosell, et al., 2017). Otro factor importante a
considerar es la intensidad o grado de esfuerzo planteado en el entrenamiento de
fuerza. Una intensidad baja-moderada y un bajo grado de fatiga explicaria que la
posible interferencia también lo fuera, consiguiendo que las respuestas respecto al
mantenimiento de las fibras MHC IIX fuera mayor (de Souza et al., 2013; Pareja-
Blanco, Rodriguez-Rosell, et al., 2017).

El tercer objetivo de la presente tesis doctoral fue conocer los efectos de un
programa de entrenamiento de resistencia frente al entrenamiento de fuerza,
basado en una valoraciéon mediante la relacion carga-velocidad individual,
combinado en la misma sesion con MICT; y, frente al entrenamiento de fuerza,
basado en la valoracion mediante la relacion carga-velocidad individual,
combinado en la misma sesion con HIIT sobre los niveles de PAS, PAD, PAM, PP,
DP; colesterol total, HDL, LDL, triglicéridos y glucosa; fuerza maxima de
hemisferio superior e inferior del cuerpo; y capacidad cardiorrespiratoria en
adultos con HTA. Uno de los principales hallazgos de esta investigacion fue que
ambos grupos con entrenamiento combinado mostraron mayores mejoras en todas

las variables de estudio, siendo el entrenamiento de fuerza, basado en una
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valoracion mediante la relacion carga-velocidad individual, combinado con MICT
el que mayores beneficios mostrd. Se puede observar que las reducciones de los
niveles de presion arterial obtenidos en este estudio fueron significativamente
mayores que los resultados obtenidos en trabajos previos con esta misma
modalidad de entrenamiento, a pesar de que la frecuencia de entrenamiento fue
menor (Lopez-Ruiz et al., 2023; Pescatello et al., 2019). Estas mejoras podrian estar
vinculadas a la rigurosidad con la que se cuantifico la intensidad y el volumen del
entrenamiento de fuerza, que proporciono6 un grado de esfuerzo similar para todos
los participantes (Badillo, 2017; Badillo & Serna, 2002; Gonzélez-Badillo & Sanchez-
Medina, 2010; Gonzalez-Badillo et al., 2022; Sanchez-Medina & Gonzalez-Badillo,
2011). Los mayores cambios en los grupos de entrenamiento combinado se pueden
atribuir a una mejora en la funcion endotelial inducida por el entrenamiento de
fuerza. El endotelio juega un papel importante en la modulacién contractil vascular
que depende en gran medida de la biodisponibilidad del éxido nitrico (NO)
(Gamboa et al., 2007; Node et al., 1997; Vallance et al., 1989). Cuando el endotelio
estd dafado neutraliza la produccién de NO y estimula la produccion de sustancias
vasoconstrictoras, lo que lleva a un aumento de la presion arterial (Brandes, 2014;
Schulz et al., 2011). El entrenamiento de fuerza puede estimular la produccién de
NO al aumentar la AMPK/PPARD vascular y suprimir el estrés del reticulo
endopldsmico, mejorando asi la funcion endotelial (Boeno et al., 2020; Pedersen &
Febbraio, 2012; Silva et al., 2021; Tian & Meng, 2019). Ademas, aunque los dos
grupos de entrenamiento combinado tuvieron la misma dosis de entrenamiento de
fuerza, el grupo que realizé MICT mostré mayores mejoras que el grupo que
realizo HIIT. Esto puede deberse, por un lado, a que el ejercicio continuo de
moderada intensidad tiene efectos beneficiosos sobre la funcién endotelial en
cortos periodos de intervencién, algo que ya ha sido demostrado en trabajos
anteriores (Shenouda et al., 2017; Tao et al., 2023; You et al., 2021). Y, por otro lado,
a que es dificil saber con certeza la efectividad del entrenamiento HIIT en cortos
periodos de tiempo. Se desconocen los efectos reales del HIIT en su aplicacion a
largo plazo, dado que la validez ecoldgica de la mayoria de los estudios sobre esta
modalidad de entrenamiento se debilita debido a los cortos periodos de
intervencion en laboratorio, que suelen ser de 8 a 12 semanas de entrenamiento
(Coates et al., 2023; Poon et al., 2024).
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En cuanto a las variables de composicion corporal, masa magra y perimetro
de cintura, los participantes de los grupos con entrenamiento de fuerza mostraron
las mayores mejoras en estas variables, siendo nuevamente el grupo de fuerza
combinado con MICT el que obtuvo los mayores beneficios. Estos resultados
pueden atribuirse al entrenamiento de fuerza, que favorece la pérdida de grasa
visceral al promover adaptaciones metabolicas en el tejido adiposo subcutaneo
abdominal, con un aumento significativo de la lip6lisis en esta zona, tanto durante
como después del entrenamiento (Khalafi et al., 2021; Severinsen & Pedersen, 2020;
Wewege et al., 2022). En esta linea, se puede observar que todos los grupos de
intervencion también redujeron significativamente los valores de colesterol total,
LDL y glucosa. Estas mejoras pueden ser provocadas por la liberacion de IL-6
durante el ejercicio, entre otras exerquinas, ya que su sefalizaciéon dentro del
musculo conduce a un aumento de la captacion basal de glucosa y la translocacion
de su transportador GLUT-4 (Pedersen & Febbraio, 2008, 2012; Severinsen &
Pedersen, 2020), ademas de aumentar la oxidaciéon de acidos grasos intramiocelular
o de todo el cuerpo a través de la activacion de AMPK (Pedersen & Febbraio, 2008,
2012; Severinsen & Pedersen, 2020).

En relacién a la condicion fisica, los tres grupos de intervencion mostraron
mejoras significativas respecto al GC, pero fue el grupo de entrenamiento de fuerza
combinado con MICT el que mostré mayores ganancias de fuerza maxima en
miembros superiores e inferiores y capacidad cardiorrespiratoria. Estos resultados
pueden ser una respuesta al entrenamiento de fuerza, que logra mayores
adaptaciones neurales a través del aumento del reclutamiento y sincronizaciéon de
unidades motoras y la frecuencia de estimulo (Del Vecchio et al., 2019; Enoka, 1997;
D. G. Sale, 1988), unido al entrenamiento MICT, dado que las adaptaciones neurales
de los diferentes grupos de intervencion estuvieron determinadas por el tipo de
actividad realizada, la intensidad del trabajo y la duracion de la accion (Badillo &
Serna, 2002). Estos resultados pueden justificarse por la gran capacidad adaptativa
que tienen los sujetos sedentarios al inicio de cualquier programa de ejercicio fisico.
Estudios previos han demostrado que los sujetos sedentarios que comienzan un
programa de entrenamiento combinado de fuerza y resistencia consiguen una
respuesta positiva y aditiva a las dos modalidades de ejercicio, favoreciendo una

adaptacién genérica en ausencia de una verdadera especificidad del efecto del
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entrenamiento (Coffey & Hawley, 2017; Pareja-Blanco, Rodriguez-Rosell, et al.,
2017).

Finalmente, el cuarto objetivo de la presente tesis doctoral fue porcionar
recomendaciones a los profesionales de la salud y del ejercicio fisico (médicos y
CAFyD) para poder cuantificar de forma adecuada, segura y lo mas precisa posible
el estimulo o carga de trabajo en los programas de entrenamiento combinado para
adultos con HTA. Para ello, se han desarrollado unas recomendaciones para la
prescripcion de entrenamiento combinado en adultos con HTA, con la intencion de
proporcionar herramientas a los profesionales del ejercicio fisico que ayuden con
un adecuado disefio de los programas de entrenamiento. Las guias clinicas mas
importantes de cardiologia e hipertension marcan directrices generales de
prescripcion de ejercicio fisico para poblacion adulta con HTA (Charchar et al.,
2024; Mancia et al., 2023; Pelliccia et al., 2020; Unger et al., 2020; Whelton et al.,
2018a), pero estas recomendaciones simplemente indican la frecuencia, el tipo de
entrenamiento y la intensidad, sin profundizar en el resto de variables del
entrenamiento; respecto a la intensidad, las indicaciones son de intensidad
moderada y/o vigorosa, sin aclarar la forma de cuantificar la carga de trabajo. La
fortaleza de este estudio radica en intentar solventar esta problematica, ofreciendo
la informacién necesaria sobre la interferencia de los distintos farmacos
antihipertensivos con el ejercicio (Khalil & Zelster, 2020; Laurent, 2017; Pelliccia et
al., 2020); la respuesta de la presion arterial durante y post ejercicio (Nayor et al.,
2023; Pesova et al., 2023); y, por ultimo, las pautas para una dosificacion adecuada
y lo mas precisa posible del estimulo o carga de entrenamiento, teniendo en cuanta
todas las variables del mismo (Badillo & Serna, 2002; Bull et al., 2020; Elvar &
Garcia-Orea, 2019; McEvoy et al., 2024). Este documento de recomendaciones
expone, por un lado, las pautas para la prescripcion de entrenamiento
individualizado de ambas modalidades (resistencia y fuerza) de manera selectiva,
como unica modalidad de entrenamiento. Y, por otro lado, las pautas para la
prescripcion de un entrenamiento combinado de ambas modalidades en la misma
sesidn, concluyendo a modo de ejemplo con las recomendaciones de ejercicio fisico
del ensayo clinico Corazén y Salud, llevado a cabo para la presente tesis doctoral.

Por un lado, para el entrenamiento de resistencica se plantean las siguientes

recomendaciones: una frecuencia minima de 2 dias por semana; una intensidad de
entrenamiento moderada, entre el 55%-70% del VO?max o FCresv, lo que se conoce
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como zona 2; intensidades que ya han sido estudiadas en trabajos anteriores y que
han demostrado su beneficio a nivel metabodlico (Riddell et al., 2017; San-Millan,
2023). El volumen de entrenamiento para este objetivo y tipo de poblacion sera de
150 a 300 minutos por semana, estando en consonancia con las ultimas
recomendaciones del la OMS o guias clinicas sobre el manejo de la HTA (Bull et al.,
2020; McEvoy et al., 2024); el tipo de actividad debe implicar grandes grupos
musculares, movimientos ciclicos y mantenidos durante un medio-largo periodo
de tiempo, como pedalear o correr. Por otro lado, las recomendaciones para el
entrenamiento de fuerza seran: una frecuencia minima de 2 dias por semana no
consecutivos; el tiempo por sesion dependerd del numero de ejercicios
seleccionados, asi como del nimero de series y repeticiones determinadas para
dicho entrenamiento. Se deben incluir ejercicios poliarticulares que impliquen
grandes grupos musculares que simulen actividades de la vida diaria (sentadillas,
press banca, etc); el numero de ejercicios por sesion se deben progresar de 6 hasta
8-10 ejercicios, siguiendo la linea de estudios anteriores en este grupo de poblacion
(Lopez-Ruiz et al., 2023; Pescatello, 2020). La intensidad se cuantificara a través de
la velocidad de ejecucién mediante un test de cargas progresivas para estimar la
1RM, de manera segura y precisa, y determinar la intensidad relativa de trabajo
(Badillo & Serna, 2002; Elvar & Garcia-Orea, 2019). Con respecto al volumen se
debe concretar el numero de repeticiones mediante un test de porcentaje de la
perdida de velocidad intra-serie con respecto a la primera repeticion; la magnitud
de perdida de velocidad debe ser baja-moderada, entre un 10%-20%, dado que
porcentajes mas altos de perdida de velocidad no se asocian con mayores beneficios
y puede suponer un importante predictor de estrés metabodlico y hormonal que
provoca reducciones de la capacidad fisica y el rendimiento del sujeto (Badillo &
Serna, 2002; Rodriguez-Rosell et al., 2021; Rodriguez-Rosell, Yanez-Garcia, Mora-
Custodio, Torres-Torrelo, et al., 2020). En caso de no disponer de un dispositivo
para medir la velocidad de ejecucion se realizara de manera subjetiva mediante el
cardcter de esfuerzo (CE), como factor de ajuste de la intensidad del entrenamiento,
en funcién del nimero de repeticiones (Badillo & Serna, 2002; Elvar & Garcia-Orea,
2019). El CE expresa la relacion entre lo realizado y lo realizable, es decir, entre el
numero de repeticiones realizadas por el sujeto y el nimero de repeticiones
maximas que podria realizar en una serie con la carga propuesta (Badillo & Serna,
2002; Elvar & Garcia-Orea, 2019). Esta forma de cuantificar la dosis de ejercicio, es
decir la intensidad y el volumen, esta en consonancia con otros trabajos realizados
en poblacion mayor, cancer o esclerosis multiple (Andreu-Caravaca et al., 2020;
Diez-Fernandez et al., 2023; Marcos-Pardo et al., 2019). Por ultimo, las
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recomendaciones para una prescipcion adecuada de un entrenamiento combinado
de fuerza y resistencia en la misma sesion en adultos con HTA mantendran las
mismas premisas indicadas anteriormente, con la diferencia del tiempo dedicado a
cada una de ellas, que serd menor. La sesion tendra una duraciéon de 60 min,
aproximadamente, y se estructurara de la siguiente manera: 10 min de
calentamiento dividido en dos partes, una general y otra especifica; 40 min para la
parte principal, los primeros 20 min serdn para el entrenamiento de fuerza y los
ultimos 20 min para el entrenamiento de resistencia; por ultimo, 10 min de vuelta

a la calma y estiramientos.
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VII - CONCLUSIONES

7.1. CONCLUSIONES GENERALES

En respuesta al primer objetivo, segun la literatura cientifica analizada, se
concluye que los programas de entrenamiento multicomponente son efectivos para
reducir los niveles de PAS y PAD en adultos con HTA.

Respecto al segundo objetivo, segtin los hallazgos de nuestro ensayo clinico,
se concluye que todos los programas de intervencion, MICT, fuerza combinado con
MICT y fuerza combinado con HIIT, son efectivos para conseguir mejoras
significativas sobre los pardmetros hemodindmicos, perfil lipidico, composicion
corporal y condicion fisica en adultos con HTA, siendo el grupo de fuerza

combinado con MICT el que mayores beneficios mostro.

7.2. CONCLUSIONES ESPECIFICAS

Los  programas de entrenamiento  multicomponente  reducen
significativamente los niveles de PAS y PAD en adultos con HTA. La dosis mds
efectiva, segin el metaanalisis, serd un programa de intervencion superior a 14
semanas, 3 dias/semana y 60 min/sesion. Respecto a las intensidades de
entrenamiento, la intensidad del entrenamiento aerdbico estara alrededor del 75%
de la FC de reserva y la intensidad del entrenamiento de fuerza sera mayor al 75%

de 1 RM, con 10 repeticiones como maximo por serie.

El entrenamiento con MICT y el entrenamiento de fuerza combinado con
MICT con una duracién de 12 semanas, 2 dias/semana y 60 min/sesiéon muestran
mejoras significativas sobre los niveles de PAS, PAD, PAM, PP, DP; colesterol total,
HDL, LDL, triglicéridos y glucosa; fuerza maxima de hemisferio superior e inferior
del cuerpo; y capacidad cardiorrespiratoria frente al grupo control en adultos con
HTA. El hallazgo principal de este estudio fue que el grupo de entrenamiento de
fuerza, basado en una valoracién mediante la relacion carga-velocidad individual,
combinado en la misma sesiéon con MICT obtuvo mayores beneficios sobre todas

las variables dependientes que el grupo que realiz6 solamente MICT.
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El entrenamiento con MICT, el entrenamiento de fuerza combinado con
MICT y el entrenamiento de fuerza combinado con HIIT realizado durante 12
semanas, 2 dias/semana y 60 min/sesion presenta mejoras significativas sobre los
niveles de PAS, PAD, PAM, PP, DP; colesterol total, HDL, LDL, triglicéridos y
glucosa; fuerza maxima de hemisferio superior e inferior del cuerpo; y capacidad
cardiorrespiratoria frente al grupo control en adultos con HTA. El hallazgo
principal de este estudio fue que el grupo de entrenamiento de fuerza, basado en
una valoracion mediante la relacion carga-velocidad individual, combinado con
MICT obtuvo mayores beneficios sobre todas las variables dependientes que el
grupo que realiz6 solamente MICT y que el grupo de fuerza, basado en una

valoracion mediante la relacion carga-velocidad individual, combinado con HIIT.

En este ultimo documento quedan reflejadas las recomendaciones para el
disefio de un programa de entrenamiento combinado, de fuerza y resistencia en la
misma sesion, para adultos con HTA de forma adecuada, segura y lo mds precisa
posible que servird de ayuda a los profesionales de la salud y del ejercicio fisico
(médicos y CAFyD). La frecuencia minima de entrenamiento sera de 2-3
dias/semana no consecutivos, con sesiones <60 minutos en las que se realizaran
ambas modalidades. Para el entrenamiento de fuerza se incluiran de 6 a 8-10
ejercicios que impliquen grandes grupos musculares (sentadillas, press banca, etc.);
la intensidad serd baja-moderada y se cuantificard a través de la velocidad de
ejecucion; el n® de repeticiones se individualizard para cada persona mediante un
test de porcentaje de la pérdida de velocidad intra-serie con respecto a la 12
repeticion, un 10-20% de PV. Para el entrenamiento de resistencia, la intensidad
esta entre el 55%-70% del VO?2max o FCresv (zona 2); el volumen minimo de
entrenamiento serd de 20-30 min; y el tipo de actividad debe implicar grandes
grupos musculares, movimientos ciclicos y mantenidos durante un medio-largo

periodo de tiempo, como pedalear o correr.
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VIII - APLICACIONES PRACTICAS

Las aplicaciones practicas derivadas de la presente tesis doctoral tienen

grandes beneficios para la salud cardiometabdlica y la calidad de vida de las

personas adultas con hipertension arterial. La prescripcion adecuada e

individualizada de programas de entrenamiento combinado de fuerza y resistencia

en la misma sesion es una terapia efectiva coadyuvante para poder frenar el

desarrollo de la enfermedad cardiovascular a través de la mejora de sus factores de

riesgo y con ello las muertes por esta causa.

A continuacidn, se detallan las principales aplicaciones précticas producto de

los hallazgos de los trabajos presentados:

1.

Los resultados obtenidos respaldan la mejora significativa de los niveles
de presion arterial, tanto sistolica como diastdlica, con intervenciones de
entrenamiento combinado en la misma sesion en adultos con HTA. Las
instituciones publicas deben ser las primeras interesadas en promover la
prescripcion de esta modalidad de entrenamiento desde la atencion
primaria para la prevencion y tratamiento de este trastorno que supone
el principal factor de riesgo modificable de causa de muerte
cardiovascular a nivel mundial. Seria necesario crear unidades de HTA
en los centros de salud de atencién primaria que ayudarian a modificar
importantes factores conductuales en este grupo de poblacidon, como son
el sedentarismo y la inactividad fisica, ayudando con ello a frenar la
progresion de la enfermedad cardiovascular y sus posibles eventos

adversos.

Se proporciona la relacién dosis-respuesta efectiva de entrenamiento
combinado en la misma sesidon para conseguir mejorar los parametros
hemodindmicos, perfil lipidico, niveles de glucosa, composicién corporal
y condiciéon fisica en adultos con HTA. Ademads, se facilitan nuevos
protocolos para la dosificacion del estimulo o carga de entrenamiento
nunca antes utilizados en este grupo de poblacion de manera adecuada,
segura y con la maxima precision posible. Se aportan nuevas

herramientas para la cuantificacién de la carga, como la velocidad de
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ejecucion en el trabajo de fuerza o la potencia en el trabajo de resistencia,
que permiten conocer e igualar el grado de esfuerzo programado,
aplicado y realizado por cada persona, consiguiendo realmente una
individualizacion del entrenamiento.

Seria conveniente incluir a los Graduados en Ciencias de la Actividad
Fisica y el Deporte (CAFyD) en los equipos multidisciplinares del ambito
clinico o en su defecto derivar a los pacientes a los centros de
acondicionamiento fisico para que sean asesorados por los mismos. La
prescripcion de los programas de entrenamiento combinado en la misma
sesion debe ser programada y supervisada por el profesional del ejercicio
tisico (CAFyD), dado que debe ir acompafiada de una evaluacion de la
persona y una programacion del entrenamiento continua que permita
conocer el efecto de la carga aplicada y asegurar efectividad y control de
los entrenamientos. En la presente tesis doctoral se proporciona a los
entrenadores y educadores fisico-deportivos las recomendaciones y
protocolos necesarios para un correcto disefio de los programas de
entrenamiento, tanto selectivo como combinado en la misma sesién, en
personas adultas con HTA y poder garantizarles asi la mejora de la salud

cardiometabdlica y condicidn fisica.
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IX -LIMITACIONES Y FUTURAS LINEAS DE INVESTIGACION

La presente tesis doctoral presenta nuevas aportaciones a la comunidad
cientifica sobre los beneficios del ejercicio fisico, que ayudard como terapia
coadyuvante, para el control y el tratamiento de la HTA y la enfermedad
cardiovascular. Entre las diferentes aportaciones se encuentran, por un lado, el
primer estudio realizado en poblacion con HTA que compara el entrenamiento
selectivo MICT frente al entrenamiento de fuerza, basado en una valoracion
mediante la relacién carga-velocidad individual, combinado en la misma sesién
con MICT; y, frente al entrenamiento de fuerza, basado en la valoracién mediante
la relacion carga-velocidad individual, combinado en la misma sesion con HIIT.
Por otro lado, estaria la cuantificacion de la intensidad y el volumen de
entrenamiento a través de la velocidad de ejecucion, nunca antes utilizada en este
grupo de poblacién, lo que permitié conocer e individualizar la carga de trabajo
con la mayor precision posible consiguiendo que el estimulo programado para el
entrenamiento de fuerza fuese realmente el aplicado y el realizado por cada
participante. Ademads, es importante resaltar que esta cuantificaciéon de la carga
permitid que el grado de fatiga alcanzado por cada participante fuese

practicamente el mismo durante todo el periodo de intervencion.

A pesar de las aportaciones al conocimiento cientifico sobre los beneficios del
entrenamiento combinado de fuerza y resistencia en la misma sesién sobre la
mejora de la HTA, el presente estudio también presenta ciertas limitaciones que
pueden haber influido en los resultados y su interpretacion. Abordar estas
limitaciones en investigaciones futuras fortaleceria la validez de los hallazgos
actuales y proporcionaria una comprension mas amplia y precisa de los efectos del
entrenamiento combinado de fuerza y resistencia en la misma sesion sobre la
mejora de los niveles de presion arterial y la calidad de vida de la poblacién adulta
con HTA. A continuacion, se detallan las principales limitaciones identificadas en

la presente tesis doctoral.

La revision sistematica con metaandlisis presentada en esta tesis doctoral
sobre los efectos del entrenamiento multicomponente en adultos con hipertesion
arterial proporciona una evaluacion de la evidencia disponible mas rigurosa,

permitiendo una mejor comparacion de los resultados de multiples estudios y
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fortaleciendo las conclusiones. Sin embargo, las principales limitaciones de este
estudio son el escaso numero de ECAs que existen en la actualidad sobre esta
cuestion; la heterogeneidad de la poblacion incluida (sexo y edad); la
heterogeneidad de los protocolos aplicados en las distintas intervenciones; el tipo
de ejercicio-os realizados en el entrenamiento aerdbico y de fuerza; y el tamafio
muestral, que era pequefio en algunos estudios. Estos aspectos limitan las
comparaciones entre los diferentes grupos de intervencion e indican la necesidad
de nuevos estudios que aporten nuevos datos que permitan generalizar los

resultados.

Respecto a las limitaciones de los estudios resultantes del ensayo clinico, por
un lado, estaria el tiempo total de intervencion. Es posible que periodos mas largos
de tiempo de entrenamiento conduzcan a resultados distintos entre los diferentes
grupos de intervencion o mas significativos en algunas de las variables. Por otro
lado, la falta de un grupo de intervencidn que realizara unicamente entrenamiento
de fuerza seria otra consideracion para futuras investigaciones. Este grupo
selectivo de fuerza se podria haber comparado con el resto de modalidades de
entrenamiento del estudio y se podria haber conocido con mayor precision los
efectos de las distintas intervenciones sobre los niveles de presion arterial. Por
altimo, el no controlar la ingesta diaria de los participantes también seria otra de
las limitaciones del estudio.

Teniendo en cuenta las presentes limitaciones y a partir de los hallazgos y
conclusiones, se identifican diversas dreas de investigacion para seguir avanzando
en el conocimiento sobre el ejercicio y la salud cardiovascular. A continuacion, se
presentan diferentes lineas y acciones que podrian tenerse en cuenta para futuros

estudios.

Realizar estudios controlados con periodos de intervencion superiores a 12
semanas donde se evaluen los efectos de diferentes programas de entrenamiento
sobre los parametros hemodindmicos y metabdlicos, composicion corporal y
condicion fisica en adultos con hipertension arterial. Después se podrian confrontar
los resultados obtenidos con estudios previos de 12 semanas y comparar la
respuesta de los diferentes programas de ejercicio sobre las diferentes variables
planteadas.
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Por otro lado, también seria interesante desarroyar un ensayo controlado en
este grupo de poblacion en el que se pueda valorar diferentes intervenciones con
entrenamiento de fuerza, un grupo programado a través de la velocidad de
ejecucion y otro grupo programado de manera tradicional a través de la IRM y un
numero determinado de repeticiones, y comparar los efectos sobre los pardmetros
hemodindmicos y metabolicos, composicion corporal y condicion fisica en adultos
con hipertension arterial. Esto permitiria conocer con mayor precision las

diferentes respuestas del ejercicio sobre las variables descritas.

En relacién al entrenamiento de fuerza, también seria interesante realizar un
estudio en poblacion adulta con hipertension arterial para conocer los efectos
agudos sobre el grado de fatiga alcanzado durante un entrenamiento de fuerza
programando el volumen, por un lado, a través de la perdida de velocidad, y, por

otro lado, de manera tradicional, con un nimero concreto de repeticiones.

Por ultimo, se podria llevar a cabo un estudio controlado donde se evaluen
los efectos de diferentes programas de entrenamiento sobre los parametros
hemodindmicos y metabolicos, composicion corporal y condicion fisica en adultos
con hipertension arterial en el que, ademads, se llevara el control diario de la
alimentacion. Esto serviria para conocer cudnto de beneficio de las variables, si lo

hubiera, le corresponderia al ejercicio fisico y cuanto a la alimentacién.
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ANEXO 2. Aprobacion definitiva del CEIM
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Integrada de Ciudad Real, en su reunién del dia 19/07/2022 (Acta n® 07/2022),

Acordd la:

eg APROBACION DEFINITIVA

Del estudio descrito a continuacién:

Titulo: “Efectos del Entrenamiento Multicomponente frente al Entrenamiento
Selectivo Cardiovascular como Tratamiento Coadyuvante en el control y
tratamiento de la Hipertensién Arterial en sujetos Adultos desde la Atencién
Primaria”.

Cadigo interno: C-557

Protocolo: Fecha 15/05/2021

HIP/CI: Fecha 13/12/2021

Investigador principal y Doctoranda: Isabel Maria Lépez Ruiz.

Directores: Noelia Gonzélez Galvez, Fernando Lozano Ruiz-Poveda y José Abellan Huerta,

_En Ciudad Real, de julio de 2022
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~———fdorPilar Vicente Sanchez
Presidente CEIm
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D".‘PILAR VICENTE SANCHEZ, Presidente del Comité de Etica de Investigacién con
medicamentos de la Gerencia de Atencién Integrada de Ciudad Real,
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Que se ha evaluado la siguiente propuesta de estudio:

Titulo: “Efectos del Entrenamiento Multicomponente frente al Entrenamiento
Selectivo Cardiovascular como Tratamiento Coadyuvante en el control y
tratamiento de la Hipertensién Arterial en sujetos Adultos desde la Atencién
Primaria”,
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dicho estudio sea realizado en los centros siguientes por los investigadores principales que se
relacionan a continuacién:

Investigador principal y Doctoranda: Isabel Maria Lépez Ruiz.
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Vocales:

D. José Luis Albasanz Herrero Facultad Ciencia Quimicas Ciudad Real

D. Baltasar Baladrén Simal Miembro lego.

D2 Ana M. Garcia Pérez FEA Medicina Interna GAICR
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D. Alberto Ledn Martin Técnico de Salud. GAICR

D. Francisco J. Lopez Canovas FEA Psiquiatria. GAICR

D2 Maria Dolores Moya Pérez Aux. Administrativo CEIm. GAICR

D. José Ramén Mufioz Rodriguez Investigador Unidad Investigacion Traslacional
D2 Maria Isabel Porras Gallo Facultad Medicina. Ciudad Real
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Gerencia

I Atencion
| Integrada ie.ﬁf.a.m

En el caso de que alglin miembro participe en el estudio o declare algln conflicto de interés
no habra participado en la evaluacion, ni en el dictamen de la solicitud de autorizacién del
mismo.

Compromiso contraidos por el investigador con respecto al Comité de Etica de Ia
Investigacién:

Se recuerda al investigador que la ejecucion del estudio le supone los siguientes
compromisos con el Comité:

« Se recuerda al investigador el requisito de sclicitar a la AEMPS la publicacién en el
Registro Espaficl de estudios clinicos al inicio de los estudios de seguimiento
prospectivo y se recomienda para el resto de estudios observacionales con
medicamentos (si procede).

+ FEjecutar el estudio con arreglo a lo especificado en el protocolo, tanto en los
aspectos cientificos como en los aspectos éticos.

+ Notificar al Comité todas las modificaciones o enmiendas en el estudio y solicitar una
nueva evaluacién de las relevantes.

= Enviar al Comité un informe final al término de la ejecucion del estudio. Este informe
debera incluir los siguientes apartados:

o Numero de registro del estudio en bases de datos publicas de proyectos de
investigacién, si procede.

o Memoria final del estudio, la enviada a las agencias reguladoras.

o Publicacién/es cientifica/s generada/s por el estudio.

o Informacién (tipo y modo) transmitida a los sujetos del estudio sobre los
resultados de la investigacién y sobre los que afecten directamente a su
salud (si procede)

Para que conste donde proceda y surta los efectos oportunos,

de julio de 2022

. Fdo.——Pilar Vicente Sanchez
R Presidente CEIm
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ANEXO 3. Consentimiento Informado

ENSAYO CLINICO CORAZON Y SALUD

HOJA DE INFORMACION PARA EL PACIENTE

TITULD: Efectos del entrenamiento multicomponente frente al entrenamiento selectivo
cardiovascular como tratamiento coadyuvante en el control vy tratamiento de la hipertension

arterial en sujetos adultos desde la atencidn primaria.

INVESTIGADORES: Invg. ppal. D, Isabel Maria Ldpez Ruiz, Dr. D. Fernando Lozano Ruiz-Poveda,

DOra. D®* Maria Dolores Masia Mondéjar y Dra. D®. Noelia Gonzalez Galvez.

INTRODUCCION

La enfermedad cardiovascular es la primera causa de muerte prematura en el mundo v la
hipertensién arterial (HTA) el factor de riesgo cardiovascular mas prevalente, siendo
responsable de un incremento del riesgo de sufrir cardiopatias, encefalopatias y nefropatias,
encabezando la lista de las enfermedades graves no transmisibles responsable de 10,4 millones

de muertes al afo.

Las intervenciones no farmacologicas (ITNF) deben ser claves para la prevencion, control y

tratamiento de la HTA y es agui donde la practica de ejercicio fisico regular es determinante.

El objetivo del presente estudio es conocer los efectos de un programa de Entrenamiento
Multicomponente (EMC) vs Entrenamiento Selectivo Cardiovascular (ESCY) sobre la presidn
arterial sistdlica y diastdlica; la presidn arterial media; la presidn de pulso; el doble producto: la
frecuencia cardiaca basal; la composicidn corporal (peso, masa musculo esquelética, masa
grasa y area de grasa visceral); la composicidn del agua corporal (agua intracelular, agua
extracelular y ratio del agua extracelular); el dngulo de fase corporal; el indice de
masa magra apendicular esquelética; el diametro abdominal; la capacidad funcional; la fuerza
muscular; la capacidad cardiorrespiratoria; y los valores de colesterol, HOL, LDL, triglicéridos y

glucosaen sujetos adultos con HTA.

Para ello se realizara un ensayo clinico controlado aleatorizado con warios grupos de estudio
simultaneos,grupo de EMC, grupo de ESCV continuo, grupo de ESCV fraccionado, yun grupo
control sin intervencidn con ejercicio fisico. La muestra sera mixta, con un n=30 por grupo de

adultos hipertensos controlados.

El periodo de intervencion sera de 3 meses(12 semanas), con una frecuencia de entrenamiento

de 2 dias/semana y con una duracion por sesion de 60 minutos.
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Se valoraran antes y después de las intervenciones las siguientes variables:

v Parametros Hemodindmicos: la presién arterial sistélica vy diastélica (PAS/PAD);
presidn arterial media (M.A.P); presién de pulso (P.P); doble producto (R.P.F) y
frecuencia cardiaca basal (FCB).

v Andlisis de composicién corporal (ACC):

o Andlisis misculo-grasa (peso [Kgl; masa misculo esquelética [Kg]; masa
grasa corporal [Kg]).

o Andlisis de obesidad (indice de masa corporal [Kg/m?]; porcentaje de
grasa corporal [%]).

o Areade grasa visceral (cm?).

Didmetro abdominal.

Angulo de fase

Andlisis de bioguimica: glucosa en sangre; creatinina; colesterol; HOL y LDL.

Valoracién capacidad cardiovascular (test clinico en cicloergémetra)

N

Valoracién de la fuerza muscular (test de velocidad de ejecucién y test de fuerza
de presion manual).

¥ Valoracidn Calidad de vida de la hipertensidn Arterial (Cuestionario CHAL).

Su participacidn es veluntaria. Para ello lea esta hoja informativa y nosotros leaclararemos las
dudas que le puedan surgir después de la explicacion. Ademas,puede consultar con las
personas que considere oportuno. Su negativa a participar osu retirada en cualquier momento
no influird negativamente en su tratamiento médico.No es necesario que justifigue la decisidn

sobre su negativa o retirada.
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HOJA DE INFORMACION PARA EL PACIENTE

TITULD: Efectos del entrenamiento multicomponente frente al entrenamiento selectivo
cardiovascular como tratamiento coadyuvante en el control vy tratamiento de la hipertension

arterial en sujetos adultos desde la atencidn primaria.

OBJETIVOS DEL ESTUDIO

El objetivo del presente estudio es conocer los efectos de un programa de Entrenamiento
Multicomponente (EMC) vs Entrenamiento Selectivo Cardiovascular (ESCY) sobre la presidn
arterial sistdlica y diastdlica; la presidn arterial media; la presidn de pulso; el doble producto: la
frecuencia cardiaca basal; la composicién corporal (peso, masa musculo esquelética, masa
grasa y area de grasa visceral); la composicién del agua corporal (agua intracelular, agua
extracelular y ratio del agua extracelular); el dngulo de fase corporal; el indice de
masa magra apendicular esquelética; el diametro abdominal; la capacidad funcional; la fuerza
muscular; la capacidad cardiorrespiratoria; y los valores de colesterol, HOL, LDL, triglicéridos y

glucosa en sujetos adultos con HTA.

PARTICIPACION EN EL ESTUDIO

Se realizara un ensayo clinico controlado aleatorizado con varios grupos de intervencion: grupo
de EMC, grupo de ESCV continue, grupo de ESCV fraccionado y un grupo control sin intervencidn
con ejercicio fisico. La muestra serd mixta, con un n=30 por grupo de adultos hipertensos

controlados.

El periodo de intervencion sera de 3 meses (12 semanas), con una frecuencia de entrenamiento

de 2 dias/semana v con una duracion por sesidn de 60 minutos.
Se valoraran antes y después de las intervenciones las siguientes variables:

v Parametros Hemodindmicos: la presién arterial sistélica vy diastélica (PAS/PAD);
presidn arterial media (M.A.P); presién de pulso (P.P); doble producto (R.P.F) y

frecuencia cardiaca basal (FCB).
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v Analisis de composicion corporal (ACC):
o Analisis misculo-grasa (peso [Kgl; masa misculo esquelética [Kgl; masa
grasa corporal [Kg]).
o Analisis de obesidad (indice de masa corporal [Kg/m?]; porcentaje de
grasa corporal [%6]).
o Area de grasa visceral (em?).
Didmetro abdominal.
Angulo de fase
Analisis de bioguimica: glucosa en sangre; creatinina; colesterol; HDL y LDL.
Valoracién capacidad cardiovascular (test clinico en cicloergémetra)

Valoracion de la fuerza muscular (test de velocidad de ejecucian).

T S Y

Valoracién Calidad de vida de la hipertension Arterial (Cuestionario CHAL).

Su participacién es voluntaria. Su negativa a participar o su retirada en cualquier momento no
influira negativamente en su tratamiento médico. No es necesario gue justifique la decision

sobre su negativa o retirada.

POSIBLES BENEFICIOS

Si forma parte de alguno de los Grupos experimentales, Entrenamiento Multicomponente o
Entrenamiento Selective Cardiovascular, podrd experimentar mejoras importantes para su
salud gue seran ratificadas gracias a las valoraciones pre y post intervencion en las variables
presidn arterial sistolica y diastdlica; la presidn arterial media; la presidn de pulso; el doble
producto; la frecuencia cardiaca basal; la composicion corporal (peso, masa musculo
esquelética, masa grasa y area de grasa visceral); la composicion del agua corporal (agua
intracelular, agua extracelular y ratio del agua extracelular); el dngulo de fase corporal; el
diametro abdominal; la capacidad funcional; la fuerza muscular; la capacidad

cardiorrespiratoria; v los valores de colesterol, HOL, LDL, triglicéridos y glucosa.

Ademas, si forma parte de alguno de los grupos experimentales disfrutara y se beneficiara sin
coste alguno de 3 meses (12 semanas) de programa de entrenamiento supervisado 100% por
profesionales del ejercicio fisico, con disefios de entrenamientos seguros, funcionales y

efectivos adaptados a cada persona.
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ENSAYO CLINICO CORAZON Y SALUD

HOJA DE INFORMACION PARA EL PACIENTE

TITULO: Efectos del entrenamiento multicomponente frente al entrenamiento selectivo
cardiovascular como tratamiento coadyuvante en el control y tratamiento de la hipertension

arterial en sujetos adultos desde la atencion primaria.

RIESGOS ¥ MOLESTIAS

Mo han sido descritos riesgos para la salud en los test descritos y que seran utilizados para la
valoracidgn inicial y final de la intervencidn; asi como tampoco han sido descritos riesgos para
salud de los practicantes en los programas de Entrenamiento Multicomponente o Selectivo

Cardiovascular.

RETIRADA DEL ESTUDIO
Su participacidn en este estudio es completamente voluntaria y puede retirarse en cualquier

momento.

PROTECCION DE DATOS

En cumplimiento del Reglamento (UE) 2016/679 del Parlamento Europeo y del Consejo, de 27 de
abril de 2016 y Ley Organica 3/2018, de 5 de diciembre, de Proteccion de Datos Personales y
Garantia de los Derechos Digitales, le comunicamos que la informacidn que ha facilitado vy la
obtenida como consecuencia de las exploraciones a las que se va a someter pasara a formar
parte del fichero automatizado INVESALUD, cuyo titular es la FUNDACION UNIVERSITARIA SAN
ANTONIO, con la finalidad de INVESTIGACION Y DOCENCIA EN LAS AREAS DE CONOCIMIENTO
CIENCIAS EXPERIMEMTALES Y CIENCIAS DE LA SALUD. Tiene derecho a acceder a esta
informacidn y cancelarla o rectificarla, dirigiéendose al domicilio de la entidad, en Avda. de los
lerénimos de Guadalupe 30107 (Murcia). Esta entidad le garantiza la adopcidn de las medidas

oportunas para asegurar el tratamiento confidencial de dichos datos.
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ENSAYO CLINICO CORAZON Y SALUD

HOJA DE INFORMACION PARA EL PACIENTE

TITULO: Efectos del entrenamiento multicomponente frente al entrenamiento selectivo
cardiovascular como tratamiento coadyuvante en el control y tratamiento de la hipertensidn

arterial en sujetos adultos desde la atencion primaria.

COMPENSACION ECONOMICA

Usted no recibird ninguna compensacidn econdmica por participar en el estudio.

INFORMACION ADICIONAL

Durante la duracidn de este estudio puede formular cualquier pregunta que tenga, para

ello pdngase en contacto con:

Mombre: Isabel Maria Ldpez Ruiz

Teléfono: 926311625 o 617217275
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ENSAYO CLINICO CORAZON Y SALUD

LONSENTIMIENTO INFORMADD PARA EL PACIENTE

TITULD: Efectos del entrenamiento multicomponente frente al entrenamiento selectivo

cardiovascular como tratamiento coadyuvante en el control vy tratamiento de la hipertensidon

arterial en sujetos adultos desde la atencidn primaria.

L PPN o 1 1 | 1 | I

- He leido la hoja de informacion que se me ha entregado.
- He podido hacer preguntas sobre el estudio.
- He recibido suficiente informacidn sobre el estudio.
He hablado COm ... s s s s s
Comprendo que mi participacion es voluntaria.
Comprendo que puedo retirarme del estudio:
- Cuando quiera
- Sin tener que dar explicaciones
- Sin que ello repercuta en mis cuidados médicos

Por todo ello presto libremente mi conformidad para participar en el estudio v a que seme

realicen las pruebas necesarias correspondientes a la participacion en el estudio.

Firma de la paciente Firma del investigador
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ANEXO 4. Cuestionario PAR-Q

==  PAR-Q & YOU

{Un Cuestlonarlo para Persenas de 15 a 60 aftos)
Lo actividad fisica regular es saludable y sone, y mas personas eoda dia estén comenzonds a etar ms ocdives. Ser mis ocdive e sequrs para lo
rrayaria de las perionas, Fin embargs, alguned individues deben eansultar o un médics antes de inidiar un programa de ejerdido o atividad fisica.
5i uated esta planificands participar en programes di sjerdcio o de odividod fisiea, lo recomendade es que responda o los siete pregunbo: deseribo
mién abajo. 5i usted Bene entre 15 ¢ 89 oo de edod, el coestionario PAR-0) be indicand si necesita comultar a su médies antes de inidar un
programa de ejerdcio o octividod fisica. 5i usted Gene mis de 65 ofies de edod, v no eabd aeotumbrade o etor active, comnulbe o su midice.

El sentide comin e la principal guia para conbeibar etas preguntas. Faver de leer lod pregunba: con cuidado v respender coda una
heneitarmente; Margue 51 o NO.

si NHO

[m] 1. gAlguna vez su médico le ha indicado que usted tiene un problema cardiovascular, ¥ que
solamente puede llevar a cabo ejercicios o actividad fisica si lo refiere un médico.

O [ 2. ;Sufre de dolores frecuentes en el pecho cuando realiza algun tipo de actividad fisica?

] [0 3. iEn el iltimo mes, le ha dolido el pecho cuando no estaba haciendo actividad fisica?

] [ 4. iCon frecuencia pierde el equilibrio debido a mareos, o alguna vez ha perdido el conocimiento?

1 1 5. iTiene problemas en los hueses o articulaciones (por ejemplo, en la espalda, rodillas o cadera)
que pudiera agravarse al aumentar la actividad fisica?

| [ & gAl presente, le receta su medico medicamentos (por ejemplo, pastillas de agua) para la
presion arterial o problemas con el corazon?

| [1 7. iExiste alguna otra razén por la cual no deberia participar en un programa de actividad fisica?

st 3 -
1 Sl a una o mas preguntas:

Hable con su médico por teléfono o en persona ANTES de empezor a estar mis octive feicomiente, o ANTES de tener una ewoluocdn de
su aptitud fiioa, DHgole o s médico gue reclizd este cusstionario v las preguntos que usted respondid que 51
usted @ Usted puede estar lits para reallzar cuclquier actividad gue desee, sempre y cwanda comience lenta y gradualmente. © bien, puede
gue tenga que restringir s octividod o los que sea ma: segura para wted. Hable con su médico sobre el tipe de octhidades que
desen participar y 4ga s consso.
:ontesté @ Busgue progromas en lugores expecalizodes gue sean seguros v benefidosos para usted.

DEMORE EL INICIO DE JER MAS ACTIVO:
No todas preguntas: L
& §i usted no se dente bien a cawao de una enfermedod
8| usted contestt MO honestamente o todg: s preguntos, entonees puede estor temparera, tal come un resfriado o fishre, entonce: lo
rezonablemente segure que pueds sugeride es eiperar hasta gue se recupere por comaleta; o
& Comerzor o ser mds active fiscomente, pera con un erdoque lerto y gue se progrese & 5| inted eskd o puede estar embarozodo, hoble con su
gradunimente. Exa ex la monera mds segura v facl. miédico antes de comenzor o estar fidcamente mds activa.
@ Formar porte de urio evalsacén de ba optited fsieo: esto e uno maren
pora determinar 1w optitud fiska de bose, ko cual le oyudo a planficar ko mejor POR FAYOR: 5 un cambio en su solud kb oblga a repander 5la
estrategio de war activomente. Tombién, e: muy recomendable que wited se evalie cudlquiera de los preguntas, s importante gue esta skunckin se le
|o presiin arteria. §1 su lecturo se encuentro sobre 14494, entonces, hoble con s informe o su miédico o entrenadar personal. Pregurite si debe
miédico antes de ser mds activo fiscomerte. medificar s plan de ejercicio o octhidod fiioa,

Wiw Infermades de PAR-O: La Sociedad Canadiene de Fisiologia del Ejercide, y i agentes, no aswimen ninguna responsabilidad legal para lo
persona: que realizan ejencido o atividad fisica: en coo de duda deipads, de completar eite cuestionario, corulte primers a su médica.

I No se permiten cambios. Se puede fotocopiar el PAR-Q, dnicamente si se emplea todo el formulario.

NOTA: 5i se requiere adminktrar el PAR-0) antes que el participante se incorpore a un programa de ejercdoloctividad fizica, o se
someta a pruebm de aptitud fisica, esta secddn se puede utilizar para propdsitos administratives o legales:
“Wo he leido, entendido y completado el cuestionario. Todas las preguntas fueron respondidas a mi entero satisfoccidn.”

MNombre:
Firme: Fecho:
FIRMA DEL PARIENTE: TESTIGO:

TUTOR (pora participantes menores edad)

NOTA: Este cuestionario es valide hasta un maximo de 12 meses, a partir de la fecha en que se completa. El
mismao se invalida si su estado de salud requiere ar 51 en de las siete preguntas.

MNOTA. Cbtenido de: The Physical Activity Readines Questionnaire: PAR-0 & YOU, por Canodian Saciety for Exercise Physiclogy, 2002, Copyright 2002
wor Canadian Fociety for Exercise Physiclogy, wwew.cep.oafforme. Recuperada de bttpeivssnwcep.calomiiles publications/parg/par-a pdf
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ANEXO 5. Cuestionario Sociodemografico

CUESTIONARIO SOCIODEMOGRAFICO

Responda a las siguientes preguntas con la mayor sinceridad. No existen preguntas bien o mal
contestadas. No dejes ninguna pregunta sin responder. jMuchas gracias!

1. Geénero 2.Edad: ____anos 3. Estado civil
Masculino Solterola
Femenino Casado/a o Pareja de hecho
4, Nacionalidad: _ o Separadoia o divorciadofa
Municipio de residencia: Viudo/a
5. Actividad fisica 7. Nivel de estudios
¢ Practica algun tipo de actividad fisica 5in estudios

(caminar, aerdhbic, gimnasia, centro

deportivo, Pilates, correr, etc.)? Basicos (Graduado escolar)

Secundarios (ESQ, bachillerato)

JCual? Superiores (ciclos formativos/grado medio
a superior)
JCon queé frecuencia?____ Estudios universitarios
6. Ocupacion laboral
Empleado a tiempo completo 8. Viviendo o no en comparia
Empleado a tiempo parcial Con su esposola
Desempleado Con un companero/a
Trabajador por cuenta propia Sdlofa
Retirado
9. Mumero de caidas en el dltimo ano (desde este momento): o

10. Pérdida de peso corporal en el ultimo afo (desde este momento): _ Kg
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11. Indica los medicamentos gue toma usualmente, la frecuencia y con qué objetive los
toma (si no recuerda el nombre del medicamento indique su objetivo y frecuencia. Ejemplo:
Medicacion diaria para controlar la tension arterial; ibuprofeno unas tres veces al mes para
dolor de espalda).

12. Indique si ha padecido o padece alguna de las siguientes enfermedades.

AAlguna vez ¢ La ha padecido 2Le ha dicho un

ha padecido? | enlos ditimos 12 médico que la
maeses? padece?
Si Mo S No Si Mo

1. Tension alta

2. Infarto de miccardio

3. Otras enfermedades del corazon

4 Marices en las piernas

5. Artrosis, artritis o reumatismao

6. Dolor de espalda cronico (cervical)

7.Dolor de espalda cronico (lumbar)

B.Alergia crdnica (asma alérgica excluida)

9. Asma

10. Bronguitis cronica, enfisema, enfermedad pulmonar

obstructiva cronica (EPOC)

11. Diabetes

12.Ulceras de estdmago y ducdeno

13. Incontinencia urinana
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14. Colesterol alto

15. Cataratas

16. Prablemas cronicos de piel

17. Estrenimiento cronico

18. Cirrosis, disfuncion hepética

19. Depresion cronica

20. Ansiedad cronica

21. Parkinson

22. Demencia/Alzheimer

23. Embolia, infarto cerebral, hemomragia cerebral

24. Migrana o dolor de cabeza frecuente

25. Hemarroides

26. Cancerfumores malignos

26. ; Donde? (indicar origen)

27. Osteoporosis

28. Problemas de tiroides

29. Problemas de prostata (solo hombras)

30. Problemas con la menstruacion (solo mujeres)

31. Lesiones o problemas permanentes causados por

un accidente

32. Sindrome de apnea del sueno

Otras (Indicar)
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ANEXO 6. Cuestionario de Salud SF36

CUESTIONARIO 5F-36 SOBRE EL ESTADO DE SALUD

Las preguntas que siguen se refieren a lo que usted piensa sobre su salud. Sus respuestas
permitiran saber cémo se encuentra usted y hasta qué punto es capaz de hacer sus actividades
habituales.

Conteste cada pregunta tal como se indica. Si no estd seguro/a de cémo responder a una

pregunta, por favor conteste lo que le parezca mas cierto.

1. En general, usted diria que su salud es: (marque un solo numero)

Excelente ... ..o
MUY BUBNA ..o 2
BUBNA ..o e e 3
Reqular ... °
AL L 5

2. ;Como diria usted que es su salud actual, comparada con la de hace un afno? (marque un

solo numero)

Mucho mejor ahora que hace Un afo ... 1

Algo mejor ahora que hace un a0 ..., 2
Mas o menos igual que hace un afo ..... e 3

Algo peor ahora que hace un ano ... 4

Mucho peor ahora que hace un afo

3. Las siguientes preguntas se refieren a actividades o cosas que usted podria hacer en un

dia normal. Su salud actual, ;le limita para hacer esas actividades o cosas? Si es asi,

Jscuanto?
S, Si, ro, no me
ACTIVIDADES melimita |melimita  flimita
mucho  Junpoco nada
3. Esfuerzos intensos, tales como correr, levantar objetos pesados, ofl 2 3

participar en deportes agotadores

b. Esfuerzos moderados, como mover una mesa, pasar la aspiradora, jugarfl 2 3
ja los bolos o caminar mas de una hora

c. Coger o lievar la bolsa de la compra 1 2 3
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jd. Subir varios pisos por la escalera 1 2 3
|e. Subir un solo piso por la escalera 1 2 3
II. Agacharse, arrodillarse o ponerse en cuclilas 1 2 3
g. Caminar un kilometro o mas 1 2 3
h. Caminar varias manzanas (varios centenares de metros) 1 2 3
i. Caminar una sola manzana (unos100 metros) 1 2 3
j. Banarse o veslirse por si mismo 1 2 3
4. Durante las 4 ultimas semanas, ;ha tenido alguno de los siguientes problemas en su
trabajo o en sus actividades cotidianas, a causa su salud fisica?
si NO
a. ¢ Tuvo que reducir el tiempo dedicado al trabajo o a sus actividades cotidianas? 1 2
b. ¢ Hizo menos de lo que hubiera querido hacer? 1 2
c. s Tuve que dejar de hacer algunas tareas en su trabajo en sus aclividades cotidianas? | 1 2
d. ¢Tuvo dificultad para hacer su trabajo o sus actividades cotidianas (por ejemplo, gl 1 2
costd mas de lo normal)?
5. Durante las 4 ultimas semanas, ;ha tenido alguno de los siguientes problemas en su

trabajo o en sus actividades cotidianas, a causa de algun problema emocional (como estar

triste, deprimido, o nervioso)?

El

NO

a. ¢ Tuvo gue reducir el tiempo dedicado al trabajo o a sus actividades colidianas, por
algun problema emocional? 1
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b. ¢ Hizo menos de lo que hubiera querido hacer, por algun problema emocional?

t. /Mo hizo su trabajo sus actividades cotidianas tan cuidadosamente como def
costumbre, por algun problema emocional? 1 2

6. Durante las 4 ultimas semanas, ;hasta qué puntos u salud fisica o los problemas

emocionales han dificultado sus actividades sociales habituales con la familia, los amigos,

los vecinos u otras personas? (margue un solo ndmero)

P Lo 1
L T o o PSP 2
REQUIAT........ s 3
Bastante ... 4
MILICRO L 5

7. ;i Tuvo dolor en alguna parte del cuerpo durante las 4 ultimas semanas? (margue un solo

numero)

NO, MINGUND Lo 1
SI, MUY POCO (oo 2
ST UM POCO Lt 3
SIomoderado ... 4

SEMUCRD e D

S, MUCHISITID coaiii e beeans B

8. Durante las 4 ultimas semanas, ;hasta qué punto el dolor le ha dificultado su trabajo
habitual (incluido el trabajo fuera de casa y las tareas domeésticas)? (marque un solo

numerao)



CAPITULO XI - ANEXOS 251

LT o
REqUIAT ..
Bastante ...
IMILICHIO <.

Mom oy ma

9. Las preguntas que siguen se refieren a cémo se ha sentido y como le han ido las cosas
durante las 4 ultimas semanas. En cada pregunta responda lo que se parezca mas a

como se ha sentido usted. Durante las ultimas 4 semanas ;cuanto tiempo...

Casi Muchas | Algunas | Sdlo algunJ

Siempre _ Nunca
siempre | veces veces | vez

a.  Se sintio lleno de vitalidad? 1 2 3 4 5 6
b.  Estuvo muy nervioso? 1 2 3 L 5 -]
€. Se sintio tan bajo de moral qug

nada podia animi’urle? ! ! 2 : ! ’ ¢
d. Se sintio calmado y tranquilo? 1 2 3 4 5 6
e.  Tuve mucha energia? 1 2 3 L 5 -]
f. Se sintio desanimado y triste? 1 2 3 4 5 6
g. Sesintio agotado? 1 2 3 4 5 6
h.  Se sintio feliz? 1 2 3 4 5 &
i.  Sesintio cansado? 1 2 3 4 5 6

10. Durante las 4 ultimas semanas, jcon qué frecuencia la salud fisica o los problemas
emocionales le han dificultad o sus actividades sociales (como visitar a los amigos o

familiares)?

{margueunsolonumera)

SHBITIPIE Lottt ettt et b et e b ekt b b et e bt
Casi SIBMPIE .o
AQUNAS WBCES ..ottt ettt

SOl0 AIGUNEA VEZ ...oivviiiiiii it

moE oW M
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ANEXO 7. Escala de Satisfaccion con la Vida

ESCALA DE SATISFACCION CON LA VIDA

Por favor, indica tu grado de acuerdo con cada frase rodeando con un circulo el nimero apropiado (solo
uno por afirmacién). Por favor, sé sincero con tu respuesta.

(=}
5% e 45
28 3 2 8
= @ z = 8
=
En la mayoria de los aspectos de mi vida es como yo 1 ) 3 4 5
quiero que sea
Las circunstancias de mi vida son muy buenas 1 2 3 4 5
Estoy satisfecho con mi vida 1 2 3 4 5
Hasta ahora he conseguido de la vida las cosas que 1 2 3 4 5
considero importantes
Si pudiera vivir mi vida otra vez no cambiaria casi nada 1 2 3 4 5

ANEXO 8. Hoja de Registro Valoracion Hemodinamica

) UCAM XIGENO

¥ UNIVERSIDAD Sport & Weliness,

ENSAYO CLINICO CORAZON Y SALUD

Hoja de Registro Parametros Hemodinamicos

ici : PA PA Presion Doble

Participante Registro Sistélica  Diastélica de Pulso  Producto
Nombre: Pre-Inter B
Apellidos: Pos-Inter B

. . PA PA Presion Doble

Participante Registro Sistdlica Diastélica de Pulso  Producto
Nombre: Pre-Inter P A
Apellidos: Pos-Inter efeefeee

PA PA Presion Doble
Sistdlica Diastolica de Pulso  Producto

Participante Registro

Nombre: Pre-Inter efeefeee

Apellidos: Pos-Inter S
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ANEXO 9. Hoja de Registro Valoracion Composicion Corporal

eV UCAM XIGEi0
ENSAYO CLINICO CORAZON Y SALUD R A 0 gs,,.,,,mm

Hoja de Registro Composicion Corporal

. . M Magra M Grasa AGV Angulo

Participante Registro (Kg) (Kg) (cm) de Fase
Nombre: Pre-Inter J--1---
Apellidos: Pos-Inter f--t----

. . M Magra MGrasa AGV Angulo

Participante Registro (Kg) (Kg) (cm) de Fase
Nombre: Pre-Inter J--/----
Apellidos: Pos-Inter Joel-n--

. . M Magra M Grasa
Participante Registro
P i (Kg) __ (Kg)
Nombre: Pre-Inter [--1----
Apellidos: Pos-Inter J--/----

ANEXO 10. Hoja de Registro Valoracion Bioquimica de Sangre

ENSAYO CLINICO CORAZON Y SALUD

Hoja de Registro Perfil Lipidico y Glucosa

CcT TGL

LDL HDL

UCAM

UNIVERSIDAD

Glucosa

Participante Registro (mgfdi) (mg/d]) (mg/d) (mg/di) (mg/di) Creatinina
Nombre: Pre-Inter {1
Apellidos: Pos-Inter |--f----

HDL

Glucosa

Participante Registro (mg/di) (mgidl) Creatinina
Nombre: Pre-Inter /1=~
Apellidos: Pos-Inter f-+f=---

Glucosa

Participante Registro (ma/dl) Creatinina
Nombre: Pre-Inter /--1----
Apellidos: Pos-Inter f-f----
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ANEXO 11. Hoja de Registro Valoracion HandGrip

ENSAYO CLINICO CORAZON Y SALUD UCAM 0x;§§ﬂg

Hoja de Registro Fuerza de Agarre Manual (HandGrip)

Participante Registro Fecha M?};‘g) D Nﬁ(r;c)) |
Nombre: Pre-Inter --f=nf-m--
Apellidos: Pos-Inter -~f--f----

Participante Registro Fecha F(’IE(EE? M {\:I{Z?ra
Nombre: Pre-Inter -~f--f----
Apellidos: Pos-Inter wef-=f-m--

Participante Registro Fecha F('Ie(;? M P:I(Z%]ra
Nombre: Pre-Inter --f=nf-m--
Apellidos: Pos-Inter -~f--f----

ANEXO 12. Hoja de Registro Valoracion Fuerza Maxima

ENSAYO CLINICO CORAZON Y SALUD

UCAM OXIgEna
UNIVERSIDAD Sport & Weilness,

Hoja de Registro Fuerza Maxima

Valoracion a través de la Velocidad de Ejecucion

Registro Miembros Superiores Ejercicio Press Banca

- . 1RM 50%-1RM VMP al 50% o
Participante Registro Fecha (Kg) {Kg) (mis) N° Rept
Nombre: Pre-Inter wof--t----
Apellidos: Pos-Inter e
Registro Miembros Inferiores Ejercicio Sentadilla
= F 1RM 60%-1RM VMP al 60%
Participante Registro Fecha N° Rept
P J (Kg) (Kg) (mis) P
Nombre: Pre-Inter R
Apellidos: Pos-Inter e
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ANEXO 13. Hoja de Registro Valoracion Capacidad Cardiorrespiratoria

)UCAM 0x1g:=-na

UNIVERSIDAD Sport & Wellness_

ENSAYO CLINICO CORAZON Y SALUD

Hoja de Registro Capacidad Cardiorrespiratoria

Valoracion Test Clinico en Cicloergémetro

-9 5 VO,Pico FC FC RPE

Participante Registro Fecha WATT (ml-kg-min) | Maxima | Media Borg
Nombre: Pre-Inter P
Apellidos: Pos-Inter P

. . VO.Pico FC FC RPE

Participante Registro Fecha WATT (ml-kg-min) | Maxima | Media Borg
Nombre: Pre-Inter -l
Apellidos: Pos-Inter R

. . VO,Pico FC FC RPE

Participante Registro Fecha WATT (ml-kg-min) | Maxima | Media Borg
Nombre: Pre-Inter -f--l---
Apellidos: Pos-Inter P
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ANEXO 14. Estudio 1. Multicomponent Training and Optimal Dosing Strategies
for Adults with Hypertension: A Systematic Review and Meta-Analysis of

Randomized Controlled Trials

Sports

Review
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Abstract: (1) Background: Non-pharmacological interventions have demonstrated efficacy in the
prevention, management, and control of hypertension. Multicomponent training confers a host of
benefits to the general populace. The aim of this research was to assess the impact of multicom-
ponent training on the blood pressure of adults with hypertension and ascertain the nature of the
dose-response relationship. (2) Methods: This systematic review adhered to the PRISMA guide-
lines and was registered in PROSPERO. Eight studies were included, following a literature search
across PubMed, Web of Science, Cochrane, and EBSCO. Randomized controlled trials implementing
multicomponent training interventions on adults with hypertension were considered for inclusion.
A quality assessment was performed using the PEDro scale, with a random-effects model utilized
for all analyses. (3) Results: Multicomponent training yielded a significant reduction in systolic
(MD = —10.40, p < 0.001) and diastolic (MD = —5.97, p < 0.001) blood pressure relative to the control
group. Interventions lasting over 14 weeks with a minimum frequency of three sessions per week,
each lasting 60 min, were deemed most effective. (4) Conclusion: An optimal training intensity was
achieved with 30 min of aerobic exercise at 75% of the heart rate reserve, whereas sets of 10 repetitions
at 75% of one repetition maximum produced the best outcomes in strength training.
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1. Introduction

Cardiovascular disease is the leading cause of premature death worldwide, and
hypertension is one of its most prevalent risk factors [1,2]. Approximately one-third of the
world’s adult population suffers from hypertension, a factor that increases the risks of heart
disease, encephalopathy, and kidney disease, with hypertension topping the list of serious,
non-communicable diseases responsible for 10.4 million deaths per year [3].

Non-pharmacological interventions have been shown to be effective in the prevention,
management, and control of hypertension [4]. The World Health Organization recommend
that all adults should undertake at least 150 min of moderate-intensity activity or at
least 75 min of vigorous-intensity physical activity, or some equivalent combination of
moderate-intensity and vigorous-intensity aerobic physical activity, per week. In addition,
the guidelines recommend regular muscle-strengthening activity for all age groups [5].
In this regard, the effect of cardiovascular training on blood pressure levels has been
well established in the literature, with reductions ranging from —4.9 to —12 mm Hg for
systolic blood pressure (SBP) and from —3.4 to —5.8 mm Hg for diastolic blood pressure
(DBP) [6]. Strength training has shown improvements in blood pressure ranging from —3.0
to —4.7 mm Hg for SBP and from —3.2 to —3.8 mm Hg for DBP [6].
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A description of the combined effect of both cardiovascular and strength training has
been attempted. Multicomponent training has been shown to be more effective than aerobic
training for improving some variables [7] and has been widely used and recommended
in the older adult population to reduce frailty [8]. In multicomponent training, work is
performed with many types of exercise by combining the physical capacities of strength,
cardiovascular endurance, flexibility, and balance in the same session [9]. This training has
shown positive effects on the health of the adults, with haemodynamic improvements and
improvements in arterial stiffness observed [10], as recommended by the American College
of Sports Medicine and by the American Heart Association [11].

Three similar systematic reviews have been conducted thus far. However, some
aspects should be taken into consideration. The study by Corso et al. [12] included subjects
with and without cardiovascular pathologies, such as diabetes, as well as subjects with
hypertension; it also included training in a single session (multicomponent training) and
in several sessions (concurrent training). The statistical analysis with meta-analyses by
Herrod et al. [13] focused on the older adult population, and Pescatello et al. [14] did not
include meta-analyses.

On the other hand, many differences have been observed between the dosage of the train-
ing protocols applied (time, frequency, duration, intensity, or order of components) [15-23],
and a good understanding of the optimal dosage of the multicomponent training accord-
ing to the blood pressure levels of patients with hypertension would help optimise the
prescription, control, and management of hypertension.

The present systematic review and meta-analysis hypothesises that (a) multicompo-
nent training will be effective in reducing systolic and diastolic hypertension levels in
subjects with hypertension, and (b) the multicomponent training protocol that will show
the greatest benefits for blood pressure will apply moderate to vigorous intensities in cardio-
vascular work and moderate to high intensities in strength training. In addition, the present
systematic review with a meta-analysis aims (a) to evaluate the effects of multicomponent
training on SBP and DBP levels of adults with hypertension, and (b) to identify the optimal
dosage of multicomponent training to manage hypertension in adults.

2. Materials and Methods
2.1. Study Design

This systematic review and meta-analysis adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [24]. In addition, this
research followed the Cochrane Handbook for Systematic Reviews of Interventions [25]
and was registered in PROSPERO (number CRD42021247395).

2.2. Eligibility Criteria

The inclusion criteria for the articles were (a) a randomised controlled trial (RCT)
design, (b) the study of adults (30-80 years old) with hypertension, (c) a multicomponent
training intervention, (d) the inclusion of a control group that did not engage in any form
of exercise, (e) 100% supervision, and (f) articles written in English, Spanish, or Portuguese.

The exclusion criteria were (a) multicomponent training that did not include physical
exercise, (b) a sample composed of pregnant women and /or patients with hypertensive
and with severe diseases that precluded safe physical exercise (unstable coronary artery
disease, heart or kidney failure, severe pulmonary hypertension, or uncontrolled diabetes),
and (c) short communications, notes, letters, review articles, or brief reports.

2.3. Search Strategy

Four electronic databases (PubMed, Cochrane, WOS, and EBSCO) were used for the
search, which ended in April 2022. No limitations for the starting year were defined in the
search. The following search terms were used: hypertension, blood pressure, systolic, dias-
tolic, and hypertensive, which were combined using the Boolean AND operator, with the
following: exercise, training, sports, physical*, rehabilitat*, fit*, train*, strength*, aerobic*,
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endurance*, weight*, HIIT, MICT, fitness, resistance, combined, and multicomponent. The
search strategy used in each database is detailed in Supplementary Table S1. A total of nine
studies were included in the study (Figure 1).

—

Records identified through database
searching. PubMed:426;
Cochrane:331; WOS:983;
EBSCO:119
(n=1859)

identification

— l —.} Duplicates removed (n= 804)

Records after duplicates removed
(n=1055)

l —_— Excluded by language (n=0)

Screening

Title screened
(n=1055)

J

[ Title excluded for irrelevant subjects

l ’ (n=943)
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(n=112)

Abstract excluded (n=92): type of
study (n= 5), population group (n=
10), intervention not appropriate (n=
73), text not accessible (n=4)

Eligibility

l—.

(n=20)

Ful-text screened —‘

J (

study (n= 3), population group (n=

Full-text excluded (n=11): type of
.
l 1), intervention not appropriate (n=
7

Studies included in the meta- L
analysis and the systematic review
(n=9)

Included

Figure 1. Flow chart of studies searched, selected and included.

2.4. Data Collection and Synthesis

Two reviewers (LL.R. and N.G.G.) independently screened the literature in the selected
databases using the search terms, considering the inclusion and exclusion criteria. In the
case of any discrepancy regarding the inclusion of a given study, the data extraction or
assessment were repeated without looking at the reviewer’s previous information.

2.5. Data Extraction and Study Quality

A Physiotherapy Evidence Database (PEDro) score was used to assess the individual
study of the quality. The score obtained showed a strong validity and inter-rater reliability
for the assessment of RCTs [26-28]. A risk of bias summary graph was created to iden-
tify the authors’ judgments, broken down according to each risk of bias criterion in all
included studies.

Data extraction (Table 1) and a quality assessment were performed by two reviewers
(LLR. and N.G.G.) independently. Disagreements were resolved by repeating the data
extraction or assessment without looking at the information previously reported by the
reviewer. To determine the inter-reviewer reliability, Cohen’s Kappa was calculated [29]
(Kappa = 0.899). To assess the risk of bias, Egger’s publication bias test [26] and Rosenthal’s
failsafe-N [27] were calculated, and funnel plots were created. The ability of Egger’s test to
detect bias when a meta-analysis is based on a small number of studies is limited [30]. In
addition, the inclusion of at least 10 studies in the meta-analysis are necessary to perform
it [26].
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Table 1. Data extraction for each included study.
Studies Sample Age Treatment Inclusion Criteria Main Variables
Age > 50 years; controlled
— ” HTN; medical clearance for BP; isometric maximal
Oliveira etal. [23] E%: lg 62.65 + 60 years E‘g&mbﬁf I; exercise; no physical activity strength; body
= in the last 6 months; no composition; VO*
serious medical conditions
SBP 120-149 and DBP
80-99 mm Hg BP; HR; BMI; body
EG (MCT) = 18; (AT), 45-74 years without medicati iti
Schoederetal, [22 (ST) and (CG) =17 584£7 Unireated BMI 25-40 kg/m?; sedentary; candfowspiralory
no serious medical conditions;  fitness; strength
non-smoker; non-pregnant
Sedentary women;
al; stage 1 or2
EG=15 30-50 years Adrug it s 3 ;
Masroor etal. [21] CG-13 4045+ 42 (not specified) H'T'N_,msfnous mﬁdlcal BP; HRV
conditions; no physical
activity in the last 6 months
Antihypertensive medication; 5 o
) EG (MCT) and 6075 yeass Hydrochlorothiazide; i';g’;"“’gg:‘ A He and Db il 'F.’yl.f?r'#&}’f.y;
(AD)=15;CG=14 ACE inhibitors; ARBs I 1o serious medical conditions; 3od“:;mpusmon;
not obese IT or 11T
Postmenopausal women; ?fmm‘;l«:amg;;mn’
San etal. [19] EG=10,CG =10 7255 years Untreated stagedEL N;non-cbesey VO?max; arterial
75E2 non-smokers; sedentary; A =3 in 1.
7 stiffness; endothelin-1;
non-medicated siitiate
HBP >5 years; use of three
40-65 years Diuretics; CCBs; ACE antihypertensive drugs; no
Guimaraes etal. [18] EG=16;CG=16 537 iy 6.0 inhibitors; ARBs II; serious medical conditions; BP; VO?max
: ; Beta-blockers no physical activity in the last
6 months; non-smokers
Female; HTN; SBP < 180 and
wal (11 EG (TST) =20; (EST) O e AL CCBs; ACE inhibitors; ~ DBP < 110 mm Hg; sedentary;  BP; biochemical
DosSantosetal. [17] .5 cG=nn years63.1:£23  Jppe not diabetic; not on drugs parameters

and/or alcohol

Older men; no diabetes; no
severe obesity; no severe

BP; strength; lower limb

EG (MCT) =16 o Adrug hypertension; no neurological; 5 %
Sousa et al. [16] (AT)=15,CG=17 65-75 years (69.1 £ 5.0) (ot specified) tal ok Fonliive aemblfr;md-l-nranw,
pect meni A At body fatness

impairment; no physical

impairment

Untreated mild hypertension; >

< 1. BP: VO? max; strength;

Stewart etal. [15] EG=51;CG =53 575 years63.6 57  Untreated nophysical activity inthelast 4 o oition;

6 months; non-smokers; no o,

arterial stiffness

diabetes; no serious diseases

AT: aerobic training; ST: strength training; EST: eccentric strength training; TST: traditional strength training;
MCT: multicomponent training; HR: heart rate; CG: control group; EG: experimental group.; HTN: arterial
hypertension; BMI: body mass index; BP: blood pressure; DBP: diastolic blood pressure; SBP: systolic blood
pressure; HRV: heart rate variability.

2.6. Statistical Analysis

R software, version 3.6.0., Copyright (C) 2019 (R Foundation for Statistical Computing,
Vienna, Austria), was used with the metacont package to perform the meta-analysis. The
forest plots were created using the forestplot package. For continuous data, the changes
in the mean (M) and standard deviation (SD) between the baseline and final (pre—post-
intervention) measurements of SBP and DBP values were used. Some studies had more
than one experimental group and were treated as other subgroups in the analysis. We used
the DerSimonian-Laird (Cohen'’s) clustering method and assessed heterogeneity using
Cochrane’s Q test (Chi?), Higgins’ I, and significance (p) to determine the appropriate-
ness of applying a fixed or random effects model for the pooled analysis. If there was
evidence of between-study heterogeneity (I2 > 50%, p > 0.05), random-effect estimates were
described [31].

To infer the pooled estimated standardised mean difference (MD), a meta-analysis
with a random effects model was carried out [32]. The DerSimonian-Laird (Cohen’s) MD



260 ISABEL MARIA LOPEZ RUIZ

Sports 2023,11,115 50f18

was interpreted by Cohen as small (0 to 0.2), medium (0.3 to 0.7), or large (>0.8) [33].
Significant differences were determined at p < 0.05.

3. Results
3.1. Search Results and Study Characteristics

The mean age of the sample was 60.7 + 10.4 years, the mean duration of the interven-
tion was 12 + 8.3 weeks (range 4-32), and all interventions were supervised (Table 2).

3.2. Risk of Bias

Table 3 shows the score obtained on the PEDro scale for each of the articles included.
The results show that quality obtained between eightand 10 points and was thus considered
to be “high quality”. Figure 2 shows the risk of bias summary: the authors’ judgements are
broken down according to each risk of bias criterion across all included studies.

Eligibility criterion

Random allocation
Concealed allocation
Baseline comparability
Blinded subjects
Blinded therapists
Blinded assessors
Adequate follow up
Intention to treat

Between groups
comparison

Point estimates and
variability

o
xR

25% 50% 75%

Figure 2. Risk of bias summary: authors’ judgements broken down according to each risk of bias

I
o
S
X

criterion across all included studies.
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Table 2. Intervention programmes of the studies analysed.

Studies

Start

Training

Finish

TED

Oliveira et al. [23]

10’ running and S

Aerobic: 25’ on treadmill, progressing the intensity by 5% every two weeks from
70% HRR to 80% HRR.
Strength: 6 exercises (rowing, standing bench press,
arm curl, knee extension, knee flexion, forward march with a resistance band) x
2 sets x 15 repetitions x 30” between sets and exercises. Intensity measured
with OMNI-Resistance exercise scale (RES), progressing from 5 RPE progressing
to 7 RPE and with the elastic bands from low extensions to high tensions.

10’ S and ME

8 wks, 3 days/wk, 70’

Schoeder et al. [22]

Aerobic: 30" on treadmill or cycle ergometer at 40% HRR, progressing to 70%
HRR.

Strength: 30" with 8 exercises (chest press, shoulder press, pull-down, lumbar
extension, abdominal crunches, torso rotation, biceps curl, triceps extension, leg
press, quadriceps extension, leg flexion and hip abduction) x 2 sets of 18-20 reps

max until progressing to 3 sets of 10-14 reps max, with 1-2’ rest between sets.

8 wks, 3 days/wk, 60"

Masroor etal. [21]

5 treadmill at 40% of HRmax

Aerobic: 20" treadmill at 50-80% HRmax (intensity increased gradually over
4 weeks)
Strength: 5 exercises (bicep curls, triceps extensions, abdominal crunches, leg
curls, and knee extensions) x 3 sets x 10 reps at an intensity of 50-80% of 1 RM
(intensity was gradually increased over 4 weeks).

5' treadmill at 40% of HRmax

4 wks, 5 days/wk, 50'-60"

Lima etal. [20]

5

Strength: 9 strength exercises (leg press, 45° leg press or bench press, bench
extensor, front bench with handle, seated bench press, upright rowing, plantar
flexion, seated rowing and crunches) x 15 repetitions (upper limbs) and
20 repetitions (lower limbs and trunk) with an intensity of 50-60% 1 RM. From
week 1 to 4, they performed 1 round, and from week 5 to 10, 2 rounds.
Aerobic: 20" on treadmill from week 1 to 4 and 30" from week 5 to 10. The
intensity of the exercise was based on the physical condition of each participant.

10 wks, 3 days/wk,
40-60'

Son et al. [19]

5SS

Strength: 20 exercises with elastic bands; 10 exercises (seated row, bicep curl,
shoulder flexion, elbow flexion, push-up; hip flexion, hip extension, calf raise,
leg press, and squats).

Aerobic: 30" of walking at an exercise intensity of 40% to 50% HRR from weeks 1
to 4 and 60% to 70% HRR from weeks 9-12.

5SS

12 wks, 3 days/wk 60"

Guimaraes etal. [18]

5

Strength: 20’ calisthenics in water (upper and lower limbs).
Aerobic: 30’ walking in water between 11 and 13 on the Borg scale.

5s

12 wks, 3 days/wk, 60'
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Table 2. Cont.

Studies

Start

Training

Finish T,ED

Dos Santos etal. [17]

Strength: 7 exercises (bench press with barbell, leg press,
trunk extension, leg extension, arm curl, dorsiflexion, and lateral raises). Week 1
to 5 at70% 10 RM, week 6 to 11 at 80% of 10 RM, and week 12 to 16 at 90% of
10 RM. 3 sets x 10 reps.
Aerobic: 20" on a treadmill at 65-75% HRR.

16 wks, 3 days/wk,
5060

Strength: work 30% 1 RM more than in EFT. Same resistance work.

Sousa etal. [16]

10" walking and S

Two days of training on land and one day in the water.

Aerobic: 30" with a choice between walking, jogging, or dancing with moderate
intensity; in addition, 10’ of muscle resistance with 3 exercises (with own body
weight, and upper and lower body), 3 sets, 15-20 repetitions. The aquatic
session: relay races, water volleyball, and water polo.

Strength: 6 exercises (bench press, leg press, lateral leg extension, leg extension,
leg curl, military press, leg curl, and arm curl) at 65%R 1 RM x 3 sets x
10-12 reps (MC1); 75%RM. 24 x 3sets x 8-10 reps (MC2); 70%RM x 3 sets x
8-10 reps (MC3); 65%RM x 3 sets x 10-12 reps (MC4).

5's 32 wks, 3 days/wk, 60’

Stewart etal. [15]

Strength: 7 exercises (latissimus dorsi pull down, leg extension, leg curl, bench
press, leg press, shoulder press, and seated mid-row) x 2 sets x 10-15 reps at
50% 1 RM.

Aerobic: 45 with a choice of treadmill, exercise bike, or stair climber. Intensity
between 60 and 90% HRmax.

- 24 wks, 3 days/wk, >60'

": minutes; 1 RM: 1 repetition maximum; D: duration/session; S: stretching; SS: static stretching; EST: eccentric strength training; TST: traditional strength training; F: weekly frequency;
HRmax: maximum heart rate; HRR: heart rate reserve; MC: microcycle; ME: mobility exercise; Reps: repetitions; WKS: weeks; T: intervention time; RPE: rate of perceived exertion.
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Table 3. Assessment of the methodological quality (PEDro scale) of the articles included.

(e 2 Cc3 (e} C5 C6 C7 Cc8 9 C10 Cc11 Total
Oliveira et al. [23] 1 1 1 1 1 0 0 1 1 i} 1 9
Schroeder etal. [22, 1 1 1 1 0 0 1 1 1 1 1 9
Masroor et al. [21] 1 1 1 1 1 0 1 1 1 1 1 10
Lima et al. [20] 1 1 1 1 0 0 0 1 1 1 1 8
Sonetal. [19] 1 1 1 1 0 0 0 1 1 1 1 8
Guimaraes et al. [18] 1 1 1 1 0 0 0 1 1 1 1 8
Dos Santos et al. [17] 1 1 1 1 0 0 0 1 1 1 1 8
Sousa et al. [16] 1 1 1 1 0 0 0 1 1 1 1 8
Stewart et al. [15] 1 1 1 1 0 0 0 1 1 1 1 8

Cl: choice criteria were specified; C2: subjects were randomly assigned to groups; C3: assignment was concealed;
C4: groups were similar at baseline in relation to the most important prognostic indicators; C5: all subjects were
blinded; Cé: all therapists administering therapy were blinded; C7: all assessors measuring at least one key
outcome were blinded; C8: measures of at least one of the key outcomes were obtained from more than 85% of
the subjects initially assigned to the groups; C9: results were presented for all subjects who received treatment
or were assigned to the control group or, when this could not be carried out, data for at least one key outcome
were analysed on an intention-to-treat basis; C10: results of statistical comparisons between groups were reported
for at least one key outcome; C11: the study provides point-in-time and variability measures for at least one
key outcome.

3.3. Effect of the Interventions

All the included studies showed significant improvements in SBP and DBP levels [15-21,23]
except for the study by Schroeder et al. [22], which showed no improvements in peripheral
and central systolic blood pressure levels; however, it did show improvements in peripheral
and central diastolic blood pressure levels. Seven studies [16-21,23] showed significant re-
ductions (p < 0.05) in SBP and DBP levels in participants from the experimental group when
compared to the control group; two of the studies [15,22] did not show much improvement
when compared to the control group.

The meta-analysis showed a significant reduction in SBP (MD = —10.40, 95% CI
—17.49 to —3.32, p <0.001) and DBP (MD= —5.97, 95% CI —9.20 to —2.74, p < 0.001) levels

(Figures 3 and 4).

Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Masroor et al., (2018) -19.10 09600 15 -040 1.3000 13 7.1% -16.07 [-20.65; -11.49] =

de Oliveira etal., (2020) -6.61 1.1400 13 0.50 09100 10 7.3% -6.54[-8.76; -4.32] <]
Guimaraes et al., (2014)1 -19.50 11.0000 16 300 01000 16 7.3% -2.82[-3.83; -1.81] H
Guimaraes et al., (2014)2 -22.30 126000 16 440 22000 16 7.3% -2.88[-3. 86] H
Guimaraes et al., (2014)3 -27.40 9.1000 16 450 16100 16 7.3% -4.76[-6.18; -3.34] ‘|
dos Santos et al., (2014)1 -35.10 0.7800 20 1.85 0.9500 20 6.2% -41.67 [-51.28; -32.06] —#—
dos Santos et al., (2014)2 -30.85 0.9200 20 1.85 0.9500 20 6.6% -34.27 [-42.19;-26.36] ——
Schroeder et al., (2019)1  0.00 86500 18 -1.00 1.8900 17 7.3% 0.15[-0.51; 0.82]
Schroeder et al., (2019)2 -1.00 8.6500 18 -1.00 1.3500 17 7.3% 0.00[-0.66; 0.66]

Stewart et al., (2005) 530 18.7600 51 -4.50 165200 53 7.3% -0.04[-0.43; 0.34]
Sousa et al., (2013) 2400 14100 16 -0.30 1.3800 17  7.1% -16.58 [-20.88; -12.28] =
Lima et al., (2017)1 750 12600 15 570 12800 14 7.2% -10.10[-12.98; -7.22] [=]
Lima et al., (2017)2 750 1.1400 15 500 1.3000 14 7.2% -9.96[-12.80; -7.12] =
Lima et al., (2017)3 660 14700 15 450 13600 14 7.3% -7.61[-9.83; -5.39] =]
Total (95% CI) 264 257 100.0% -10.40 [-17.49; -3.32) -

Heterogeneity: Tau’ = 136.1177; Chi= 458.98, df = 13 (P < 0.01); P=97%
40 -20 0 20 40

Figure 3. Forest plot comparing multicomponent training with supervision on changes in systolic
blood pressure [15-18,20-23].
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Experimental Control Std. Mean Difference Std. Mean Difference

Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI

Masroor et al., (2018) -7.20 09000 15 1.30 0.8800 13 7.0% -9.26([-11.97; -6.55] : 3

de Oliveiraetal., (2020) -4.00 1.1300 13 -0.30 1.1200 10 7.3% -3.17[-4.46; -1.87] H |

Guimaraes et al., (2014)1 -11.10 3.1000 16 2.10 1.2000 16 7.3% -547[-7.06; -3.89] -

Guimaraes et al,, (2014)2 -13.00 36000 16 350 21000 16 7.3% -546[-7.04, -3.87] -~

Guimaraes et al, (2014)3 -850 21000 16 3.00 19000 16 7.3% -560[-7.21; -3.98] -

dos Santos et al., (2014)1 -12.05 05800 20 025 06800 20 6.3% -19.08[-23.51; -14.64] ——
dos Santos et al., (2014)2 -11.85 06600 20 025 06800 20 64% -17.70[-21.82;-13.58] —#—

Schroeder etal., (2019)1 -4.00 11300 18 000 28.3800 17 7.4% -0.20[-0.86; 0.47)]

Schroeder et al, (2019)2 -4.00 54000 18 -1.00 28.3800 17 7.4% -0.15[-081. 0.52] i

Stewart et al., (2005) 37049100 51 -1.50 10.8400 53 7.4% -0.26[-0.64; 0.13] :

Sousa et al., (2013) -11.50 1.0500 16 -360 10800 17 7.2% -7.23[-9.21; -5.26] =

Lima et al., (2017)1 36308600 15 089 10500 14 7.3% -459[-6.06; -3.13] ]
Lima et al., (2017)2 350 0.8000 15 1.80 1.0900 14 7.2% -5.42[-7.08; -3.76] -
Lima et al., (2017)3 370 1.0600 15 030 1.0800 14 7.3% -363[-4.87; -2.40]

Total (95% CI) 264 257 100.0% -5.97 [ -9.20; -2.74] -

Heterogeneity: Tau® = 28.1331; Chi’ = 383.26, df = 13 (P <0.01); = 97%

Figure 4. Forest plot comparing multicomponent training with supervision on changes in diastolic
blood pressure [15-18,20-23].

The meta-analysis for SBP (Table 4) and DBP (Table 5) indicate that multicomponent
training showed improvements independent of age and the weekly frequency and intensity
of aerobic training. All program durations showed significant improvements in DBP and
SBP; however, those with a duration longer than 14 weeks produced significantly greater
improvements (SBP: MD = 0.36, p = 0.043, DBP: MD = 0.40, p = 0.024).

Similar results were observed for the duration of the training session in relation to
SBP, with the most significant improvements observed for a duration of 30 min or longer.
In relation to DBP, both protocols showed significant reductions, with no differences
between them.

In the strength component, a work intensity of less than 75% of one repetition max-
imum (1 RM) (or equivalent) did not produce significant improvements in SBP though
higher intensities did, with a significant difference observed between the two intensities
used (p = 0.013). With respect to DBP, an intensity lower or higher than 75% of 1 RM pro-
duced significant improvements with a tendency towards significance, with no differences
between the two. Any number of repetitions produced significant improvements in both
SBP and DBP levels. However, a lower number of repetitions (<10) resulted in significantly
greater improvements in SBP than a higher number of repetitions (>10) (p = 0.005).

The programmes that used aerobic work first and strength work second did not show
a significant improvement in SBP values; those that applied the components in reverse
did show a significant reduction (MD = —2.65; p = 0.007); however, the difference between
groups was not significant. For DBP, significant improvements with no differences between
them were found for both cases.
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Table 4. Analysis of the effect of multicomponent training on SBP in patients with hypertension according to duration in weeks, weekly frequency, type of physical

exercise programme applied, intensity, volume, and order of components.

Authors

G MD 95% CI p MD 95% CI p
Age

Masroor et al. [21], de Oliveira et al. [23], Guimaraes et al. [18],
<65 years dos Santos et al. [17]_1_TRT, dos Santos etal. [17]_2_ERT, and 6 -22 -3.63; —0.78 0.002

Schroeder et al. [22] -0.17 —-0.58;0.23 0.400
>65 years Sousa et al. [16] and Lima et al. [20] 2 -1.06 -1.93;0.2 0.016
Weeks
<14 weeks S"’clahsrzd‘j:‘;la[_zlgéfﬁigﬁ - ;’: {;'8} Guimaraes et al. [18], 5 —097 ~174;021 0.012

0.36 —-0.01; 0.70 0.043

14 weeks g;)ls]ssaa:ttie[tlzl], [17]_1_TRT, dos Santos etal. [17]_2_ERT, and 3 _351 574 127 0.002
Frequency
Bdays/weeks G [22] owsact o 16 v Limaetal 0]+ 6 e 00005 G& DT O
>3 days/weeks Masroor et al. [21] 1: —-263 —3.63; —1.64 <0.001
Intensity Aerobic Training

Masroor et al. [21], Guimaraes et al. [18],
<75% HRR gfﬁri:ndteors:t-t:f.[[zl‘;]'l_l_m, dos Santos et al. [17]_2_ERT, and 5 -151 —4.26; -0.77 0.004 —005 047,037 0819
>75% HRR de Oliveira et al. [23] and Sousa et al. [16] 2 -1.15 —1.87;, 043 0.001
Duration Aerobic Training

de Oliveira et al. [23],
<30 min dos Santos et al. [17]_1_TRT, dos Santos etal. [17]_2_ERT, and 4 —258 —4.61; 055 0.012

Lima et al. [20] 0.46 0.16;0.76 0.002
>30 min eyt ety i 5 525 -814;235; <0001
Intensity Strength Training
<75%1RM Schroeder et al. [22], Sousa et al. [16], and Lima et al. [20] 3 —0.69 -155;0.16 0.112 556 01211 005
>75% 1 RM Masroor et al. [21] and dos Santos et al. [17]_1_TRT 2 —-4.03 —6.86; —1.21 0.005




266

ISABEL MARIA LOPEZ RUIZ

Sports 2023, 11,115 11 0f18
Table 4. Cont.
Authors G MD 95% CI P MD 95% CI P
Repetitions Strength Training
<10 Masroor et al. [21] and dos Santos et al. [17]_1 TRT 2 -4.03 —6.86; —1.21 0.005 -
— —0.61 oy 0.005
510 dg Oliveira et al. [23], Schroeder et al. [22], Sousa et al. [16], and 4 o071 _1.33;, -008 0.026 —018
Lima et al. [20]
Order Training Components
Aerobic + Strength  Masroor et al. [21], de Oliveira et al. [23], and Schroeder etal. [22] 3 -1.10 -252;0.33 0.131
Guimaraes etal. [18], 0.22 ~0.16;0.59 0256
Strength + Aerobic  dos Santos et al. [17]_1_TRT, dos Santos et al. [17]_2_ERT, and 4 —2.65 —4.59; -0.71 0.007
Lima et al. [20]
MD: mean difference; HRR = heart rate reserve; CI: confidence interval; p: significance; MR: maximum repetition.
Table 5. Analysis of the effect of multicomponent training on DBP in patients with hypertension according to duration in weeks, weekly frequency, type of physical
exercise programme applied, intensity, volume, and order of components.
Authors G MD 95% CI r MD 95% CI y
Age
Masroor et al. [21], de Oliveira et al. [23], Guimaraes et al. [18], :
<65years dos Santos et al. [17]_1_TRT, dos Santos et al. [17]_2_ERT, and Schroeder et al. [22] 6 ~1L79 —2.67;~091 <0.001 ~0.20 ~0.60; 0.2 0.326
>65 years Sousa et al. [16] and Lima et al. [20] 2 -0.97 —1.60; —0.34 0.002
Weeks
SiEweeks Mas@r etal. [21], de Oliveira et al. [23], Guimaraes et al. [18], Schroeder et al. [22], 5 104 155,054 <0.001
and Lima et al. [20] 0.40 0.75; 0.05 0.024
>14 weeks dos Santos etal. [17] _1_TRT, dos Santos et al. [17] _2_ERT, and Sousa et al. [16] 3 -2.51 —3.83; -1.18 <0.001
Frequency
de Oliveira et al. [23], Guimaraes et al. [18], dos Santos etal. [17] _1_TRT, X
3days/weeks g proederetal. [22], Sousa et al [16], and Limaetal. [20] 6 M TR0 W s om-0e o7
>3 days/weeks Masroor et al. [21] 1 -117 -195;0.39 0.003
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Table 5. Cont.
Authors G MD 95% CI r MD 95% CI P
Intensity Aerobic training
9 HRR Masroor et al. [21], de Oliveira et al. [23], Guimaraes et al. [18], ¥ .
<75% dos Santos et al. [17] _1_TRT, dos Santos et al. [17] _2_ERT, and Schroeder et al. [22] 6 17 267,091 <0001 —006 —058047 0832
>75% HRR Sousa et al. [16] 1 -13 -2.07;, -0.53 <0.001
Intensity Strength Training
<75%1RM Schroeder et al. [22], Sousa et al. [16], and Lima et al. [20] 3 -13 —2.06; —0.55 <0.001
0.21 0.64; -0.23 0346
>75% 1 RM Masroor et al. [21] and dos Santos et al. [17]_1_TRT 2 -235 -4.71;0.01 0.050
Duration Aerobic training
<30 min de Oliveira et al. [23], dos Santos et al. [17]_1_TRT, dos Santos et al. [17] _2_ERT, 4 -1.84 -3.28; -0.39 0.012
and Lima et al. [20]
0.21 -0.09;0.51; 0173
>30 min Masroor et al. [21], Guimaraes et al. [18], Schroeder et al. [22], Stewart et al. [15], 5 -3.05 —5.26; —0.85 0.006
and Sousa et al. [16]
Repetitions Strength Training
<10 Masroor et al. [21] and dos Santos et al. [17]_1_TRT 2 —-235 —471;0.01 0.050
-026 015 -068 0216
>10 de Oliveira et al. [23], Schroeder et al. [22], Sousa et al. [16], and Lima et al. [20] 4 -1.10 —1.76;0.44 0.001
Order Training Components
Aerobic + Strength  Masroor et al. [21], de Oliveira et al. [23], and Schroeder etal. [22] 3 -1.21 -2.07; —-0.36 0.005
Strength + Aerobic  Guimaraes etal. [18], dos Santos et al. [17] _1_TRT, dos Santos etal. [17] _2_ERT, 4 -1.95 -3.27; -0.64 0.003 0.16 -0.21;0.53 0.398

and Lima et al. [20]

MD: mean difference; HRR = heart rate reserve; CI: confidence interval; p: significance; MR = maximum repetition.
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4. Discussion

The main objective of the present study was to determine the effects of multicomponent
training programmes on the SBP and DBP levels of adults with hypertension. The results
confirm the first hypothesis formulated: multicomponent training will be effective in re-
ducing systolic and diastolic hypertension levels in subjects with hypertension. The results
showed thata multicomponent training programme achieved significant reductions in SBP
and DBP levels in adults with hypertension, with these changes being significantly different
from a control group. Individually, the works by Masroor et al. [21], dos Santos et al. [17],
de Oliveira et al. [23], Guimaraes et al. [18], Sousa et al. [16], and Lima et al. [20] showed
significant reductions in both SBP and DBP values post intervention with multicomponent
training programmes. The study by Dos Santos et al. [17] showed the greatest effects on
SBP and DBP levels, and the study by Schroeder et al. [22] only showed improvements
in peripheral and central SBP levels and not in peripheral and central DBP levels. This
difference may be because the latter study included only subjects with uncontrolled mild
hypertension compared to the inclusion of subjects with monitored grades one and two
hypertension in the other studies.

Our findings are in line with those from other systematic reviews and meta-
analyses [12-14,34]. The works by Corso et al. [12], Herrod etal. [13], and Pescatello et al. [14]
described significant reductions in SBP and DBP levels with multicomponent training. It
should be noted that in the study by Herrod etal. [13], the intervention did not provide bene-
fits that were any greater than single-mode training. In the review by Cornelissen et al. [34],
only significant reductions in DBP levels were obtained with multicomponent training,
without changes observed in SBP values. On the other hand, one of the most recent re-
views, written by Saco-Ledo et al. [35], did not describe significant benefits on ambulatory
blood pressure levels, specifying that significant benefits were only obtained with aerobic
training programmes. However, the authors only included three studies in their systematic
review that used multicomponent training, and one of them worked with people with mild
hypertension, so the result may not be significant. The authors themselves indicated that
more studies were needed for considering their results.

In this sense, multicomponent training as a physical activity programme is effective
in playing an important role not only in primary but also in secondary cardiovascular
prevention. In this regard, the effects of physical activity programmes on the metabolic
environment and systemic chronic inflammation, as well as adaptations at the vascular and
cardiac tissue levels, have been described [36,37]. As in the studies previously mentioned,
those included in the present systematic review and meta-analysis were highly heteroge-
neous in terms of the design of the multicomponent training programmes, suggesting that
this may have an influence on the outcome of the SBP and DBP responses [38,39], which
will be discussed below.

These reductions in SBP and DBP can also be affected by drug treatment. In addi-
tion to commencing drug treatment, the patient with hypertension should make lifestyle
changes, such as including regular physical exercise [40,41]. The studies by Sousa et al. [16],
dos Santos et al. [17], Guimaraes et al. [18], Lima et al. [20], Masroor et al. [21], and de
Oliveira et al. [23] included adults with monitored hypertension as the inclusion criteria.
The participants in both the experimental and control groups had some pharmacological
treatment that they continued to maintain during the study. After the completion of the
multicomponent training interventions, the studies showed significant reductions in SBP
and DBP levels, and these reductions differed from changes in the control group, who
did not take part in the training programmes. However, the participants in the studies by
Stewart et al. [15] and Schroeder et al. [22] had mild hypertension without pharmacological
treatment as an inclusion criterion. The first [15] showed significant reductions in SBP and
DBP; however, these did not differ from changes in the control group, and the second [22]
showed a reduction in SBP, which was significantly different compared to the control group
but not in DBP. This could be due to the fact that multicomponent training may be more
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effective for higher levels of hypertension, and the differential results could also be due to
the differences in the programmes implemented, as will be discussed below.

The second objective of the present study was to identify the optimal dosage of
multicomponent training for managing hypertension in adults. The results confirm the
second hypothesis: the multicomponent training protocol that will show the greatest
benefits for blood pressure will be one that applies moderate to vigorous intensities in
cardiovascular work and moderate to high intensities in strength training. Age is one
of the risk factors that influences blood pressure levels, with the risk of hypertension
increasing from the ages of 60-65 years old [42]. The present meta-analysis shows that
multicomponent training produced significant improvements in SBP and DBP regardless of
age when comparing studies that included a sample younger than 65 years old [17,18,21-23]
with studies that included a sample older than 65 [16,20]. These positive results are due
to the fact that regular physical exercise can prevent or reverse pathologies associated
with aging, as is the case with hypertension and as reflected in studies such as the one by
Marcos-Pardo [9] in its multi-domain intervention programme Healthy-Age.

Regarding the duration of the interventions, the results of the meta-analysis showed
significant reductions in SBP and DBP levels with multicomponent training regardless of
the duration of the programme. Of note, interventions lasting longer or equal to 14 weeks
resulted in greater reductions in blood pressure levels. Acute adaptations to exercise occur
from the start, with reductions of 10-20 mm Hg in SBP after the end of the training session,
with these effects lasting up to 22 h. If exercise is maintained regularly over time, these
adaptations will become increasingly larger and chronic, with reductions of up to 10 mm Hg
in SBP and 8 mm Hg in DBP [43]. Training programmes aimed at improving and managing
hypertension should be considered as lifelong strategies to maintain these adaptations.

Regarding the frequency of the multicomponent training programmes, no significant
differences were observed. The result of the meta-analysis indicated that reductions in SBP
and DBP improved independently of the number of training days, with three days/week be-
ing the minimum frequency applied in the included studies. The exercise reccommendations
for hypertension from the American College of Sports Medicine and the latest hypertension
clinical guidelines indicate the same frequency as the results obtained in this meta-analysis,
with 3 days/week being the minimum training frequency recommended [3,44].

In relation to aerobic training, all the groups obtained significant reductions in SBP
and DBP irrespective of work volume or intensity. However, the protocols that applied
>30 min of work were shown to be more effective in reducing SBP. Regarding the minimum
aerobic exercise time for improving hypertension, the main cardiology clinical guidelines
state a minimum of 30 min per day, a length of time associated with reductions of 7 mm Hg
for SBP and 5 mm Hg for DBP, with these guidelines in line with the results obtained in
this meta-analysis.

In the protocols utilized for strength work, the studies that used a lower number of
repetitions also showed a higher percentage of repetition maximum. The meta-analysis
revealed that although both groups showed improvements, performing less than or equal
to 10 repetitions produced greater reductions in SBP. In relation to the percentage of 1 RM,
only work higher than 75% of 1 RM produced improvements in this variable. The DBP
response was not different between protocols that applied intensities lower than 75% of
1 RM than higher ones, nor between protocols that performed more than 10 repetitions
versus those that performed fewer repetitions. In this sense, it follows that a higher-
volume and lower-intensity strength work protocol could have a greater influence on blood
pressure in subjects with hypertension. Training programmes aimed at improving strength
at low-moderate work intensities provide many benefits for the adult population, with
this being an effective stimulus for improving blood pressure levels [45]. The exercise
recommendations for subjects with hypertension refer to the practice of 150-300 min of
aerobic exercise per week at a moderate-vigorous intensity, including 2-3 days of strength
exercise per week, without specifying intensities, series, or repetitions, making it difficult
to compare the findings from this meta-analysis [3].
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The present meta-analysis did not show significant differences with respect to the
order of the exercise components, although the changes in the order were only significant
for the group that first performed strength exercises and then aerobics [17,18,20]. Some
studies, such as those by Eklund et al. [46], Schumann et al. [47], or Wilhelm et al. [48],
can explain these results. In their work, with different types of populations, sedentary
women, sedentary older adults, and active young men, it was observed that the order of
the components in multicomponent training programmes did not affect the adaptations of
each modality.

Strengths and limitations:

The main limitation of this systematic review and meta-analysis is the small number
of RCTs that currently exist, the heterogeneity of the population included (sex and age),
the heterogeneity of the protocols, the types of aerobic and strength training exercises, and
the small sample sizes in some studies. These aspects limit the comparisons between the
different intervention groups and indicate the need for new studies to provide new data
that allows for the generalisation of results.

However, the studies analysed herein also had strengths, among which we must
underline that they obtained scores between 8 and 10 on the PEDRO scale, a ranking
considered “high quality” [28].

5. Conclusions

The results of this study indicate that multicomponent training programmes signifi-
cantly improved the SBP and DBP levels of adults with hypertension. The greatest benefits
were found in programmes lasting longer than 14 weeks with a frequency of at least three
sessions per week and sessions lasting approximately 60 min. The intensity of aerobic
training should be around 75% of the reserve HR, and the intensity of strength training
should be greater than 75% of 1 RM, with 10 repetitions or less per set. This research
provides relevant information for professionals who prescribe physical activity to subjects
with hypertension, providing key guidelines for its implementation. In this regard, there
are several future areas for research in this field. It is necessary to investigate if there are
differences in the results of the application of two protocols with training that apply the
different components in different sessions or in the same session. It is also considered
relevant to investigate the influence of the type of activity during cardiovascular work.
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www.mdpi.com/article /10.3390 /sports11060115/s1, Table S1: Search strategy. Search strategy used in
each database is detailed.
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ANEXO 15. Estudio 2. Concurrent training based on an individual load-velocity
ratio assessment as a better alternative to continuous endurance training to
improve hypertension.
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OPEN Concurrent training based on
an individual load-velocity ratio
assessment as a better alternative
to continuous endurance training
to improve hypertension

Isabel Lépez-Ruiz?, Fernando Lozano Ruiz-Poveda?, Maria Dolores Masia’®,
Juan Ramoén Heredia-Elvar* & Noelia Gonzalez-Galvez*

Hypertension remains a major global public health problem as the leading modifiable risk factor

for cardiovascular death worldwide, responsible for more than 10 million deaths per year. The aim

of the present study was to compare the effect of strength training, based on an individual load-
velocity ratio assessment, concurrent with endurance training, and end ining on blood

and bolic bi rk body position and physical fitness in adults with hypertension. A
randomised, single-blind, 12-week, prospective clinical trial was conducted. The study included 75
volunteers with an average age of 54 years, all of whom were hypertensive and sedentary. The sample
was randomly assigned into three groups, strength training, based on an individual load-velocity

ratio assessment, ooncurnm.wnh ining, endurance training alone group, and a control
group. The c g group obtai gruter reductions in SBP, DBP and MAP than the
endurance training group, up to 12.8 mmHg, 6.8 mmHg and 8.6 mmHg respectively. The findings of
the present study indicate that performing strength training, based on an individual load-velocity ratio
assessment, concurrent with endurance training 2 days per week for 12 weeks, leads to improvements
in metabolic and blood b rkers, body composition, and physical fitness, of adults with

hyper ion, with these adaptations being superior to those produced by endi e training alone.
Keywords High blood pressure, Exercise, Combined training, Strength training, Velocity of execution,
Endurance

Presently, hypertension rematns the main modifiable risk factor worldwide for p card ular deaths.
Large lSSId.euﬂc»logical studies have shown an inverse relationship between the inctdence of hypertension and
exerc understood as the set of ordered, structured and s aimed at

health or physical condition. The most Important clinical guldelmes recommend exercise for sub]ects with
hypertension, giving priority to endurance training®-%. The effects of endurance training on hypertension have
been studled and are well described in the literature, showing reductions in the range of -4.9 to -12 millimetres
of mercury (mmHg) for systolic blood pressure (SBP) and — 3.4 to -5.8 mmHj Iy for diastolic blood pressure
(DBP)"®, Some guldelines recommend Incorporating strength training as well’, but few individuals comply
with thelr prescription in depth®. Strength training has shown improvements ranging from - 3.0 to -47mmHg
for SBP and - 3.2 to -3.8mmHg for DBP”#. In addition to these guld lable evidence shows that
concurrent training, understood as training that combines snength and endurance work in the same tralmng
session, has also shown great benefits on health, specifically on hypertenston®-!!. Different controlled trtals!2-
showed significant reductions in SBP and DBP levels with concurrent programme interventions®!5-7,
However, there are large differences among the protocols applied (frequency, intensity, volume, recovery time
and characteristics, selectlon, organisation and distribution of exercises) In the different studles conducted™.
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Despite scentific evidence showlng improvements in blood pressure levels and other metabolic markers with
combined or concurrent training, further research 1s needed to gain a more spectfic understanding of the dose-
response relationship of this type of training and to standardize such training programs®!®!, Recent studies
indicate that due to the heterogeneity of research quality and heterogeneity In research protocols, further
research 1sneeded to determine the effect of these types of proprams. This study is the first to apply a concurrent
tralning program, considering the loss of running speed when prescribing repetitions™®. One of the main
problems 1s the lack of preciston in the quantification of the work stimulus in strength training, which makes it
very difficult to establish a dose-response relationship, as it is not known whether the intensity with which the
participants trained was the same as that programmed and applied, as well as not knowing the degree of fatigue
reached by each participant in each set or training sesslon. A major difficulty in designing strength training
programmes 15 how to accurately quantify and control the workload in order to obtain the preatest health and
fitness benefits’. In order to address this problem, the focus has been on the velocity of execution™*. This form
of effort programming has brought about a paradigm shift in the control of strength training® >, Despite all
of the research on strength training through speed of execution and Its positive results as a tool for trainin
programming in the ation and athletes™, cancer survivors™, multiple sclerosls and older adults™”,
there1s still a gap in the health field in relation to the design of exercise programmes with this methodology, and
especially in subjects with hypertension. Training methods such as velocity-based training should be prioritized
over the repetitions until fatlure method to minimize the risk of overexertion®S,

Therefore, the alm of the present study was to compare the effect of strength training, based on an indtvidual
load-velocity ratio assessment, combined with endurance training, and endurance training alone, on blood and
metabolic blomarkers, body composition and physical fitness in adults with hypertenslon, by actually knowing
the exercise dose applied in the training.

Results

Table 1 shows the training monitoring results (HR, %HRmax, and RPE) for each group in each weelc. Participants
showed a HR average of 113.74+11, a %HR max of 145.14+13.17, and an RPE of 3.16+0.92; there were no
significant differences between the Intervention groups. Tables 2 and 3 show the pre-post intervention results for
EGI, EG2 and CG. The group * time interaction is also presented.

EG1 and EG2 showed significant improvements in SBP (mmHg), DBP (mmHg), mean arterlal pressure
(MAP) (mmHg), pilse pressure (PP} (mmHg), rate pressure product (RPP), resting heart rate (RHR), lean
mass (kg), body fat (%), walst drcumference (cm), glucose (mg/dl), right handgrip (kg), left handgrip (kg),
upper lmb MPV (m/s 50%), %RM UB, lower limb MPV (m/s 60%), and VO,peak (ml/kg/min). These changes
were significantly different from the COG changes. Specifically, EG1 showed greater improvements of up to -12.8
mmHg In SBP; -6.8 mmHg in DBP and — 8.6 in MAP over EG2. Improvements in PP, walst circumference, upper
limb PWV (m/s 50%), 1RM (LB), lower limb PWV (m/s 60%) and VO,peak (ml/kg/min) were also greater in
EG1 than in EG2.

Discussion

The alm of this present study was to compare the effect of concurrent training, based on an individual load-
velocity ratio assessment, and endurance training alone on blood and metabolic biomarkers, body composition
and fitness of adults with hypertension. One of the main findings of this study was that both groups, concurrent
training and endurance training, showed improvements in blood blomarkers, reducing SBP, DBP, MAP, PR, RPP
and RHR. However, the concurrent training group obtained greater reductions in SBP, DBP and MAP than the
endurance tralning group, up to -12.8 mmHg, -6.8 mmHg and — 8.6 mmHg respectively. The same dynamics
was ohserved in PP. The resilts obtained in the present study, on the reduction of blood pressure levels, were
slgnificantly greater than those obtained in previous studies with this same training modality, despite the fact that
the training frequency was lower. These improvements may be due to different mechantsms such as endotheltum-

EGI EG2
HRaverage | %HR max | RPE HRaverage | %HR max | RPE

Week1 | 11B.58£1588 | 6656 320+ 141 | 1177541361 | 66.75 321£122
| Week2 | 116.32+12.58 | 65,60 LES+ 133 | 11825+1202 | 67.25 321098
Weedk3 | 1181241150 | 6684 320+ 108 | 11821+1402 | 67.25 333+1.09
| Weekd | 115.60+13.24 | 65.32 284+ L1 | 11821+13.28 | 67.21 3174120
Wedk5 | 115.92£1475 | 65.68 300+ 126 | 118.83+1335 | 67.50 337106
| Week6 | 1153241418 | 6520 296+083 | 117211162 | 66.58 3.12+095
Week 7 | 1158451272 | 6512 LE4E 103 | 1197941338 | 66,13 346£1.18
Week 8 | 116.80+1557 | 6572 316+ 128 | 11907 £1137 | 67.75 321+1.18
Weeks | 119.36+13.39 | 67.16 316+ 114 | 121.33+1162 | 68.75 338+1.31
Wedk 10 | 117.32+£12.5 | 6636 308+ 108 | 118.50+1047 | 67.29 30B+087
Wedk 11 | 120.00 £1603 | 67.80 3524133 | 12004 £11.72 | 69.42 354+1.22
| Wedk 12 | 113.96£ 1325 | 64.56 | ZB4E054 | 117791089 | 67.00 321£102

Table 1. Tralning monitoring results.
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EGl | 1424412753 121764852 —21684 1430 <0001 |- 24.52 - 1884

SBP (mmHg) EGZ | 144122881 135.24£8.98 “888t L4 <0.001 |- 1172 - 604 5200 | <0.001 |0.59
CG | 14752t1184 | 146561153 “136t 143 0343 |- 420,148
EGl | 88282573 74362510 C13.92£1.08°% <0001 | - 16.067,— 11773

DBP (mmHg) EG2 | 89681695 82561626 Z7.12¢ 108" <0001 | - 9267; - 4973 2692 | <0001 |0.43
G |s216£7.28 9321695 “284% 108 001 |- 49870693
EGl |105524528 | 90124534 |- 1640+ 1,000 | <0001 |- 18393 - 14407 E

MAP (mmHg) EG2 | 107841606 10012637 Z7.72¢ 1007 <0001 |- 9713 -5727 5050 <0001 |0.58
G |11060£725 | 1082847.80 —232¢100 0023 |-431%-037
EGl | 55.16£7.49 4017.68 ~7.76% 145 <0001 |- 10612:- 4578

PP (mmHg) EG2 |S44411008 | 52684717 |- L76+145 o227 |-asaz1122 | 1043 | <0001 023
G |ss76t1132 572048.52 1442145 0323 |- L4az 4322
EGl | 11254.00£1735.96 | 850764+ 1309.88 | — 274636 £251.20°% <0001 | - 3247.117; - 2245.603

RPP EG2 | 11321.60£1442.08 | 9957.36% 1358.10 | - 136424 £251.20° <0.001 | - 1864997; ~ 863483 | 3094 | <0.001 | 0.46
CG | 11827.5641474.97 | 11875.68+1132.23 | 48,124 25120 0849 |- 452.637:548.877
EG1 | 78401106 9722849 “868t 168 <0001 |- 12.032; - 5.328

RHR EG2 | 7880+ 1103 73724935 Z508t 168 0003 |- 84321728 899 | <0001 |0.20
G | 8000£823 81281807 128+ 168 0449 |- 20724632
EGl |27.43:4388 7264457 ~018£0.16 0275 |- 04950143

BMI (kg/m?) EG2 | 3275£509 323561506 Z01910.16 0234 |-051L0127 027 |076 [001
G |3191£500 31874510 Z0.04£0.16 0803 |- 03590279
EGl | 28992674 ®572677 0581015 <0.001 |0.279;0881

LBM (Kg) EG2 | 308416580 31351681 051£015% <0.001 | 0.207:0809 755 | <0001 |0.17
CG | 3056£598 0391592 “0a7t0.15 0258 |- 04730129
EGl | 32631027 31561976 “Lo7034 0002 |- 1739 - 0.405

BEP (%) EG2 | 39.43+804 8471814 Z056£034 0005 |- 1631;-0297 a1 |00z |om
G |37.7028.45 37891870 020£034 056 |- 04710863
EGl | 1251945884 | 1197545433 “saat21 0013 |- 968 1.208

VE (cm?) EG2 |18340£5834 | 1782845800 | -5.12£213" 0018 |- 9.36;- 0888 278 |07 o007
CG  |16526%5459 | 166105582 | 085:2.13 0691 |- 3.388; 5,084 i
EGl | 9876+ 1054 9216£10.59 ~6.60£084° <0001 |- 8265 - 4935

Waist circumference (cm) [EG2 | 11048+13.13 | 107.28415.12 | - 320£084™ <0001 |- 4865 - 1535 | 1925 | <0.001 [0.35
G |10580%1233 1065241265 | 0722084 0391 |- 09452385

Table 2. Effect of combined training and endurance training on blood blomarker and body composition.
SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MAP: Mean Artertal Pressure; PP: Pulse
Pressure: RPP: Rate Pressure Product; RHR: Resting Heart Rate; BMI: Body Mass Index; LBM: Lean Body
Mass; BFP: Body Fat Percentage; VF: Visceral Fat. *Significantly different from CG value at the p<0.05 level.
**Significantly different from CG value at the p <0.01 level. *Significantly different from other EG p <0.05
level;. #significantly different from other EG value at the p<0.01 level.

dependent vascular function and structure and sympathetic nervous system regulation, which are altered and
may contribute to blood pressure elevation”*!, Endotheltal dysfunction 1s a determinant factor in vascular
function, and it 1s largely dependent on the bloavatlability of nitric oxide (NO), which induces vessel relaxation
and regulates blood pressure?2*, Strength training may act as a regulator of NO bioavatlability by increasing
vascular AMPK/PPARS and suppressing endoplasmic reticulum stress, thereby improving and maintaining
endotheltal function®°. These results may be in line with previous studies that showed how strength training
significantly improved the endothelial function in different population groups®~". In addition, this training
modality may also improve vascular structure by Increasing artery diameter and reducing vascular intima-
media wall thickness™. On the other hand, in patients with hypertenston, it is common to find an overactivation
of the sympathetic nervous system and a reduction In parasympathetic control***. This physlologlcal imbalance
can also be normalised and regularised by strength training as previous research has shown

In terms of body composition variables, lean mass, body fat, and walst circumference, both groups showed
significant improvements as compared to the CG. Physical exercise Induces changes in body composition
through skeletal muscles, which are able to release hundreds of myokines into the blood: during muscle
contraction that are able to Interact with the muscle itself and with the rest of the body’s organs, resulting in great
health benefits*?4% These benefits include fat loss and increased muscle mass. The secretion of some of these
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EG1 199.72£30.11 192.08+29.21 ~7.641552 0.17 ~ 18.636;3.356

CT (mgid) EG2 | 150.12441.09 | 183.1242457 | ~7.0025.52 0209 |- 17.996,3.59 608 |<0001 015
CG | 1917612851 | 20800£29.69 16244552 0004 |5.244:27.236
EGl | 54441993 5324119 0.68£107 0413 |- 125301

HDL (mg/dl) EG2 | 48041706 ©72£1025 168107 012 |-045381 085|043 oo
CG  |4876:1110 | 484841249 —028£1.07 0794 |- 241185
EGl | 1206242478 | 1141442455 ~647£501 001 |- 16.461:3517

LDL (mg/dl) EG2 | 1163243692 | 1082242388 | —8.10%5.01 0111 |- 18.085; L8o3 634 [<0001 015
CG | 1168242325 | 1313443129 14524501 0005 | 4531:24505
EGl | 12232$5916 | 13724321 | -8.608.08 091 |- 24726,7.5%

TG (mg/dl) EG2 | 126165105 | 12488+39.08 ~ 128048089 0875 | - 17.406, 14846 2134 |012% [006
CG | 1334446433 | 1479627997 14.520£8.089 0077 | - 1606;30.646
EGl | %.16%1469 | 9136+1077 Z6.800+1.366™ <0001 |- 9524; - 4.076

Glucose (mg/d) EG2 | 1068421344 | 98421377 ~7.00£1.366 <0001 |- 9.724; - 4276 159 |<0.001 031
G |wr24r248 98041994 2560+1.366 065 |- 01645284
EGl | 323621020 35221145 2162059 <0001 | 0983;3.337

Handgrip RA (Kg) EG2 | 34401836 %6.80£1030 240£059" <0001 | 1.223,3.577 450 |oo1 |om
CG | 32642963 32764976 0124059 084 |- Los7i1297
EGl | 3000£961 3196 £11.10 1961059 0001 |0787:3.133

Handgrip LA (Kg) EG2 | 32441806 3556 £11.04 3124059 <0001 | 1947;4293 643 |<0001 015
G | 30208818 0361822 0.16£059 0786 |- 10131333
EGl | 4624£2368 65.12£3034 C23.128231 <0001 | - 27715, - 18525

1RM (UB) EG2 | 5208+2108 61162530 ~2604£231°% <0001 |- 30635-21445 081 |045 [002
G | st2422427 52.20423.20 “27124231 <0001 | - 31715, - 22525
EGl | 0961003 1204006 023720013 <0001 | 0.211;0263

Upperlimb MPV (mys 50%) [EG2 | 097£0.02 108£007 011210013 <0001 |0.086;0.139 11948 | <0.001 077
cG | 0972002 092004 —0.050-£0013 <0001 | - 0077 - 0.024
EGl | 7308£35.12 983244142 —29231282% <0001 | - 34.856;- 23608

1RM (LB) EG2 | 74.48£3823 91804249 —29m9 1282 <0001 |- 35416,- 24168 |026 |07  |001
G |ms2:3218 76.44£3073 —31972282 <0001 |- 37.592; - 26344
EGl | 0994002 1212005 022540014 <0001 [0.197;0.253

Lower limb MPV (m/s 60%) |EG2 | 0994002 115£007 016140014 <0001 | 0.133;0.189 9801 |<0.001 073
G | 0%9t002 095£005 ~0090014 0006 | - 0067~ 0,011
EGl | 2509+382 057441 578034 <0001 | 5.108;6.452

VO2p (mlfkg/min) EG2 | 22185433 %.784529 460£034 <0001 | 3929;5.274 8768 | <0001 |0.71
G | 21628358 2042358 Z018£034 0586 | - 0.857; 0488
EGl | 12723055 1673440 Wi236% <0001 | 3529 4471

| WATT EG2 | 12523536 1624026 371236% <0001 | 3229, 4171 9833 [<0001 073

| G | 117:3205 11522976 “21236 04 |-67L271

Table 3. Effect of combined training and endurance training on metabolic blomarkers, and physical fitness.
CT: Total Cholesterol; HDL: High Density Lipoprotein; LDL: Low Denslity Lipoprotein; TG: Triglycerides; RA:
right arm; LA: left arm; 1RM: Maximum Repetition; UL: Upper Limb; LL: Lower Limb; MPV: mean propulsive
velodity; VO2p: Peak oxygen consumption. *Significantly different from CG value at the p<0.05 level.
**Significantly different from CG value at the p <0.01 level. *Significantly different from other EG p<0.05 level.
#stgnificantly different from other EG value at the p <0.01 level.

myokines promotes l1polysis and fatty actd oxidation, and induces the darkening of white adipose tissue**4, It
1s important to note that the participants who performed the concurrent training obtained greater reductions
in abdominal perimeter than the participants who performed the endurance training. These results may be due
to the fact that strength training favours visceral fat loss by promoting metabolic adaptations in the abdominal
subcﬁ;x‘suzus adipose tissue, with a significant increase in lipolysis in this area both during and after the
train .

Glucose values In both experimental groups were significantly reduced after the intervention versus the CG.
‘This improvement could be due to the fact that exercise Is able to Improve insulin sensitivity starting from the
first training sesslon, as well as overall glucose homeostasls*’. Exercise can Increase glucose-6-phosphate levels
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accompanying the increase in GLUT4, hexoldnase, a.udugl}'cogen synthase activity, leading to an Increase in
glucose tolerance and a decrease In blood glucose levels™ 4748,

With respect to the physical condition varlables, the participants in both experimental groups showed
improvements in both their strength and cardlorespiratorycapacity. With regard to strength gains, these were due
to the fact that training, regardless of the modality, Is able to provoke structural (peripheral) and neural (central)
phystological adaptations, gven that in all the exercises, muscle action is required to overcome resistance®?2, It
1s important to note that the concurrent training group obtained greater improvements in all the tests than the
endurance tralning group. These results may be due to the spectficity of the strength training, which provoked
greater adaptations of the central nervous system thanks to a greater recruftment of motor units, their better
synchronisation, and the frequency of the stimulus, as already shown in much of the literature®®-=,

Finally, the cardorespiratory capactty also improved significantly after completion of the exercise programmes
in both groups. Exerclse promotes adaptations in skeletal muscle such as Increased mitochondrial blogenesisand
capillary density, thereby improving the ability to transport and use oxygen to generate energy™*%, Numerous
studles have attributed a key role to peroxisome proliferator-activated receptor gamma coactivator 1a (PGC-
1a) In these cardlovascular exerclse-induced muscle adaptations™ . Al there 15 a controversy in
the literature that concurrent training may interfere with the adaptations induced by the different metabaolic
pathways, AMPK was activated by endurance training and m-TOR was activated by strength training. However,
in this present study, it can be observed that the participants who performed the combined training showed
greater improvements in VO.peak than the participants who performed the endurance training, These results
of concurrent tralning could be justified by the large adaptive reserve of sedentary subjects to any training
programme. Previous work has shown that when a previously sadentary subject begins a concurrent training
programme, the response to the two exercise modalities is positive and additive, promoting a generic adaptation
In the absence of a true specificity of the training effect™. Another important factor to consider 1s the low degree
of effort involved in strength training, which would explain why the possible interference would also be low,
resulting in greater responses with respect to the maintenance of MHC IIX fibres™, which could be translated
into an improved ability to transport and use oxygen, an increased ability to apply force and a significant
improvement in physical fitness.

This study has some limitations that should be taken Into account for future research, such as the total
intervention time, possibly with longer periods of time more significant results could have been obtained in
some of the varlables. Another polnt to consider is the lack of a strength group tn which the intensity and volume
were not quantified through the speed of execution, but in the traditional way, through the percentage of 1IRM
and a determined number of repetitions. This would have allowed us to know the effects of the different training
programs on blood pressure levels and to continue advancing in the improvement of cardiovascular health.
Finally, another limitation was the datly intake of the participants, the diet could have been controlled by making
a dally dietary record. Despite the imitations, this would be the first study conducted in an adult population
with hypertension, in which the intensity and volume of strength training had been programmed through the
veloclty of execution, which allowed individualising the work stimulus for each participant with the greatest
possible precision, something unknown to date in this population group. In addition, this quantification of the
training load allowed the degree of fatigue reached by the participants to be similar throughout the intervention
period. This study will provide new insights into the sctentific communitys multicomponent impact on adults
with hypertension. This is the first study to apply a strength-speed training protocol based on training in this
population. It also cornpares it with aerobic tratning. Controlling this variable 15 vital for injury prevention?2°,
and the present study shows improvements in hemodynamic parameters, demonstrating reduced fatigue. This
Improves tralning control, enhances safety, and reduces the risk of injury.

The findings of the present study indicate that following a strength training programme, based on an
individual load-velocity ratio assessment, combined with endurance training at a frequency of 2 days per week
for 12 weeks, produces improvements in metabolic and blood bfomarkers, body composition, and physical
fitness of adults with hypertension, with these adaptations being superlor to those produced by endurance
training alone, even though thelatter showed improvements, but to a lesser extent.

Methods
Study design
A randomisad control trial was conducted. A simple randomization method with the software Microsoft Excel
(version 2016) was used to distribute subjects into the Experimental Group 1 (EG1) (n=25), Expertmental
Group 2 (EG2) (n=25), and Control Group (CG) (n=25). Based on blood pressure, a randomised sequence
was generated. The group assignment was blinded to the examiner and staff who performed the statistical
analysts. The trial design was recorded (22/06/2023) in ClinicalTrialgov (Code: NCT05914870) and followed
the Consolidated Standards of Reporting Trials (CONSORT) guidelines and the Template for Intervention
Description and Replication (TIDIER) checklist.

This randomized control trial obtained the approval by the Research Ethics Committee of the Universidad
Catdlica de Murcla (CE062107), In accordance with the Declaration of Helsinkl. The Informed Consent
document was slgned by all participants prior to the start of the study.

Participants
The study included 75 volunteers, 36 women and 3% men (54.45+6.72 years). Figure 1 shows a flowchart
representing the Consolidated Standards of Reporting Trials.

The Inclusion criterta were: (a) adults with diagnosed hypertenston and with follow-up by thelr primary care
physictan; (b) being within the age range of 40-65 years old and (c) not having exercised during the last year. The
excluslon criteria were: (a) subjects with ostecarticular or musculoskeletal problems that could interfere with
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Fig. 1. Consolidated standards of reporting trials flow diagram.

the performance of datly activities; (b) acute or chronic disease that could compromise the subject’ autonomy
and functional independence; or (c) neurclogical problems. The participants were instructed not to modify
thelr lifestyle: eating habits and physical activity. The sample slze and power calculations were performed using
Rstudio 3.15.0 software. The significance level was set at a = 0.05 and the power to95% (1-f = 0.95). The standard
deviation was used according to the standard deviation for blood pressure from previous studles™. A total of
10 mmHg in SBP and 5 mmHg in DBP were set as a minimum dinically significant change®'. Considering a
dropout rate of up to 9.57%, 27 participants In each group needed to be enrolled. The final sample provided a
power of 95% If found between and within a varfance of 4.9 mmHg of BP and 3.39 mmHg in DBE

Assessment
Tworesearches conducted all pre-post Intervention measurements under the same conditions. Two weeks before
the initial evaluations, all participants were informed of the prerequisites for each of the tests.

Two assessment sesslons were necessary, 48-72 h apart from one another. The assessments were carrled
out in a laboratory with a standardised temperature of 24 °C. The measurements were taken in the morning,
between 800 and 13:00 h from Monday to Saturday. Helght was measured with a SECA 217 stadlometer (SECA,
Germany). The Body Composition Analysls was performed with the Body Composition Analyser InBody 770
through the measurement method DSM-BIA (Bioelectric Impedance Multifrequencyand Direct Segmental 354,
Prior to the assessment, the participant was informed that they should come to the appointment fasting or at
least 3 hafter the last meal; 30 min before the assessment, they should not have Ingested any liquids; they should
not have been to the tollet; they should not have drunk aleohol 48 h before; and they should not wear any metal
elements in contact with the skin (rings, bracelets or watches). For the measurement the participant completely
cleaned his hands and feet completely with the InBody tissue and stood in front of the equipment; they cdimbed
onto the InBody stepping barefoot on the foot plates and holding the hand electrodes, with arms outstretched
without touching the sides of the body and without being allowed to speak or move until the end of the test.

‘Walst cdrcumference was measured according to the ISAK protocol®™ with a non-elastic tape measure (SECA
200; SECA). The participant stood with their feet together, arms crossed over the chest and relaxed abdomen; the
measurement was taken at the narrowest point of the waist at the end of a normal exhalation.

Haemodynamlc parameters were assessed using the BPBIO-750 sphygmomanometer, clinically validated
according to the ESH protocel®S. The measurement was performed on the left arm, supported and relaxed on the
blood pressure monitor, with the cuff at the level of the heart. Three measurements were taken within 3 min of
each other. The mean values of the measurements were taken as a reference™.

Blood samples were taken by puncturing the cubital vein. The samples were stored in sterile blood tubes
in refrigerated conditions (4-8° degrees Celsius (C)) for no longer than 4 h and then sent to testing according
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to standardized procedures. Blood glucose was measured using an ultraviolet assay with hexoldnase; total
cholesterol (TC), high density lipoprotein (HD), and low-denslity lipoproteln (LDL) were measured using a
homogeneous enzymatic colorimetric test, and triglycerides (T G) were measured using enzymatic assay (Cobas
8000 C702, Roche, Mannhelm, Germany).

‘The manual grip force was measured with the Baseline manual hydraulic dynamometer. For the measurement,
the participants had to remain seated on the chatr with their back agatnst it, feet on the floor, right elbow flexed
at 90, and the wrist in a neutral position. Then, they had to grip the dynamometer with their thumb upwards;
once In the correct position, the subject squeezed the grip as tightly as possible for 3 s. The highest peak strength
(Idlograms (kg)) recorded between the two attempts was considered for analysis®,

The assessment of lower and upper body strength was carried out through the velocity of execution in the
concentric action by means of the Velowin optoelectronic encoder (Velowin v.1.7.232, Instruments and Sports
Technology; Murcta, Spain)*#%, In addition, the velocity of execution allowed for high precision programming
of tralning intensity and volume. Two tests per body reglon were carried out, one of progressive loads, to estime
1RM and determine the training load, and the other of loss of velocity In the set (VL%), to establish the number
of regetltium, on a Multipower BH TR maching, and the exercises performed were the squat and the bench
press*423%, For reasons of standardization and safety, the concentric phase of each exercize was performed at
the maximum posstble velocity and the eccentric phase at a slow and controlled velocity, between 3 and 4 sin
duratton. The squat and bench press tests were performed in different sesstons and thetr order was randomised.
All participants performed 2-3 pre-test repetitions in the same evaluation session, they were Instructed to move
the barbell at the maximum possible speed in the concentric phase and In a slow and controlled manner in the
eccentric phasa.

For the progressive load test with the squat exercise, the participant stood with knees and hips extended, legs
approximately shoulder-width apart and the Multipower bar resting on the upper back. The subject performed
the parallel squat downwards In a continwous motion untll reaching 80-90° of knee flexion, touching the
reference bench, and immediately climbed back up to the starting position at the maximum possible velocity
keeping the feet in contact with the ground (without jumping), although the heels could be lifted slightly™ 7. The
initfal external load for the squat exercise was set at 15 kg for women and progressively increased individually
with 5 kg, 2.5 kg and 1.25 kg discs. For men, It was set at 25 kg and progressively increased individually with 10
kg, 5 kg and 2.5 kg discs. Both, malesand females executed the exercise until reaching a mean propulstve velocity
(MPV ) between 0.76 —0.68 m-s~*, which corresponds to 75%-80% 1 repetition maximum (1RM) in this exerclse.
In the test, 5 sets were performed, in the first set the participant performed 3 reps with a very light load which
allowed them to move the bar at a lower velocity of 1.28 m-s~ 1 {less than 40% 1RM); In the second set, they
performed 3 reps with a light load that allowed them to move the bar between 1.28 and 1.21 m-s™ ! (40%-45%
1RM); In the third set, he performed 3 reps with a medium load that allowed him to move the barbell between
1.14 and 1.00 m.s~ ! (50%-60% 1RM); In the fourth set, they performed 2 reps with a medium-high load that
allowed them to move the barbell between 0.92 —0.84 m-s™* (65%-70% 1RM); and in the fifth set he performed
1 rep with a high load that allowed them to shift the bar between 0.76 and 0,68 m-s~ ! (75%-280% LRM). The
veloclty loss (VL) test was performed 24 h after the progresstve load test. For this test, a medtum workload was
defined, the participant was allowed to move the barbell to 0.99 + 0.02 m-s~ !, assuming 0% of 1RM, and a low
VL magnitude of 10% was set for the squat exercise. The test ended when the subject reached the prescribed V1%
limit, regardless of the number of repetitions performed n the set™ ™. For the progressive load test with the
bench press exercise, the participant was positioned lylng on a horizontal bench with feet resting on the back
bar of the Multipower to avold lumbar arching; hands were placed on the non-slip area of the bar 5-7 cm wider
than shoulder width apart. The position of the bench was adjusted so that the bar was aligned with the chest
ling of each participant. During execution, the eccentric phase of each repetition was performed with controlled
speed untll the bar was 1-2 cm above the chest, they stopped for 15, to minimise the contribution of the stretch-
shortening cycle, and then pushed the bar at maximum velocity. The initial external load for bench press exercise
was set at 10 kg for women and progressively Increased individually with 5 ke, 2.5 kg and 1.25 kg discs. For men,
1t was set at 20 kg and progressively increased indtvidually with 10 kg, 5 kg and 2.5 kg discs. Both, males and
fernales execited the exercise untll reaching an MPV between 0.55 and 0,47 m-s~ !, which corresponds to 75%-
80% IRM in this exercise. For the test, 5 sets were performed, (n the first set the participant performed 3 reps
with a verylight load which allowed them to move the bar at a lower speed of 1.13 m.s™ ! (less than 40% 1EM); in
the second set, they performed 3 reps with a light load that allowed them to move the bar between 1.13 and 1.04
m-s~ ! (40%-45% IRM); In the third set, they performed 3 reps with a medium load that allowed him to move
the barbell between 0.95 -0.87 m-s~! (50%-60% LRM); In the fourth set, they performed 2 repswitha medium-
high load that allowed them to move the barbell between 0.70 -0.62 m-s~ 1 (65%-70% 1RM); and in the fifth sst
they performed 1 rep with a high load that allowed him to shift the bar between 0.55 and 0.47 mes~ ! (75%-80%
1RM). The velocity loss test was performed 24 h after the progressive load test. For this test, a medium workload
was defined, which allowed the participant to move the barbell to 0.97 + 0.03 m:s™ !, assuming 50% LRM, and a
low velocity loss magnitude of 15% was set. The test ended when the subject reached the prescribed V1% limit,
regardless of the number of repetitions performed in the set?727%,

Cardiorespiratory capacity was assessad using a maximal effort teston the IC7 high-predision cycloergometer
with a direct WattRate power meter and an exact magnetic resistance of 300 degrees. The steps lasted 2 min and
the pedalling cadence was 70-80ppm. In the first 2 min, the subject pedalled at 50w, after which the load was
Increased by 25w every 2 min; the test ended when the participants voluntarily decided to stop due to fatigue that
prevented them from continuing with the test™. The test lasted between 10 and 15 min. The maximum working
power was determined asthe last 2 min step that the subject was able to complete without interruption, and the
ACSM formula was used for the estimation of VO max™. The following formula was used: VO max = (1.8 *
workdoad (kg.mumin-1))/body weight (kg) + 3.5 + 3.5 (where onewatt = 6.12 kg.m.min-1). For intensity control

Scientific Reports|  (2025) 15:35751 | https:iidoi.org/10.1038/s41598-025-21195-2 matureportfolio



CAPITULO XI - ANEXOS

281

www.nature.com/scientificreports/

Scientific Reports |

|s¢ Load |um i | Bench press speed
1| Verylight 3 Z40% | £128ma! <113ma"1

2 | Light 3 40%-45% | 128120 m-s~ L13-104 mes-1
3 | Medium 3 S0%-60% | 1.14-100 m-s~1 095 087 ms~!
4 | Medium-high |2 E5%-70% | 092084 s 0.70-0.62 ms~?
5 |High 1 7S%-B0% | (LTE-0.68 ms~ 055047 ms~

Table 4. Description of the 5-set protocal.

the heart rate (HR) was monitored at all times using the MyZone MZ-3 Heart Rate Monitor™. To address the
potentlal Iimitations of this method of HR monitoring, we simultaneously recorded the subjective perception
of exertion (RPE)™ every 10 min during the session, and monitored and recorded the training in watts at all
times with the WattRate direct measurement potentiometer™ via a computer installed in the cycloergometer,
helping participants to achieve the prescribed work intensity for each training protocol. In addition, blood
pressure and oxygen saturation were monitored during the stress test.

Procedure
The Intervention perlod lasted 12 weeks, 2 days/week, with the sesslons lasting 0 min each.

EGI performed strength training, based on an individual load-velocity ratio assessment, combined with
endurance training. The first phase was a warmup of 5 min of Nordic walldng on an elliptical bike, joint mobility
exercises, and dynamic stretching; and 2 sets of squat and bench press with a light welght. The main phase
consisted of 20 min of strength work with a selectlon of 2 exerclses: squat (60% 1RM) and bench press (50%
1RM). For both exercises, 3 sets were performed, with a 3 min rest between sets and the number of repetitions
individualised for each participant by the initial speed loss test; the average number of repetitions performed for
the squat exercise was 8 repetitions and for the bench press exercise 7 repetitions (Table 4).

The initial absolute loads corresponding to 50% of 1EM in bench press and 0% of 1RM in squat were
not modtfied throughout the intervention perfod, nor were the number of repetitions set for each participant
Reparding the selection of volume for each of the exercises used, and following a minimum stimulus criterion,
we consldered the sclentificliterature regarding the control of this variable by means of the loss of velocity in the
sets (VL%), as a more precise way of establishing the degree of effort? ™., In this way, it was determined that the
same loss of velocity in the sets allows for a stmilar degree of effort or fatigue to be reached between subjacts who
performed a training protocol with the same relative intensity, although they performed different mimbers of
repetitions™ ™, The analysls of the studles already carried out allowed establishing a VL of 25-30% in squat and
35-40% In bench press, as moderate-high degrees of effort beyond which the depree of fatipue begins to have
important repercussions at a metabolic and mechanical level, causing a significant reduction in physical capacity
and performance’®7%, In strength training, speed losses In the serles of less than 20-30% In exerclses such as
squats or bench presses are assoctated with better physical fitness results. A speed loss in the sst between 10 and
20% 1s sufficient to achleve significant physical condotion benefits, while losses greater than 30% are closer to
muscle fatlure, which may not be optimal for a health improvement goal. To guarantee the use of alow training
volurne, for the intensity rates proposed in the present study, V1% was set at 10% for the squat exercise and 15%
for the bench press in order to ensure improvements in physical condition and reduce potencial risks, given that
the study population 1s sedentary.

In the last 20 min of the maln phase, the particlpants performed continuous endurance training on a
cycloergometer. The training intensity was programmed using the Heart Rate Reserve (HRR) using Karvonen’s
formula (HRR = HRmax - HRrest); once the HRR was known, the prescribed intensity percentage was calculated
(% HR= (HRR x % Intensity) + HRrest)®2. As this was a sedentary population, and the exercise tolerance of each
sttbject was unknown, a moderate Intensity range was prescribed for the entire intervention, between 55% and
70% of their heart rate reserve (HRR), in order to achieve the metabolic adaptations already described in the
sclentific literature®™, Finally, the post-training phase included 10 min of cool down and static stretching.

As this was a sedentary population, and the exercise tolerance of each subject was unknown, a moderate
Intensity range was prescribed for the entire intervention, between 55% and 70% of their heart rate reserve
(HRR), in order to achieve the metabolic adaptations already described in the sclentific literature.

EG2 performed continuous endurance training. The warm-up was the same as BEG1 except for the squat
and bench press sets. In the main phase, they performed 40 min of continuous endurance tralning on a
cycloergometer, taking into account the same protocol as in EG1. The post-workout phase was the same as EG1.

Statistical analysis

The Kolmogorov-Smirnov test and Mauchlys W-test were used to evaluate the normality and the sphericity
of the data. The mean and standard deviation were calculated from the quantitattve vartables, and frequency
and percentage were used for the qualitative varlables. A two-way ANOVA analysis of varfance with repeated
measurements and Bonferronf’s correction were used to compare the changes from the baseline between groups,
evaluation time interaction, and evaluation time. To protect against a Type I error, Bonferront’s correction was
used to achleve a p = 0.005 for statistical significance. The effect size was calculated using partial eta-squared
(n2p) for analysts of vartance, and was defined as small: ES = 0.10; moderate: ES = 0.30, large: ES = 1.2; or very
large: ES = 2.0; an error of p < 0.05 15 established™. All analyses were based on Intentlon-to-treat with an error of
£ < 0.05. The statistical analysis was performed using the statistical package SPSS 24.0 for Windows.
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ARTICLE INFO ABSTRACT
Keywords:
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Background and purpose: Despite all efforts to treat hypertension, it is still responsible for 10.8 million deaths
annually. The aim of this study was to comp:ue the effccts of continuous moderate-intensity training, strength
training combined with i il y training and strength training combined with high-
Gl e wling intensity interval training m. adults with h{gh blood pressure.

MICT Methods: A 12-week randomized control trial was performed. A total of 100 volunteers, 51 women and 49 men
HIIT with hypertension participated. The sample was randomly assigned into three intervention groups and one
control group.

Results: All intervention groups si;

1 their h d

body ¢ ition, lipid

profile, glucose, and physical fitness as compaxcd to the control group. Both combined training groups showed
greater imp than the I ity continuous training group. However, the strength group
bined with the ! i if group showed the greatest benefits in systolic, diastolic and

mean arterial pressure, of —13.4 mmHv —6.8 mmHg and —8.9 mmHg lcspccuvdy, abdonunal circumference,
upper and lower limb strength and VOzpeak, versus the it tensity group; it also achi 1
greater reductions in systolic and mean blood pressure, up to —6.8 mmHg and 4.3 mm.Hg respectively, than the
strength group combined with the high intensity interval group.

Conclusion: Performing a strength training pmgmm bined with i I intensity training, 2
days per week for 12 weeks, produces signil in card bolic biomarkers, body compo-
sition, and physical condition of adults with hypen:rmon, with these adaptations being superior to those pro-
duced by continuous moderate-intensity training and strength training combined with high-intensity intervallic
training.

1. Introduction an optimal control is below 130 mmHg and 85 mmHg respectively [3].

An active lifestyle isessential to address this disorder, as exercise acts

Hypertension is a chronic, virtually asymptomatic disorder that de-
teriorates the quality of blood vessels and can lead to target organ
damage if not diagnosed early and properly controlled. It remains the
most prevalent modifiable risk factor worldwide, and is ible for

as a drug that can prevent and treat many non-communicable diseases,
including hypertension [4,5]. Moderate-intensity continuous training
(MJCT) isa puonry for this population, according to the main clinical

more than 10 million deaths per year from cardiovascular disease [1,2:
In this sense, hypertension is considered at 140 mmHg systolic blood
pressure (SBP) and 90 mmHg diastolic blood pressure (DBP); although

gy and hypertension, with a minimum of 3 day-
s/week nnd with a volume of 150-300 min/week at moderate intensity
or 75-150 min/week at vigorous intensity [6-8], to achieve reductions
in SBP from —4.9 to —12 mmHg and DBP from —3.4 to —5.8 mmHg [8,
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9]. Furthermore, the inclusion of strength training at least 2 days/week
is recommended to benefit from the health improvements provided by
this modality [10], including reductions in SBP from —3.0 to —4.7
mmHg and DBP from —3.2 to —3.8 mmHg [6,7]; Some of these guide-
lines also specify a total of 8-10 per session involving large
muscle groups and performing 8-12 repetitions per exercise [5]. These
exercise guidelines do not include strength training combined with
MICT in the same training session. However, different scientific publi-
cations have shown significant improvements in SBP and DBP levels
with these training modalities [11-15]; Nevertheless, despite the ben-
efits of combined training, further research is needed to establish
dose-response relnnonsh:ps [16,17]. Another training modality dmt has
also been shown to imp: blood p levels is high-i in-
terval training (HIT) [18-21]. Recendy, this training modality, because
of its time efficiency and the growing evidence available, has been
proposed as an alternative to MICT [18-20]. While this modality alone
has shown similar improvements in blood pressure levels [19,20,22],
even higher in diurnal SBP or vascular function than MICT for the
control of hypertension, according to recent meta-analyses [15-22],
little research has combined strength work with HIIT in this population
group [23,24], even though this tool may provide greater car-
diometabolic health benefits.

On the other hand, the programming of training is a complicated
task, and even more so when it comes to programming the degree of
effort for strength impr . Intheli that can be found on
strength training and hypertension, strength has been assessed by per-
forming 1RM (one-repetition maximum) tests, a method considered the
gold standard, but which involves an excessive, inaccurate and even
harmful effort [25,26]; and for the volume of work, a fixed number of
repetitions has been determined for all participants, resulting in a
different degree of effort for each of them, as has been shown in previous
work [25-27]. Until recently, it was difficult to truly know the relative
intensity at which one was working, and thus the intensity at which a
certain effect was produced. This was solved when the speed of execu-
tion emerged, a tool that napmsems a paradigm shift in the field of
training by providing ion on the prog; dload and
the effects produced by it [26-30]. Currently, a Inrge number of studies

Complementary Therapies in Clinical Practice 59 (2025) 101960

can be found with different population groups, in which the speed of
execution has been used for the dosage of the training load; young men
[29], multiple sclerosis patients [31], older women [32], or cancer
survivors [33]. However, there are no contrib from the

ment of movement velocity in cardiovascular pathology, and more
specifically in hypertension. One of the main problems with previous
works is the lack of rigor in training programming; intensity and volume
were not measured as accurately as possible, and it is therefore not
possible to know whether the participants underwent the same amount
of training, with the same relative intensity and the same degree of
fatigue.

Therefore, the aim of the present study was to compare the effects of
different indi lized t:rammg prog moderate-
intensity training, strength with i
moderate-intensity training, and strength training combined with high-
intensity interval training, in adults with arterial hypertension.

£

2. Methodology
2.1. Study design

A randomized controlled clinical trial with several simultaneous
study branches was conducted; the study was single-blind, longitudinal,
and prospective. To distribute subjects into experimental group 1 (EG1),
experimental group 2 (EG2), experimental group 3 (EG3), and control
group (CG) a simple randomization method with the Microsoft Excel
software (version 2016) was used. Four group were established based on
blood pressure values, after which a randomized sequence was gener-
ated using simple randomization. The group assignment was blinded to
the examiner and staff who performed the statistical analysis. This
research followed the guidelines from the Consolidated Standards of
Reporting Trials (CONSORT) statement, and the Template for Inter-
vention Description and Replication (TIDieR) checklist. The trial design
was registered at ClinicalTrial. gov (Code: NCT05914870).

In accordance with de Declaration of Helsinki, this randomized
control trial obtained the approval of the Research Ethics Committee of
the Universidad Catolica de Murcia (CE062107). The Informed Consent

Assessed for Eligibility (a=222)

Excluded (a=113)
| Notmeeting inclusion criteria (a=111)
o Declined to participate (a=2)
Randomized= 109

Allocated to Interveation EG1 (a=27) Allocated to Intervention EG2 (a=28)

Allocated to Intervention EG3 (2=27) Allocated to n0 Intervention CG (a=27)

Loss to follow-up (a=2) for health Loss to follow-up (a=3) for health

Loss to follow-up (a=2) for time
incompatibality and health reasons

Loss to follow-up (a=2)

Analyzed (a=25)

Excluded from analysis (a=0)

Asalyzed (a=24)
Excluded from analysis (s=1)

Analyzed (=25)

Excluded from analysis (a=0)

Analyzed (a=23)
Excluded from analysis (a=2)

Fig. 1. Flow diagram.
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document was signed by all participants prior to the start of the study.
2.2, Participants

A total of 100 volunteers participated, 51 women and 49 merl, all of

1

Complementary Therapies in Clinical Practice 59 (2025) 101960

3 min apart, and the average of the last two measurements was taken as
the reference value [41].

Blood chemistry analyses were performed from 8:00 to 9:00 a.m.,
after a minimum fasting period of 10 h. Samples were stored in sterile
tubes under refrigeration (4-8 °C) for a maximum of 4 h, and then

them with hypertension, a mean age 54 years, and previously y.
The sample was randomly assigned into three experimental and one
control group: EG1, moderate-intensity continuous training or MICT, (n
= 24); EG2, strength training combined with MICT, (n = 25); EG3,
strength training combined with HIIT, (n = 23); and CG, control group,
(n = 25) (see Fig.1).

The inclusion criteria were: a) adults with diagnosed hypertension
and with follow-up by their primary care physician; b) age range 40-65
years; (c) not engaged in at least 150 min of moderate physical activity
per week or 75 min of vigorous physical activity per week or a combi-
nation of both during the past 12 months. The exclusion criteria were: a)
subjects with osteoarticular or musculoskeletal problems that condi-
tioned the development of the intervention; b) uncontrolled or training-
limiting cardiometabolic diseases such as heart disease, unstable coro-
nary artery disease, heart failure, renal failure, diabetes, or morbid
obesity; ¢) neurological problems; d) cognitive impairment that hinders
the und ding and perfi of the training; e) subjects who are

lyzed according to dardized procedures. Total cholesterol (TC),
high-density hpopmtems (HDL), and Iow-densuy lipoproteins (LDL),
were d by a ymatic colorimetric assay, while

triglycerides (TG) were measured by an enzymatic assay. (Cobas
8000C702, Roche, Mannheim, Germany); and glucose by an ultraviolet
hexokinase assay (Cobas 8000C702, Roche, Mannheim, Germany).

The manual hydraulic dynamometer Baseline was used to assess the
manual gripping force. The test was performed with the participant
seated on a chair, back supported, feet on the floor, right elbow flexed at
90°, and holding the dynamometer with the wrist in neutral position
with the thumb Is; on d, the subject sq d the grip as
hard as possible for 3 s. The same procedure was repeated with the left
hand. Two measurements were made with both hands and the highest
maximum force (kg) of the two attempts was considered [42].

For the assessment of the maximum upper and lower body strength
and the programming of the training, different tests were carried out
using the speed of execution in the concentric motion with the Velowin

p

dependent in the performance of daily activities; or f) pregnant women.
Participants were instructed not to change their eating habits. The
sample size and power calculations were performed using Rstudio
3.15.0 software. The significance level was set at a = 0.05 and the power
to 95 % (1-p = 0.95). The dard d used was g to the
standard deviation for blood pressure found in previous studies [34]. A
minimum clinically significant change of a total of 10 mmHg in SBP and
5 mmHg in DBP was considered [35]. With a dropout rate of up to 9.57
% [36], the aim was to enroll at least 26 participants in each group. The
final sample provided a power of 95 % if found between and within a
variance of 4.6 mmHg of DBP and 3.2 mmHg in DBP.

2.3. Assessment tools and protocols

The pre-post intervention measurements were carried out in the
moming, between 8:00 and 13:00 h, by two researchers. They were
carried out in a laboratory at a temperature of 24 °C, in two different
assessment sessions, with a difference of 48-72 h between them and
always under the same conditions. The height of the participants was
measured with a SECA 217 stadiometer (SECA, Germany). Body
Composition was assessed with the InBody 770 analyzer using the DSM-
BIA measurement method (Multifrequency and Direct Segmental
Bioelectrical Impedance) [37,33]. The analysis was performed on an
empty stomach, without drinking liquids 30 min before the test, without
drinking alcohol 48 h before the test and without wearing metallic el-
ements in contact with the skin such as chokers, rings, belts, etc. For the
assessment, the subject wiped their hands and feet with the InBody
tissue, then climbed forwards onto the equipment, placing their feet on
the plates, and grasping the electrodes with their hands with arms
extended away from the sides of the body, without speaking and without
moving until the end of the test.

Abdominal girth was measured with a non-elastic tape measure
(SECA 200; SECA) according to the ISAK protocol [39]; standing with
feet together, arms crossed on the chest and abdomen relaxed. The
measurement was taken at the narrowest part of the waist after a normal
exhalation.

The evaluation of the hemodynamic parameters, SBP (systolic blood
pressure), DBP (diastolic blood pressure), MAP (mean arterial pressure),
PP (pulse pressure) and RPP (rate pressure product), was performed
with the BPBIO-750 sphygmomanometer [40]. For the test, the partic-
ipants, after sitting for 5 min before the measurement, placed the left
arm relaxed and supported on the blood pressure monitor, with the cuff
at the level of the heart, their back supported, legs parallel without
crossing and in silence during the test. Three measurements were taken

ronic encoder (Vel v.1.7.232, Instruments and Sports
Technology, Murcia, Spain) [25,29]. Two tests were carried out per
body region on the Multipower BH TR machine, one of progressive
loads, and the other of velocity loss in the set (%VL); the exercises
performed were the squat and the bench press [28-30,43]. The tests
were carried out in different sessions, 24 h apart, and before starting the
tests, the participant underwent a standardized general warm-up.

For the technical execution of the progressive load test in the squat
exercise, the protocol described in previous studies was followed [44,
45). The initial external lond for the squnt exercise was set at 15 kg for
women and was prog) individually with 5 kg, 2.5 kg
and 1.25 kg dxscs until a mean propulsive velocity (MPV) between 0.76
and 0.68 m s~ was reached, which corresponds to 75%-80 % 1RM in
this exercise; for men, the initial weight was set at 25 kg and progres-
sively increased individually with 10 kg, 5 kg and 2.5 kg discs until an
MPV between 0.76 and 0.68 m s ' was reached, which corresponds to
75%-80 % 1RM in this exercise. During the test, 5 sets were performed;
in the first set, the participants performed 3 reps with a very light load
that allowed them to move the bar at a speed <1.28 ms 1 (<40 % 1RM);
in the second set, they performed 3 reps with a light load that allowed
them to move the bar between 1.28 and 1.21 ms ' (40%-45 % 1RM); in
the third set, they performed 3 reps with a medium load that allowed
them to move the bar between 1.14 and 1.00 m's ' (50%-60 % 1RM); in
the fourth set, they performed 2 reps with a medium-high load that
allowed them to move the bar between 0.92 and 0.84 m s ' (65%-70 %
1RM); and in the fifth set, they performed 1 rep with a high load that
allowed them to move the bar between 0.76 and 0.68 m s ™! (75%-80 %
1RM) [28,31-33,46]. The velocity loss test was performed 24 h after the
progressive load test. For this test, a workload was defined that allowed
the participant to move the bar at 0.99 + 0.02m s !, assuming 60 % of
1RM, and a velocity loss magnitude of 10 % was established. The test
ended when the subject reached the prescribed %VL limit, regardless of
the number of repetitions performed in the series [47,45].

For the technical execution of the progressive load test in the bench
press exercise, the protocol described in previous studies was followed
[31,32]. The initial external load for the bench press exercise was set at
10 kg for the women and was progressively increased individually with
5 kg, 2.5 kg and 1.25 kg discs until a MPV between 0.55 and 0.47 ms '
was reached, which corresponds to 75%-80 % 1RM in this exercise; for
men, the initial weight was set at 20 kg and progressively increased
individually with 10 kg, 5 kg and 2.5 kg discs until an MPV between 0.55
and 0.47 m s~ ! was reached, which corresponds to 75%-80 % 1RM in
this exercise. For the test, 5 sets were performed; in the first set, the
participants performed 3 reps with a very light load that allowed them to
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move the bar at a speed <1.13 m s ' (<40 %); in the second set, they
performed 3 reps with a light load that allowed them to move the bar
between 1.13 and 1.04 m s ! (40%-45 % 1RM); in the third set, they
performed 3 reps with a medium load that allowed them to move the bar
between 0.95 and 0.87 m s ! (50%-60 % 1RM); in the fourth set, they
performed 2 reps with a medium-high load that allowed them to move
the bar between 0.70 and 0.62 ms ' (65%-70 % 1RM); and in the fifth
set they performed 1 rep with a high load that allowed them to move the
bar between 0.55 and 0.47 m s ! (75%-80 % 1RM) [28,31,32]. The
velocity loss test was performed 24 h after the progressive load test. A
workload was defined that allowed the participant to move the bar at
0.97 £0.03ms ', assuming 50 % 1RM, and a magnitude of velocity loss
of 15 % was established. The test ended when the subject reached the
prescribed %VL limit, regardless of the number of repetitions performed
in the series [29,43].

Cardiorespi y fitness was d with the IC7 cycloergometer,
with a high-precision potentiometer with a direct WattRate measure-
ment and an accurate magnetic resistance of 300°. For the adjustment of
the bicycle, the protocol described in previous studies was followed
[49]. The test consisted of a clinical step test with progressive loads;
the steps lasted 2 min and the pedaling cadence was between 70 and 80
bpm. In the first 2 min, the subject pedaled at 50 W, then the load was
increased by 25 W every 2 min; the test ended when the participant
decided to stop voluntarily due to fatigue [50]. The maximum working
power was established as the last 2 min step that the subject was able to
complete. The VO2max was estimated using the formula described by
the ACSM [51]: VO2max = (1.8 *workload (kg.m.min-1))/body weight
(kg) + 3.5 + 3.5 (where 1 W = 6.12 kg m.min-1).

2.4. Procedure

The intervention period lasted 12 weeks, the training frequency was
2 days/week (24 sessions) and the length of time per session was 60 min.

EG1 performed a MICT session starting with 10 min of standardized
general warm-up, 5 min of Nordic walking on an elliptical trainer, joint
mobility and dy ic st g. In the main phase, they
performed 40 min of continuous aerobic endurance training on a
cycloergometer, without breaks, maintaining the same intensity range
throughout the session; the intensity was increased every 4 weeks, from
weeks 1-4 they worked at 55%-60 % heart rate reserve (HRR), from
weeks 5-8 at 60%-65 % HRR, and from weeks 9-12 at 65%-70 % HRR.
Finally, a 10 min post-workout phase with a cool down and static
stretching took place.

EG2 performed strength training, based on an individual load-
velocity ratio assessment, combined with MICT. The session started
with 10 min of standardized general warm-up, 5 min of Nordic walking
on the elliptical machine, joint mobility exercises, and dynamic
stretching. Finally, a more specific warm-up was performed. The par-
ticipants performed 2 sets of each exercise, squat and bench press, only
with the weight of the bar (5 kg); the first set consisted of 8-10 reps and
the second set of 6-8 reps; the rest between sets was 2 min. The main
training phase was divided into two 20-min blocks. During the first 20
min, they performed 2 strength exercises that reproduced basic motor
actions. The first exercise was a lower hemisphere push (squat) with an
intensity of 60 % of their 1RM; 3 sets were performed with the number of
repetitions individualized for each subject using the initial speed loss
test, and the rest between sets and between exercises was 3 min. The
second exercise was a bench press at an intensity of 50 % of their 1RM.
Regarding the selection of volume, the analysis of previous studies
indicated a %VL of 25-30 % in squat and 35-40 % in bench press, as a
medium-high effort value above which the degree of fatigue begins to
increase, causing a significant decrease in performance [27,29,43].
Following a stimulus ion, in order to a
low training , and ing the i ities proposed in
this study, a 10 % %VL was established for the squat exercise and
15 % for the bench press. In the last 20 min of the main phase, the
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particip perfe d i d training on
a cycloer the i ity of the training i d every 4
weeks. Thus, from weeks 1 to 4, they trained at 55%-60 % HRR,
from weeks 5 to 8, at 60%-65 % HRR, and from weeks 9 to 12, at
65%-70 % HRR. Finally, a 10 min post-training phase with cool
down and static stretching took place.

EG3 performed strength training, based on an individual load-
velocity ratio assessment, combined with HIIT. This group performed
the same warm-up protocol and the first 20 min of the main phase as
EG2. In the last 20 min of the main phase, they performed high-intensity
interval training on a cycloergometer. Following the review of previous
studies, and the lack of a standardized protocol for this training modality
in adults with hypertension [19,20], a work-recovery ratio of 1:1, 2 min
work: 2 min active recovery was established following previous work in
cardiac rehabilitation and cardiovascular pathology [52-54]. In addi-
tion, based on the European Society of Cardiology (ESC) classification of
aerobic training intensity from maximal ergometry [6], an intensity of
80-85% HRR was determined for the training time, and 55%-60 % HRR
for the active recovery time. The review of the latest ESC documents

llowed for the following ranges of i 1 <40 % low intensity HRR,
40-69 % moderate intensity HRR, 70-85 % high intensity HRR, and
>85 % very high intensity HRR [6,55]. Training intensities were not
modified during the intervention. Finally, a 10 min post-training phase
with a return to calm and static stretching took place. The heart rate was
monitored using the MyZone MZ-3 Heart Rate Monitor, which allowed
the HR to be monitored at all times. In addition, the subjective rate of
perceived exertion (RPE) was recorded simultaneously [56], as well as
the training in watts, with the WattRate direct measurement potenti-
ometer [57], by means of a computer integrated in the cycloergometer.

2.5. Statistical analysis

The Kolmogorov-Smirnov test and Mauchly’s W-test were used to
evaluate the normality and the sphericity of the data. The mean and
standard deviation were calculated from the quantitative variables, and
frequency and percent were used for the qualitative variables. A two-
way analysis of variance (ANOVA) with repeated measurements and
Bonferroni's correction will be used to compare the changes from the
baseline between groups, the evaluation time interaction, and evalua-
tion time. To protect against a Type I error, Bonferroni's correction was
used to achieve p < 0.005 for statistical significance. The effect size was
calculated using partial eta-squared (12p) for analysis of variance, and
will be defined as small: ES > 0.10; moderate: ES > 0.30, large: ES > 1.2;
or very large: ES > 2.0. Lastly, an error of p < 0.05 was used [58]. All
analyses were based on intention-to-treat with an error of p < 0.05. The
statistical analysis was performed using the statistical package SPSS 24.0
for Windows.

3. Results

Table 1 shows the characteristics of the sample, and Tables 2 and 3
show the pre-post intervention results of EG1, EG2, EG3, and CG. In
addition, group * time interaction is also presented.

On the one hand, EG1, EG2, and EG3 showed significant improve-
ments in SBP, DBP, MAP, RHrest, lean mass, waist circumference, TC,
LDL, glucose, handgrip strength, 1RM upper body, upper limb MPV (m/s
509%), 1RM lower body, lower limb MPV (m/s 60 %), and VOzpeak, with
these changes being significantly greater than those of the CG. On the
other hand, EG2 obtained greater changes in SBP, DBP, MAP, PP, RPP,
waist circumference, 1RM upper body, upper limb MPV (m/s 50 %),
1RM lower body, and lower limb MPV (m/s 60 %) than EG1.

EG2 also showed further improvements in SBP, MAP, RPP, 1RM
upper limb, upper limb MPV (m/s 50 %), and VOzpeak than EG3.

Finally, the EG3 achieved major improvements in SBP, MAP, and
RPP than EG1. Furthermore, it was the only intervention group that
significantly reduced BFP (body fat percentage) with respect to the CG.



CAPITULO XI- ANEXOS

289

I. Lépez-Ruiz et al.

Table 1
Characteristics of the sample.
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improvement. These results can be attributed to strength training, which
promotes visceral fat loss by promoting metabolic adaptations in the
abdominal subcutaneous adipose tissue, with a significant increase in

polysis in this area, both during and after training [72,75,76]. With
regard to impr in body « ition, it is known that muscle is
an important modifiable risk factor for the development of cardiovas-
cular disease, also for cardiovascular disease mortality and for all-cause
mortality; lean mass appears to have a protective effect against cardio-
vascular and metabolic disease [77]. On the other hand, recent studies
have compared p in body ¢ ition with MICT vs HIT
h ng that the changes brought about by both types of
training are smular and even favor MICT in reducing body fat [76-80].
In line with these changes, it can be observed that participants in the
intervention groups also significantly reduced their total cholesterol,
LDL and glucose values, with these reductions being significantly
different from the CG, which did not change. These improvements can
be brought about by the release of IL-6 during exercise, among other
exerkines, as its signaling within muscle leads to an increase in basal

Variable % (n) or M=SD St
Sex Female 51.54 [50]
Male 48.45 [47]
Age 54.17 £ 6.70
Marital Status Married 87.00 [59]
Single 11.00 [11]
Widow 2.00 (2]
Occupation Full-Time Worker 49.00 [49]
Part-Time Worker 4.00 [4]
Unemployed 16.00 [16] training,
Self-Employed 10.00 [10]
Retired 21.00 [21]
Level of Education No Education 9.00 [9]
Elementary School 32.00 [32]
Secondary School 16.00 [16]
High School 25.00 [25]
University Education 18.00 [18])
Living Status Living with Someone 87.00 [59]
Living Alone 13.00 [13]

4. Discussion

The aim of the present study was to compare the effects of different
individualized training prog i.e., MICT, strength training combined
with MITC, and strength training combined with HIIT, in adults with
high blood pressure. The results showed that EGl, EG2, and EG3
significantly improved blood pressure levels, while the CG showed no
change. One of the main findings of this research was that both groups
with combined training showed greater improvements in these vari-
ables, with strength training combined with MICT showing the greatest
benefits. It can be observed that the reductions in blood pressure levels
obtained in this study were significantly greater than the results ob-
tained in previous work with this same modality, despite the fact that
the frequency of training was lower [16]. These improvements could be
linked to the rigorousness with which the intensity and volume of
strength training was quantified, which provided the same training for
all participants and a similar degree of exertion [25,26,28-30]. The
greater changes in the combined training groups can be attributed to an
improvement in endothelial function induced by strength training.
Endothelial dysfunction is associated with several cardiovascular risk
factors, including hypertension. The endothelium plays an important
role in vascular contractile modulation that is largely dependent on the
bioavailability of nitric oxide (NO) [60-62]. When the endothelium is

glucose uptake and translocation of its transporter GLUT-4 [68,72,581],
in addition to increasing intramyocellular or whole-body fatty acid
oxidation through activation of AMPK [63,72,81].

In relation to physical fitness, the results showed significant im-
provements in all three training groups in both strength and cardiore-
spiratory fitness as compared to the CG. Regarding the strength gains of
the three intervention groups, it is known that the practice of exercise,
regardless of the modality pelformed is capable of provokmg srmctuml
(peripheral) and neural (central) physiol as
action is necessary to overcome a load [25 26]. The central adaptations
of these groups were determined by the type of activity performed, the
intensity of the work, and the duration of the action [25]. The combined
strength training group with MICT showed greater improvements in
manual pressure strength and maximal upper and lower limb strength
than the continuous moderate-intensity group. These results may be a
response to strength training, which achieves greater neural adaptations
through increased mclmtment nnd syndm)mzutlon of motor units and

freqy rated in the li

[82-84]. These udnpmtlons of the central nervous system as a whole
contribute to gains and improvements in maximal strength. In terms of
aerobic endurance, the results revealed slgmﬁcunt changes in the
function of the di and resp y with an
improvement observed in | oxygen ption and ani
in stroke volume and cardiac output. Exercise can lead to important

daptati in skeletal muscle, such as increased mitochondrial

damaged, it neutralizes NO production and stimulates the production of
vasoconstrictive substances, leading to an increase in blood pressure
[63,64]. Strength training can stimulate NO production by increasing
vascular AMPK/PPARS and suppressing endoplasmic reticulum stress,
thereby improving endothelial function [65-68]. Furthermore, although
the two combined training groups had the same dose of strength
training, the group that performed MICT showed greater improvements
than the group that performed HIIT. This may be because aerobic ex-
ercise, performed over a prolonged period of time and at a moderate
intensity, has been widely shown to have beneficial effects on endo-
thelial function [69,70].

In terms of body composition variables, lean mass and waist

blogenesls and capillary density, with these responses to exercise re-
flected in an improved ability to transport and use oxygen to generate
energy [35-87]. Many studies support the important role of PGC-1a
(peroxisome proliferator-activated receptor gamma 1 coactivator) in
these muscle adaptations induced by aerobic endurance exercise,
including its possible role in the plex regulation of mitochondrial
quality [86,59,88]. Despite the controversy th.nt combined training may
interfere with the adaptations induced by the different metabolic
pathways AMPK and m-TOR, activated by aerobic and strength training
respectively, in the present study, it can be observed that EG2, strength
training combined with MICT, obtained greater improvements in
VOzpeak than EG1, which perfurmed a single modality of continuous

circumference, the intervention groups showed significant imp:
ments, while the CG showed no change. Physical exercise induces
hanges in body position b during muscle contraction, hun-
dreds of exerkines with autocrine, paracrine or endocrine effects are
released into the bloodstream, with major health benefits [4,71,72].
Training can increase muscle mass and reduce fat percentage [68,72], as
the secretion of some of these exerkines promotes muscle hypertrophy
and myogenesis, lipolysis, and fatty acid oxidation, and induces the
browning of white adipose tissue [68,72-74]. Likewise, the participants
in the strength training groups showed the most improvement in these
variables, with the combined MICT group again showing the most

ity training, sh g the patibility of the two mo-
dalities in the same session and showmg a similarity with previous
studies [89,90]. These results can be justified by the large adaptive
reserve that sedentary subjects have at the start of any exercise program.
Previous studies have shown that sedentary subjects who begin a com-
bined strength and endurance training program achieve a positive and
additive response to the two exercise modalities, favoring a generic
adaptation in the absence of a true specificity of the training effect [91].
Another important factor to consider is the low degree of fatigue in
strength training, which could explain the possible interference of this
training modality, thus achieving a greater maintenance of the MHC IIX
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Table 2
Effect of multi training and cardi lar training on blood bi kers and body positi
Outcome Group  Pre-test (M£SD) Post-test (M=SD) No Adjusted Group™ time interaction
Difference post-pre (M P 95 % CI (Mpost- F sig ES
SD) Mpre)
SBP (mmHg) EG1 144.46 + 8.83 136.17 = 7.86 ~8.29 = 1.46 <0.001 -11.20; -5.38 36.00 <0.001 054
EG2 143.44 = 7.53 121.76 = 8.52 —~21.68 = 1.43™ <0.001 —2453; -18.82
EG3 143.87 = 8.49 10.40 ~14.91 = 1.49%°° <0.001 -17.88; —-11.94
cG 147.92 + 11.83 1152 ~1.36 + 1.43% 0346  -4.21;1.49
DBP (mmHg) EG1 90.00 = 6.90 6.12 ~7.08 = 1.10% <0.001 -9.27; -4.89 19.46 <0.001 0.38
EG2 88.28 =572 5.09 -13.92 + 1.08>° <0.001 -16.06; -11.77
EG3 88.30 + 6.98 7.91 -10.69 + 1.12° <0.001 ~12.93; -8.45
cG 92.16 + 7.28 6.95 284 1. 0.01 ~4.98; -0.69
MAP (mmHg) EG1 108.17 = 5.96 5.87 =750 £ 1.00%° <0.001 —9.49; -5.50 37.06 <0.001 0.54
EG2 106.52 + 5.27 5.34 ~16.40 + 098" ~18.35; ~14.44
EG3 106.78 + 6.90 7.85 -12.04 = 1.0: ~14.08; -10.00
CG 110.60 = 7.25 7.80 -2.32 = 0.98%
PP (mmHg) EG1 54.46 + 10.29 6.72 -1.20 = 1.49° 784 <0001 0.20
EG2 55.16 = 7.48 = 7.68 ~7.76 = 1.46**
EG3 55.54 = 6.17 9.58 —4.7 1.52%
CcG 55.76 + 11.32 8.51 1.44 £ 146" ¥
RPP EG1 11379.67 + 1442.92 1365.80 ~1374.66 + 251.81°" < ~1874.71; -874.61 22,88 <0001 042
EG2 11254.00 = 1735.96 1309.88  —2746.36 = 246.72"" <0.001 —3236.30;
—~2256.41
EG3 11545.13 + 1554.06 9528.30 = 1474.82 ~2016.82 + 257.23" <0.001 ~2527.63;
—-1506.01
CcG 11827.56 + 1474.97  11875.68 = 1132.23  48.12 = 246.72% 0.846 —441.82; 538.06
RHR EG1 79.04 +11.20 + 9,51 ~5.50 = 1.64" 0.001 -8.77; -2.23 7.02 <0001 018
EG2 78.40 = 11.05 8.49 -8.68 = 1.61° <0.001 -11.88; -5.47
EG3 80.17 = 8.95 9.38 —6.60 = 1.68" <0.001
cG 80.00 + 8.23 8.06 1.28 £ 1.61% 0.430
Weight (Kg) EG1 91.45 = 16.59 16.45 0.2 0.16 0.212 0.73 0531  0.24
EG2 78.11 £ 14.18 13.89 -0.1 0.16 0.282
EG3 87.88 + 16.01 16.62 -0.40 £ 0.16 0.019
CcG 88.94 £ 15.94 16.28 —0.04 = 0.16 0.806
LBM (Kg) EG1 30.28 + 6.34 6.31 -0.12 = 0.38° 0.756 0.76 0514 024
EG2 28.98 + 6.73 6.77 ~0.35 + 0.37" 0.351
GE3 29.93 £ 577 6.21 0.026
cG 30.56 = 5.98 5.92 i 0.825
BFP (%) EG1 39.70 = 8.09 8.20 0.004 378 0013 011
EG2 32.62 = 10.27 9.75 0.001
EG3 38.00 = 9.08 9.15 0.001
cG 37.69 + 8.44 8.70 0.547
BMI (l@/mz) EG1 32,61 +5.14 5.11 0.024 3.23 0.026  0.09
EG2 27.43 = 4.87 4.56 0.006
EG3 31.85 + 559 5.56 <0.001
EG 31.90 = 4.99 5.09 0.628
VF (cm®) EG1 183.60 = 59.58 178.39 = 59.24 -521+2.12 0.016 3.32 0.023  0.09
EG2 125.19 + 58.83 119.74 + 54.32 ~5.44 £ 2.07 0.010 -9.57; -1.31
EG3 165.07 + 56.86 <0001  -1271; -4.10
CG 165.25 = 54.58 0.684 -3.28;4.97
Waist circumference EG1 110.08 + 13.26 <0.001 —5.00; -1.49 1266 <0.001 0.29
(em) EG2 98.76 + 10.54 <0.001 -8.32; -4.87
EG3 106.60 = 14.32 <0.001 —6.14; -2.55
CcG 105.80 + 12.33 0.409 -1.00; 2.44

Legend: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MAP: Mean Arterial Pressure; PP: Pulse Pressure: RPP: Rate Pressure Product; RHR: Resting Heart
Rate; BMI: Body Mass Index; LBM: Lean Body Mass; BFP: Body Fat Percentage; VF: Visceral Fat.

 Significantly different from corresponding CG value at the p < 0.05 level.

" Significantly different from corresponding EG1 value at the p < 0.05 level.

< Significantly different from corresponding EG2 value at the p < 0.05 level.

¥ Significantly different from corresponding EG3 value at the p < 0.05 level.

fibers [92].

This study has some limitations that should be taken into account for
future research, such as the total intervention time. It is possible that
longer periods of time training will lead to more significant results in
some of the variables. Another point to consider is an intervention group
with only strength training that could have been compared with the
other modalities, and the effects on blood pressure as compared to the
other modalities could have been known more precisely. Finally,
another limitation was the daily intake of the participants, as the diet
could have been controlled by making a daily dietary record.

Despite these limitations, this would be the first study in a hyper-
tensive population comparing different strength training modalities,

based on an individual assessment of the load-velocity relationship,
combined with MICT and HIIT, versus continuous moderate-high in-
tensity training. Another contribution and strength of this study is the
precision with which the effort was dosed through the speed of execu-
tion, which allowed the workload to be individualized for each partic-
ipant, ensuring that the stimulus programmed for strength training was
truly the one applied and executed by each of them. More importantly,
this quantification of load allowed all hypertensive participants to
perform the same training and reach a similar degree of fatigue.
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Table 3
Effect of multi training and cardi ular training on metabolic biomarkers, and physical fitness.
Outcome Group Pre-test (M = ED) Post-test (M + ED) No Adjusted Group® time interaction
Difference post-pre (M= ED)  p 959 CI (Mpost-Mpre)  F sig ES

TC (mg/dD EG1 192.25 + 40.54 185.04 = 23.10 —7.20 = 5.43* 0.18 —18.00; 3.58 7.34 <0.001 0.19
EG2 199.72 + 30.11 29.20 ~7.64 £ 5.32°% 0.15 -18.21; 293
EG3 195.73 = 38.36 177.16 = 35.48 —18.47 £ 554" 0.001 —29.50; -7.45
G 191.76 = 28.50 208.00 = 29.89 16.24 + 53277 0.003 5.66; 26.81

HDL (mg/dl) EG1 48.21 £7.15 10.37 179 = 1.00 0.078 -0.20; 3.79 0.89 0.447 0.02
EG2 54.44 £ 9.92 11.29 0.88 = 0.98 0.375 -1.07; 2.83
EG3 48.17 £ 11.63 12.30 1.00 = 1.02 0.333
cG 48.76 + 11.09 12.48 -0.28 + 0.98 0.777 ~2.23; 1.67

LDL (mg/dl) EG1 118.27 + 36.36 21.58 -7.82 = 471% 0.100 ~17.18; 1.53 6.65 <0.001 0.17
EG2 120.61 = 24.77 2454 —6.47 = 4.61° 0.164
EG3 118.15 + 36.26 32.60 ~12.85 + 481" 0.009 X
G 116.82 = 23.25 31.29 14.52 + 4.61°°" 0.002 5.34; 23.69

TG (mg/dl) EG1 126.08 = 52.16 121.91 = 36.94 —4.16 + 7.42 0.576 —18.91; 10.58 3.01 0.034 0.09
EG2 122.32 + 59.16 11372 + 43.21 ~8.60 + 7.27 0.240 —23.05; 5.85
EG3 137.21 =+ 55.82 121.43 = 65.24 -15.78 + 7.58* 0.040 ¥
G 133.44 £ 64.33 147.96 = 79.97 1452 £7.27° 0.049 0.70; 28.97

Glucose (mg/dl) EG1 107.33 + 13.49 ~7.41 £ 1.60° <0.001 -10.60; —4.22 11.73 <0.001 0.27
EG2 98.16 + 14.69 ~6.80 + 1.57° <0.001 -9.92; -3.67
EG3 97.60 = 13.05 —9.95 = 1.64° <0.001 -13.21; -6.69
CG 97.24 £ 22.48 256 + 1.57% 0.107 ~0.56; 5.68

Handgrip RA EG1 32.85 + 7.61 2.70 = 0.59° < 1.53;3.88 7.91 <0.001 0.20
EG2 31.18 £ 9.80 2.06 = 0.57 0.001 0.91;3.20
EG3 31.80 £ 7.79 3.65 = 0.60" 0.80 2.45;4.84
G 31.42 + 873 0.14 £ 057" ~1.00; 1.28

1RM (Kg UL) EG1 51.33 £ 21.18 8.54 = 1.58™ <0.001 5.40;11.68 41.34 <0.001 0.57
EG2 46.24 + 23.68 18.88 + 1.54*"" <0.001 15.80; 21.95
EG3 51.09 + 20.52 11.69 + 1.61™ <0.001 8.48; 14.90
cG 54.24 £ 24.26 -2.04 + 1.54%% 0.191 -5.11; 1.03

MPV (m/s 50 %) EG1 0.97 + 0.02 0.10 = 0.01 0.08; 0.13 78.17 <0.001 0.71
EG2 0.96 + 0.03 0.23 = 0.0!
EG3 0.96 = 0.03 0.13 = 0.01
cG 0.97 £ 0.02 ~0.05 = 0.01% <0.001

IRM (Kg LL) EG1 70.75 + 34.09 17.20 £ 1.92* <0.001 13.38; 21.03 49.49 <0.001 0.61
EG2 73.08 = 35.11 25.24 + 1.88™° <0.001 21.49; 28.98
EG3 79.26 + 32.24 97.65 = 37.24 18.39 £ 1.96° <0.001 14.48; 22.29
G 79.92 + 32.17 76.44 + 3072 ~3.48 + 1.88% 0.068 ~7.22;0.26

MPV (m/s 60 %) EG1 0.99 + 0.02 1.15 = 0.08 0.16 = 0.01 <0.001 0.13;0.19 76.50 <0.001 071
EG2 0.99 + 0.02 1.21 = 0.05 0.22 = 0.01° <0.001 0.19;0.25
EG3 0.98 + 0.02 1.16 + 0.06 0.17 = 0.01° <0.001 0.14; 0.20
cG 0.99 +0.02 0.95 = 0.05 —0.03 + 0017 0.006 -0.06; -0.01

VO2p (ml/kg/min) EG1 2201 = 4.34 26.71 = 5.38 469 = 0.34° <0.001 4.00; 5.38 57.55 <0.001 0.65
EG2 25.08 + 3.82 30.86 + 4.40 578 £ 0.33™ <0.001 5.10; 6.45
EG3 21.13 £ 3.64 24.56 + 4.56 343 = 035" <0.001 273,4.13
CG 21.61 = 3.58 2143 = 3.57 —0.18 = 0.33™" 0.588 —0.85; 0.49

Legend: TC: Total Cholesterol; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; TG: Triglycerides; RA: right arm; LA: left arm; 1RM: One-Repetition
Maximum; UL: Upper Limb; LL: Lower Limb; MPV: mean propulsive velocity; VO2p: Peak oxygen consumption.

“ Significantly different from corresponding CG value at the p < 0.05 level.

b Significantly different from corresponding EG1 value at the p < 0.05 level.
€ Significantly different from corresponding EG2 value at the p < 0.05 level.
Y significantly different from corresponding EG3 value at the p < 0.05 level.

5. Conclusion

The results of the present study indicate that the implementation of a
strength training program, based on an individual assessment of the
load-velocity relationship, combined with MICT in the same session, 2
days per week for 12 weeks, produces significant improvements in blood
and metabolic biomarkers, body composition, and physical condition, in
adults with hypertension, with these adaptations being superior to those
produced by MICT and strength training combined with HIIT, which

also show improvements, but to a lesser extent.
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ANEXO 17. Estudio 4. Disefio de programas de entrenamiento combinado
individualizado para adultos con hipertension arterial.
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Resumen

Actualmente |a enfermedad cardiovascular es la causa principal de muerte en el mundo. Entre los factores de riesgo desencadenantes de muerte cardiovascular
a nivel mundial se encuentra la hipertension arterial. En consecuencia, son muchos los planes estratégicos para abordar y mejorar los niveles de presion arterial

con el objetivo de frenarla la alta incidencia de mortalidad anual, entre estas los de ejercicio fisico. Por ello, el objetivo de
este trabajo es proporcionar a los profesionales de la salud una guia para poder disefiar correctamente un programa de entre combinado individualizad
efectivo, de fuerza y resistencia aerdbica, con la finalidad de mejorar la salud cardiometabolica de esta poblacién. En el presente trabajo se abordan las actuales
recomendaciones sobre prescripcion de ejercicio fisico en personas con . y se aportan es generales a tener en cuenta para la practica
del mismo. Ademés, se hace referencia al efecto de los farmacos durante el ejercicio fisico y cémo tenerlo presente durante su realizacion, se describen cuales son
las adaptaciones agudas al ejercicio y las r para el entr de resistencia y fuerza en esta poblacion. Por dltimo, se propone un
programa de ara parscns hipertension de 12 semanas de duracién con una frecuencia de entrenamiento de 2
Parael de fuerzala serd baj elvolumen serd bajo, ambas variables individualizadas a través e la velocidad de

ejecucion; se relizaran 2 ejercicios, 3 series/ejercicio y en progresion horizontal. Para el entrenamiento de resistencia aerobica la intensidad seré baja progresando
a moderada, del 55% al 70% de la FCresv incrementando cada 4 semanas, esta variable serd individualizada mediante un test dinico en cicloergémetro; el volumen
ser4 de 20 min/sesion en bicicleta estatica.

Palabras clave: Presion arterial alta, ejercicio, entrenamiento concurrente, fuerza, resistencia

Abstract

Introduccién
Los dltimos estudios epidemiolégicos posicionan a la enfermedad cardiovascular como primera causa de muerte
en el mundo, con la cardiopatia isquémica en primer lugar, seguida del accidente cerebrovascular. Estos estudios
también apuntan que la hipertensién arterial sigue siendo el principal factor de riesgo modificable de muerte cardio-
vascular a nivel mundial, responsable de mas de 10 millones de muertes al afio (Mensah et al., 2023; Unger et al., 2020;
Vaduganathan et al.,, 2022). Una de las metas de la Organizacién Mundial de la Salud (OMS) para 2025, en relacién con
las enfermedades no transmisibles, es reducir |la prevalencia de la hipertensién arterial en un 25% (tomando como re-
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ferencia los datos de 2010) (OMS, 2023), pero a dia de hoy las cifras de incidencia y mortalidad por dicha enfermedad
siguen aumentando.

La hipertensidn arterial se considera un trastorno crénico y practicamente asintomatico con una etiologia multifactorial
sin causa concreta. Se puede diferenciar entre hipertension primaria y secundaria, la mas frecuente es la primaria, que co-
rresponde al 90-95% aproximadamente de los casos; la hipertensién secundaria, mucho menos comdn, suele presentarse
en un 5-10% de los pacientes hipertensos (Rimoldi et al., 2014; Unger et al., 2020). La hipertendién primaria es muy hete-
rogénea y presenta una serie de factores de riesgo intrinsecos (no modificables) por su origen biolégico y otros factores
extrinsecos (modificables) por su naturaleza ambiental asociados al estilo de vida (Gorostidi et al., 2022). Mas del 50% de las
personas con hipertensién arterial presentan otros factores de riesgo adicionales como sobrepeso-obesidad, dislipemia,
resistencia a la insulina o diabetes tipo II; asi como unos habitos de vida poco saludables, entre los que se encuentra el
sedentarismo o una mala alimentacién (Menéndez et al., 2016; Unger et al., 2020). Con respecto a la hipertensién secunda-
ria, su etiologia se puede clasificar en frecuentes e infrecuentes. Entre las causas frecuentes figuran la enfermedad renal
parenquimatosa, la enfermedad renovascular, el hiperaldosteronismo primario, el sindrome de apnea-hipopnea del suefio
y la hipertensién inducida por farmacos (Unger et al., 2020; Whelton et al., 2018).

Las ultimas guias europeas de cardiologia e hipertension consideran hablar de hipertension arterial cuando en consulta
los niveles de presidn arterial sistélica son iguales o superiores a 140 mmHg y/o los niveles de presién arterial diast6lica son
iguales o superiores a 90 mmHg, aunque los valores de corte para definir hipertension arterial en el hogar o con dispositi-
vos de registro de 24 horas son mostrar una tension arterial sistélica igual o superior a 135 mmHg y/o una presion arterial
diastélica igual o superior a 85 mmHg (Mancia et al., 2023).

En la actualidad existe suficiente evidencia para justificar que el ejercicio fisico acta como una intervencién capaz de
prevenir y tratar numerosas enfermedades no trasmisibles, entre ellas se encuentran las enfermedades cardiometabdli-
cas, inmunolégicas, neurolégicas o incluso enfermedades como el cdncer (Pedersen, 2006; Pedersen & Saltin, 2015). En
esta linea de los beneficios para la mejora de la salud y la calidad de vida de las personas que se consiguen a través de las
terapias no farmacolégicas, se pueden encontrar grandes estudios epidemiolégicos donde se ha mostrado una relaciéon
inversa entre la incidencia de hipertension arterial y la practica de ejercicio fisico (Liu et al., 2017; Rijal et al., 2024). Las
intervenciones no farmacolégicas son claves para la prevencién y tratamiento de este trastorno; estas intervenciones re-
quieren cambios en los habitos y conductas de la vida diaria, como abandonar el sedentarismo y comenzar con la practica
de ejercicio fisico de forma habitual (Charchar et al., 2024; Pelliccia et al., 2020; Whelton et al., 2018). En 1989, y por primera
vez, la OMS y la Sociedad Internacional de Hipertension Arterial incluyeron recomendaciones de ejercicio fisico entre las
medidas no farmacolégicas destinadas a la disminucion de los valores de la presion arterial (OMS, 1989).

En el &mbito clinico las guias de patologia cardiovascular e hipertensién marcan las directrices sobre la prescripciéon de
ejercicio fisico a nivel mundial en este tipo de poblacion. Estos documentos internacionales contemplan recomendaciones
muy generales para la mejora de la salud cardiovascular (Mancia et al., 2023; Unger et al., 2020; Whelton et al., 2018). El
ejercicio de resistencia aerdbica ha sido una modalidad bien estudiada por la comunidad cientifica y se considera, hasta
la fecha, el entrenamiento prioritario para sujetos con hipertension, por ser la modalidad que mayores beneficios obtiene
sobre los niveles de presion arterial, con reducciones de -4,9 a-12 mmHg en presion arterial sistdlica y de -3,4 a-5,8 mmHg
en presion arterial diastélica (Hanssen et al., 2021; Mancia et al., 2023; Pescatello et al., 2015). El trabajo de fuerza se reco-
mienda como entrenamiento complementario al de resistencia, para que los pacientes se puedan beneficiar de las mejoras
que ofrece dicha modalidad, entre esas mejoras reducciones de -3,0 a -4,7 mmHg en presién arterial sistdlicay de -3,2 a
-3,8 mmHg en presi6n arterial diastélica (Hanssen et al., 2021; Mancia et al., 2023). El entrenamiento combinado de ambas
modalidades, fuerza y resistencia, en la misma sesién de entrenamiento también ofrece grandes beneficios para la salud
cardiometabdlica, como ya se ha demostrado en estudios previos (Corso et al., 2016; Lépez-Ruiz et al., 2023). Esta modali-
dad combinada es una buena herramienta para abordar la hipertension arterial debido a las reducciones significativas que
tiene sobre los niveles de presion arterial, de hasta -21,68 mmHg en los niveles de presion arterial sistélicay de hasta -13,92
mmHg en los de presion arterial diastélica, incluso, presenta mayores reducciones que el entrenamiento de resistencia por
si solo, de hasta -12,8 mmHg, -6,8 mmHg respectivamente.

Prescripcion de Ejercicio Fisico Para la Mejora de la Salud Cardiometabélica
en Sujetos Adultos con Hipertensién Arterial

Consideraciones Generales Para la Practica de Ejercicio Fisico

Antes de comenzar con un programa de entrenamiento es importante que el sujeto pase por un reconocimiento mé-
dico en el que se realizaran unas pruebas rutinarias recomendadas para sujetos con hipertension arterial, con ello se
podra descartar un riesgo aumentado de ECV o comorbilidades relevantes y garantizar la seguridad para el desarrollo
de los programas de entrenamiento. Las pruebas incluyen: analisis de sangre para medir la hemoglobina glucosilada
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(HbA1C), los electrolitos, la creatinina, la tasa de filtracién glomerular y el perfil lipidico; analisis de orina para estimar la
ratio albdmina:creatinina y comprobar la hematuria mediante una tira reactiva; examinar el fondo de ojo para detectar la
presencia de retinopatia hipertensiva; y por ultimo, un electrocardiograma de 12 derivaciones (McEvoy et al., 2024; NICE,
2023; Unger et al., 2020).

Las guias clinicas internacionales de cardiologia e hipertensién recomiendan la practica de ejercicio fisico como
tratamiento no farmacolégico para la mejora y el control de la hipertension arterial (Charchar et al., 2024; Rabi et al., 2020;
Unger et al,, 2020; Whelton et al., 2018). Estas pautas recomiendan realizar entrenamiento de resistencia de 150 a 300
min/semana (5-7 dias/semana) con intensidad moderada y se puede alternar de 75 a 150 min/semana (2-3 dias/semana)
con intensidad vigorosa (Charchar et al., 2024; McEvoy et al., 2024; Pelliccia et al., 2020; Rabi et al., 2020). Algunos de estos
documentos también recomiendan incorporar de 2 a 3 dias por semana entrenamiento de fuerza, como complementario
al de resistencia aerdbica, sin profundizar sobre su prescripcion (Brook et al., 2013; Charchar et al., 2024; Hanssen et al.,
2021; Whelton et al., 2018).

Estos patrones de ejercicio deben ser integrados dentro de una sesién completa de entrenamiento que debe mantener
siempre la misma estructura, sea cual sea el programa de ejercicio o disciplina deportiva que se vaya a realizar. La estructura
de la sesion se compone de tres fases solidas y sucesivas, la fase de preparacion al entrenamiento o calentamiento, la
fase principal y fase de recuperaciéon post-entrenamiento o vuelta a la calma, que garantizan la salud y la mejora del
rendimiento del sujeto (Bishop, 2003a, 2003b; Fradkin et al., 2010; McGowan et al., 2015).

Actualmente, las guias clinicas no hacen referencia a todas las fases de esta estructura, centrandose exclusivamente en
la fase principal de la sesién (Arnett et al., 2019; Brook et al., 2013; Charchar et al., 2024; Mancia et al., 2023; Pelliccia et
al., 2020; Rabi et al., 2020). Antes de comenzar con la fase principal, es necesario realizar una fase preparatoria especifica
que aumente de forma gradual la frecuencia cardiaca (FC), la actividad pulmonar y el flujo sanguineo para incrementar el
aporte de oxigeno al organismo en general y a nivel muscular en paticular; que aumente la temperatura de la musculatura
implicada mejorando la elasticidad muscular evitando distensiones, desgarros y roturas, asi como la viscosidad sinovial
para facilitar el deslizamiento de las articulaciones. Una vez terminada la fase principal, es necesario realizar una fase de
recuperacion post-entrenamiento para volver al estado de reposo de forma gradual. Es importante conocer que la
medicacién antihipertensiva puede provocar reducciones repentinas y excesivas de la presién arterial después del
ejercicio, este periodo de vuelta a la calma debe ser prolongado y controlado (Bishop, 2003a, 2003b; Fradkin et al., 2010;
McGowan et al,, 2015; Pescatello, 2020; Safran et al., 1989; Taylor et al., 2019; Woods et al., 2007).

Estas directrices generales, en un primer momento, pueden servir de ayuda a los pacientes hipertensos para comenzar a
moverse y llevar una vida mas activa. Sin embargo, la individualizacién es uno de los principios basicos del entrenamiento
y seleccionar los ejercicios dependiendo de los objetivos y necesidades de cada sujeto, programar de manera precisa la
carga de trabajo y utilizar la metodologia mas adecuada serd muy importante para conseguir los mejores resultados (Fleck
& Kraemer, 2014; Pescatello, 2020; San-Millan, 2023).

Otras recomendaciones a tener en cuenta en este tipo de poblacién seran, por un lado, evitar la maniobra de Valsalva
durante la ejecucién técnica de los ejercicios de fuerza; prestar especial atencién a los ejercicios de hemisferio superior
y/o con los brazos por encima de la cabeza, por la respuesta hipertensiva que provocan; tener cuidado con los ejercicios
estaticos y a llegar al fallo muscular, por la dificultad de controlar la maniobra de Valsalva, la respuesta hipertensiva o el
riesgo de lesion (Nazir et al., 2024; Williams et al., 2007).

IZADO PARA ADULTOS CON HIPERTENSION ARTERIAL

Por otro lado, la indumentaria también serd importante para una practica de ejercicio fisico segura. Algunos
medicamentos antihipertensivos, betabloqueantes o diuréticos, afectan la capacidad de regular la temperatura corporal
durante el ejercicio, sobre todo en ambientes clidos y/o hiimedos, lo que puede provocar una hipoglucemia. El sujeto o
debe llevar prendas transpirables y comodas para evitar la sudoracién excesiva y lesiones en la piel. Respecto al calzado,
serad recomendable el uso de zapatillas deportivas. Se deben evitar prendas y fajas efecto sauna que puedan favorecer
un sincope (Marcos-Pardo et al., 2021; Pescatello, 2020).

TO CO

Por tltimo, la hidratacion es un factor relevante en este grupo de poblacién tratados con betabloqueantes o diuréticos, antes,
durante y después del entrenamiento, para evitar una posible deshidratacion (Marcos-Pardo et al., 2021; Pescatello, 2020).

En base a todo lo expuesto, y con el objetivo de prevenir y tratar la hipertensién arterial, se deberia desde el 4dmbito
médico animar a los pacientes a buscar ayuda en los profesionales del ejercicio fisico para realizar un correcto e individualizado
programa de entrenamiento, asi como asesoramiento y recomendaciones para el momento de la préctica.

Farmacos Antihipertensivos y Ejercicio Fisico

Son muchos los medicamentos disponibles para tartar la hipertension arterial y los posibles efectos secundarios de estos
farmacos deben tenerse en cuenta a la hora de comenzar con un programa de ejercicio fisico, dado que pueden afectar a
las respuestas fisiolégicas (Khalil & Zelster, 2020; Laurent, 2017; Pelliccia et al., 2020):
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+ Inhibidores de la enzima convertidora de angiotensina (IECA): pueden producir erupcién cutdnea, pérdida de sabor
o tos seca y persistente, pero no afectan la capacidad de realizar ejercicio. No deben ser administrardo a mujeres en
edad reproductiva debido a los posibles efectos adversos fetales/neonatales.

+ Antagonistas del receptor de la angiotensina Il (ARA-I): pueden provocar mareos ocasionales, pero no afectan la
capacidad de realizar ejercicio. No deben ser administrardo a mujeres en edad reproductiva debido a los posibles
efectos adversos fetales/neonatales.

+ Bloqueadores de los canales de calcio o calcioantagonistas: son la mejor opcién alternativa a los IECA y ARAII. Pueden
provocar palpitacionesn, hinchazén de tobillos, cefaléas y mareos, pero no afectan la capacidad de realizar ejercicio.

+ Betabloqueantes: pueden provocar insomnio, frialdad de manos y pies, asma y depresion. Estos farmacos afectan
la capacidad de realizar ejercicio, puesto que reducen la frecuencia cardiaca y diminuyen la tolerancia al esfuerzo
aumentando la sensacién de fatica.

« Los diuréticos: pueden provocar fatiga, debilidad o calambres musculares, ataques de gota, irritabilidad, depression
e incontinencia urineria. Estos farmacos si afecta la capacidad de realizar ejercicio, puesto que aumenta la diuresis y
favorece la deshidratacion.

Cuando un sujeto con hipertensién arterial comienza un programa de ejercicio fisico y estéd bajo tratamiento antihiper-
tensivo se debe tener en cuenta los posibles efectos del mismo: a) la respuesta hipotensiva post-ejercicio; b) la respuesta
hipotensiva por cambios de posicion, (hipotension ortostatica); c) la respuesta hipotensiva como consecuencia de la tempe-
ratura (calor y humedad); y d) la respuesta hipotensiva debido a |a practica de ejercicio fisico de manera regular y manteni-
da en el tiempo; estas situaciones pueden hacer que el sujeto experimente mareos, aturdimiento, inestabilidad, nauseas y
sensacion de cansancio y/o fatiga (Khalil & Zelster, 2020; Laurent, 2017). Ante cualquier situacién de hipotensién con sinto-
matologia el sujeto debe ser derivado a su médico para que revise y ajuste el tratamiento si lo ve necesario. Se debe prestar
especial atencion a los sujetos tratados con betabloqueantes, dado que este farmaco disminuye la frecuencia cardiaca en
el esfuerzo y si se atentia demasiado también podria ocasionar mareos, inestabilidad y sensacién de cansancio Y/o fatiga
(Khalil & Zelster, 2020; Laurent, 2017; Mitchell et al., 2019). De todos los farmacos antihipertensivos, los betabloqueantes
son los que mas pueden afectar a la capacidad fisica para realizar ejercicio, ya que al disminuir el ritmo cardiaco durante la
practica sera dificil controlar y ajustar correctamente la carga o estimulo de entrenamiento y conseguir la frecuencia car-
diaca deseada, esto implica tener que buscar otra herramienta o método alternativo para controlar dicha variable (Adami
etal,, 2022; Mitchell et al., 2019). El control de la intensidad del ejercicio a través de la escala de esfuerzo percivido puede
ser un método fiable y cominmente utilido en los programas de rehabilitacion cardica como complemento al monitoreo
de la frecuencia cardiaca (Mitchell et al., 2019; Taylor et al., 2019). En relacién esto, es importante entender que las ecua-
ciones para estimar la frecuencia cardiaca maxima (FCmax), como la férmula de Fox (FCmax = 220 - edad) o la férmula de
Karvonen (FCmax = 208 - (0.7 * edad), estan basadas en sujetos sanos que no padecen hipertension arterial, insuficiencia
cardiaca o enfermedad coronaria y que no estan en terapia con betabloquenates, con lo cual, este tipo de ecuaciones no
parecen ser muy validas para este tipo de poblacién. Sin embargo, existen férmulas para estimar la FCmax que consideran
laenfermedad cardiovascular tratada con betabloqueantes. Por ello, se propone la siguiente férmula para la poblacién que
presenta este tipo de afeccién: 164 - 0.7 x edad, siendo una ecuacién mas precisa en este grupo de poblacién (Brawner et
al., 2004; Fernandes Silva et al., 2012; Taylor et al., 2019).

Adaptacién Aguda de la Presién Arterial al Ejercicio Fisico

La practica de ejercicio fisico induce una serie de respuestas fisiolgicas en el organismo y entre ellas se encuentran los
cambios en la dindmica de la presién arterial.

Al inicar la practica de ejercicio fisico se produce un aumento de la presion arterial como respuesta de la activacion de
la corteza motora cuyo objetivo es preparar al organismo. A continuacién, los valores de la presién arterial pueden dismi-
nuir debido a la vasodilatacion de las zonas activas, dependiendo del tamario del area de las zonas implicadas. A medida
que aumenta la intensidad del entrenamiento la presion arterial sistélica, generalmente, aumenta de manera lineal, por
el contrario, la presién arterial diastélica aumenta menos, se mantiene relativamente estable o incluso experimenta una
ligera bajada. Al terminar la practica de ejercicio fisico, se recupera paulatinamente los niveles de presion arterial en re-
poso, pudiendo tardar un tiempo en volver a los niveles previos al entrenamiento. Si la vuelta a la calma no se realiza de
manera gradual, puede producirse una hipotension post-ejercicio, principalmente en sujetos susceptibles o en condiciones
climaticas desfavorables, provocando malestar, vertido o lipotimias (Halliwill, 2001; Halliwill et al., 2013; Seeley et al., 2021).

Estas oscilaciones transitorias de la presion arterial durante el ejercicio hacen que sea fundamental su monitorizacién y
control antes, durante y después de la practica para evitar algun evento cardiaco fatal e inesperado. Las variaciones extre-
mas de estas respuestas pueden ser un valor pronostico significativo de posibles eventos adversos cardiovasculares (Nayor
et al,, 2023; Pesova et al., 2023). Un aspecto importante a destacar sobre estos cambios extremos es la falta de consenso
sobre la definicion de respuesta hipertensiva al ejercicio, pese a ello, valores de presion arterial sistélica por encima o
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igual a 210 mmHg para los hombres y 190 mmHg para las mujeres son los puntos de corte utilizados a nivel mundial para
detener la practica deportiva y considerar que existe una respuesta hipertensiva al ejercicio (Fletcher et al., 2013; Sabbahi
etal, 2018).

Entrenamiento de Resistencia Aerdbica Individualizado en Hipertensién Arterial

+ La frecuencia es una variable que hace referencia al nimero de sesiones o unidades de entrenamiento realizadas
en un periodo de tiempo, en el &mbito de la salud, normalmente, seria en la semana (Elvar & Garcia-Orea, 2019). La
frecuencia de entrenamiento minima para este grupo de poblacién seré de 2-3 dias por semana.

+ Laduracién de la sesion serd < 60 minutos.

+ La intensidad de entrenamiento prioritaria para mejorar la salud cardiometabdlica sera moderada, estara entre el
55%-70% del VO2max o FCresv, lo que conoce como Zona 2 de entrenamiento (Gu et al.,, 2021; Riddell et al., 2017;
San-Millan, 2023). Para programar la intensidad del entrenamiento de forma individualizada se recomienda estimar
el volumen maximo de oxigeno (VO2max), la FCmax, la frecuencia cardiaca de reserva (FCresv) o la percepcion
de esfuerzo subjetivo (RPE); siendo de preferencia el uso del VO2méx o la FCresv por su relacién lineal 1/1 con el
gasto energético (VO2max/ VO? de reserva) (Ferguson, 2014; Liguori & American College of Sports Medicine, 2020;
Manonelles et al., 2016). El célculo de estos pardmetros puede valorarse de manera directa o indirecta. Uno de los
protocolos mas indicados para estimar del VO?max en poblacién hipertensa es por medio de una prueba de esfuerzo
en cicloergébmetro, por ser mas preciso y facil para medir la presion arterial durante el esfuerzo (Manonelles et al.,
2016). Durante la prueba se debe monitorizar y registrar en todo momento la frecuencia cardiaca para conocer la
FCmax; simultdneamente se debe registrar la RPE (Borg, 1990); y ademés, se debe medir la potencia para conocer el
umbral de potencia funcional (FTP), que ofrece una forma precisa y objetiva de medir la intensidad del entrenamiento
(Allen et al., 2019). Como se ha comentado anteriormente, la FCmax también se puede estimar a través de diferentes
fémulas. La mas utilizada en el ambito de la salud son las ya comentadas férmulas de Fox (Fox et al., 1971; Liguori
& American College of Sports Medicine, 2020) o formula de Tanaka (Tanaka et al., 2001), pero el valor resultante no
es preciso si no meramente orientativo, y para poblacién sin patologia. Se propone el uso de la siguiente férmula
para el calculo de la FCmax en poblacidn con patologia cardiaca (FCmax = 64 - 0.7 x edad) (Brawner et al.,, 2004;
Fernandes Silva et al.,, 2012; Taylor et al., 2019). Por otro lado, la FCresv y su utilizacién para el calculo de la intensidad
de entrenamiento serd mas preciso que el uso de la FCmax y para su calculo sera necesario conocer la frecuencia
cardiaca basal o reposo (FCbasal). La FCresv se calculara por medio de la fomula de Karvonen: FCresv = FCmax -
FCbasal. Una vez conocido estos datos se calculard el porcentaje prescrito de intensidad. Para ello se utilizara la
formula de Karvonen (% de FC= (FCresv x % de intensidad) + FCbasal) (Karvonen et al., 1957).

+ Enrelacion con la escala RPE (Rating of Perceived Exertion), definida como la percepcién subjetiva del esfuerzo, tension
y/o fatiga experimentada durante la practica de ejercicio fisico, es un indicador de intensidad fiable y cominmente
utilizado en los programas de rehabilitacion cardiaca simultaneamente con el monitoreo de la frecuencia cardiaca
(Mitchell et al., 2019; Taylor et al., 2019). Esta escala valora numéricamente y de forma gradual del 0 al 10, donde 0 es
reposo total y 10 esfuerzo maximo (Borg, 1982).

Las zonas e intensidades de entrenamiento, desde ergometrias maximas, quedan reflejadas en la tabla 1 (Hansen et
al.,, 2021; Pelliccia et al., 2020).

IZADO PARA ADULTOS CON HIPERTENSION ARTERIAL

Tabla 1
Zonas e Intensidades de Entrenamiento de Resistencia
. VO2max FCmax FCresv
Zona Intensidad
(%) (%) (%) °
1 Baja <40 <55 <40
2 Moderada 40-69 55-74 40-69 E
34 Alta 70-85 75-90 70-85 °
5 Muy Alta >85 >90 >85
Nota. Esta tabla muestra la equivalencia de las zonas de entrenamiento con la intensidad de entrenamiento, el volumen
maximo de oxigeno (VO?max), la frecuencia cardiaca maxima (FCmax) y la frecuencia cardiaca de reserva (FCresv) (Pelliccia =
et al., 2020). ]
+ El volumen de entrenamiento minimo para este tipo de poblacién serd de 150 a 300 minutos/semana (5-7 dias/
semana) si el ejercicio se realiza con intensidad moderada (zona 2). Se puede alternar de 75 a 150 minutos/semana I
(2-3 dias/semana) si la intensidad es vigorosa (zona 3) (Bull et al., 2020; McEvoy et al., 2024). &
+ Eltipo de actividad a realizar debe implicar grandes grupos musculares, movimientos ciclicos y mantenidos durante é
un medio-largo periodo de tiempo como pedalear, correr, remar, nadar etc. ]
=)
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Entrenamiento de Fuerza Individualizado en Hipertensién Arterial
+ Lafrecuencia minima de entrenamiento para este grupo de poblacion sera de 2-3 dias por semana no consecutivos.
+ Laduracién de la sesién < 60 minutos.

+ Incluir ejercicios poliarticulares que impliquen grandes grupos musculares que simulen actividades de la vida diaria
(sentadillas, remos, press banca, etc).

+ Elndmero de ejercicios por sesion se deben progresar de seis hasta 8-10 ejercicios (Lopez-Ruiz et al., 2023; Pescatello,
2020; Whelton et al., 2018).

La intensidad en el entrenamiento de fuerza serd la variable més determinante para configurar el grado de esfuerzo
que exige la ejecucion de un ejercicio en cada repeticién, que debe ser bajo-moderado para este grupo de poblacién
(Badillo & Serna, 2002; Elvar & Garcia-Orea, 2019). La cuantificacion de la carga de entrenamiento se haré a través de
la velocidad de ejecucion mediante un test de cargas progresivas para estimar la 1RM, de manera seguray precisa, y
determinar la intensidad relativa de trabajo, pero la intensidad, por si sola, no es suficiente para definir el estimulo de
entrenamiento y debe ir unida especialmente a otra de las variables de la programacion, a el volumen (Badillo, 2017;
Badillo & Serna, 2002).

+ Elvolumen se debe concretar mediante un test de porcentaje de la perdida de velocidad intra-serie con respectoala 1?
repeticion. La magnitud de perdida de velocidad debe ser baja-moderada, entre un 10%-20%, ya que porcentajes mas
altos de perdida de velocidad no se asocian con mayores beneficios y pueden suponer una reduccién del rendimiento
fisico (Badillo & Serna, 2002; Rodriguez-Rosell et al., 2020; Rodriguez-Rosell et al., 2021).

+ A continuacién, se realiza una propuesta de protocolo para prescribir la intensidad en sujetos con hipertensién
arterial. La intensidad se determinara a través de un test de cargas progresivas para estimar la 1RM y establecer una
intensidad baja-moderada de trabajo, entre el 50-65% de 1RM para este tipo de poblacion (Alves et al., 2022; Pescatello,
2020). Las recomendaciones actuales de intensidad de trabajo en el entrenamiento de fuerza en hipertension,
segln el Colegio Americano de Medicina del Deporte (ACSM), son las siguientes: intensidad baja, entre el 40%-50%
de 1RM, para sujetos sedentarios o con debilidad muscular; intensidad moderada, entre el 60%-70% de 1RM, para
sujetos principiantes o intermedios; intensidad alta, un 80% de 1RM, para sujetos avanzados y experimentados en el
entrenamiento (Alves et al., 2022; Pescatello, 2020; Pescatello et al., 2015).El volumen de entrenamiento, o niGmero
de repeticiones por serie, se concretara a través de un test de perdida de velocidad intraserie para cada sujeto. La
magnitud de perdida de velocidad (%PV) debe ser baja-moderada, entre un 10-15% (Badillo, 2017; Rodriguez-Rosell et
al., 2020; Sanchez-Medina & Gonzalez-Badillo, 2011).

El caracter de esfuerzo (CE) debe ser medio-bajo. Se entiende por CE la relacién entre las repeticiones realizadas en
cada serie con respecto a las repeticiones que se podrian realizar si se llegara al fallo muscular (Badillo & Serna, 2002),
como se puede ver en la tabla 2. No confundir el CE con la percepcién subjetiva de esfuerzo.

Tabla 2
Caracter de Esfuerzo
CE %PV en la serie Repeticiones realizadas en la serie
Bajo 5-10% Menos de la mitad de las posibles
Medio 15-30% La mitad de las posibles
Alto >30% Alguna mas de la mitad de las posibles
Maximo >50% Méximo o casi maximo niimero de las posibles

Nota. Esta tabla muestra la relacion entre el carater de esfuerzo (CE), el porcentaje de perdida de velocidad (%PV) intra-
serie respecto a la 17 repeticion y las repeticiones realizadas por serie con respecto a las maximas que realmente se podrian
realizer (Badillo & Serna, 2002).

+ ElnGmero de series por ejercicio pueden ser de 2-4, seglin el punto de partida y la evolucién del sujeto.

+ Eltiempo de recuperacion entre series de entrenamiento sera de 3-5 minutos

+ Eltiempo de recuperacién entre sesiones de entrenamiento serd de 48-72 horas.

Respecto a la programacién del entrenamieto, aunque cada vez se dispone de mas recursos y dispositivos tecnolégicos,
que sin duda han permitido programar de forma més precisa la intensidad y el volumen del entrenamiento y conseguido
evolucionar en la dosificacién del esfuerzo, no se debe menospreciar otras herramientas o indicadores mas simples y que

son facilmente accesibles para este mismo fin. Una de estas herramientas es la escala OMNI-RES, la cual se presenta como
descriptores visuales donde el sujeto identifica su propia percepcién de esfuerzo o fatiga sobre una escala numéricamente
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gradual del 0 al 10, como se muestra en la figura 1, donde 0 es muy facil y el 10 es muy dificil, durante o inmediatamente
después del ejercicio (Robertson et al., 2003).

Figura 1
Escala OMNI-RES para fuerza

4 Algo dificil
2 3 Algo facil
(4] T da
Muy ficil

Nota. Esta escala representa la propia percepcion de esfuerzo o fatiga del sujeto sobre una progresién numéricamente
del 0 (muy féacil) al 10 (muy dificil) (Robertson et al., 2003).

Entrenamiento Combinado Individualizado en Hipertensién Arterial

El ensayo clinico Corazén y Salud se centra en los programas de entrenamiento combinado, entendido este como aquel
que en la misma sesién de entrenamiento combina unidades de entrenamiento diferentes, el trabajo de fuerza y el de re-
sistencia aerébica. El entrenamiento combinado ha mostrado ser eficaz en la reduccién de los niveles de presién arterial y
en la mejora de la salud cardiometabélica en sujetos con hipertension arterial (Herrod et al., 2018; Lépez-Ruiz et al., 2023).
Diferentes ensayos controlados han mostrado reducciones significativas en los niveles de PAS y PAD con intervenciones
de programas de entrenamiento combinado (Dos Santos et al., 2014; Lima et al., 2017; Masroor et al., 2018; Sousa et al.,
2013). Ademas, se pueden encontrar revisiones sistematicas y metaanalisis cuyos resultados también han mostrado que
intervenciones con entrenamiento combinado consiguieron reducir significativamente los niveles de PAS y PAD (Corso et
al., 2016; Lépez-Ruiz et al., 2023; Pescatello et al., 2019).

La intencién del presente proyecto es servir de gufa a los profesionales de la salud para poder disefar los progra-
mas de entrenamiento combinado de manera individualizada para cada sujeto con una dosis minima, pero efectiva,
de ejercicio. Estas intervenciones van dirigidas a sujetos adultos con hipertension arterial, sedentarios, que no sufran
problemas osteoarticulares o musculoesqueléticos (osteoartritis, fractura reciente, tendinitis o uso de proétesis), en-
fermedad aguda o crénica (cardiopatias, enfermedad coronaria inestable, insuficiencia cardiaca, insuficiencia renal,
hipertensién pulmonar grave o diabetes no controlada), problemas neurolégicos, dificultades cognitivas, obesidad
morbida o embarazadas.

IZADO PARA ADULTOS CON HIPERTENSION ARTERIAL

Programa de Entrenamiento Combinado Corazén y Salud

A continuacion, se muestra un disefio de programa de entrenamiento combinado individualizado de fuerza y resistencia
aerébica teniendo en cuenta las pautas de ejercicio descritas anteriormente para sujetos adultos con hipertension arterial. 9
Esta prescripcion de ejercicio ha mostrado grandes beneficios para la salud cardiometabélica, la composicion corporal y la
condicion fisica en este tipo de poblacién.

TO CO

Cada sesién de entrenamiento tendra una duracién de 60 min aproximadamente y estara dividida en tres fases que se
pueden ver de forma resumida en la tabla 3.

Fase Preparatoria al Entrenamiento

Esta primera fase tiene una duracion de unos 10 min y estara dividida en un calentamiento general y un calentamiento
especifico. El calentamiento general incluird 5 min de marcha nérdica en bicicleta eliptica; ejercicios de movilidad arti-
cular de miembros superiores e inferiores y estiramientos dindmicos. El calentamiento especifico incluiré dos ejercicios
globales, un squat y un press banca; el sujeto realizaré dos series por ejercicio solamente con el peso de la barra de
entrenamiento (5 kg de peso) y descansard 2 min entre series; la primera serie de 8-10 repeticiones y la segunda serie
de 6-8 repeticiones.

DE ENT!
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Tabla 3
Programa de Entrenamiento Combinado Corazén y Salud

Periodo de intervencion 12 Semanas

2 sesiones/semana; 4 unidades de entrenamiento/semana (2

Frecuencia semanal de fuerza; 2 de resistencia)
Unidad de Entrenamiento de Fuerza

Calentamiento 10 min (3-5 min calentamiento general y 5-7 min calentamiento

especifico)
Volumen N° Ejercicios 2 ejercicios generales (sentadilla y press de banca)
N° de Series 3

N° Repeticiones Individualizadas para cada paciente mediante %PV intra-serie

% Pérdida de velocidad Sentadillas: Baja 10%
(intra-serie) Press de banca: Moderada 15%

Intensidad % 1RM Sentadillas: 60% de 1RM
VMP 12 Repeticion Press de banca: 50% de 1RM

Fase concéntrica: maxima posible

Velacldsdde Fjecucion Fase excéntrica: moderada

Caréacter de esfuerzo Medio-Bajo
OMNI-RES 4-5
Descanso inter-serie 3 min

Seleccion de Ejercicios Sentadilla - Press Banca

Método Progresion Horizontal

Unidad de Entrenamiento de Resistencia Aerébica

Volumen 20 min
" Progresar cada cuatro semanas del 55% al 70% del VO?méax/
Intensidad
FCresv
Zona de Entrenamiento 2

RPE del 0 al 10
Seleccién de Ejercicios

Moderada 3-4
Cicloergémetro

Método Entrenamiento continuo extensivo
10min
Vuelta a la calma (3-5 min vuelta a la calma y 5-7 min estiramientos estaticos
pasivos)

Nota. N°= nimero; RM= repeticién maxima; VO2max= volumen méaximo de oxigeno; FCresv= frecuencia cardiaca de
reserva; VMP= velocidad media propulsiva; OMNI-RES= escala de esfuerzo percibido para ejercicios de resistencia; RPE=
escala de esfuerzo percibido.

Fase Principal

La segunda fase presenta una una duracién de 40 min y estara compuesta por dos unidades de entrenamiento, una de
fuerza y otra de resistencia aerébica. La unidad de entrenamiento de fuerza se realizaré durante los primeros 20 min de la
sesion y en ella se incluirdn dos ejercicios que reproducen acciones motrices basicas. El primer ejercicio serd un empuje de
hemisferio inferior del cuerpo, un squat, que cada sujeto realizara a una intensidad del 60% de su 1RM. El volumen de trabajo
serd de tres series con un descanso entre cada una de ellas de 3 min. El nimero de repeticiones por serie serd individualiza-
do para cada sujeto mediante el test inicial de perdida de velocidad. El caracter de esfuerzo sera bajo-medio. Entre los dos
ejercicios también habra un descanso de 3 min. El segundo ejercicio serd un empuje de hemisferio superior del cuerpo, un
press banca, que cada sujeto realizara a una intensidad del 50% de su 1RM. El volumen de trabajo sera de tres series con un
descanso entre cada una de ellas de 3 min. El nimero de repeticiones por serie sera individualizado para cada sujeto median-
te el test inicial de perdida de velocidad. El caracter de esfuerzo sera bajo-medio. Como se ha explicado anteriormente, si no
se dispone de las herramientas necesarias para poder estimar la TRM se puede utilizar la escala OMNI-RES. Los ultimos 20
min de la sesion seran para la unidad de entrenamiento de resistencia aerébica que se realizan en cicloergémetro. El sujeto
trabajara con un método continuo extensivo a una intensidad moderada que iré progresando cada 4 semanas: de la semana
1 ala 4 trabajo en zona 1-2 con una intensidad entre el 55%-60% FCresy; de la semana 5 a la 8 trabajo en zona 2 con una
intensidad entre el 60%-65% FCresv; y de la semana 9 a la 12 trabajo en zona 2 con una intensidad entre el 65%-70% FCresv.
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Fase de Recuperacion Post-Entrenamiento

El tiempo dedicado a la Gltima parte del entrenamiento sera de 10 min. Esta fase constara de una vuelta a la calma de
unos 3-5min en la que el sujeto ird recuperandose del esfuerzo con un pedaleo suave sin carga para después pasar a una
parte de estiramientos estaticos de unos 5-7 min. Se debe estirar la musculatura con predominancia ténica/postural debi-
do a su estado de tensién permanente y su tendencia al acortamiento para evitar posibles problemas musculoesqueléticos
que afecten al sistema locomotor (Chang et al.,, 2023; Sadler et al., 2017). La musculatura ténica incluye: fibras superiores
del trapecio, dorsal ancho y cuadrado lumbar; pectoral, deltoides anterior y biceps; psoas iliaco y recto anterior del cuadri-
ceps; abductores; piramidal, isquiosurales y triceps sural (gemelos y s6leo). Se recomienda utilizar la técnica estatico pasiva,
realizando 3-4 series por estiramiento y la duracién por serie sera de 20-30 segundos (Bayles, 2023; Liguori & American
College of Sports Medicine, 2020).

Conclusiones

El programa de entrenamiento combinado disefiado en el proyecto Corazén y Salud proporciona una guia a los profe-
sionales del ejercicio y la salud basada en la evidencia cientifica y en los Gltimos avances sobre prescripcién de ejercicio
fisico en poblacion con hipertension arterial; una de las enfermedades no transmisibles mas prevalentes de la sociedad
actual y responsable de 10.8 millones de muertes al afio en el mundo. En este estudio se marcan las pautas a seguir
para disefiar un correcto, adecuado y seguro programa de entrenamiento combinado para conseguir los beneficios que
proporcionan ambas modalidades de ejercicio, tanto el entrenamiento de fuerza como el de resistencia aerdbica, con el
objetivo de mejorar los parametros hemodindmicos, la composicién corporal y la condicién fisica de los sujetos adultos
con hipertension arterial.
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